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LOI CAM POAN

T6i xin cam doan luan an: “Nghién ctru kha ning giit 4m va giam min cho cat
san ho bang vi khuan chiu min, sinh EPS (exopolysaccharide) phan 14p ¢ Trudng Sa”
1a két qua nghién ctru dgc 1ap cua ban than t61, dugc thuc hién trong khuon khd dao
tao nghién ctru sinh va duéi su huéng dan khoa hoc cua cac thiy hudng din. Toan bd
qua trinh thyc hién nghién ctru, tir viée xdy dung dé cuong, thu thap va phan tich dit
liéu dén téng hop, danh gia két qua, déu duoc toi thuc hién mot cach nghiém tuc, co
hé théng va tuan thi cac nguyén tic khoa hoc. Luan 4n c6 tham khao, sir dung thong
tin tir nhiéu ngudn tai lidu chinh théng nham lam rd co s 1y luan, bdi canh nghién
ctru ciing nhu cac phwong phéap khoa hoc phu hop. Tat ca cac ndi dung trich dan déu
duoc ghi 1 ngudn gbe, dam bao tinh minh bach va ton trong quyén tac gia theo diing
quy dinh vé dao dirc nghién ctru khoa hoc. Ngoai ra, trong qua trinh thuc hién nghién
ctru, mot sd két qua da duoc t6i cong bd chung vai cac tac gia khac trén céc tap chi
khoa hoc va hoi nghi chuyén nganh. Luan 4n nay dugc hoan thanh dudi sy hd tro cua
cac dong nghiép. Toi cam két chiu trach nhiém vé tinh chinh x4c va trung thuc cia

toan b nd1 dung trinh bay trong luan an.
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LOI CAM ON

Vi long tri 4n sdu séc, toi xin gt 101 cam on chan thanh dén GS.TS. Lé Mai
Hwong va TS. Vii Duy Nhan vi d3 tin tinh huéng din, hd tro va déng hanh cing toi
trong sudt qua trinh nghién ctru. Sy chi bao tAn tim cua hai thay c6 da gitp t6i hoan
thanh céac giai doan quan trong cua lun 4n, tir xy dung dé cuong, khao sat thuc dja,
phan tich s liéu, soan thao bai bao khoa hoc dén cong bé cac két qua nghién ctru va
hoan thién luan 4n. T6i ciing xin bay to 1ong biét on dén Ban Linh dao, Phong Pao
tao va cac phong chirc nang cia Hoc vién Khoa hgc va Cong nghé, ciing nhu Vién
Héa hoc cac Hop chit thién nhién nay 1a Vién Héa hoc (Vién Han 1am Khoa hoc
va Cong nghé Viét Nam) vi di tao diéu kién thuan loi va hd tro toi trong sudt qua
trinh hoc tap va nghién ctru. Bén canh do, t61 xin tran trong gui 101 cdm on dén DPang
ity, Ban Tong Giam ddc Trung tAm Nhiét déi Viét-Nga, linh dao Phan vién Cong
nghé sinh hoc, Trung tAm Nhiét déi Viét - Nga, ciing cic dong nghiép va ban be da
nhiét tinh giup d&, hd tro t6i trong cong tac thu thap va phan tich dit liéu, gop phan
quan trong dé hoan thanh cua luan an nay. Toi dic biét biét on gia dinh va nhiing
nguoi than yéu, nhimg nguoi di luén dong hanh, dong vién va tiép thém dong luc
cho 61 trong sudt ching duong nghién ctru. Toi xin cam on su tai tro cua Trung tAm
Nhiét d6i Viét-Nga tir dé tai “Nghién cru img dung cong nghé sinh hoc dé cai tao cat
san ho thanh dat canh tic bang mang sinh hoc polysaccharide, vat liéu két dinh
bentonite va vi sinh vat hitu ich” va nhiém vu: “Nghién ctru dac diém di truyén ching
vi khuan chju min c6 kha ning sinh exopolysaccharide phan 1ap tir dat ddo san ho
Khanh Hoa, dinh huéng tng dung cho cac ving bién dao” Ma sé SH.D2.06/25.
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MO DAU

Quén dao Trudng Sa nam tai vi tri trung tim Bién Déng, giit vai trd trong yéu vé
dia chién luge, qudc phong va an ninh qubc gia. Vi vi tri dic biét nay, viéc dam bao
diéu kién séng 6n dinh cho luc lugng cong tac va cu dan trén ddo 1a mot nhi€ém vu rat
thiét thuc, gop phan duy tri s 6n dinh va thuc ddy phat trién bén virng tai khu vuc tién
tiéu cta T qudc.

Nhitng ndm qua, nhiéu chinh sach cua Pang va Nha nuée da duoc trién khai dé
hd tro doi song, trong d6 c6 hoat dong phat trién nong nghiép va cai thién diéu kién tu
nhién cho san xut va sinh hoat & dao. Tuy nhién, duéi tic dong ngay cang nghiém trong
ctia bién d6i khi hau (BBDKH), diéu kién ty nhién tai khu vuc ndy dang tré nén khéc
nghi¢t hon véi nhiét do cao kéo dai, gié manh, bao thuong xuyén va dac bi¢t 1a tinh
trang khan hiém nudc ngot. Nhitng yéu t6 nay khién dat cat san ho — loai dat chu yéu
trén dao — cang kho can, ngheéo dinh dudng, lai nhiém man, gay kho khan 16n cho hoat
dong trong trot va phu xanh dao. Do dé, viéc nghién ctru va tmg dung céc giai phap cai
tao loai dat dic thu nay thanh dit néng nghiép c6 kha ning canh tac bén viing trén cac
dao 13 yéu cau cap thiét va c6 ¥ nghia thyc tién sdu sic.

Viéc cai tao dat cat san ho hién dang 13 mot thach thire 16n do cau trac vat 1y cta
cat co kich thudc hat 16n, roi1 rac, do xép cao, bj han ché trong viéc duy tri do am va luu
gitr chit dinh dudng, hon nira con nhiém man. Do d6 viéc gidm man cho dat, tdng cuong
kha ning giit nude va két dinh cac hat cdu thanh trong dat 13 v6 ciing quan trong. Trudc
thuc té nay, nhiéu giai phap sinh hoc than thién véi méi truong di va dang duoc wu tién
nghién ctu, bao gébm Ung dung cac ching vi khuin c6 kha ning tong hop
exopolysaccharide (EPS). EPS duoc tiét ra méi trudng trong qué trinh phat trién cta vi
sinh vat c6 dic tinh két dinh, gilt nudc, tao biofilm va dic biét 1a kha nang gén két voi
1on kim loai (trong d6 c6 Na). Cac dic tinh nay giup chung vi sinh vat sinh EPS tr¢
thanh (g vién tiém ning trong viéc cai thién cau tric dat, ting kha nang gitr 4m va giam
tac dong cua mudi dén thuc vat. Qua dé chung gép phan duy tri sy song va phat trién
cua thyuc vt tai cac hé sinh thai ngoai ddo va ven bién.

Céc nghién ctru qudc té gan ddy da lam sang to EPS tir vi khuan chiu min c6 kha
nang bao vé té bao khoi stress tham thau cao, dong thoi hap phy ion mubi va giir nude
hi€u qua trong moi truong kho han. Tuy nhién, tai Viét Nam, cac cong b6 khai thac tiém
nang va ung dung vi khuan chiu min, sinh EPS trong cai tao d4t cat san ho kiém man —
mot loai dat dién hinh & cac ddo san ho xa bo nhu Trudng Sa — van con han ché. Trong
khi d6, hé vi sinh vét ban dia tai Truong Sa tiém 4n nhiéu ngudn gen quy, gdm nhiéu
chung vi khuan chiu man va c6 kha ning san xuat EPS ty nhién dé thich nghi v&i moi

truong khic nghiét noi day. Khai thac hiéu qua ngudn tai nguyén vi sinh vat dic hiru



nay cé thé gép phan mé ra nhimg hudng di méi trong cai tao dat va phat trién nong
nghiép bén viing tai cac dao xa bo & Viét Nam.

Xuat phat tir nhitng co s& d6, luan 4n "Nghién ciru kha ning giir Am va giam
min cho cat san hd bang vi khuén chju min, sinh EPS (exopolysaccharide) phian
lap & Truomng Sa" dugc thyc hién. Luan an tip trung vao viéc phan 1ap va tuyén chon
cac chung vi khuén ban dia chiu man, c6 kha nang sinh EPS tai khu vuc ddo san ho ¢
Trudng Sa, nghién ctru dic diém sinh hoc va di truyén cta chung, dong thoi danh gia,
chirng minh kha nang gitt nudc va gidm man cua EPS. Nghién ctu cling thir nghiém
danh gia hi¢u qua cai tao d4t cat san ho thanh dét canh tac quy mo chau vai tai nha ludi,
Hoc vién Nong nghiép Viét Nam dé khéng dinh hi€u qua gilr nudc, giam man cua chung
vi khuén sinh EPS tuyén chon. Két qua nghién ctru khong chi c6 y nghia khoa hoc trong
viéc khai thac va tmg dung tai nguyén vi sinh vat ving bién dao, ma con gép phan dé
XUAt hudng tiép can mdi, bén viing trong cai tao dt ven bién va céc dao xa bo, phuc vu
cho nong nghiép sinh thai va bao d¢am an ninh qudc gia.

MUC TIEU NGHIEN CUU

» 1. Phan lap, tuyén chon va phan tich duogc dac diém hé gen chung vi khuan
chiu min, sinh EPS tir Quin dao Trudng Sa.

> 2. Panh gia duoc kha ning giir nudc va giam min cua EPS tir ching vi khuan
tuyén chon.

> 3.Budc dau danh gia dugc tiém ning tmg dung ctia chiing vi khuan tuyén chon
trong viéc cai tao cat san hd & quy mo chiu vai.

NOI DUNG NGHIEN CcUU

1. Phan 1ap va tuyén chon chung vi khuan ban dia tir Trudng Sa c6 kha ning chiu
man va sinh exopolysaccharide.

2. Giai trinh tu hé gen va dy doan cc con duong sinh tong hop exopolysaccharide
va cac gen lién quan dén kha nang chiu min & ching vi khuan tuyén chon.

3. Nghién ctru mdi trudong va diéu kién nudi cay thu nhan exopolysaccharide tir
chung vi khuan tuyén chon.

4. Tinh sach va x4c dinh ciu tric exopolysaccharide ctia chiing vi khuan tuyén
chon.

5. PBéanh gid kha nang gitr nudc va gidm man cla exopolysaccharide tir ching vi
khuan tuyén chon.

6. Thtr nghiém hi€u qua cai tao cat san hd cia chung vi khuan chiu man, sinh

exopolysaccharide & quy mo chéu vai.



NHUNG PONG GOP MOI CUA LUAN AN

1. Lu4n 4n 13 cong trinh dau tién & Viét Nam nghién ctru vé ching vi khudn ban
dia Bacillus velezensis DTA1 c6 kha nang chiu han, chiu man ¢ cép do gen dén dic tinh
sinh hoc.

2. Lu4n 4n d3 ching minh tiém ning Gng dung cta Bacillus velezensis DTA1 trong

cai tao nén cat san ho.

Y NGHIA KHOA HQC VA THU'C TIEN CUA LUAN AN

Y nghia khoa hoc:

e Luan an da cung cip mot tap hop dir lidu khoa hoc twong dbi day du vé tiém
nang mg dung sinh hoc cao ctia 1 ching vi khuan ban dia (B. velezensis DTA1), bao
gém: cAu trac bo gen, kha nang chiu médn va kim loai ndng, dac tinh sinh téng hop EPS,
cling nhu hi¢u qua cai tao cat san ho. Tu do, luan an da lam ro mdi lién hé gifra ddc tinh
di truyén cta vi khuén; cu tric EPS; va hiéu qua sinh hoc trong méi truong dat, 1am
tién dé cho cac nghién ctru ké tiép sau hon vé co ché gitr nudc, két tu dat, hdp phu mudi
va kim loai ning trong dat.

e Bén canh gia tri hoc thuat, nghién clru da bd sung vao tri thuc toan cau lién
quan dén vi khuén bién ddo chiu man, sinh EPS, qua d6 cung cip cac minh chtng khoa
hoc cu thé vé tiém ning Gmg dung cic chiing nay trong céi tao cac vung dit hoang hoa,
min va kho han — mot van dé cép thiét trong bdi canh BDKH va suy thoai dét toan cau
ngay cang phuc tap.

Y nghia thye tién:

e Nghién ciru di xac dinh va cung cdp mot chung vi khuén an toan cép 1 (Bacillus
velezensis DTA1) ¢6 kha nang sinh EPS hiéu qué va thich nghi cao véi méi truong bién
dao khic nghiét. Py 1a tién dé dé phat trién cac ché pham vi sinh than thién moi truong,
g dung trong cai tao dat cat san ho tai Truong Sa va cic ving dat min ven bién khac.
Viéc st dung EPS tir ching vi khuén nay giap han ché su phu thudc vao céc vat li¢u gitr
nude va hoa chat cai tao dat, huéng dén cac giai phap sinh hoc bén viing thich tmg véi
diéu kién tai nguyén tai chd ¢ cic ddo xa bd. Dong thoi, giai phap nay cho thay trién
vong nang cao hiéu qua san xuat nong nghiép, dam bao an ninh sinh ké tai cac dao tién

tiéu cua dat nudc.
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CHUONG 1. TONG QUAN TAI LIEU
1.1. Toéng quan vé dit khd han, min
1.1.1. Pic diém va tinh hinh ciia dit khé han, mén trén thé gici
Bién d6i khi hau toan cau dang thuc ddy qua trinh mé rong cac ving dat kho han
va nhiém min, 1am suy giam d6 phi nhiéu dat, ning suit cdy trong va cin bang sinh thai,
ddc biét tai cac khu vuc ven bién, hai dao va vung khi hau kh6é — ban kho han [1], [2] .
Dy 1a thach thirc mang tinh toan cau trong bdi canh xaAm nhdp min va suy thoai dat

dién ra ngay cang nghiém trong.
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Hinh 1.1. Ban d6 phan bd cua cic ving dua trén chi s kho han toan cau. Cac ving Al
cao (mau xanh 14 cdy/xanh lam) biéu thi diéu kién 4m w6t hon, trong khi Al thap (mau
vang/nau/do) biéu thi do kho han cao hon (2023) [3]

Theo Chuong trinh Méi truong Lién Hop Qudc (United Nations Environment
Programme — UNEP), dat kho han duoc xac dinh dua trén chi s6 kho han (aridity index,
A, 1a ty 18 giita lugng mua trung binh niam va lugng bdc hoi tiém ning. Cac khu vuc
co Al < 0,65 duoc Xép vao nhom dét kho han va duoc phan thanh cadc muc tir cuc kho
han dén kho ban am [1]. Phan loai ndy duogc sir dung rong rii trong danh gia suy thoai
dat va tiém nang st dung dit & quy mo toan cau.

Dic diém chung cta dat kho han 13 lwgng mua thap, phan bd khong déu, béc hoi
manh va thuong xuyén chiu han kéo dai. Nhiing diéu kién nay han ché nghiém trong
kha ning canh tac do thiéu am dét, déng thoi 1am gia ting nguy co suy thoai va sa mac
hoa [2]. Uéc tinh, dat kho han chiém khoang 40% dién tich bé mat Trai dat va 1a noi
sinh sé)ng cua gﬁn 38% dan s6 toan cau, tap trung chu yéu tai chau Phi, chau A va chau
bai Duong [2].
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Hinh 1.2. Ban d6 toan ciu vé sy phan bd cua dit min, dat kiém va dit min—kiém [4]

Song song véi kho han, dat nhiém min 13 dang suy thoai dat pho bién tai cac khu
vuc nay. DAt man, dat kiém va dat man—kiém duoc dic trung bdi sy tich iy mudi hoa
tan, gia tri pH cao va ham luong natri trao doi 16n, lam suy giam chat luong dat va kha
nang str dung cho néng nghiép [5, 6]. Hién tugng man hoa va kiém hoa dat c6 xu hudng
gia tang ca vé pham vi va cuong do dudi tac dong cua bién ddi khi hau [4].

1.1.2. Nguyén nhén gy ra dit khé han, mén

D4t kho han va nhiém min 13 két qua cua sy tuong tac phirc tap gitra cac yéu tb tur
nhién va nhan sinh [4]. V& tu nhién, cac qua trinh phong hoa khoang vat, ling dong mudi
tir khi quyén, xAm nhap min do nuéc bién dang va diéu kién bdc hoi manh trong khi
héu kho han 13 nhitng nguyén nhan chinh dan dén su tich tu mudi trong dat [4]. Trong
diéu kién thiéu nudc rira troi, cac ion hoa tan dé dang tich lily va hinh thanh cac khoang
mudi thir cdp nhu CaCOs, CaSO4-2H20, NaCOs, Na:SOs hodc NaCl, gdy min hoa dat
[7].

Bén canh do, cac hoat dong ctia con nguoi nhu st dung nudc tudi co chat luong
kém, quan 1y thay lgi va thoat nudc chua hiéu qud, cung véi lam dung phan bon hoa hoc
d3 lam gia tang toc d6 va mirc do man hoa dét [4]. Qua trinh bdc hoi manh trong diéu
kién kho han tiép tuc lam c6 dic dung dich dat, thac day su thay thé Ca>* va Mg?* boi
Na* trong phirc hé hap phuy, dan dén sodic hoa va suy thoai cau triic dat [8].

1.1.3. Tdc djng tiéu cwce ciia dit khé han, man dén méi trwong va néng nghiép

Dat kho han va nhidm man tac dong ti€u cuc dén moi truong va san Xuat nong

nghiép thong qua viéc lam suy giam kha nang giir nudc, han ché hap thu dinh dudng va

gy doc ion cho cdy trong [9]. Su tich lily mudi & ving ré& lam ting 4p suit tham thau



dat, khién cay khé hap thu nuédc ngay ca khi dat con am, tir d6 1am giam sinh trudng va
nang Sut [10].

Ham luong Na* cao con gdy phan tan keo dét, lam giam tinh thdm va thong khi
cta dat, anh huong bét 1gi dén bd ré va hé vi sinh vat dat [8]. Déng thoi, su canh tranh
ion gitta Na* va K*, Cl" va NOs~ 1am giam hiéu qua st dung dinh dudng cua ciy trong
[11]. Khi tich liiy & mé thuc vat, cic ion Na* va Cl- c6 thé giy chdy 14, bién dang hinh
thai va suy giam kha nang quang hop [4].

Trén pham vi toan cau, dat nhi®ém man hién anh huong dén hon 1 ty ha d4t tai hon
100 quéc gia va duoc du bao sé tiép tuc gia ting trong tuong lai, trd' thanh mot trong
nhiing thach thirc 16n nhat ddi voi nong nghiép bén viing va an ninh lwong thuc [12].
1.2. Tinh hinh dit khé han, min ¢ Viét Nam
1.2.1. Tinh hinh chung vé dit khé han, man ¢ Vi¢t Nam

Véi duong bo bién dai khoang 3.260 km va hon 3.000 dao ven bo va ngoai khoi,
Viét Nam c6 nhiéu loi thé vé kinh té bién nhung ddng thoi ciing thudc nhom cac qudc
gia chiu tac dong ning né cia BDKH va thoi tiét cuc doan. Viét Nam hién dung thir 6
trong s6 10 qudc gia dé bi ton thuwong nhét truéc BPKH va rii ro thién tai toan cau [13].
Khi myc nudce bién ding 1 m, ude tinh khoang 5% dién tich dat nong nghiép c6 thé bi
mat, kéo theo ton that 1on vé san xuit ndng nghiép, dan sinh va GDP quc gia [14].

Trong nhirng thip ky gan day, BDKH ¢ Viét Nam biéu hién rd qua xu thé ting
nhiét do, bién dong luong mua, xam nhap man, nudc bién dang va gia tdng cac hi¢n
tugng thoi tiét cuc doan nhu han han, ning ndng va bio 1ii [15]. Cac yéu t6 nay 1am gia
tdng nhanh qua trinh kh6 han va man hoa dét, dic biét tai cac vung ven bién.

Hi¢n nay, Viét Nam c6 khoang 1 tri¢u ha d4t nhiém man, chiém gﬁn 3% téng dién
tich dat ty nhién. Pong bing séng Ciru Long (PBSCL) 1a khu vuc chiu anh huéng
nghiém trong nhat do xAm nhép min xay ra thuong xuyén va ngdy cang siu vao noi
d6ng. Cac tinh ven bién mién Trung nhu Quang Binh, Ha Tinh, Ninh Thuan ciing ghi
nhan dién tich dat man dang ké. Trong cac mua kho 20152016 va 2019—2020, han han
va xam nhap man tai DPBSCL dat muc ky luc, gy thiét hai hang tram nghin hecta cay
trong va anh hudng nghiém trong dén sinh ké nguoi dan [16].

Bén canh dat lién, cic dao xa bo nhu quan dao Trudng Sa phai ddi mat véi dicu
kién tu nhién dic biét khic nghiét, bao gém néng néng, gidé manh, nguén nudc ngot han
ché va nén dat cat san ho nghéo dinh dudng, kha ning giit nuéc kém va thuong xuyén
nhiém man. Nhing diéu kién nay gy nhiéu kho khin cho hoat dong canh tic nong
nghiép va dit ra yéu cau cap thiét vé cac giai phap cai tao dat phit hop nham bao dam

sinh ké va quoc phong tai khu vuc bién dao.



1.2.2. Piéu kign tw nhién va thé nhwong tai Trwong Sa

Quan dao Trudng Sa nam trong ving bién trung tim Bién Pong, gobm khoang 130
thue thé dia 1y phan bé trén dién tich gan 180.000 km? [17]. Khu vuc ndy chiu anh huéng
cua khi hau 4 xich dao hai duong vdi nhiét do trung binh khoang 27 °C va lugng mua
trung binh ndm trén 2.500 mm [18]. Khi hau phan hoa ro rét thanh mua mua va mua
kho; trong mua kho, nhiét do cao, birc xa manh va gié mua Dong Bic kéo dai lam gia
tang bdc hoi, dan dén kho han, nhiém min va thiéu hut nghiém trong ngudn nuéc ngot
trén cac dao.

Trudng Sa ciing thudng xuyén chiu tic dong ctia bdo va ap thap nhiét doi, trung
binh khoang 6 con/nim trong giai doan 2013-2017, két hop véi séng 16n va gié manh
d3 tao nén moi truong sinh thai dic biét khic nghiét [18], [19]. Pay 1a thach thic 16n
d6i v6i phat trién nong nghiép bén virng va Gmg dung cac giai phap sinh hoc tai khu vuc
bién ddo.

Nguén nudc ngot trén cac dao rat han ché, chu yéu la nwdc mua hoac cac tai nudc
ngém nhd hinh thanh trong téng dé san ho, v6i chat lugng thuong & mirc nude nhat hodc
nude lo. Chi mot sb it dao 1én nhu Truong Sa Lén, Song Tu Tay va Nam Yét ¢6 kha
nang khai thic nudc ngam phuc vu sinh hoat va trong trot. Trong mua kho, nhiéu dao
phai han ché nghiém ngit luong nude st dung va phu thudce vao ngudn tiép té tir dit lién
[20]. Tinh trang khan hiém nudc vira anh huong dén doi séng, vira gdy kho khin cho
cac hoat dong nghién clru va irng dung khoa hoc, dac bié¢t la cac giai phap vi sinh cai tao
dat.

1.2.3. Pic diém tho nhwéng va cdt san hé & Truwong Sa

Thé nhudng trén cac dao Trudng Sa chi yéu hinh thanh tir trAm tich san hd phong
hoa, két hop voi sy tich tu phan chim trong thoi gian dai. Hai nhém dét chinh 1a d4t phan
chim gidu hitu co va dat cat san ho nghéo dinh dudng [18]. Tuy nhién, qua trinh xay
dung va mé rong dao da lam suy giam dang ké dién tich dat phan chim, khién phan 16n
bé mat dao hién nay chu yéu 1a cat san ho va vat liéu bdi dép nhan tao.

Cat san ho c6 thanh phan khoang chu yéu 13 CaCOs (70-95%), pH kiém cao (8—
9), kich thudc hat thd, dung lugng trao doi cation thap va kha ning gilt nudc, giit dinh
dudng rat han ché [21]. Hé vi sinh vat dat nghéo nan, chi yéu gom cac nhom thich nghi
v6i moi truong man — kiém. Céc khao sat cho thay cat san ho ¢ Trudng Sa c6 ham luong
hiru co va dinh dudng rat thép, dd man dao dong tur 0,45-1,27%, pH cao khong thuén
loi cho san xuat nong nghiép néu khong cé bién phap cai tao phu hop [18], [22].

Trong boi canh d6, cai tao dét cat san ho theo hudéng sinh hoc nham nang cao kha

nang gilt nude, gidm man va cai thién cau tric dat 1a hudng ti€p can can thiet, géop phan



tang hiéu qua st dung tai nguyén dét, giam phu thudc vao vat tu tir dit 1ién va bao dam
an ninh luong thuc tai chd cho cac dao tién tiéu.
1.3. Toéng quan vé cic phwong phap cai tao dat khd han, min

DAt kho han va nhiém min 13 tr& ngai 16n d6i véi phat trién nong nghiép bén virng,
dic biét tai cac khu vuc ven bién, ddo xa va vung ban kho han. Nhitng dac tinh bat loi
nhu nghéo hiru co, giit nuéc kém va ham luong mudi hoa tan cao tac dong dang ké dén
ning suit nong nghiép, da dang sinh hoc dit va chu trinh dinh dudng. Do do, cai tao dat
kho han, min 13 yéu cau cap thiét dé thich ing véi BDKH va phuc hoi hé sinh thai dat.
1.3.1. Cac bién phap co hoc

Khi d6 min dit cao, cac bién phap canh tac thong thuong thuong khong da hiéu
qua, can 4p dung cac k¥ thuat rira tréi mudi. Hai huéng chinh gom:

« Rura troi theo chiéu sau bang tudi nudc dé ddy mudi xudng tang sau; trong dicu
kién man cao, tao ao gian doan thuong cho hiéu qua tdt hon ao lién tuc [23]. Hi€u qua
phu thudc vao lugng va chat lugng nudce, dac tinh thay luc dat, do sdu muc nude ngém
va kha nang chiu man cia cay trong.

Rira troi bé mat thong qua x41 dét va xa nudc tudn hoan; c6 thé loai bé mot phén
mudi 16p dat mit, dic biét khi két hop véi cay c6 kha nang tich mudi nhu Leptochloa
fusca dé hép thu Na*, hd tro cai thién hiéu qua gidm man [24].

1.3.2. Cac bién phap sinh hoc va rng dung cong nghé sinh hoc

Giai phap sinh hoc ngay cang dugc quan tdm do than thién moi truong, hiéu qua
bén vitng va phu hop véi didu kién ddo ven bién han ché ngudn vat tu. Muc tiéu 1a khoi
phuc chirc ning sinh hoc dét, ting mun — dinh dudng tu nhién, dong thoi nang kha niang
gitr 4m va cai thién cu trac dat nho vai tro cta vét liéu hitu co va vi sinh vat.

Co ché cai tao chu yéu dua vao: (i) chuyén hoa dinh dudng N, P, K tir dang kho
tiéu sang d& tiéu; (ii) hinh thanh “keo dat sinh hoc” thong qua EPS cua vi sinh vat; va
(iii) ting hitu co, do toi xOp va gitt 4m, hd trg phat trién ré cay.

Mot s6 hudng tiéu biéu:

« B6 sung biochar: gitp tang CEC, cai thi¢én gitt nudc, tao moi trudng thuan loi
cho vi sinh vat, dong thoi hap phu mot s chat bat lgi va han ché rira troi dinh dudng
[25].

« B6 sung chét hitu co (phan chudng/compost): cai thién cau tric, ting gilt am,
cung cap carbon va vi chét cho hé vi sinh vat; phdi hop hitu co véi biochar cho thay kha
nang cai thi¢n rd rét tinh chat dat va hoat tinh sinh hoc [32].

« Ung dung vi sinh vat chitc ning: cic nhoém cd dinh dam, phan giai lan, hoa tan
kali va dac biét 1a nhom sinh tong hop EPS c6 thé cai thién dong thoi tinh chat vat Iy—
hoa hoc—sinh hoc ctia dét, gop phan duy tri d6 4m va ting két dinh cho dat cat [26]. Mot



s6 ché phélm vi sinh hd trg cai thién do 4m va ciu tric dat d3 duge thuong mai hoa nhu
Mikrobs, Mycorrhizal Landscape Inoculant va Vegamatrix VX81000 hypHA Microbial
[6].

1.3.3. Cac bién phdp hoa ly

Nhém bién phéap nay tap trung diéu chinh pH, trao d6i ion va ciu tric dat nham
giam tac dong cuia man/kiém va ting gitt nude. Cac vt liéu thuong dung gdm thach cao,
vo1i, zeolit, bentonit va mot s6 polymer siéu hdp thu. Trong dé, bentonit 1a vat liéu khoang
c¢6 kha ning truong nd va gilt nude cao, giup ting dung tich hap phy, cai thién ciu trac
va han ché rira tr6i dinh dudng, phu hop cho dat cat va dat thoai hoa [27)].

Ngoai ra, che phu dét bang vat liéu hitu co dia phuong (rom ra, 14 kho...) c6 tac
dung giam bdc hoi, diéu hoa nhiét va hd trg hé vi sinh vat phat trién, qua d6 gop phan
cai thién cdu triic dit va chu trinh dinh dudng.

1.3.4. Cic bién phdp két hop khdc

Xu hudng hién nay 13 tich hop da bién phap nham tao hiéu Gng cong hudng: vira
cai thién ly—hoa tinh dat, vira phuc hoi hé vi sinh vat va nang suc chéng chiu cua cay.
Céc nghién ctru cho thay phdi hop vt liéu khoang—hitu co—vi sinh c¢6 thé lam ting két
tu dat, ting 4m, ting dinh dudng va thuc day hoat tinh vi sinh, tir d6 cai thién sinh truéng
va ning suat cdy trong [28], [29]. Do d0, cai tao dt canh tac can duoc thiét ké theo
huéng tich hop dé dat hiéu qua cao va bén viing lau dai.

1.3.5. Tinh trang teng dung cdc phwong phdp cdi tao dit 6 Viét Nam

Tai Viét Nam, suy thoai dat, nhiém min, dat cat bién va kho han ngay cang nghiém
trong dudi tic dong ctia BDKH va khai thac dat chua hop ly. Gan day, nhiéu mé hinh
cai tao dd dugc thir nghiém, tir giai phap 1y—héa dén bd sung hiru co va ché pham sinh
hoc.

Mot sb nghién ciru tiéu biéu cho thiy hiéu qua tich cuc cua cach tiép can tich hop:
két hop phan hitu co—biochar—phan silic céi tao dat nhiém man gitp ting sinh truong va
nang suat lua tai PBSCL [30]; ung dung ché pham hitu co chira vi sinh vat sinh EPS va
vi sinh vat hitu ich cai tao dat cat san ho Trudng Sa cho thay cai thién rd rét sinh truong
cdy rau mudng [22]. Bén canh d6, cac ché pham vi sinh chuyén dung cho dt cét bién
(gém cac nhém cd dinh dam, phan giai 1an, hoa tan kali va sinh EPS) ciing da dugc phat
trién va ap dung thuc dia, gop phan giam nhu cau phan khoéng, ting d6 am va cai thién
nang suat [31]. Mot mo hinh khac sir dung dat sét két hop phu pham hitu co giup phuc
hdi d6 phi va tai canh tac trén dat cat ven bién mién Trung [32]. Pong thoi, nhiéu san
pham phan bén hiru co—vi sinh trong nuéc da duge thuong mai héa va str dung rong rai,

g6p phan cai thién hé sinh thai dat va hd tro cay chdng chiu stress.
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Tém lai, muc tiéu chung cia cai tao dat kho han, man 1a: (1) giam min; (2) ting
dinh dudng; (3) ting giit nudc; (4) ting két dinh va 6n dinh ciu tric dat. V6i nén dat roi
rac, man—kiém nhu cat san ho, hudng tiép can vi sinh vat ban dia sinh EPS thich nghi
diéu kién khic nghiét (nhiét do cao, pH kiém, min) dwgc xem 1a giai phap chién luogc,
than thién moi truong va bén vitng dé phuc hdi hé sinh thai dat dic thu & ving bién dao.
1.4. Tong quan vé vi khuén chiu min, sinh exopolysaccharide va &ng dung trong
cii tao dit khé han min
1.4.1. So lwoc vé vi khudn chiu min

Vi khudn chju man 1a cac vi khuan c6 thé phat trién trong ca diéu kién khong co
mudi va ndng d6 mudi cao. Trong khi d6, vi khuan wa man 13 nhom vi khuan phat trién
tbt trong moi trudng cd ndng dd6 mudi cao, tic 1a “wa mudi”. Ching cin ion natri dé phat
trién va chuyén hoéa. Dya vao khéa nang chiu man dé phan loai vi sinh vat thanh ba loai:
nhe (sinh truéng dugc & 1-3% (w/v) NaCl); trung binh (3—15% (w/v) NaCl); va cuc do
(15-30% (w/v) NaCl). Nguoc lai voi cac vi sinh vat chiu mén, vi sinh vat va man bat
budc can néng dd NaCl cao hon 3% NaCl hodc cao hon nuéc bién (khoang 3,5% (w/v)
NaCl). Cac thong sé chiu min va yéu cau vé mudi phu thudc vao nhiét do, do pH va
moi trudng phat trién [33].

Vi khuan chiu man c6 kha nang chiu dung nhét dinh d6i vai néng do man, chu yéu
phat trién trong diéu kién moi truong co né)ng do6 man cao, chéng han nhu dit man, hd
mudi, trang trai mudi. Tt 1au, vi khuan chiu man da thu hat su quan tam nghién ctru ciia
cic nha khoa hoc véi co ché thich nghi doc ddo cua chung. Hau hét cac vi khuan chiu
man déu thudc nhom dj dudng. Chung str dung duoc nhiéu nguén carbon va thich hop
v6i moi trudng kiém [34]. Qua trinh trao d6i chit cua vi khuan chiu min rat da dang bao
gdm nhiéu loai: vi khuan quang dudng san xuat oxy va khong san xuét oxy, vi khuan dj
dudng hiéu khi, vi khuan 1én men, vi khuan khtr nitrat, vi khuin khtr sunfat va methanol
[35].

Vi khuan chju min c6 céu tric sinh ly va co ché trao ddi chat rat dic biét, do do6
ching c6 thé chiu duge méi trudng mudi cao va uu truong, dong thoi san sinh ra nhicu
chat hoat tinh sinh hoc c6 tinh chat dic biét. Hién nay, vi khuan chiu man duoc ing dung
trong san xuat 1én men nhd kha ning thich nghi véi méi truong co6 dd min cao, dong
thoi déng vai trd quan trong trong xir Iy nudc thai man va phat trién enzyme chiu man
cho céac trng dung cong nghé sinh hoc [34].

Hién nay, c6 4 co ché thich nghi v6i man cua vi khuan da dugc mé ta. (1) Co ché
diéu hoa ap suét tham thau dugc thuc hién thong qua vi¢c thai ion Na* ra ngoai va tich
lity K+, CI- trong bao tuong. Mot s6 loai tryc khuan phy thudc manh vao CI- nhur yéu tb

can bang tham thau, gitp thich tng v&i ndng do mudi cao va duy tri hoat dong sinh ly
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binh thuong [36]. O nhiéu vi khuan chiu man, hé théng van chuyén K* dugc phat trién
turong dbi hoan chinh, chu yéu 1a cac protein van chuyén mot chiéu. Trong méi truong
c6 ndng d6 mudi cao, cac vi khuan nay cé thé tich liiy lugng 16n K* ndi bao dé can bang
ap suat thAm thau v6i méi truong ngoai. So véi Na*, K+ ¢6 vai trod diéu hoa hoat tinh
enzyme va dam bao qua trinh gap nép protein dién ra chinh x4c hon [34]. (2) On dinh
cAu triic bén ngoai té bao. Thanh té bao cua vi khuan chiu min chira cac lactoprotein c6
nhiéu amino acid mang dién tich am trén bé mat. Cac amino acid nay tao nén mot 16p
“la chan Aam” gitip bao vé té bao khoi ton thuong do 4p sudt tham thau cao gy ra. Pong
thoi, khi d6 man ting, mang té bao cua vi khuan chiu min c6 xu hudng gia ting ty 1
phospholipid anion so v&i phospholipid trung tinh, gép phan duy tri trang thai hydrat
hoa ciia mang va ting kha nang chéng chiu 4p sudt tham thau tir moi truong ngoai [34].
(3) Chat tan twong thich: Khi vi sinh vét & trong méi trudng ¢ ap sudt tham thau cao,
té bao mat nude va co lai, cac chirc ning sinh 1y va sinh héa binh thuong cia té bao s&
bj anh hudng [36]. Bé thich nghi voi diéu kién nay, vi sinh vat chiu min sé tich liy mot
luong 16n cac chit tan hitu co phan tir nhoé nhu dudng va amino acid dé khoi phuc thé
tich té bao va 4p suat thim thdu vé murc ban dau [37]. Qua trinh tich liiy ndy s& khong
anh huong dén cac chic ning sinh 1y va chuyén hoa binh thuong cua té bao. Khi diéu
kién binh thuong dugc khoi phuc, cac chét tan tuong thich trong vi sinh vat chiu man sé€
nhanh chéng bi phan huay, do d6 duy tri sy cAn bang cta ap suat thAm thau va tranh ton
thuong té bao do luong 16n nude tir moi trudng xAm nhap vao té bao. Ngoai chirc ning
diéu chinh thdm thiu, cac chit tan twong thich con cé cac chirc ning nhu chéng chiu
han, nhiét d6 cao, nhiét do thép va buc xa [34]. (4) Ngoai ra vi khuén c6 thé san sinh ra
exopolysaccharide, tao biofilm gitip ting kha ning chiu stress min cho chinh vi khuan
cling nhu céc sinh vat trong biofilm [38].

1.4.2. So lwoc vé vi khudn sinh exopolysaccharide

Vi khuén sinh EPS phan b rong rai trong nhiéu nhém phat sinh loai khac nhau. O
vi khuan Gram am, céc chi tiéu biéu thudc 16p Alphaproteobacteria, Betaproteobacteria
va Gammaproteobacteria. O vi khuan Gram duong, cac chi dién hinh gém Bacillus,
Paenibacillus, Lactobacillus, Leuconostoc, Streptococcus, Sarcina, va Bifidobacterium,
Rhodococcus [39].

Mot s6 EPS da dugc khai thac thuong mai g@)m: xanthan tir Xanthomonas, dextran
do Leuconostoc, Streptococcus va Lactobacillus, alginate tir Azotobacter va
Pseudomonas, cing nhu curdlan do Alcaligenes faecalis, Rhizobium radiobacter va
Agrobacterium tao ra. Bén canh d6 con co gellan (ttr Sphingomonas, Pseudomonas),
hyaluronan (tr Streptococcus), levan (tu Bacillus, Halomonas, Paenibacillus,

Zymomonas), cellulose vi khuan (tir Komagataeibacter), .... [40].
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Viéc tim kiém céac chung méi, dic biét tir vi khuan cuc doan (extremophiles) va vi
khuan bién sinh EPS dang dugc thiic ddy manh. Cac ngudn ndy thuong tong hop EPS
mang tinh chit doc d4o, mé ra nhiéu Gng dung tiém ning trong cong nghiép thuc pham,
y dugc va cong nghé xtr Iy méi truong [41].

Bacillus 12 mét chi vi khuan Gram duong, sinh bao ttr, phan b rong rii trong dat,
nudc va moi trudng lién quan dén thuc vat. Diém dic trung ndi bat cua chi nay 1a kha
nang tiét nhidu hop chit ngoai bao, trong d6 c6 EPS. EPS tir cac loai dién hinh nhu B.
subtilis, B. amyloliquefaciens, B. licheniformis hay B. cereus da dugc ghi nhan véi nang
suat tir 2-10 g/L, chtra nhiéu nhom chirc wa nude (carboxyl, hydroxyl, phosphate) va
biéu hién nhiéu hoat tinh sinh hoc quan trong nhu chéng oxy héa, trc ché vi khuan gay
bénh, trc ché su phat trién cta khdi u, dong thoi ting gitr am va két tu dat [42], [40].

Trong s d6, Bacillus velezensis dugc xem 1a loai ¢ tiém nang 16n nho kha ning
sinh tong hop EPS phong phti v6i nhiéu dang khac nhau nhu levan, glucomannan va
EPS axit [43], [44], [45]. EPS cua B. velezensis thé hién tinh da dang ca vé ham luong
1an céu tric, phu thudc manh vao timg ching va ngudn carbon st dung. Chang han,
chung VTX20 nudi trén sucrose 20% dat ning suét rat cao (75,5 g/L), voi thanh phan
fructose—glucose dac trung cho levan c6 kha nang gilt nudc manh [43]. Nguoc lai, cac
chung AG6 va MHM3 chi dat 5-6 g/L nhung lai giau acid uronic, rhamnose hodc
galacturonic, mang nhiéu nhém chirc anion c6 loi cho su tuong tac voi Na* va kim loai
nang [46], [45]. Chung HY23 dat 2,8 g/L, san sinh glucomannan (mannose:glucose ti 1&
82:18), c6 kha ning hinh thanh gel va thuc diy ting trudng cdy dudi stress min [44],
trong khi KY471306 cho 7,88 g/l EPS dang heteropolysaccharide (glucose, mannose,
galactose), gop phan 6n dinh ciu trac dat [47]. Trai lai, ching OMO3 chi dat 0,594 g/L
v6i EPS gdm glucose va mannose, cho thiy hiéu qua sinh EPS thap [48].

Nhin chung, EPS cua B. velezensis dao dong trong khoang 0,6 — 75 g/L, tur céac
dang homopolysaccharide nhu levan, glucomannan dén heteropolysaccharide giau acid
uronic. Su da dang nay khong chi gip EPS phat huy vai tro sinh théi trong viéc gitr
nudc, cai tao dat man va han ché tac hai ctia ion Na*, ma con mé ra trién vong ung dung

trong xur ly kim loai ndng va céc linh vuc y sinh.

1.4.3. Co ché sinh tong hop exopolysaccharide ¢ vi khudn chiu mdgn
1.4.3.1. Khdi niém exopolysaccharide

EPS 14 nhém polysaccharide ngoai bao dugc vi sinh vt tiét ra trong qua trinh sinh
trudng va chuyén hoa, ¢6 vai trd cu tric va bao vé té bao trude cac diéu kién bat loi
nhu stress thAm thau, kim loai nang, pH cuc doan va buc xa tor ngoai [49]. O céc vi
khuan chiu man, EPS 1a thanh phan thiét yéu gitp tao biofilm 6n dinh, giam mat nudc

va duy tri can bang ion Na*/K* trong mdi truong uwu truong. Lép EPS bao boc té bao tao



13

moi trudng vi md bao vé, dong thdi 1a “la chin sinh hoc” giup vi khuén thich nghi va

ton tai lau dai trong diéu kién kho han va min cao [59], [60].

1.4.3.2. Cau triic, phdn logi va cdc con dwong sinh tong hop exopolysaccharide

EPS c¢6 céu tric polymer phirc tap, bao gdm nhiéu loai monosaccharide (glucose,
fructose, mannose, rhamnose...) va nhom thé nhu acetate, pyruvate, phosphate hozc
succinate [50], [51]. Thanh phan va kiéu lién két glycosidic (/) quyét dinh tinh chat
Iru bién, kha ning gitt nuée, hap phu mudi va kim loai ning cua EPS. Dya trén thanh
phan, EPS duwoc chia thanh homopolysaccharide (HoPS) — gdom mdt loai
monosaccharide (nhu levan, dextran) va heteropolysaccharide (HePS) - gdm nhiéu loai
monosaccharide 1ap lai, thuong 3—4 loai [52], [53] (m6 phong trén Hinh 1.3).
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Hinh 1.3. Phan loai ciu tric ctia exopolysaccharide. Cac loai monomer dugc phan biét
bang mau sic: trang/trong sudt (glucose), cam (allose (All)), xanh 14 cdy (galactose
(Gal)), ndu (mannose (Man)) [54]
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Hinh 1.4. Téng quan chung vé 4 con dudng sinh tong hop EPS & vi khuan. GTs
(glycosyltransferases), PCP (polysaccharide co-polymerase), OPX (outer membrane
polysaccharide export), TPR (tetratricopeptide repeat protein) [55]
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Qua trinh sinh tong hop EPS & vi khudn duoc thue hién qua 4 con dudng chinh va
dugc moé phdéng trén Hinh 1.4:

(1) Con dudng phu thudéc Wzx/Wzy, ddy 1a con dudng phd bién & vi khuin, gdm
ba giai doan chinh: (i) tng hop cac dudng gin nucleotide, (ii) lap rap cac don vi lap lai,
va (iii) trang hop va tiét ra ngoai bao (Hinh 1.4.1). Trong giai doan ddu, cic don phan
dudng gin nucleotide dwgc van chuyén va gin vao chit mang undecaprenyl phosphate
(Und-P ) & mang trong. Sau do6, glycosyltransferase (GT) xtc tac hinh thanh don vi lap
lai, cac don vi ndy duoc chuyén qua mang trong nho Wzx flippase. Cubi cing, Wzy
polymerase trung hop cac don vi oligosaccharide da dugc stra d6i (methyl hoa, acetyl
hoéa...) thanh polysaccharide. Cac polysaccharide nay thuong 1a HePs c6 thanh phan
duong phong phu (thuong 1a 4-5 loai dudng) va duoc tiét ra ngoai mang boi hé thong
véan chuyén lién quan dén protein PCP va OPX [56]. M6t s6 EPS dai dién cho con duong
nay 1a gellan, xanthan va kefiran. Pic trung ctia cac chung vi khuan tong hop EPS theo
con duong nay la mang céc gen flippase (Wzx) va polymerase (Wzy) [57].

(2) Con dudng phu thudc vao chat van chuyén ABC (Hinh 1.4.2), cha yéu tong
hop polysaccharide vo nang. Trong co ché nay, cac don phan duong hoat héa duoc lién
két v6i Und-P tao thanh Und-PP-sugar tai mang trong. Sau d6, GT xtc tac tong hop
chudi polysaccharide hoan chinh tai mit trong ctia mang sinh chat [55]. Chudi
polysaccharide duoc van chuyén ra ngoai boi mot phirc hop gém cac chét van chuyén
ABC xuyén qua mang trong va cac protein chu chat thuoc ho PCP va OPX [56]. Tét ca
cac EPS dugc tao ra thong qua con dudng nay déu mang mot glycolipid duoc bao ton &
dau khir bao gdm phosphatidylglycerol va mét lién két poly-2-keto-3-deoxyoctulosonic
acid (Kdo). Pay 1a mot trong nhitng diém khac biét chinh cta con dudng phu thudc
Wzx/Wzy va con duong phu thuéec ABC [57].

(3) Con dudng phu thude synthase (Hinh 1.4.3), thudng duoc st dung dé 1ap rap
cac homopolymer chi can mot loai tién chat duong va gom 1 loai dudng don nhu glucose
hoic mannose [55]. Con dudng thir ba ndy tiét ra cac sgi polymer hoan chinh qua mang
va thanh té bao doc 1ap véi flippase dé chuyén vi tri cac don vi 1ap lai. Qua trinh téng
hop xay ra tryc tiép trén mang trong thong qua phirc hop synthase tich hop trong mang,
vi du nhu protein BesA trong tong hop cellulose vi khuan.

(4) Con duong phu thudc sucrase (Hinh 1.4.4), duoc tong hop & ngoai bao nhd
enzyme sucrase (levansucrase hoic glucansucrase) dé hinh thanh levan, dextran [55],
[56].

Trong 4 con dudng tong hop EPS trén chi c6 con duong phy thude sucrase co qua
trinh sinh tong hop HoPs & moi truong ngoai bao. Cac chudi polyme dugc kéo dai bang

cach thém tryc ti€p cac monosaccharide thu duoc bang céach cat di- hodc trisaccharide.
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Trong ba truong hop con lai cac phan tir tién chit can thiét cho cac bude kéo dai chudi
polymer, trai qua nhiéu qu4 trinh chuyén ddi enzyme khac nhau bén trong té bao dé tao
ra dudng hoat hoa (duong gin nucleotide, nucleotide-sugar) [57]. Su khac biét vé co
ché dan dén su da dang céu tric va tinh chit cua EPS, phan anh vai trd clia cac enzyme
nhu glycosyltransferase, polymerase va cac enzyme stra d6i nhém dudng. Du nhiéu cum
gen (epsA—0O, wzx, wzy) di duogc xac dinh & cac vi khudn chiu man thudc Bacillus,
Halomonas va Paenibacillus, nhung chtc ning cua nhiéu gen van chwa duoc lam 1
hoan toan [57], [43]. Qua trinh nay nhin chung mang tinh bao tén cao, tuy viy con bi
chi phi boi diéu kién méi truong, tic dong dén cu triic va mirc phan nhanh cua polymer
[58]. Do d6, viéc phan tich bd gen va cum gen EPS 13 hudng tiép can tiém nang nham
1am sang t6 co ché di truyén va dinh hudéng tng dung cua vi khuan sinh EPS.
1.4.3.3. Moi lién hé giita kha ndang sinh téng hop exopolysaccharide cia vi khudn véi
qud trinh hdp thy va chuyén héa dwong

Qua trinh sinh téng hop EPS ¢ vi khuan c6 méi lién hé chit ch& véi co ché hép thu
va chuyén héa duong, vén cung cap niang lugng va tién chat cho qua trinh hinh thanh
polymer ngoai bao. Trong 4 con dudng tong hop EPS di biét, chi c6 con dudng phu
thudc sucrase dién ra ¢ ngoai bao va phu thudc truc tiép vao nguén co chét sucrose, noi
enzyme sucrase xuc tac phan cit sucrose thanh cdc monosaccharide dé kéo dai chudi
HoPS. Nguoc lai, ba con duong con lai chu yéu tong hop HePS trong té bao, phu thudc
vao cac phan tng chuyén hoa ndi bao tao nucleotide dudng hoat héa (UDP-glucose,
dTDP-rhamnose) thong qua cac con duong duong phéan, pentose phosphate va Leloir
[57].
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Hinh 1.5. Cac con duong sinh tong hop dudng gan nucleotide (GDP-mannose va
UDP-glucose) dé san xuat EPS & Geobacillus sp. WSUCF1 suy ra tir dit liéu trinh tur

bd gen. Céac s6 EC dé cap dén cac enzyme lién quan dén qua trinh chuyén héa [59]
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Qua trinh hip thu va chuyén hoa dudng dé tao duong gin nucleotide (tién chit dé
ciu tao nén EPS) dugc mo phong trén Hinh 1.5. Cac duong don nhu glucose, galactose,
lactose dugce van chuyén vao té bao qua 3 hé thong chinh: PTS (phosphotransferase
system), vin chuyén chu déng phu thuéc ATP (ABC transporter) va van chuyén dong
van ion (symporters/permeases). Trong d6, hé PTS 1a co ché pho bién ¢ vi khuan, dong
vai tro then chdt trong viée van chuyén, phosphoryl héa va cam bién néng do duong
trong moi trudng [59]. Cac duong phosphoryl hoa nay tiép tuc dugce chuyén hoa thanh
cac nucleotide duong — tién chat cho hoat dong cuia hé théng GT trong qua trinh lap rap
EPS [60].

Céc gen tham gia tong hop EPS thudng chia thanh hai nhém: (i) gen sinh tong hop
tién chat nhu galU, galE, rfbA-D:, (ii) gen dic hiéu EPS nhu epsA—O, wzx, wzy, mi hoa
enzyme trung hop, van chuyén va diéu hoa [61], [62]. O Bacillus velezensis, cum epsA—
O chiu trach nhiém cho qua trinh tong hop va tiét EPS ra ngoai té bao [43], cum gen
EPS bao gdm epsABCDE, wzx, wzy va epsG [62]; trong khi ¢ ching Geobacillus sp.
WSUCF1 ving mit cac gen méa hoa Wzx flippase, Wzy polymerase va polysaccharide
synthase, thay vao d6 1a sy ¢6 mit ctia 15 gen lién quan t6i con dudng sinh tong hop
EPS loai phu thudc chat van chuyén ABC [59].

Thue nghiém cho thay, thay d6i ngudn carbon c6 thé anh hudng dang ké dén ning
suat va biéu hién gen lién quan dén EPS. O Bifidobacterium longum CRC002 sir dung
lactose thay glucose 1am ting gip doi san luong EPS va hoat hoéa cac gen trong con
duong Leloir (galK, galT, galE, wblE) [58]. Nhu vay, qua trinh chuyén hoa va dinh
hudong dong carbon cé thé quyét dinh hiéu suit va cu tric EPS. Viéc khai thac co ché
nay mé ra huong tdi wu hoa sinh téng hop EPS phuc vu cong nghi¢p sinh hoc, cai tao
dat man va phat trién nong nghiép bén ving.
1.4.3.4. Ddc tinh, vai tro va uwng dung cua exopolysaccharide

DPac tinh chung cua EPS

EPS ¢6 céc tinh chat hoa 1y nhu: 1a polymer c6 kha ning lién két ion, hip phuy ion
kim loai ndng, hoa tan trong nudc, tao gel, tao dd nhdt, gitr nudc, nhii hda diu, 6n nhiét
va keo tu. Mot s6 EPS thé hién dic tinh sinh hoc dang chu y nhu hoat tinh chéng oxy
hoa, khang khuan, khang nim, khang virus, chéng viém, chdng khdi u va diéu hoa mién
dich [60], [63]. Nho nhitng dic tinh nay, EPS c6 tiém ning tmg dung rong rai trong y
sinh hoc, cong nghiép thuc pham, néng nghiép bén viing va xir Iy méi truong.

Pic tinh ciia EPS trong viéc giam mudi va hap phu kim loai ning

Khi phai d6i mat voi diéu kién man hodc 6 nhiém kim loai, nhiéu vi khuan c6 xu
huéng ting cuong tong hop EPS nhu mét co ché phong vé. Lop EPS khong chi 1a thanh

phan quan trong trong cau truc biofilm ma con tao nén moéi trudng vi moé giup vi khuan
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duy tri hoat dong séng dudi ap suét thAm thau cao hodc khi c6 su hién dién cua ion doc
hai [64], [65].

Céc nghién ctru cho thiy, hiéu qua hdp phu mudi ctia EPS lién quan truc tiép dén
dic tinh bé mit cua polymer. Cu thé, EPS thudng mang thé zeta 4m va chtra nhiéu nhom
chitc nhu carboxyl, hydroxyl, phosphate, carbonyl hozc thiol. Cac nhom nay dé dang
hép phu cation Na* thong qua co ché twong tac tinh dién, trao d6i ion hodc hinh thanh
phtc chit [66]. Nho d6, Na* duoc o 1ap khoi dung dich dat, giam doc tinh v6i bo ré va
hd tro cay trong duy tri can bang nudc — dinh dudng [65]. Ngoai ra, EPS con c6 kha
nang lién két voi hat dat, gop phan cai thién cau trac dat va giam sy dich chuyén cua
mudi.

Ngoai viéc twong tac véi mudi, EPS con ndi bat véi kha ning hap phu kim loai
ning (Cd**, Pb**, Zn?*). Ciu trac polymer mang dién tich am cho phép EPS gin chit
cac ion kim loai, han ché su tich lity trong cay trong. EPS c6 thé diéu chinh cau tric
két tu dat va cong dong vi sinh vat, qua d6 lam giam dang ké sy xam nhap Cd va Pb
vao mo thuc vat [66].

Dac tinh giir nwéc cua EPS

V& mit giit nude, EPS thé hién tinh wa nuéc manh nhd kich thudc 16n, va cu trac
dang mang ludi polysaccharide giau nhém chuc va nude, cho phép hinh thanh gel hat
am hiéu qua. Chang han, EPS tr Lactobacillus kefiranofaciens ZW3 c6 kha ning gitr
nudc 496% [67], EPS-F2 tu Enterococcus sp. dat t&1 882,5% [68], trong khi EPS cua
Bacillus haynesii CamB6 dat 266,8% [69]. Nhiing chénh I¢ch nay phan anh su khac biét
vé khdi lwong phén tir, cau tric mang ludi va ham luong nhoém chirc wa nudc giira cac
EPS.

Céac nhom chirc carboxyl, hydroxyl va phosphate dugc xem 13 yéu té quyét dinh
kha ning hut nude va tao gel cua EPS [70]. Su két hop vé6i thanh phan protein ky nuéc
con gitip tao cau tric keo bén, ting cuong d6 két tu va kha nang luu giit am cho dét [71].
Kha ning nay ciing bi chi phéi bai yéu té méi truong nhur mire d6 man hodc stress khac
[72], [43].

Vai tro va wng dung cua EPS

Vé mit sinh hoc, EPS déng vai tro trung tdm trong viéc hinh thanh va duy tri ciu
tric biofilm, gitup vi sinh vat bam dinh Ién bé mit ran, lién két véi nhau, va tao nén mot
ma tran bao vé [49]. Ma tran EPS bao boc té bao gitip vi sinh vat chéng chiu véi cac
diéu kién méi truong bat loi nhu stress thim thau, nhiét d6 cao, pH khéc nghiét, kim
loai néng, tia cyc tim, va cac chét khéng sinh [63]. EPS con c6 kha nang gilr nudc cao,
la yéu t then chdt trong vigc gitr am cho moi trueong vi sinh vat, dac biét trong diéu kién
kho han hoac man [63].
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Trong linh vuc thuc phém, EPS duoc st dung nhu mot chét 6n dinh, chit 1am dic,
tao gel va chit nhii hoa. Mot sb san phém EPS ndi bat nhu chat 1am dic xanthan gum
dugc san xudt bang cach 1én men dudng boi vi khuin Xanthomonas campestris; chat tao
do nhét gellan gum duogc san xuét boi Pseudomonas elodea. Nho cac dic tinh sinh hoc
t6t, EPS duoc tmg dung trong linh vuc y dugc nhu chat chéng oxy héa, chéng viém,
chdng ung thu, kich thich mién dich, giam cholesterol [60].

Trong linh vuc ndng nghiép va cai tao dat, EPS do vi khudn vung & san sinh ra
dugc xem la mot tic nhan sinh hoc quan trong trong viéc cai thién dac tinh vat ly va sinh
hoc cta dat. EPS gop phén tdng cuong sy két tu gifra cac hat dat, tir d6 cai thién ciu tric
dat, nang cao kha ning gitr nude va giir lai chat dinh dudng thiét yéu, dic biét hitu ich
trong cac loai dat cat ngheo dinh dudng hodc dat nhiém man [66]. Nho vay, EPS tao
diéu kién thuan loi cho su thiét 1ap va phat trién ctia hé vi sinh vat ¢6 loi trong vung ré,
gian tiép thuc déy sinh trudng va ting cudng strc khoe ciy trong [66], [65].

Bén canh vai tro bdo v¢ vi sinh vat trong diéu kién bat loi, EPS con dong vai tro
nhu mot yéu td trung gian quan trong trong mdi twong tac giira thuc vat va vi sinh vat
ving 1é. Viée tiét EPS dugc xem nhu mot co ché sinh t6n cua vi khuan, gitp chiung
khong chi thich nghi véi diéu kién khic nghiét ma con hd trg thue vat trong viée chdng
chiu cac stress phi sinh hoc nhu han, mdn hay pH bat loi. Pac biét, EPS tham gia tich
cuc vao qué trinh hinh thanh biofilm — cau trac tap hop vi sinh vat thiét yéu trong ving
1&, gop phan luu giit carbon, 6n dinh chu trinh dinh dudng va ting cudng tuong tic cong
sinh giira vi sinh vat voi cay trong [73].

Toéom lai, EPS 14 hop chét sinh hoc da chirc nang, vura giup vi khuén sinh tOon dudi
stress, vira cai thién tinh chat dit va bao vé cay tré)ng. Véi céac dic tinh gilr nudc, hép
phu mubi va kim loai nang, EPS htra hen tré thanh cong cu sinh hoc hi¢u qua trong xtr
Iy dat thoai hoa, nhim man, 6 nhiém kim loai va néng nghiép bén viing.

1.4.4. Vai tro ciia vi khudn chiu mdn, sinh exopolysaccharide trong cii tao dit kho
han man

Do min dugc xem la mot trong nhirng yéu té mdi truong then chét gy suy giam
nang suat nong nghiép trén toan cau. Cung véi BDKH va sy néng 1én toan cau dang lam
tinh trang han han két hop véi man hoa tréd nén nghi€m trong hon, dat ra thach thuce lon
d6i v6i an ninh lvong thuc [38]. Céc giai phap k¥ thuat nhu nang cap hé théng thay loi
hodc cai tao dia hinh thuong doi hoéi chi phi cao, trong khi d6 cac chién luoc sinh hoc,
dic biét 1a khai thac vi khuan chiu min, mang lai huéng tiép can bén viing va kha thi
hon.

Vi khuan ving ré thuc day sinh truéng thuc vat (plant growth-promoting

rhizobacteria) c6 kha ning chiu man thudng ddi pho véi stress nho: téng hop chét tan
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tuong thich, san Xuét enzyme chiu man, hormone sinh truong va dac biét 1a tao EPS
[38]. EPS gitup vi khuan bam dinh vao ré, 6n dinh ciu trac dat, giit am, giam Na* tu do
va bao vé té bao trong diéu kién khac nghiét.

Trong moi trudng bién va ven bién, nhiéu chung vi khuan d duogc khai thac véi
EPS c6 gia trj sinh hoc cao. Vi du: Bacillus cereus (EPSR3, c¢6 hoat tinh chdng oxy hoa
va chéng viém) [42]; Alteromonas macleodii (EPS HYD657/deepsane, img dung trong
my phim) [74]; Pantoea sp. (EPS-S3, thuc day tai tao mo da) [75]; Terribacillus
saccharophilus (EPS nhii héa va phan huy hydrocarbon, tmg dung xtr 1y ddu mo) [76].
Ngoai ra, cac chi Pseudoalteromonas va Vibrio tiét EPS co6 kha nang keo ty, loai bé kim
loai ndng trong nudc thai; EPS tr Monascus bién c6 thé duge st dung trong xtr 1y tran
dau [41].

Trong ing dung cai tao dat, nhiéu chung vi khuan sinh EPS d chirmg minh hi¢u qua
10 rét: Azotobacter chroococcum va Lactobacillus fermentum tao polysaccharide khong
tan, bit kin 10 rong giira hat cat, ting kha ning gilt nu6c [77]; Pseudomonas chlororaphis
A20 va Bacillus proteolyticus A27 1am ting két tu dat 6n dinh 128—169% va ting hoat
tinh enzyme dat 153-193% [78]; Halomonas variabilis (HT1) va Planococcus
rifietoensis (RT4) hd trg sinh trudng thuc vat dudi do man cao [73]; chung Bacillus
amyloliquefaciens-3B1 da dugc nghién ctru ing dung cai tao dat, chung thé hién kha
ning san sinh EPS t6t va 6n dinh trong dat, giup ting két tu dat va cai thién kha ning
chju nudc ciing nhu chju min va ting ning suit cho ciy trong [33]. Chung Bacillus khac
1a B. subtilis ciing cho thay dugc kha ning san sinh EPS gitp céi tao dt, ting tinh dan
hdi cho dit, nang cao san lugng cdy trong, nhat 1a khi canh tac trong diéu kién khic
nghiét [35]; chung Paenibacillus polymyxa d3 dugc trién khai trong thuc tién san xuat
ndng nghiép gitp tang cudng kha nang chiu man va phuc hdi méi truong [37]. Nhing
két qua nay cho thiy tinh wu viét cua viée str dung cac ching vi khuan chju man, sinh
EPS trong viéc cai tao d4t kho, nhiém man, nhiam cai thién su phat trién cia cay tréng,
tang sirc chéng chiu min, ting kha nang giit nudc cho dat.

Mot s6 loai vi sinh vat sinh EPS nhu Bacillus safensis, Paenibacillus polymyxa, va
Rhizobium meliloti &3 dugc nghién ciru va sir dung trong cac chwong trinh cai tao dat
trén khép thé gidi. Cac nghién ctru thtr nghi¢m tién phong da dugc thyc hién tai Trung
Qudc va cho thiy rang viéc ap dung vi sinh vat sinh EPS c6 thé gitip cai tao dat, tang
san lwong va tiét kiém chi phi san xuat.

Tai Viét Nam, nghién ctru vé vi khuén sinh EPS ung dung trong cai tao d4t kho han
min con rat han ché, chi yéu tap trung vao cac loai nAm men nhu Lipomyces [79], [80].
Lipomyces di dugc phan lap tir dat dé phat trién ché pham vi sinh giip nang cao cac dic
tinh 1y, héa va sinh hoc ctia dat ddc tai huyén Mé Linh, tinh Vinh Phuc [80]. Lipomyces
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starkeyi (PT5.1) sinh polysaccharide duoc tng dung dé ting kha ning giit 4m cho dat
cat bién & Binh Dinh c6 dic tinh nghéo dinh dudng, 6 4m thip, kha ning giit nudc kém
dé ting ning suit cho lac [79]. Ngoai ra con c¢6 mot s6 nghién ctru ing dung chung vi
khuan sinh EPS cai tao dat nhu: Gmg dung Lactobacillus plantarum dé cai tao dat va lam
tang hiéu suit cdy trong ¢ ving i [38]; hay nghién ctru vé kha ning san xuat EPS cua
Bacillus subtilis, cting nhu tac dong cia vi sinh vat ndy dén cac tinh chit vat Iy cua dat
[40],... Nghién ctru ctia Vit Thi Quynh Chi va cs (2022) di str dung ché phim sinh hoc
dang ran (gdm cac phu gia va vi sinh vat sinh nhay, phan giai lan, sinh Indole-3-acetic
acid, sinh 1-aminocyclopropane-1-carboxylic acid deaminase, bao tir nAm ré& cong sinh
Mycorrhiza) dé cai tao dét cat san ho 1an dau tién trén dat cat méi boi tai cac dao Trudng
Sa va Sinh Ton. Két qua cho thiy, ché pham hitu co sinh hoc dang ran ¢ hiéu qua rd rét
trong viéc cai thién tinh chat dat, dac biét 1a kha nang luu giir chat dinh dudng va do phi
nhiéu, thé hién qua sy gia ting EC, ham luong chat hitu co va nito tong s6. So vai chat
diéu hoa dét truyén thong nhu carboxymethyl cellulose, ché pham sinh hoc dang rin thé
hién tac dong tich cuc vuot troi dén sinh trudng cua rau muéng tréng trén nén dat cai
tao [22].

Mot sb ché phém vi sinh vat cai tao dit man duoc phat trién trén thi truong nhu Ché
pham vi sinh chuyén dung cho dat cat bién ciia Vién Tho nhudng Nong hoa (chira
Lipomyces starkeyi sinh EPS); AQ99 (chtta cac ching Bacillus), Ché pham vi sinh vat
cai tao dat (c6 Lipomyces starkeyi sinh EPS), Nemon (chira cac chung Bacillus),...

Vi vay, viéc nghién ctru va khai thac cac chung vi khuén ban dia sinh EPS chiu
min & khu vuc Truong Sa mang ¥ nghia quan trong ca vé mit khoa hoc 1an tng dung
thuc tién. Cac chung vi sinh nay di tién hoa dé thich nghi 1au dai vé6i diéu kién khéc
nghié¢t cuia cat san hod - moéi truong kho han, man va ngheo dinh dudng. Nho kha nang
tiét EPS, chung khong chi ting cudng co ché ty bao vé ma con c6 thé cai thién dic tinh
1y - hoa hoc cua dét, nang cao kha ning gilt nudc, gia ting dd phi nhiéu va mé ra trién
vong phat trién ndng nghiép bén viing trén cac dao xa bo.

1.5. Giai trinh tu toan by hé gen
1.5.1. Gi6i thiéu chung vé cong nghé gidi trinh tw toan bg hé gen

Giai trinh tu toan bd hé gen (Whole Genome Sequencing — WGS) 1a cong cu cot
161 trong sinh hoc hién dai, cho phép giai ma toan b vat chét di truyén cua sinh vat, tir
d6 phan tich cau tric, chirc nang va tiém nang Gmg dung cta hé gen. Véi sy ra doi cua
cac cong ngh¢ gidi trinh tu thé hé méi nhu Illumina, PacBio va Oxford Nanopore, viéc
thu nhan dit liéu gen v&i d chinh xéac cao, chi phi thap va thoi gian ngan di tré nén pho

bién trong nghién ctru vi sinh vat [81].
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1.5.2. Ung dung cong nghé gidi trinh tw toan bp hé gen trong nghién ciru vi khudn
sinh exopolysaccharide

Viéc tmg dung céng nghé WGS trong phan tich dic diém di truyén cta vi khuan
sinh EPS da tr¢ thanh mot hudng nghién ctru quan trong trong vi sinh vat hoc hién dai.
Céac loai vi khuan c6 kha nang sinh EPS nhu Bacillus velezensis, Bacillus subtilis,
Pseudomonas spp. va Rhizobium spp. da duoc giai trinh tu toan b hé gen nhim muc
tiéu xac dinh cdc cum gen ma hoa tong hop EPS, phén tich tinh an toan, tiém ning
chuyén héa, phan tich kha ning thich nghi véi diéu kién bét loi, va tiém nang ing dung
trong nong nghi¢p, cong nghi€p sinh hoc va y sinh [82], [59], [83]. Qua dir lidu WGS,
cic cym gen lién quan dén sinh tong hop EPS, bao gdm cac gen mi hoa
glycosyltransferase, protein van chuyén, protein diéu hoa va enzyme xuc tac tong hop
tién chét duong gén nucleotide, hé théng van chuyén va cac yéu td diéu hoa c6 thé duoc
xac dinh chinh xac. Céac phan tich chirc nang nhu KEGG, COG, GO va antiSMASH hd
trg du doan con duong sinh tong hop cac hop chat thir cip nhu EPS [82]. Pong thoi,
WGS con cho phép danh gia kha nang thich nghi véi diéu kién man, kho han hodc nhiét
d6 cao théng qua viéc phat hién cac gen lién quan dén chong chiu mai truong [59].

Mot s6 nghién ctru dién hinh c6 thé ké dén 1a nghién cru cia Wang va cong su
(2019) vé ching Geobacillus sp. WSUCF1. Thong qua WGS, cac gen lién quan dén sinh
tong hop tién chit dudng gin nucleotide, GT, van chuyén chudi polysaccharide ra ngoai
bao va diéu hoa tong hop EPS da dugc xac dinh. Ngoai ra, hé gen ciia chung niy con
chtra cac gen lién quan dén CRISPR-Cas, quorum quenching, polyketide synthase va
khang kim loai nang, cho thdy kha ning thich nghi cao vdi diéu kién nhiét do cao va
moi truong khic nghiét, tiém nang 16n trong tmg dung cong nghé sinh hoc méi truong
vay hoc [59].

Wu va cong su (2020) da phan tich hé gen ching LPLO061, cho thiy chung vi khuan
thudc loai B. velezensis va xac dinh mdt cum gen eps hoan chinh gém 12 gen ma hoa
cac GT. Cac gen nay dugc bao ton gitta cac loai Bacillus, cho thay vai trod thiét yéu trong
sinh tong hop EPS. Khoang 2,54% bo gen LPL061 duoc du doan tham gia vao chuyén
hoéa va phan huy cac hop chét thir cap [83].

Gan day, Zhao va cong sur (2023) giai trinh tu bo gen ctia ching Lactiplantibacillus
plantarum MC5 va phat hién 7 con dudng sinh tong hop dudng gan nucleotide cung 11
hé théng van chuyén phosphate dic hiéu cho duong. Hé gen ctia MC5 c6 nhiéu ban sao
gen van chuyén cellobiose, mannose, fructose..., cho phép du doan kha nang st dung
hiéu qua nhiéu ngudn carbon khac nhau. Ching nay ciing s& hiru hai cum gen eps hoan
chinh, bao gom epsABCDE, wzx, wzy va mot gen epsG dic trung, c6 lién quan dén san
xuat luong 16n EPS. Két qua thyc nghiém khang dinh kha nang chuyén hoa duong va
nang sut EPS cta ching MC5 phu hop v6i du doan tir dit liéu hé gen [62].
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1.5.3. Ung dung cong nghé gidi trinh tw toan bp hé gen trong nghién ciru vi khudn
chiu man

Trong nhitng nim gan day, cong nghé WGS di tré thanh cong cu thiét yéu trong
nghién ctru vi sinh vat chiu man, dac biét trong viéc khai thac tiém nang di truyén phuc
vu céi tao dit va phat trién ché phém sinh hoc. Tai Viét Nam va trén thé gioi, WGS da
dugc tng dung dé phan tich sau cac chung vi khuén chiu man nham 1am 6 co ché chiu
min, kha ning thich tng va vai tro kich thich sinh truéng thue vat. Chang han, nghién
ctru cua Nguyen va cs (2023) da giai trinh ty bd gen chung Salinicola sp. DM 10, mdt vi
khuan chiu min dugc phan lap tu d4t man ¢ Viét Nam. Phan tich hé gen cho théy chung
nay so hitu cac gen quan trong lién quan dén co ché diéu hoa tham thau va chdng chiu
ion nhu hé van chuyén K* (trkA, kdpABC), hé chéng Na* (nhaP, mrp), cum gen téng
hop chat bao vé tham thau (ectABC, betAB) va cac kénh cam bién ap suat co hoc
(mscKLS). Ngoai ra, ching DM10 con mang cac gen lién quan dén chuyén héa
phosphate (gcd, pgqgABCDE, phoB/R), phan giai tinh bt (amylA), gidm ethylene (acdS
mi hoa 1-aminocyclopropane-1-carboxylic acid deaminase) va tong hop siderophore
(fhu, efeB), cho thiy kha ning thuc day sinh trudng ciy trong trong diéu kién man cao
[84]. Tuong tu, Belaouni va cs (2022) da giai trinh tu toan b hé gen chung Bacillus sp.
BH32 va xéac dinh day 1a mot loai méi trong nhém Bacillus, mang nhiéu gen lién quan
dén bom ion Na*/H", tong hop chét thich nghi thim thau, enzyme chéng oxy hoa, ciing
cac gen sinh auxin, phan giai cellulose, tong hop siderophore va cic cum gen ma hoa
chét chuyén héa thir cap (Biosynthetic Gene Clusters-BGCs), hd trg vi khuan nay ton
tai va tuong tac cong sinh véi cy trong trong diéu kién man [43]. Nghién ctru cia Wu
va cs (2021) trén chung Bacillus halotolerans KKD1 cling cho thiy WGS di 1am sang
t6 co ché chiu man-kiém da tang, bao gdm gen mid héa symporter Na*/Proline
(gene0757), van chuyén Na* qua ABC transporter (gene2977), cic hé van chuyén K+
(trkA, kdpABC), tong hop ectoine va glycine-betaine (ectABC, betAB), cac kénh cam
bién co hoc (mscK, mscL, mscS), va enzyme chong oxy hoa nhu catalase, peroxidase,
protein stra chira DNA. Pang chti y, KKD1 con chira nhiéu cum BGCs ma hoa surfactin
va fengycin — cac chat co kha ning khang nim bénh thyc vat, cho thiy tiém ning mg
dung trong nong nghiép sinh hoc [85]. B6 sung vao d6, nghién ciru gan day cua Wang
va cong su (2024) vé ching Bacillus paralicheniformis G9HO1 da ching minh WGS c¢6
thé dong thoi phat hién nhiéu nhom gen quan trong lién quan dén diéu hoa ion
(K*/Na*/H* antiporter), chuyén héa betaine va sinh tong hop EPS — polymer c6 vai tro
thiét yéu trong viéc két tu dat, gitr am va bao vé vi khuan khoi stress méi truong. Nho
su phdi hop ciia cic nhom gen nay, chung GOHOI1 c6 thé sdng trong méi trudng chia
dén 15% NaCl [86].
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Céc nghién ctru trén gép phan khing dinh ring WGS khong chi giup hiéu rd hon
co ché sinh hoc phan tir cia vi khuén chiu m3n ma con mé ra hudng tng dung thuc tién
trong phat trién ché pham vi sinh phuc vu cai tao dat kho han, min va ning cao ning

sudt cay trong & nhirng ving dat khic nghiét nhu ven bién va hai dao cia Viét Nam.

1.5.4. Gi6i thiéu so lwec vé genome chiing tham chiéu Bacillus velezensis FZB42

Trong cac nghién ctru so sanh hé gen & cap do loai, viéc Iyra chon mdt ching
tham chiéu c6 genome hoan chinh va duoc chu giai ddy du 1a yéu tb then chdt
nhim bao dam tinh nhat quan va do tin cy cia cac phan tich kiéu gen—kiéu hinh.
DPéi v6i loai Bacillus velezensis, ching FZB42 hi¢n dugc cong déng khoa hoc
qudc té thira nhan rong rii nhu mot chuan genome cho cac nghién ctru vé sinh hoc
phan ti, sinh thai hoc va tiém nang kich thich sinh truéng thuc vat.

B. velezensis FZB42 (tén goi trudc day: B. amyloliquefaciens FZB42) 1a mot
chung vi khuan vung ré thuc day tang truéng thuc vat duoc nghién ctru rat sau va
duogc sir dung rong rii 1a chung tham chiéu (reference) cho nhém B. velezensis c6
tiém nang kich thich sinh truéng thuc vat va kiém soat sinh hoc [87]. Piém manh
ctia FZB42 nam ¢ viéc da co bo gen hoan chinh (complete genome), cho phép so
sanh kiéu gen-kiéu hinh mot cach dang tin cay khi phan tich cac chung méi trong
cung loai. Trén co s& dir liéu trinh tu, genome FZB42 dugc cong bd dudi dang
mot nhiém sic thé vong (circular chromosome) voi do dai 3.918.596 bp
(CP000560.2/NC_009725.2), tao nén tang chuan dé ddi chiéu cac chi sb co ban
nhu kich thuéc genome, s luong gen du doan, thanh phan gen 15i/bién ddi, va
phan bd cac cum gen chirc ning [88]. Cac nghién ciru genome FZB42 cho thiy:
ngoai b gen 18i c6 mirc do bao ton cao so voi cac loai Bacillus gan giii, chung
nay con sé hitu cac viing genome bién thién gidu cac cum gen lién quan dén thich
nghi ving ré va tong hop chit chuyén hoa thir cp, gop phan tao loi thé canh tranh
sinh thai va kha nang d6i khang mam bénh. Pang cht ¥, genome hoan chinh cta
FZB42 (~3,92 Mb) cho thiy su hién dién ctia nhiéu cum gen chuyén hoa thir cép,
céc operon sinh tong hop exopolysaccharide (epsA-O) cing v&i tapA—sipW—tasA
tao nén nén tang di truyén cho hinh thanh biofilm, ciing véi cic nhém gen dap
Ging stress, hinh thanh nén tang di truyén cho kha ning thich nghi sinh thai va
tuong tac hiéu qua véi cdy trong, dong thoi khing dinh tinh phu hop cua viéc lwa
chon FZB42 1am chiing tham chiéu trong cac nghién ctru phan tich va so sanh hé
gen [89], [88].
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1.5.5. Tinh hinh nghién ciru va rng dung cong nghé gidi trinh tu toan by hé gen tai
Viét Nam

Tai Viét Nam, cong nghé WGS di dugc ing dung ngay cang rong rii trong nhiéu
linh vuc nghién ctru, dac biét 1a vi sinh vat hoc, y hoc phan tir, néng nghiép va moi
truong. Trong linh vuc y sinh, WGS d3 giup xac dinh toan bo trinh tu bd gen cta nhiéu
tdc nhan gay bénh quan trong nhu SARS-CoV-2, Mycobacterium tuberculosis,
Escherichia coli va virus RSV, hd tro tich cuc cho diéu tra thuc trang tinh hinh dich
bénh, giam sat dich t& va kiém soat bénh dé bao vé sirc khoe cong dong [90], [91], [92].
Ngoai ra, mot s6 nghién ctru da st dung WGS dé khai thac cac cum gen sinh tong hop
chét chuyén hoa tht cdp tir vi sinh vét, phuc vu cho viéc tim kiém hoat chit méi c6 kha
ning khang khuan, khang nam, khang virus, chdng ung thu va tmg dung probiotic trong
bbi canh gia tang tinh trang khang thudc [93].

Trong linh vyc ndng nghi€p va moi truong tai Viét Nam, cong nghé WGS da duoc
mg dung nham 1am rd tiém ning sinh hoc va chirc nang di truyén cua cac vi khuan c6
lgi. L& Thi Thanh Tam va cong su (2022) da giai trinh tu toan by hé gen ctia ba chung
Bacillus velezensis phan 1ap tlr viing 1é cdy ca chua va ca phé, qua d6 phat hién sy hién
dién cua cac gen ma hoda cho hoat chit sinh hoc ¢6 hoat tinh ddi khang nim bénh va
tuyén tring, bao gdm cum gen fen va pzn. Nhirng phét hién ndy cung cap co so di truyén
cho viéc phat trién ché pham vi sinh c6 kha nang kich thich sinh truéng va bao vé cay
trong khoi tic nhan gay hai trong néng nghiép bén viing [94]. Trong mot nghién ctru
khac, Nguyen va cong su (2021) di sir dung WGS nhu mét cong cu trong yéu dé phan
tich bon chung vi khuén phan lap tu d4t nhiém doc chit diét co 2,4-D va 2,4,5-T tai can
ctr quan su Bién Hoa. Phan tich hé gen da giup nhan dién cac cum gen tfdABCDEF va
tfdCDEF, ma hoa cho cac enzyme lién quan dén qua trinh phan giai cac hop chat hiru
co chtra chlorophenoxy. Dong thoi, WGS ciing gop phan lam sang to kha nang tiép nhan
va tién hoa cua cac gen niy thong qua hién tuong chuyén gen ngang giira cc loai vi
khuan Proteobacteria. Nhitng két qua nay khong chi cing cb vai trd cia WGS trong
nghién ciru vi sinh vat mdi truong ma con mé ra tiém ning Gmg dung trong xir 1y sinh
hoc dat bi 6 nhiém hoa chit doc hai [95].

bac biét, trong nghién ctlru vi khuén sinh EPS, Vu va cong su (2021) da giai trinh
tu hé gen ciia ching Bacillus velezensis VTX20 phan lap tir thuc pham, chung vi khuan
c6 kha ndng sinh EPS cao (75,5 + 4,8 g/L) trong mdi trudong chira 200 g/L sucrose. Phan
tich genome xac dinh sy hién dién ctia operon Is-levB lién quan dén tong hop EPS loai
levan. EPS tir VTX20 c6 hoat tinh chéng oxy héa manh, voi kha nang quét gbc tu do
DPPH dat 40,1-64,0%, khang dinh tiém ning ung dung cta ching nay trong cong
nghiép duoc pham va y sinh [43]. Mot nghién ciru khac ciia cing nhom tac gia da phan

1ap chung Cellulosimicrobium cellulans MP1 tir rudt méi, cho thiy hé gen chia 30 gen
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lién quan dén phan huy cellulose va hemicellulose, ciing v6i operon sacCl-levB-sacC2-
Is lién quan dén sinh tong hop EPS loai levan. Nhitng két qua ndy mé ra tiém ning tng
dung cua MP1 trong xir 1y sinh hoc va san xuat EPS [96].

Giai trinh tu toan bo hé gen dang khing dinh vai trd trung tAm trong nghién ctru vi
sinh vat hoc hién dai nho kha ning cung cip thong tin toan dién vé cau truc, chic ning
va tiém ning tmg dung ctia hé gen. Dbi voi vi khuan sinh EPS, WGS cho phép xac dinh
cac cum gen lién quan t&i tong hop EPS, co ché diéu hoa va kha ning thich nghi véi
moi truong khic nghiét nhu mén, nhiét, pH cuc doan hodc 6 nhiém kim loai. Tai Viét
Nam, viéc tng dung WGS trong nghién ctru cac chung vi khuan ban dia khong chi nang
cao hiéu biét khoa hoc ma con thiic day phat trién cac ché pham sinh hoc phu hop véi
diéu kién nong nghiép va moi truong dang chiu tac dong cia bién d6i khi hau.

Nhu vay, qua téng quan tai li¢u co thé nhan théy réng dat man, khoé han, dic biét
la cat san ho tai quﬁn dao Truong Sa, c6 dac diém vt 1y — hoa hoc rat khic nghiét: ciu
tric roi rac, nghéo dinh dudng, kha ning gitt nudc va trao doi cation thap, dong thoi
thuong xuyén chiu tac dong ctua mudi bién va birc xa mit trodi manh. Céc gidi phap cai
tao truyén théng chu yéu duva vao vat liéu vo co hodc hoa hoc, hi¢u qua ngén han va
thiéu bén ving. Trong khi d6, hudng tiép can sinh hoc sir dung vi khuan ban dia sinh
EPS duoc xem 1a trién vong do kha ning tao polymer ngoai bao giup két dinh hat dat,
tang gilr am va giam man ty nhié€n, than thi€n véi moi trudng. Tuy nhién, tai Viét Nam,
cac nghién ctiru vé& EPS va vi khuan sinh EPS chu yéu tap trung ¢ dat man ven bién hoic
ndi dia; ma chua nghién ctru chuyén sau trén nén cat san hd xa b nhu Truong Sa, va
dic biét thiéu cac phan tich di truyén ¢ mic hé gen nham lam rd co ché tong hop EPS
va kha ning thich nghi min cua vi khuan sinh EPS ving bién dao. Truéc khoang tréng
do6, luan an nay thuc hién phan lap va tuyén chon chung vi khuan chiu min sinh EPS
ban dia tir cat san ho Trudng Sa, tién hanh giai trinh tu va chd giai hé gen dé xac dinh
cum gen EPS, 1am sang t6 méi lién hé giita co ché di truyén va dic tinh sinh hoc, dong
thoi danh gia hiéu qua cai tao dat va sinh truong ciy trong trén mé hinh chau vai cat san
hé cai tao. Cach tiép can tong hop ndy gbp phan bd sung co sd khoa hoc va thyc tién
cho ung dung vi sinh vat ban dia trong cai tao cat san h6 man — kho vung bién ddo Viét
Nam, thé hién rd tinh méi va gia tri tng dung ctia nghién ctru.
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu nghién ctru
2.1.1. Péi twong nghién ciru

- Cac mau dit thu thap tir 3 dao thudc quan dao Trudng Sa: Truong Sa Dong (ki
hiéu TSD); P4 T4y A (ki hiéu DTA); Truong Sa Lén (ki hiéu TSL). Toa do lay mau
duogc trinh bay cu thé & Phu luc 1. Cac miu dat nay dugc st dung dé phan lap, tuyén
chon cac chung vi khuén chiu man, sinh EPS.

- Cat san ho str dung dé thir nghiém dugc 1ay tir dao Truong Sa Lén ngay 29/4/2024
boi V. D. N.
2.1.2. Thiét bi, héa chit

Cdc héa chit sit dung: Bo kit API 50CHB (BioMérieux, Phap). Cac duong: D-
glucose, D-fructose, D-galactose, sucrose, lactose, D-maltose, mannose, manitol,
trehalose, D-xylose, L-rhamnose, L-arabinose, cellobiose, L-arabinose N-
acetylglucosamine ctia hing Sigma-Aldrich (d6 tinh khiét trén 95%); Yeast extract,
peptone, Malt extract, NaCl, glycerol léng, agar, acetone, glucose, casein, urea,
NH4NO3, NH4Cl, (NH4)2S04, NaCl, KoHPOs, ZnSO4, FeSO4, MgS04.7H>0,... cac hoa
chat tinh khiét tir cic hang uy tin nhu Sigma, Merck.

Cic thanh phin ciia gia thé hiru co: ba bun mia (Cong ty CP Mia duong Tuy
Hoa); trau hun (VinaTap), phan bo (Sha Viét Nam).

M&éi truong nudi cdy vi sinh vat:

Thanh phan mot s6 méi trudng nudi cdy vi sinh vat sit dung trong nghién ciru dugc
pha theo Bang 1 ctua Phuy luc 2.

Thiét bi: Cac thiét bi duoc sir dung chinh trong nghién ctru nay dugc trinh bay &
Béang 2 Phu luc 2.
2.2. Phuong phap nghién ciru
2.2.1. Phwong phdp liy mdu dit

Mau dat dugc thu thap tai 3 dao Truong Sa Pong, Pa Tay A va Truong Sa Lon,
dai dién cho cac diéu kién dia Iy va mirc d6 cai tao khac nhau. O mdi dao, viéc 1dy mau
dugc tién hanh tai 3 khu vuc dic trung, bao gém ca cac vi tri méi duoc ton tao, bdi dap
bang cat san ho trong nhirng nim gan day (nhu khu vyc sau bd ke, bii cat ven dao) va
céc vi tri cii, 1au khong dugc ton tao (nhu khu vue gbc cdy hodc gan nha bép). Riéng
dao Pa Tay A 1a ddo méi duoc ton tao toan bo trong thoi gian gan day nén cac diém lay
mau déu thudc nhém vi tri méi ton tao. Chi tiét toa dd va mo ta tung vi tri léy mau dugc
trinh bay tai Phu luc 1.

Cong tac ldy mau dugc thuc hién theo tiéu chuan TCVN 7538-2:2005 (ISO 10381-
2:2002) vé Chdt lwong ddt — Ldy mdu — Phdn 2: Huéng dan kj thudt ldy mau, nham
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dam bao tinh dai dién va do tin cay cia mau. Tai mdi vi tri, mau dugc thu & 16p dat mat
(0-20 cm) — ting canh tac chinh va ciing 13 noi tip trung phan 1én hoat déng sinh hoc
trong dat. Phuong phap 14y mau hinh chit chi (zig-zag) dugc ap dung dé dam bao tinh
ngau nhién va phan anh dic trung trung binh ciia khu vuc khao sat.

Mau dét dugc thu bang xéng hodc dao chuyén dung di duoc khtr tring bang con
70% trudc va sau moi 1an 1ay, nham han ché téi da nguy co nhiém chéo. Khoang 500 g
dat duoc léy tai mdi vi tri, tron déu dé tao thanh mot mau td hop dai dién cho khu vuc.
Mau sau khi thu duoc cho vao tai zip hodc hop nhya co nép kin, kém nhan ghi rd ma sb
mau, ngdy ldy, toa do GPS, diéu kién thoi tiét va mo ta ngan gon dic diém vi tri. Toan
bd qua trinh 14y mAu duoc tién hanh trong diéu kién thoi tiét kho rao. Sau khi thu thap,
cac mau dugc bao quan trong thung lanh ¢ nhiét 46 4 = 2 °C va van chuyén Ve phong
thi nghiém dé phuc vu cho cong tac phan 1ap cac ching vi khuan chiu min va sinh EPS.
2.2.2. Nhom phwong phdp vi sinh
2.2.2.1. Phdn ldp, sang loc cdc ching vi khudn chiu mén, sinh exopolysaccharide

Dua vao cac co s& thue té 1a: dat & cac dao ndi thude quén dao Truong Sa do nhém
nghién ctru khao sat c6 do man NaCl 0,45-1,27%; & mot s6 dao khan hiém nudéc ngot,
céc can bo chién si thuong tudi cay bang nudc lo; trong khi d6 myc dich sang loc ching
vi khuan chju man dé ung dung cai tao dAt cat san ho cha yéu duoc khai thac tur dudi
bién, vi vay qua trinh phan 1ap, tuyén chon cac ching vi khuan duoc tién hanh trén moi

truong LB chira NaCl 3% (ngang d6 man trung binh ctia nude bién).

A

Hinh 2.1. Hinh anh kéo dai thanh s¢i >5mm theo phuong phap thir kéo s¢1

2
L

Tién hanh: Can 10 g mau dit cho vao 90 mL nudc mudi sinh 1y vo tring va pha
lodng tir ndng d6 10"'-10-%. Hut 100 L dich pha lodng trai trén dia thach LB ¢6 bd sung
3% NaCl, mdi do pha loang 1ap lai 3 dia, va u ¢ 30 °C trong 4548 gi6. Mat dg vi sinh
vat duoc xac dinh bang phuwong phap dém khuan lac trén dia thach theo TCVN 11039-
1:2015. Sau khi 0, cac khuan lac duoc quan sat va phan loai so by dya trén hinh thai,
mau séc, kich thude va dic diém té bao dé udc luong sé nhém hinh thai khac nhau (sb
chuing vi sinh vat). Viéc tuyén chon cac chung c6 kha nang sinh EPS dugc thuc hién dua

trén dac di€ém khuan lac bong, udt, c¢6 ri nhay va kha nang kéo soi > 5 mm. Cac khuan



28

lac ¢6 dic diém nay duoc tiép tuc cdy chuyén trén moi trudng LB didc bo sung 3% NaCl
cho dén khi thu duoc chung thuan. Kha ning sinh EPS dugc kiém tra bang phuong phap
kéo soi (Hinh 2.1), trong d6 khuan lac sinh EPS tao chit nhiy c6 thé quan sat bang mit
thuong; khi dung dau vong cia que cdy kéo, néu hinh thanh soi nhay dai > 5 mm thi
dugc xac dinh 1a duong tinh, c6 kha nang sinh EPS [97]. Cac ching sinh EPS sau do
duogc dat tén dwa theo ngudn gde dit dao phan 1ap duoc chung.

2.2.2.2. Phurong phdp tuyén chon ching vi khudan chiu man, ¢é khd ndng sinh tong hop
EPS ham luong cao

Tién hanh dya theo phuong phap cta Cheng va cs (2020) [78].

Chung vi khuan chiu man, c¢6 kha ning sinh tong hop EPS duoc gitr trong glycerol
38 % va luu gitr ¢ ti -80 °C tai Phan vién Cong ngh¢ sinh hoc.

Chung vi khuan duoc hoat héa bang cach ria trén dia LB dic ¢6 bd sung NaCl
3%, U & 30 °C trong 24 gio dé khuan lac phat trién. Kiém tra do thuan khiét cua cac
khuan lac: mau sic, bé mit, hinh dang dic trung giéng nhu khuén lac ching mau.

T dia thach chira khuén lac thuan khiét, chon mot khuan lac don va tién hanh nuoi
ciy so cap trong 3—5 mL méi trudng LB 1éng, lic & te d6 150 rpm, 30 °C qua dém. Sau
d6, 1y 5% thé tich dich nudi so cip dé tiép gidng vao binh tam giac 100 mL chira 30
mL méi truong LB ¢6 bd sung NaCl & nong do cudi 1a 3%. Nuéi lic ¢ 30 °C, 150 rpm
trong 48 gio.

Dich sau 1én men duoc do ODgoo x4c dinh kha ning sinh trudng cua té bao va tach
chiét EPS danh gia kha ning sinh tong hop EPS cua chung vi khuan dé tuyén chon ching
vi khuan cho ham lwong EPS cao nhat phuc vu cho cac nghién ctru sau hon.
2.2.2.3. Khado sadt kha nang sir dung cdc nguon carbon ciia ching vi khudn tuyén chon

Nguyén ly

St dung bo kit API 50CHB (BioMérieux, Phap) dé khao sat kha ning 1én men 49
loai duong (Bang 3 Phu luc 2) ctia chung vi khuan Bacillus khao sat.

Tién hanh

Céc khuan lac vi khudn nudi trén méi truong LB dic duoc tao huyén phu trong
6ng chira 10 mL moi trudng API 50 CHB. Sau d6 dich méi truong khoang c6 chira vi
khuan duoc bo sung vao cac giéng thir ciia bg kit. Dung dau parafin phu kin 1én bé mat
cac giéng. Dy bo kit va nudi ¢ nhiét d6 30 °C. Poc két qua sau 48 gio.

Doc két qui

Mot xét nghiém duong tinh twong Gmg vé6i sy axit hoa duge thé hién boi chi thi
mau d6 c6 trong mdi truong dbi thanh mau VANG. Ddi véi xét nghiém esculin (ng sb
25), thay d6i mau tir mau tim dén DEN. Cac dng khong d6i mau moi truong 13 4m tinh.

Ky hiéu miu: (+) duong tinh; ( - ) 4m tinh; (£) chua rd. Ghi két qua vao bang két qua.
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2.2.2.4. Ddnh gid kha nang chiu mdn va kim loai ndng ciia ching vi khudn tuyén chon

Chung vi khuan tuyén chon dugc danh gia kha ning chiu man dya theo phuong
phap ctia Sharma (2021) [98], Li (2021) [99]. Pé danh gia kha nang chiu man, mudi
NaCl/MgSO4 dugc pha lodng véi méi truong LB dén ndng do cudi cung sau khi thém
chung vi khuén vao khay 96 giéng dat duoc cac gia tri sau: 0; 2,5; 5; 7,5; 10; 12,5; 15
va 17,5%. Mdi miu dugc 1ap lai 3 1an; cac mau ddi chimg am: méi truong LB khong
thém vi khuan; ddi ching duong: méi truong LB ¢6 bd sung vi khuan. Dich nudi ciy
ctia ching vi khuan sau 1618 gid trong méi trudng LB duoc pha lodng va thém vao
khay 96 giéng sao cho mat do vi khuan trong mdi giéng dat khoang 5x10° CFU /mL.
Céc khay duoc lic & 30 °C, 150 rpm trong 45-48 gid va sau d6 danh gia kha ning chiu
man cta ching. Kha ning chiu man cua ching vi khuan duoc danh gia bang kha ning
phat trién ctia chiing vi khuan (dich nudi ciy duc hodc xuat hién mang biofilm mau trang
duc trén bé mit giéng) & cac nong d6 mudi khac nhau. Ki hiéu: (+) sinh truéng duoc;
(-) khong sinh truong duoc; (+) chua rd. Ghi két qua vao bang két qua.

Tuong tu nhu vay, kha nang chiu stress kim loai ndng ctia chung vi khuan d3 duoc
thir nghiém bang cich pha lodng Cd(NOs),, Hg(NOs),, Cr(NOs), Co(NOs),
Pb(CH3COO0), FeSOs, NaAsO: va ZnCl, véi moi trudng LB sao cho nong d6 cudi cling
sau khi thém chung vi khuan vao khay 96 giéng dat cac gia tri sau: 1, 2, 4, 8, 16, 32, 64
va 128 pg/mL. Thir nghiém duoc tiép tuc & nong do kim loai nang tir 150-1050 pg/mL
néu ching vi khuan c6 thé phat trién ¢ 128 pg/mL.
2.2.2.5. Khdo sat anh huéng ciia méi trwong va diéu kién nudi cdy riéng 1é dén khad ning
sinh EPS

Sau khi tuyén chon duoc ching vi khuan sinh EPS tiém nang, tién hanh khao sat
anh hudng cia timg yéu t6 nudi cay riéng 1é dén kha nang sinh EPS nham xac dinh diéu
kién t6i wu cho qua trinh san xuat. Ching vi khuan duoc nudi ciy trong 6 loai méi truong
phd bién gdm: LB (Luria—bertani), NB (Nutrient broth), YPM (Yeast extract—peptone—
malt extract), ISP2 (International streptomyces project medium 2), YM (Yeast malt) va
TB (Terrific broth) & diéu kién 30 °C, lic 150 rpm trong 48 gio (diéu kién nudi cdy nay
duogc giit xuyén sudt cac qua trinh khao sat, trir khi co ghi cha khac). Cac mau dich sau
nudi cdy duoc kiém tra kha ning sinh truéng (thong qua gia tri ODgoo) va ham luong
EPS (theo muc 2.2.6.1), va méi trudng cho ning suat EPS cao nhét duoc chon cho cac
khao sat tiép theo.

Dua trén két qua phan tich sinh héa va dit liéu genome, lya chon cac nguén carbon
ma chung c¢6 kha nang st dung tdt (D-glucose, D-fructose, D-galactose, sucrose, lactose,
D-maltose, mannose, manitol, trehalose, D-xylose, L-rhamnose, L-arabinose,
cellobiose) dé bd sung vao méi truong ¢ ndng dd 1% (w/v). Sau khi xac dinh ngudn

carbon cho hiéu suit EPS cao nhat, tién hanh khao sat anh hudng ctia ndng do carbon
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voi cac muc 0,5; 1; 2,5; 5; 7,5 va 10% (w/v) nham chon néng doé cho ham lugng EPS
t6t nhat.

Pé khao sat ngué)n nito, 1% cac nguén nito gém casein, NH4NO3, NH4Cl,
(NH4)2SO4, urea duoc bd sung vao méi trudng dé khao sat.

Anh huéng ciia mudi khoang dén kha ning sinh EPS duoc danh gia bang cach bd
sung riéng 1¢ 0,5% (w/v) cac loai mudi MgS0s, ZnSOs, FeSO4 va NaCl vao mdi trudng.
Loai mubi khoéng cho hiéu qua cao nhét tiép tuc duoc khao sat sau & cac néng do 0,25;
0,5; 1; 3; 5; 8; 12,5 va 15% nham xac dinh ndng d6 cho ham lwong EPS tdt nhat.

Pé khao sat anh huéng cua do pH, méi truong duoc diéu chinh vé cac gia tri pH
4,5,6,7,8,9, 10 va 11 bang dung dich NaOH hozc HCI 1N trudc khi hap tiét trang dé
khao sét lya chon diéu kién pH tdt nhat.

Céac khao sat toc d6 nudi lac 100; 150; 200; 250 rpm duogc lya chon. Nhi¢t do 5;
10; 15; 22; 30; 37; 42; 50; 57 °C dugc khéo sat va thoi gian thu mau 12; 24; 36; 48; 60;
72; 84 gio dugc khao sat dé lua chon diéu kién cho kha nang sinh EPS tt nhat.

Cubi cung, anh hudng cua ty 18 tiép gidng duoc khao sat véi cac muc 1%, 2,5%,
5% va 7,5% (v/v).

Tat ca cac thi nghi¢m déu lap lai 3 lan, lugng EPS tao ra trong mdi diéu kién duogc
tach chiét, dinh lugng theo nhu myc 2.2.6.1 dé lya chon diéu kién cho nang suat EPS
cao nhit.
2.2.2.6. Toi wu héa cdc yéu té méi truong dnh hieong dén sinh tong hop EPS

Dua trén két qua sang loc so bo, ba yéu té méi truong c6 anh huong dang ké nhit
dén ning sut sinh tong hop EPS di dugc liwa chon dé tién hanh t6i wu hoa. Quy trinh
t6i uru hoa duoc thuc hién bang thiét ké Box—Behnken két hop v6i phuong phap dap tmg
bé mit (Response Surface Methodology — RSM) nham xac dinh diéu kién t6i wu cho
qua trinh san xuat EPS [100].

Thiét ké Box—Behnken duoc xdy dung vai 3 bién doc 1ap, mdi bién c6 3 mic ma
hoa: thip (-1), trung binh (0) va cao (+1). Thiét ké bao gdm 17 thi nghiém, trong dé co
5 diém lap lai tai trung tam dé danh gia sai s6 thuc nghiém va tinh 13p lai cua mo hinh.
Ma tran thi nghi¢m dugc trinh bay trén Bang 2.1.

Biang 2.1. Thiét ké cac thi nghiém Box-Benhken 3 yéu t6

Thi nghiém X1 X2 X3
1 0 -1 1
2 -1 0 1
3 0 -1 -1
4 -1 0
5 1 1 0
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6 0 0 0
7 1 0 1
8 1 0 -1
9 0 0 0
10 0 0 0
11 -1 0 -1
12 -1 1

13 -1 -1

14 0 1 1
15 0 1 -1
16 0 0 0
17 0 0 0

Phén tich hdi quy duoc thuc hién bang phan mém Design-Expert phién ban 13
(Stat-Ease Inc., Minneapolis, USA). Mbi quan h¢ gitra cac bién doc 1ap va ham muc tiéu
(ham d4p tmg — ning suat EPS) dugc mo hinh hoa dudi dang phuong trinh da thirc bac
hai nhu sau:

Y=a+aX;+aXe+aXs+ anX1.Xo + a23X2. X5 + a13X1.X3 + anXi? + anXo? +
a33X3°

Trong do, Y 1a gia tr1 dap trng du doan (nang suét EPS); ala héng s6 ti 1&; X1, Xa,
X3 14 céc bién doc 1ap tuong ung véi 3 yéu t6 moi truong dugc khdo sat; ai, a», a3 la cac
hé sb tuyén tinh; a12, a13, a23 13 cac hé sd tuong tac hai chiéu; a11, ax, a33 1a cac hé s béc
2.

Phén tich phuong sai (ANOVA) duoc str dung dé danh gia d6 phu hop va ¥ nghia
thng ké ctia mé hinh hdi quy. Céc chi s6 quan trong bao gdm:

e H¢ sb x4c dinh R? nham phan anh mtrc d§ giai thich ciia m6 hinh ddi voi bién
phu thudc.

e Gia tri p (p-value) cho ting yéu to va mo hinh tong thé, voi ngudng y nghia 1a p
<0,05.

e Kiém dinh Lack of Fit (46 khong phu hop) dugc ap dung dé danh gia liéu mo
hinh hdi quy c¢6 thé md ta chinh xac mbi quan hé giira cac bién hay khong. Gia tri p >
0,05 trong kiém dinh nay chi ra rang sai s6 khong dang ké, ching minh rang mé hinh 13
phu hop théng ké véi dir liéu thuc nghiém.

Viéc x4c dinh y nghia thong ké va chat lwrong md hinh gitip dam béo rang cac diéu
kién t6i vu du doan tir mo hinh c6 thé ap dung hiéu qua trong thuc té va tao nén tang

cho céac budc xac nhan thuyc nghiém tiép theo.
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2.2.2.7. Panh gid anh huéng ciia mot sé nguon dwong t6i thanh phan monnosaccharide
cua EPS

Chung tuyén chon duogc nudi ciy trong didu kién tuong tu didu kién t6i wu, chi
khac 13 ¢o thay dbi ¢ thanh phan duong 13 glucose/sucrose & cac nong do 0; 1%; 5%.
Dich nubi ciy 16ng sau 1én men duoc kiém tra kha ning sinh truéng qua gia tri ODsoo
va tach chiét, xac dinh ham luong EPS tao ra va xac dinh thanh phﬁn monnosaccharide
ctia EPS ¢ cac diéu kién ngudn duong khac nhau.

2.2.3. Phwong phdp phén logi vi khudn
2.2.3.1. Xac dinh dac diém hinh thdi, sinh Iy, sinh hoa

Céc chung vi khuan dugc cdy ria trén méi trudng LB dic, u ¢ 30 °C. Sau u 24 gio,
quan sat hinh thai, mau sic, kich ¢, dic diém khuén lac, nhudém Gram, quan sat té bao
trén kinh hién vi quang hoc.
2.2.3.2. Phan logi dva trén trinh tu dogn gen 16S rRNA

Phan loai dya trén trinh ty doan gen 16S rRNA cua vi khuan sau khi so sanh véi
trinh tu trén GenBank. Két qua dugc st dung dé xéac dinh vi tri phan loai va mbi quan
hé tién hoa cua ching nghién ciru so véi cac loai ¢ quan hé gan.

Nudi ciy vi khuin dé thu sinh khéi: Ching vi khuan dugc nuéi trong méi truong
LB ¢ diéu kién 30 °C, lic 150 rpm trong 1618 gio. Sau d6 ly tam véi toc do 6000 rpm,
6 4 °C, trong 20 phut, thu can té bao.

Tach chiét DNA genome:

Téach chiét DNA genome duogc thyuc hién béng bo kit TracePure™ (LabNova) theo
huéng dan cua nha san xuat. Quy trinh duoc tién hanh nhu sau:

Tron déu 20 mg sinh khéi t& bao wét voi 180 uL Digestion Solution va 20 pL
Proteinase K, sau d6 u lic 1300 rpm trong 1-3 gi¢r cho dén khi mAu phan giai hoan toan,
ddng thoi vortex vai 1an trong qua trinh 1. Sau khi dwa mau vé nhiét d6 phong, thém 10
uL Rnase A, u 10 phut, tiép dén b6 sung 200 uL Lysis Solution va tron déu trong 30
gidy.

Thém 300 uL con tuyét dbi, tron déu roi chuyén toan bd hdn hop (ké ca phan tia
trang néu c6) vao cot loc, i 3 phit & nhiét d6 phong, ly tim 8000 rpm trong 1 phit va
loai bo dich thu. Tiép tuc rira ¢t 1an luot bang 500 pL Wash Buffer 1 (ly tim 8000 rpm,
1 phiit) va 500 pL Wash Buffer 2 (ly tam 13000 rpm, 3 phit), lp lai budc rira 1an hai va
ly tim thém 1 phut dé loai bo hoan toan dung dich rira.

Cubi cung, chuyén cot loc sang dng sach, thém 50-200 pL Elution Buffer da gia
nhiét 56 °C, i 3 phut & nhiét do phong, ly tim 4000 rpm trong 1 phiit dé thu DNA tong
s6. Chét luong DNA duogc kiém tra bang dién di trén gel agarose 0,8%.
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o PCR khuéch dai doan gen 16S rRNA

Ving gen 16S rRNA duogc khuyéch dai tir khuon DNA tong sb, str dung cip moi
27F va 1495R co6 trinh ty 27F: 5> GAG AGT TTG ATC CTG GCT CAG 3’;1495R:
5’CTA CGG CTA CCT TGT TAC GA 3’ [101].

Hon hop phan tmg PCR 25 pL gém: 8,5 pL nuéc PCR; 2 uL DNA (~100 ng); 1
uL mdi 27F (10 pmol); 1 pL mdi 1495R (10 pmol); 12,5 pL DreamTaq PCR Master
Mix.

Ché d6 chay PCR: 94 °C/5 phut, 35 chu ky (bién tinh & 94 °C/1 phut; gin mdi 52
°C/1 phut; tong hgp DNA ¢ 72 °C/1,5 phut); duy tri phan tmg ¢ 72 °C/10 phut. Sau khi
phan tGmg két thic, 1ay 4 pl san pham PCR duoc dién di trén gel 0,8% agarose dé kiém
tra.

o Xdc dinh trinh ty gen 16S rRNA

San phém PCR doan gen 16S rRNA duoc tinh sach béng cach st dung bo kit tinh
sach QIAquick PCR Purification Kit (Qiagene - Ptrc) va giai trinh tu tai hang FirstBase.
Trinh ty thu duoc so sanh véi cac dit liéu gen twong ng NCBI GenBank bang céch sir
dung cong cu BLAST.

e Dung cay phan tich pha hé

Cay phan tich pha hé duoc xay dung dua trén doan trinh tu gen 16S rRNA. Tat ca
trinh tu nucleotide duoc lay trén ngan hang dit liéu vdi tén loai va cac ma s truy cap
déu thé hién trén Hinh cdy phan loai). NGPhylogeny (https://ngphylogeny.fr/tools/) v&i
Gblocks (Alignment Curation), MAFFT (Multiple Alignment), va PhyML (Tree
Inference) duoc dung dé dung ciy phét sinh chung loai tir cac trinh tu gen 16S rRNA.
2.2.4. Phuwong phap gidi trinh tw toan by hé gen
2.2.4.1. Kiém tra chat lwong DNA genome

Chat lugng DNA cén dat cac yéu cau ciia Cong ty Novogen AIT (cong ty giai trinh
tu genome): Nong do: >20 ng/uL; Do tinh sach (A260/A280): >1,7; Thé tich: >30 pL;
Toéng ham lwong DNA: >0,45 pg; chi s6 do toan ven DNA thong quan DIN (DNA
Integrity Number) phai dat trén 7,2 trong dwong voi xuat hién 1 vach sang, khong dut
gdy trén gel agarose 0,8% la dat yéu cu dé giai trinh tu toan b genome.
2.2.4.2. Gidi trinh tu toan bg hé gen vi khudn

Mau DNA tinh khiét ctia chung vi khuan duoc chuyén dén Cong ty Novogen AIT
(Singapore) dé giai trinh tu toan bd hé gen trén nén tang [llumina Novaseq 6000. Giai
ma hai chiéu véi kich thude doan doc 150 bp.

2.2.5. Phdn tich tin sinh hoc dit liéu giai trinh tu toan by hé gen
Quy trinh phan tich tin sinh hé gen ching vi khuan co ban nhu trén Hinh 2.2.
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Xt Iy cdc ban doc thé va ldp rdp de novo: Fastp v0.23.2 [102] duogc str dung danh
gia chét luong dir li€u gidi trinh ty WGS, va loai bo cac doan doc co diém chét luong
dudi 20. Cac doan doc sach duoc gitr lai va lép rap de novo béng cach st dung SPAdes
v3.15.5 [103] dé tao ra cac doan doc dai (contig). Chit lugng cua bd gen duoc lap rap
dugc danh gia bang QUAST v5.0.2 [104]. Tat ca cac contig dudi 500 bp duogc loai bo
khoi bd gen duoc lap rap. Do toan ven hé gen dugce danh gia bing cong cu BUSCO
(v5.3.2) véi lineage Bacilli.
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Hinh 2.2. Quy trinh phan tich tin sinh hé gen ching vi khudn bao gdm cac budc
tu xu ly dit 1i€u trinh ty tho, lép rap h¢ gen, xay dung cay phan tich pha h¢, dén
chu thich cac gen churc nang

Xdy dung cdy phan tich pha hé:

Core genes dugc phén tich bang PATRIC dé xay dung ciy phan loai. Cay phat sinh
chung loai dugc xay dung dua trén core genome. Dir li¢u dau vao 1a dix liéu bo gen nong
c¢dt (core genome) ciia cac mau dugc loc bing cong cu roary. Dé dung ciy phan loai
giita cac chung Bacillus khac nhau, tép fasta cia hé gen dong nhit dwgc dua 1én Bv-bre
“Phylogenetic Tree Service-Codon Tree” - RAxML (https://www.bv-brc.org/app/

PhylogeneticTree).

Chu thich gen chirc nang: Chu thich chitc nang cua b gen nghién ctru dugc xac
dinh bang Bakta v1.8.1 [105] va Prokka v1.14.6 [106]. Cac con duong chuyén hoa
carbohydrate duoc xac dinh thém bang COGeclassifier v1.0.5 [107] va BlastKOALA
[108] so v&i co s¢ dir ligu COG va Kyoto Encyclopedia of Genes and Genomes (KEGG)


https://www.bv-brc.org/app/%20PhylogeneticTree
https://www.bv-brc.org/app/%20PhylogeneticTree
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[109]. So sanh va truc quan héa cum eps ctia chung vi khuan nghién ctru va mét sd
chung tham chiéu Bacillus baing CAGECAT web server [110].

2.2.6. Nhom phwong phdp hoa sinh

2.2.6.1. Phirong phdp tach chiét exopolysaccharide thé

Quy trinh chiét xuat EPS duogc tién hanh dya trén phuong phap [43]:

Tién hanh pha lodng 25 mL dich sau nudi cdy trong 20 mL nudc cat khir tring va
lic manh trong 3 phut, sau d6 dich dugc lam néng & 100 °C trong 5—10 phut dé 1am bat
hoat cic enzyme lién quan dén qua trinh phan hity EPS. Ly tim 4000 rpm trong 20 phut
dé thu dich ndi va loc dich qua mang loc 0,22 pm dé loai cac té bao con sot lai.

B sung 2 1an thé tich dung dich acetone lanh (4 °C) vao mau dich ndi, lic déu, gifr
& 4 °C trong 16 gio va tién hanh ly tim 4000 rpm trong 5 phut dé thu can. B sung 5 mL
dung dich acetone vao can, l4c dé rira cin trong 1 phut, sau do ly tam 4000 rpm trong 5
phut dé thu can, 13p lai budc rira 2 lan. Can sau d6 dugc hoa trong nudc cat va cho vao
tai thAm tich (14 kDa cut-off dialysis membrane, Himedia, Mumbai, India) dit trong
nuéc, ctr 8 gio thay nude 1 1an va trong 40 gio tham tich dé loai bo tap chét c¢6 kich
thude nho (duong don, mubi). Sau d6, miu duoc dong khd va can lwong EPS thé thu
duoc.
2.2.6.2. Phuong phap tinh sach exopolysaccharide

Quy trinh tinh sach EPS dugc thuc hién dira theo phuong phap da dugc cong bd
bdi Zhao va cs (2019) [111] v6i mot sb diéu chinh phu hop diéu kién nghién ciru:

Budc 1: Ldy 25 mL dich 1én men chung vi khuan tuyén chon trong diéu kién t6i
vy, pha lodng v6i 20 mL nude cat vo tring va lic manh bang may vortex trong 1 phut.
Mau sau d6 duge u & 95 °C trong 10—15 phat nham bat hoat enzyme ndi bao.

Budc 2: Mau duoc ly tim & 4 °C véi toe d6 4500 rpm trong 10 phut dé loai bo té
bao. Phan dich néi dugc thu hdi va bod sung trichloroacetic acid (TCA) 80% (w/v) dén
khi dat nong d6 TCA cubi cung 12 4% (w/v). Sau khi lac déu, mau dugc 0 tai 4 °C trong
16 gio> nham két tia protein.

Budc 3: Két tila protein dugc loai bo bang cach ly tim & 4500 rpm, 4 °C trong 10
phut. Dich ndi sau d6 duoc trung hoa vé pH 7 bang dung dich NaOH. Bé két tua EPS,
acetone lanh (di dugc G ¢ -25 °C t6i thiéu trong 1 gio) duoc thém vao theo ty 18 2:1 (v/v,
acetone:mau). Hon hop duoc lic déu va tiép tuc u ¢ -25 °C trong 1 gid, sau d6 ly tim dé
thu can EPS.

Budc 4: Can EPS dugc hoa tan trong 5 mL nudce cat da lam 4m ¢ 50 °C va tién
hanh tham tich bang mang cut-off 14 kDa (Himedia, Mumbai, India) trong nudc cat.
Nudc duoc thay mdi 8 gio/lan nham loai bo duong don va mudi khoang. Qua trinh tham

tich dugc kéo dai 48 gio.
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Budc 5: Mau sau tham tich dugc bao quan & -25 °C trong 16 gid, sau d6 duoc dong
kho. Khdi luong EPS thu dugc sau dong kho dugc can dé dinh luong. Ham luong
carbohydrate trong EPS dugc xac dinh bang phuong phap phenol-sulfuric acid [112]
dura trén dudng chuan D-glucose.

Budc 6: Dé tinh sach EPS, 4 mg EPS sau déng khé dugc hoa tan trong 2 mL nudc
cat 4m (50 °C) va duoc nap 1én cot Sephadex G-75 (kich thuée 2,5 x 100 cm). Qué trinh
rira giai duoc thyuc hién bang nuée khir ion véi tée d6 dong 0,5 mL/phit. Mdi phan doan
2 mL duoc thu riéng va kiém tra ham luong carbohydrate bang phuong phap phenol—
sulfuric acid. Cac phan doan chira carbohydrate duoc gom lai, tiép tuc dong kho va can
xac dinh luong EPS thu dugc. Tinh hi¢u suét tinh sach EPS qua cOt Sephadex G-75 theo
cong thtrc:

Hiéu suit tinh sach = Khéi hrong EPS sau tinh sach X 100%
' ' Khoi lwong EPS dwa 1én cot Sephadex G — 75
Trong d6 khéi luong EPS dua 1én cot Sephadex G-75 & day 1a 4 mg.

Budc 7: Mau EPS tinh sach dugc danh gia so bo bang cach hoa tan trong nudce cét,
sau d6 xac dinh ham lugng carbohydrate theo phuong phép Dubois [112], sir dung
duong chuan D-glucose, va ham luong protein tong s theo phuong phap Bradford
[113], v6i BSA (Bovine Serum Albumin) lam chat chuan. Tir d6 tinh dugc khdi luong
carbohydrate, khéi lugng protein va ham luong carbohydrate/protein trong EPS thu
duoc sau tinh sach.

Cong thuc tinh ham lugng carbohydrate/protein trong EPS:

Ham lwong carbohydrate /protein = Khoi hwong C,e_‘ tbohydrate/protein X 100%
' Khoi lwgng EPS
Do sach cua EPS chinh 1a ham lugng carbohydrate trong EPS sau tinh sach.

EPS sau khi tinh sach duogc st dung cho cac phan tich tiép theo vé ciu trac va khéi
lugng phan tir.
2.2.6.3. Phuong phap xdc dinh ham luong carbohydrate

Dung dwong chuian D-glucose

Quy trinh dung duong chuan D-glucose dugc thyuc hién theo phwong phap cia
Dubois va cdng su [112], sit dung phan ting gitra duong khir va acid sulfuric dam dac
trong mdi truong cdé mit cia phenol, nham hinh thanh hgp chit c6 mau vang cam dic
trung, do dugc ¢ budc song 490 nm.

Dung dich phenol 5% dugc chuan bi bang cach hoa tan 5 g phenol (ddi v6i phenol
dang ran can dugc lam néng nhe) trong 100 mL nuéc cat. Pong thoi, str dung acid
sulfuric ddm dic (H2SO4) 1am chét xtic tic va moi trudng phan tng.

Dung dich D-glucose chuan duoc pha véi cac nong do tir 10 dén 120 pg/mL trong

nude cat vo trung. DPéi voi mdi phan tng, tron déu 0,3 mL dung dich glucose voi 0,3
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mL phenol 5%, sau d6 thém 1,5 mL acid sulfuric ddm dic. Hon hop dugc dé phan tmg
trong 20 phut & nhiét 46 phong trude khi do d6 hip thu quang & bude séng 490 nm bang
may quang phd UV-Vis. Tir cac gia trji mat dd quang do dugc, dudng chuan D-glucose
dugc xdy dyng (Hinh 2.3a) va phuong trinh hdi quy tuyén tinh duoc sir dung dé tinh

toan nong do carbohydrate trong cic mau thu.
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Hinh 2.3. D6 thi dudng chuan D-glucose (a) va BSA (b).

Xac dinh ham lwong carbohydrate dwa trén duwong chuin D-glucose

Dé x4c dinh ham lugng carbohydrate trong mau, 0,3 mL dung dich mau dugc phan
tmg v&i 0,3 mL phenol 5% va 1,5 mL H.SOs dic theo quy trinh twong tu nhu trén. Mdi
mau duogc thyc hién véi 3 1an lap lai @& dam bao d6 chinh xac va tin cdy. Gia tri do hap
thu tai budc séng 490 nm (OD490) ctia miu duoc d6i chiéu v6i dudng chuan D-glucose
dé tinh toan ham luong carbohydrate tong s c6 trong EPS.
2.2.6.4. Phuong phdp dinh leong protein tong sé

Protein trong dung dich dugc dinh luong theo dudng chuan BSA (Bovine serum
albumin) bang phuong phap Bradford (1976), st dung thudc nhudém protein Coomassie
Brilliant Blue G-250 va do d6 hip thu quang tai budc song 595 nm [113].

Dung d6 thi chuin protein: bing cach st dung protein BSA 1am chuén, BSA
duoc pha loang vé céc néng do tr 0,020,175 mg/mL. Cac dich pha loang dugc hat 20
uL bo sung vao trong phién 96 giéng, mdi nong do 1ap lai 3 1an. Sau d6 bd sung 180 pL
dung dich thudc nhuém Bradford (0,005 %) vao mdi giéng, tron déu va u trong 5 pht
trong t6i. Phién mau dugc doc trén thiét bi elisa tai budc song 595 nm, st dung phan
mém Skalt RE 6.0.2. Su trong quan giira ndong d6 BSA va cudng d6 quang thé hién trén
Hinh 2.3b.

Pinh lugng protein tong so:

Dich miu nghién ctru duoc tién hanh twong tir v6i mau ddi ching (blank) 13 nuée.
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Tir gia tri cudng d6 quang cua mau do dugc tai budce song 595nm sé tinh dwgce ndong do
protein dwa vao do thi chuan protein BSA trén Hinh 2.3b.
2.2.6.5. Xdc dinh khoi lwong phdn tir va cdu triic EPS

EPS sau tinh sach dugc stir dung dé xéac dinh khoi luong phan tur va phan tich ciu
truc EPS.

Phuong phap phén tich cAu tric bé mit caa EPS dwa trén dnh chup SEM
(Scanning Electron Microscopy): Anh hién vi dién ttr cia EPS duoc chup trén kinh hién
vi dién tu quét JSM-IT200 (JEOL, Nhat Ban).

Phén tich thanh phin nguyén t6 ciia EPS: Ty 1é thanh phan cic nguyén té duoc
xac dinh biang dau do EDS Dry SD60 trong kinh hién vi dién tir JSM-IT200 dya trén
phuong phap phan tich pho tan xa nang lugng tia X (EDX hoic EDS, Energy-dispersive
X-ray spectroscopy) v&i phuong phap hiéu chinh dinh lugng ZAF.

Phan tich EDX va chup SEM duoc tién hanh tai Vién Sinh thai nhiét doi, Trung
tam Nhiét do1 Viét — Nga.

U'éc tinh khoi lwgng phan tir EPS: Liy 7 mg EPS ngam 24 gid trong 28 ml dung
dich NaNOs3 0,1M, sau d6 vortex hoa tan tao dung dich EPS 0,025%, (w/v). Tt dung
dich nay, 10 mL dugc pha lodng véi 10 mL NaNOs 0,1 M dé tao ndng d6 0,0125%, sau
do tiép tuc pha loang tuan tu dé thu duogc cac néng do 0,00625%; 0,003125% va
0,0015625%. Thoi gian chay cia dung moi (NaNOs 0,1 M) va cac dung dich EPS ¢ cac
néng do khac nhau duoc do béng nhét ké Cannon—Fenske 25 °C. Dua trén sd liéu thue
nghiém, d6 thi biéu dién méi quan hé gitra 46 nhét rat gon va nong do EPS dugce xay
dung, tir d6 xac dinh d nhdt ndi tai ([n]) [114]:

[n] = lim(nsp/c)

[n] 12 d6 nhot noi tai; C la néng do EPS, nsp 1a d6 nhdt riéng; dd nhat rit gon Mred
= nyp/c. Tir d6, ude tinh khéi luong phan tir EPS dya trén cong thirc Mark-Houwink:
[n] = KM%, trong d6 M 1a khoi lugng phén tir EPS can tinh toan, K va o 1a hang s6 phu
thudc vao ban chat ciia dung moi va nhiét d6, a thudng co gia tri trong khoang 0,5-0,8
[114].

Xac dinh thanh phin monnosaccharide ciia EPS

Thanh phan monosaccharide ctia EPS duoc xac dinh bang phuong phap thity phan
acid va phan tich HPLC. Cu thé, 20 mg EPS dong kho dugc thay phan ¢ 120 °C trong
2 gid v6i 3 mL trifluoroacetic acid 4M. Mau thity phan sau d6 duoc pha lodng trong
nude cat vo trung, ly tim va loc qua mang loc 0,22 um trude khi phan tich HPLC.

Thanh phan monosaccharide ctia EPS dugc phan tich bang hé théng HPLC Agilent
1260 duoc trang b c¢ot Hi-Plex Ca (300 x 7,7 mm), ddu do RI va nudc cit 1am pha dong.
Téc dd dong chay duoc dit 1a 0,6 mL/phut, & 85 °C, véi thoi gian chay 1a 25 phit. Céac



39

mau EPS thuy phan, cung véi cic monosaccharide: glucose, galactose, rhamnose,
fructose, mannose, N-acetylglucosamine ctia hing Sigma-Aldrich (d6 tinh khiét trén
95%) dugc sur dung lam chét chuan, duoc tiém vao cot. Thoi gian luu cia mau va chuan
duoc so sanh.

Phuwong phép x4c dinh cac nhém chirc bing phén tich pho hong ngoai bién
d6i Fourier (Fourier Transform Infrared Spectroscopy — FT-IR)

Phd FT-IR ciia miu EPS duoc ghi nhan bang thiét bi FTIR Impac-410, sir dung
vién nén KBr lam méi trudng truyén din. Quy trinh phan tich dugc thyuc hién theo
phuong phap ctia Cheah va cs (2022) [115] tai Hoc vién K§¥ thuat Quan su. Dai pho thu
dugc dugc s dung dé x4ac dinh cac nhom chirc nang chinh c6 mat trong cAu tric cua
exopolysaccharide.
2.2.6.6. Phurong phdp do thé zeta

Thé zeta caa EPS dugc xac dinh béng thiét bj Zetasizer Nano ZS90 (Malvern
Instruments, UK), sit dung phuong phap tan xa laser dong.

Thiét bi c6 dai do kich thude tir: 0,6 nm—6 pm, dai do thé zeta tir (-200)~(+200)
mV. Mau EPS duogc hoa tan trong nude cat vo tring & nong do 1 mg/mL dé xac dinh
thé zeta [116].
2.2.6.7. Xdc dinh dac diém EPS trong diéu kién stress

Chung vi khuan tuyén chon dugc nudi trong méi trudng va diéu kién nudi cdy gan
gidng vé6i diéu kién téi wu, chi khac vé thanh phan mudi khoang va kim loai ning duoc
bd sung trong 4 diéu kién: (i) khong c6 NaCl; (ii) c6 3% NaCl; (iii) c6 1% NaCl, 1
ng/mL Co(NOs)2, 1 pg/mL Cd(NOs)2; va (iv) ¢6 1% NacCl va cac mudi FeSO4, CuSOs4,
Ag2S0s, ZnCly, MgCla, va MnSO4 déu ¢ ndng d6 1 pg/mL. Cac mau dich sau nudi cy
duogc kiém tra bang cach xac dinh gia tri ODggo dé dénh gia kha ning sinh trudng; tach
chiét dinh lwong EPS (theo muc 2.2.6.1); phan tich ham luong carbohydrate (theo muc
2.2.6.3) va ham luong protein trong EPS (theo muc 2.2.6.4). Ngoai ra, mau EPS duoc
kiém tra bé mat qua hinh dnh chup SEM va phan tich thanh phan nguyén t va ty 1& cac
nguyén t6 trong mau EPS duya trén phuong phap EDS (dd mé ta & muc 2.2.6.5).

2.2.7. Nhom phwong phap thir nghiém
2.2.7.1. Phuong phép danh giG kha ning giam dé man ciia mede tw do trong dat

Thi nghiém duoc thiét ké nham danh gia kha nang giam doé man ctia nudc ty
do trong dat thong qua hoat tinh hap phu Na* ctia EPS do chung vi khuan tao ra.
Két qua phan anh hiéu qua ciia EPS trong ¢ dinh mudi va cai thién dat man.

Chuin bi mau dat:
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Cét san ho (<2 mm) va gia thé hitu co (gdm: bi bun mia : trdu hun : phan bo theo
ty 18 40 : 30 : 30, w/w/w, d6 4m < 30%) duogc khir tring & 121 °C trong 20 phit va dé
ngudi vé nhiét dé phong trude khi thir nghiém.

Cét san ho duoc phdi tron voi bentonite theo ty 18 97 : 3 (w/w). Sau d6 bd sung
thém 10% khéi lwong gia thé hiru co dé tao dat hdn hop (*) - day 1a thanh phan dat cat
san ho sau cai tao da dugc nhém nghién ctru khao sat va Iya chon do cho hiéu qua cai
tao dit t6t v6i ning suit rau ting manh (gip 4—5 lan) so voi cat san ho [117]. EPS sir
dung trong thi nghiém la EPS tho, dugc tach chiét tir dich nuéi cfiy cua chung tuyén
chon trong diéu kién gan twong dong véi diéu kién ti wu, ngoai trir viéc khong bd sung
NaCl. Thiét ké nay nham dam bao EPS chua tiép xtc v6i NaCl trude do, tir d6 c6 kha
nang hap phu mudi t6i da khi tién hanh thir nghiém.

Thiét ké thi nghiém:

TN1: 50 g ¢4t hdn hop + 10 mL nudc cat (d6i ching am).

TN2: 50 g dat hdn hop + 10 mL dich méi trudong ti wu khong co vi khuan
(ddi chirng moéi trudng man).

TN3: 50 g dat hdn hop + 70 mg EPS tho + 10 mL dich méi truong tbi wu
khong c6 vi khuan.

TN4: 50 g dat hdn hop + 10 mL dich nudi cdy chung tuyén chon trong diéu
kién t6i vu sau 18 gid (khoang 10° CFU/mL).

Tién hanh:

Sau khi phdi tron theo cac cong thirc trén, cac céc mau duogc phu 1 16p vai
cotton da khtr trung trén bé mit dé tranh bui ban roi vao va duoc G & nhiét dd
phong (30-32 °C) trong 24 gid dé 6n dinh mau. Sau d6, mdi miu dugc bd sung
250 mL nudc cat (ty 1& 1 : 5), lic nhe trong 10 phut va loc qua gidy loc Whatman
dat trong phéu thuy tinh dé thu dich chiét. Ham luong mubi trong dich chiét duogc
do bang may Total Meter EZ-9909SP, két qua dugc st dung dé xac dinh tong
luong mubi trong toan bd dich chiét (udc tinh 250 mL dich chiét) va danh gia kha
niang lam giam do min cta cidc mau so vdi ddi chimg man & TN2 (moéi trudng
man vi trong moi trudng tdi uu ¢d NaCl). Tir d6 udc lugng duoc lwong mudi hap
phu trén moi mg EPS.
2.2.7.2. Phuong phap xdc dinh kha nang giit nudc cua EPS

Kha nang gitt nudéc WHC (water holding capacity) 1a lugng nudc duge gitr lai
trong 1 g EPS kho. Pay la téng lugng nudce lién két, thuy dong va bi gitr lai vé mit vat
ly.

Tién hanh cac thi nghiém dya trén viéc xac dinh WHC ctia EPS bang phuong phap
thay d6i khoi luong [68]: 50 mg EPS thé (tach chiét tir dich nudi chung vi khuén trong
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diéu kién t6i wu) duoc thém vao dng eppendorf 2 mL chira 1 mL nudce cat. Mau duoc
tron trong 1 phit va duge xtr Iy theo chu trinh: dé yén 15 phut, sau d6 lic 5 gidy, va lip
lai cho dén thoi diém 1y miu. Sau cac mébc 1, 2 va 4 gid, mau duoc ly tim ¢ 5000 rpm,
4 °C trong 15 phit dé thu phan EPS dd ngdm nudc; phan nuée thira bén ngoai dugc loai
b6. Mau EPS duoc thim kho bang gidy thim dé loai bo hoan toan nudc bam ngoai, sau
d6 can khéi luong dé xac dinh luong nude giit lai. Kha ning giit nude cua EPS duoc
tinh theo cong thirc sau:

truéc

m
WHC (%) = ———x 100

sau

Trong d6 WHC la kha nang gilt nudc cuia EPS tinh theo don vi %; mgyse hay mgau
1a khéi lwong EPS tai thoi diém trudc thir nghiém (50 mg) va sau khi ngdm nuéc 1, 2
hay 4 gio.
2.2.7.3. Xdc dinh kha néng gitt nuée cia ddat dwoc xir 1y bang exopolysaccharide va dich
nudi ching vi khudn sinh exopolysaccharide

Chudn bi mdau: St dung cat san hd nghién (< 2 mm) va dat hdn hop (*). EPS st
dung trong thir nghiém duoc tach chiét tir dich nudi cay chung tuyén chon trong diéu
kién t6i wu.

Thiét ké thi nghiém dwa trén céng bé cia Vardharajula [118]:

TN1. 50 g dét cat san ho va 10 mL nudc cat.

TN2. 50 g dat hdn hop va 10 mL nudce cat.

TN3. 50 g dat hon hop va 10 mL dung dich nudi cdy ching tuyén chon (10°
CFU/mL).

TN4. 50 g dat hdn hop bd sung 10 mL nude cat va 70 mg EPS tho.

TNS. 50 g dat hdn hop bd sung 10 mL nude cat va 140 mg EPS thd.

Sau khi phéi tron theo cac cong thire trén, cac cdec mau duoc phu 1 16p vai cotton
da khur tring trén bé mat dé tranh bui ban roi vao va duoc dé ¢ nhiét do phong (30-32
°C) trong 24 gio.

Céc thi nghiém duoc 1ap lai ba lan; cac mau duoc dung trong coe thuy tinh dung
tich 100 mL, dugc tron déu va phu 1 16p vai cotton di khir trung trén bé mit, sau d6 dé
& nhiét 46 phong (30—32 °C) trong 24 gid trude khi xac dinh céc chi tiéu gdm kha ning
gilt nudc, toe d6 thoat nudce va kha niang két tu. Thi nghiém duoc tién hanh theo ‘phuong
phéap dém giot’ cua Brischke va cong sy (2019) [119] (Hinh 2.4):

Buée 1: Xéc dinh toc do thoat nude clia dat

Thém 25 mL nudc vao mdi mau dit cia 5 thi nghi¢m trén, tron trong 1 phut ,va dé
trong 2 gio. Gidy loc Whatman c6 duong kinh 125 mm duoc dit ¢ day phéu (duong
kinh vanh ph&u 1a 70 mm) va 1am 4m bang nudc cit sao cho gidy loc bam chit vao phéu.

Phéu duoc dit trén dng dong. MAu thi nghiém di chuan bi duoc chuyén vao phéu va dan
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déu, thém 25 mL nudc cit vao phéu. Tinh thoi gian can thiét dé 20 mL nude chay ra
khoi phéu, sau d6 tinh téc do thoat nude (mL/s).

Buée 2: Xac dinh kha ning két tu dit va kha ning gitr nudc cua dat.

Lay 5 mg cua mdi miu dit trong phéu thi nghiém bude 1 di duoc xa hét nude dé
d6ng khé va chup anh SEM nhdm quan sat bé mit va danh gia kha ning két tu caa EPS
trong cac mau dat thi nghiém. Dit con lai duge dat trén dia thuy tinh cé khdi luong da
biét va can. Dia chira mau dat duoc sdy kho & nhiét d6 103 °C + 2 ° C dén khi khéi lugng
khong d6i (4—5 gio) va can lai. WHC ciia cac mau dét duge tinh nhu sau:

Mpso hoa — Mkho

WHC (%) = x 100

Myhs
WHC la kha nang gilr nudc cua dat, dugc biéu thi béng %; Mbio hoa 12 khoi luong

dat bio hoa, tinh bang g; mss 1a khoi lugng dét kho, tinh bang g .
() Pheu ————2 1= 4t '

Giay loc _7_ :
+ nudc

¢

Ong dong —

¢

¢

Nuée thoat+
qua dat

Hinh 2.4. Phuong phap do kha ning giit nudc theo Iy thuyét (a) [120] va thuc nghiém
tién hanh (b)

2.2.7.4. Banh gid hiéu qua gitr nwdc va giam man cho cdy mong toi cua chung vi khudn

chiu man, sinh exopolysaccharide quy mo chdu vai

Do trén thyuc té dat cat san ho nhiém man va & mot s6 dao thiéu nude ngot nén cac
chién si o tudi rau bé“mg nuoc 1o c6 do man 0,2—0,5% nén thi nghiém chiu man dugc
thiét ké & 46 man cao hon 2 1an 14 1% NaCl. Tién hanh dua theo phuong phap cta Cheng
va cs 2020 [78] va Kasotia va cs (2016) [121]. Thir nghiém dugc thyc hién tai nha ludi,
Khoa Nong hoc, Hoc Vién Nong nghiép Viét Nam.

Chuan bi nguyén vt liéu:

Mau cat san ho va gia thé duoc chuan bi twong ty nhu muc 2.2.7.1.

Chung vi khuan chiu man, sinh EPS dugc nudi céy trong moi trudng tbi wu, lic
150 rpm trong 48 gid. Sau d6 ly tam 5000 rpm trong 10 phut dé thu can té bao, rira nude
cat 2 1an sau d6 hoa lai trong nudc cat vé ndong d6 108 té bao/mL dé tao dich huyén phu

vi khuan.
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St dung cdy gidng mong toi Basella alba cua Cong ty Phit Nong, cdy gidng trude
khi trong c6 4 14 va c6 kich thudc tuong dong.

Thiét ké 7 16 TN, mdi 16 chira 800-850 g dit gom:

TNI1: cat san ho + 5 mL nudc cat khir tring

TN2: cat san ho : gia thé (ti 16 9:1, w:w) + 5 mL nuéc cat khir trung.

TN3: cat san ho : gia thé (ti 16 9:1, w:w) + 5 mL dich huyén phu vi khuén sinh EPS
(mat do cudi trong dat 1a 6 x 105 CFU/g dat).

TN4: cat san ho : bentonite (ti 18 97 : 3, w:w) + gid thé 10% .

TNS: cat san ho : bentonite (ti 18 97 : 3, w:w) + gia thé 10% + 5 mL dich huyén
phu vi khuan sinh EPS.

TN6: cat san ho : bentonite (ti 1€ 97 : 3, w:w) + gia thé 10%, tuéi béng dich NaCl
1%.

TN7: cat san ho : bentonite (ti 18 97 : 3, w:w) + gid thé 10% + 5 mL dich huyén
phu vi khuan sinh EPS, tudi bang dich NaCl 1%.

MG&i thi nghiém lip lai 3 chdu va trong 1 cdy mong toi/1 chau. Mdi chau dugc tudi
50 mL nudc/lan, riéng & TN 6 va 7 tudi bang dung dich NaCl 1%, tudi 3 ngay/lan vao
16 gio (tudi it nude dé mo phong ap dung & déo khan hiém nude). Sau 30 ngdy, tién
hanh thu mau va phan tich mau.

Phan tich cac chi tiéu

> Phén tich su phat trién cta cay qua cac chi tiéu: truc quan; do chiéu dai, chiéu
rong va khdi luong bau r&; chiéu cao, va khbi luong than 14; dém sb 1a/cay. Chi s6 SPAD
dugc danh gia bang may do SPAD 502 (Nhat Ban) trén 14 cay sau 0; 15 va 30 ngdy trong
trén cac 16 TN.

> Phan tich kha ning giit nudc cta dat thoi diém thu hoach rau. Cac mau dat
ngay sau thu hoach rau duoc tudi lugng nude theo nhu quy dinh trude do, sau d6 do do
am tai cac moc 0 gio, 24 gio va 72 gid sau tudi. Muc dich cta quy trinh nay 1a danh gia
kha ning duy tri am ctia dét theo thoi gian sau khi tu6i nudc, qua d6 phan anh hiéu qua
gilt 4am 6n dinh cua dat c6 bo sung vi khuan sinh EPS so véi d6i chimg khong co vi
khuan sinh EPS.

Tién hanh: Lay 50 g dat tr mdi mAu thi nghiém sy & 103 °C trong 5 gio, sau do
can xac dinh khdi lugng dat sau khi sy va xac dinh kha nang giit nudc nhu muc 2.2.7.3.

> Danh gia bang tryc quan kha nang két tu dat qua hinh anh chup qua kinh hién
vi soi ndi SMZ12701 (Nikson, Nhat Ban), d6 phong dai 10x.

> Xac dinh ham lugng carbohydrate trong dat

M&i mau dit sau thu hoach rau dugc tron déu va 1y 5 g ¢t & mbi mau hoa vao 50

mL nudc cat, lic & 200 rpm & nhiét d6 50 °C trong 2 gid, sau d6 loc qua gidy loc
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Whatman thu dich chiét dat. Xac dinh ham lugng carbohydrate trong dich chiét dt theo
phuong phap cua Dubois va cong su [112].

> Danh gia kha ning giam min trong dat: 14y 50 g dat quanh ving ré & cac 16
TN1, TN6 va TN7, sau d6 tron déu va lay 10 g dat, hoa vao 50 g nude cét, lic 150 rpm
& nhiét do phong trong 1 gid. Loc dich qua gidy loc whatman va do d6 min bang may
do d6 dan dién Total Meter EZ-9909SP.

2.2.8. Phan tich thong ké

Tat ca cac thi nghiém duoc lap lai ba 1an. Su khéac biét vé mat thong ké dugc xac
dinh bang One-way ANOVA va so sanh ting cip Tukey st dung phan mém Minitab
Statistical Software. Su khac biét co ¥ nghia thong ké duge xem xét khi gi tri p nho
hon 0,05.

2.2.9. So do nghién civu téng qudt trong Ludn dn

Pat dao Truomg Sa

LB agar, NaCl3% —o __ x:¢ dinh kha nang sinh EPS
Y

Phén Iap, tuyén chon vi khuin chiu min (>3% NaCl), sinh EPS
Dinh danh phan ti, sinh hoa —___ Giai trinh tr hé gen (WGS)

«— Phan tich gene, gh_r doan con duong
sinh EPS va chong chiu stress

Dinh danh & phén tich di truyén ching DTA1
Khao sat don yéu to — T6i uru bang RSM
Khao sat EPS tir méi truong co
duwong: 1; 5% glucose/sucrose

Xac dinh ham leong, thanh phén EPS

Nghién ciru méi trwong va diéu kién nudi cay thu nhin EPS

Tinl h EPS 5 x 2 i
s _J «— Xac dinh khoi legng phan tir
¥— HPLC, SEM, FT.IR

Xéc dinh ham leong, | Tinh sach & xac dinh cau tricEPS | X;c dinh WHC ciia
thanh phan cua EPS EPS va cat san ho cai
trong diéu kién stress tao co EPS/dich nuoi
muoi, kim loai —’V ;_ cay chung DTAI
Danh gia kha nang giam man cho Danh gia kha nang gitr nwoc
cat san hé cia EPS tir chung DTA1 cua EPS va chung DTA1

Xac dinh hiéu qua giir nuoc, giam —
man cho cay 0 quy mo chau vai +

Xac dinh hiéu qua cai tao cat san
ho quy mo chau vai

Hinh 2.5. So d6 nghién ctru tong quat trong Ludn an
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Phén 14ap va tuyén chon chiing vi khuén ban dja tir Trwdong Sa c¢6 kha niing chiu
man va sinh exopolysaccharide
3.1.1. Két qud phan ldp, sang loc cdc chiing vi khudn chiu mdn, sinh exopolysaccharide

Két qua sang loc cac chung chiu dugc man trén moi truong LB dac c6 NaCl 3%
tir 9 mau dat thu duoc & 3 dao Trudng Sa Lén, Trudng Sa Dong va D4 Tay A duoc thé
hién ¢ Phu luc 1 va Bang 3.1.

Mat d6 vi sinh vat dat cao nhat 1a 250 x 102 CFU/ g dat & canh co6t mdc chu quyén
dao Trudng Sa Pong va thip nhat 1a 11 x 102 CFU/g dat & mép nudc thudc phia bac dao
P4 Tay A. SO chung vi sinh vét dao dong tir 1-5 ching/mau dat, gdbm 0-2 ching sinh
nhay/mau dat (Bang 3.1). Két qua cho thiy da s6 cac miu dat & vi tri méi ton tao nhu
khu bai cat, ven bo ¢6 mat do vi sinh vat thép hon so v&i céc vi tri lau khong dugce ton
tao nhu khu canh co6t mdc chu quyén, géc cdy, noi cac vi sinh vat da phat trién thich nghi
6n dinh trong thoi gian dai.

Bang 3.1. Cac ching vi khuan c6 kha ning sinh nhay tir 9 mau dat dao Truong Sa

Mat dd vi | S0 ching vi | Ki hiéu
STT Tén di Vi tri ldy miu & | sinh vat | khuin sinh | chiing vi |Két qua do dd
én dio R ] .
chiing dao (CFU/g | EPS/tong s6 |khuan sinh | kéo s¢i (mm)
dit) |[changvisinh| EPS
Bii ct phia ty dao| 25 x 10? 1/4 TSDI1 15,0 £ 0,6 mm
2 Bai cat cach cum TSD2 21,0 £ 1,0 mm
32 x 10? 2/4
TSD dan cu 10 m TSD3 14,3 £ 0,9 mm
Canh c6t mdc chu 5
4 . 250 x 10 1/4 TSD5 45,0 +2,3 mm
quyen
DTA1 |42,0+2,8 mm
Sau bo ké ddo | 200 x 107 2/5
DTA3 18,7+ 1,1 mm
DTA Sau nha an méi cach 5
L. 36 x 10 0/4
bo ke 5Sm
Mép nuée & bac dao| 11 x 10? 0/1
Ven bo 28 x 10? 1/4 TSL2 18,0 £ 1,0 mm
) . TSL3 38,0+ 1,1 mm
TSL Gan nha bép 48 x 10? 2/4
TSL5 40,0 £ 1,2 mm
10 Gbc cay 130 x 10? 1/4 TSL6 |37,0£2,1 mm

Tir 9 mau dat da phan 1ap dugc 10 chiing vi khuan c6 khuan lac bong, sinh ri nhay
va kéo soi dai > 5 mm (Bang 3.1) trong d6 c6 4 ching vi khuan tir dao Truong Sa Pong,
4 chung tir dao Truong Sa Lén, va 2 ching tir dao D4 Tay A. Muoi chung vi khuan phan
1ap duoc déu c6 kha ning kéo soi tot: tir 14,3-45,0 mm. Cac chung cho kha ning kéo
soi tot nhat 1a: TSD5 (45,0 mm), tiép dén ching DTA1 (42,0 mm) va TSL5 (40,0 mm).
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Két qua nay cao hon nhiéu so véi tiéu chuan kéo soi dat > 5 mm dugc danh gia 1a co
kha ning sinh EPS nhu mot s6 cong b trude [97]. Tuy vdy déy chi 1a nhitng thir nghiém
mang tinh dinh tinh ban dau vé kha ning sinh EPS cua cac chung vi khuén béi khong
c6 mbi lién hé tryc tiép nao gitta hinh thai cua khuan lac trong méi trudng rin va ning
sudt polysaccharide trong méi truong 16ng cua vi khuan [97].
3.1.2. Két qua tuyén chon chiing vi khudn chiu mdn, cé khd nang sinh tong hop
exopolysaccharide ham lwong cao

Két qua kiém tra kha nang sinh EPS ctia cac chung vi khuan trong diéu kién stress
min (NaCl 3%) trén Hinh 3.1 cho thy cac ching TSD35, TSL5 cho kha ning sinh truéng
t6t nhat (ODeoo = 8,9), tiép dén 1a TSL6 va DTA1. Bén ching vi khuan nay c6 gia tri
ODsoo cao hon c6 ¥ nghia théng ké so v6i cac chung khac (p < 0,05) tuy vay giita 4
chung nay lai khong c6 su khac biét (p > 0,05, Phy luc 3).

] o I = ) = ) " T L 1 '. ) " T ' T " T 16
[ ]0OD600| i
10 - 8.92 mEPS | 1.31
1.25 1.4
i i : 835 i
L i 5] TP
8 - P I - 1.2
1 - 1.0
S o 11k =
2 v (15 E
° T
P i e . - 0.6
- 0.4
2 - i
- 0.2

TSDI TSD2 TSD3 TSDS TSL2 TSL3 TSLS TSL6 DTAI DTA3
Tén chiing vi khuén
Hinh 3.1. Biéu db danh gia kha ning sinh truéng, sinh EPS cua cac ching tuyén chon
sau 48 gid nudi lic trong moi trudng LB ¢ bd sung NaCl 3%

Bon chung DTA1, TSL6, TSD5, TSL5 cho kha ning sinh EPS cao hon han céc
chung vi khuan khéc (p < 0,05) trong d6 ching DTA1 cho kha ning sinh EPS cao nhat
(1,31 g/L), tiép dén 1a cac ching TSL6, TSD5, TSL5, tuy nhién khac biét khong cé ¥
nghia thong ké (p > 0,05, Phy luc 3). Kha ning sinh EPS ¢ 4 ching nay twong dwong
vo1 chung Pseudomonas chlororaphis A20 va Bacillus proteolyticus A27 (dat 1,2 g/L)
[78], va cao hon & cac chung Peribacillus acanthi A4, Priestia flexus M1 va Priestia
megaterium P4 tuong ung la 0,847; 1,014 va 1,007 g/L [122]..., tuy vay lai thép hon
chung Weissella onfusa/cibaria 3MI3 dat to1 47,1 g/L [123];....
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3.1.3. Két qua dinh danh chiing vi khudn chiu mdn, sinh exopolysaccharide him

lwong cao

Béang 3.2. Bang mo ta cac dac diém khuan lac va té€ bao ctua 4 chung vi khuan chon lgc

STT|Chung

Pic diém
khuin lac

1 | TSLS

Khuan lac mau trang |

duc hinh tron, bé mit
bong, mép c6 chat
nhay, té bao hinh que,

kich thuéc 2-3 pm, ||

Gram duong, c6 kha

nang sinh ndi bao tur.

Anh khuin lac

2 | DTAI

Khuin lac mau tring
duc hinh tron, bé mit
bong, mép c6 chat
nhay, té bao hinh que,
kich thuéc 2,5-3 um,
Gram duong, c6 kha
nang sinh ndi bao tir.

TSD5

Khuan lac mau tring
duc, sinh ri nhz‘?ly, té
bao thudéc nhom vi
khuin Gram duong,
hinh que ngan, kich
thude 1,7-2,7 um cac
té bao xép don 1¢, sinh
ndi bao tu.

4 | TSL6

Khuén lac hinh tron, bé
mit bong, sinh nhay,
té bao thudc nhém vi
khuan Gram duong,
hinh que, ngin, kich
thugc 2-3 um, xép
don 1€, sinh ndi bao tir

Anh nhuém Gram do kich
thuée té bao

Bdn chiing vi khuan TSL5, TSL6, TSD5, va DTA1 dugc tuyén chon do c6 kha ning

sinh EPS cao va dugc phan 13p ¢ cac noi khac nhau dugc lya chon dé xac dinh dic diém hinh

thai, sinh hoa (Bang 3.2) va phan loai dya trén két qua giai trinh ty doan gen 16SrRNA

(Hinh 3.2).
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Bén ching TSL5, TSL6, TSDS5, va DTA1 duoc dinh danh bang phwong phap xéac
dinh trinh ty gen 16S rRNA.

Actinomyces bovis NCTC 11535
Bacillus aerophiins NR 042339
Li] L Bacillus aerophiins AJ831844

Bacillus subtilis NR 112116
—Q—E Bacillus halotolerans NR 115931
Bacilius halotolerans NR 115063
7] Bacillus velegensis NR116240
—: ISD5*

L TSL6*
‘ﬂ_lz Barillus velezensis NR 075005 (FZB42)
DTA1*

—— Bacillus salaceticus NR 179253
& L Bacillus salaceticus 0Q719864

Bacillus cerens NRK 074540
— Bacillus cerens NR 114582
W Bacillus thuringiensis NR 043403
{ Bacillus thuringiensis NR 114581
0 r— Priestia faiwanensis NR 1364 a
100 L Priestia taiwanensis NR 1364 b

o ([~ Prexta koreensis NR 043084
Priestia koreensis PQ722352
—w— .:J:::.-m megateritm MG491526
[y S
Hinh 3.2. Cay phan tich pha h¢ dugc xay dung tir trinh ty gen 16S rRNA cua ching
TSDS5, DTA1, TSLS va TSL6 va cac chung lién quan trén GenBank
Cac doan gen 16S rRNA cua 4 chung vi khuan TSD5, DTA1, TSL5 va TSL6 sau
giai trinh tu dugc phan tich va sip xép véi cac gen twong tng trén GenBank dé tao ra
cay phan tich pha h¢ nhu dugc mo ta trén Hinh 3.2. Cac chung TSDS5, DTAI, TSLS, va
TSL6 c6 doan trinh ty gen 16S rRNA ¢6 kich thude tuong tng 1a 1429; 1436; 1405;
1448 bp va twong dong nhat véi l1an lugt cac chung Bacillus velezensis NR116240
(99,86%), Bacillus velezensis NRO75005 (99,79%); Priestia megaterium MG491526
(100%), va Bacillus velezensis NRO75005 (99,93%). Két hop véi cac dic diém hinh thai
chung cho thdy két qua dinh danh bang giai trinh ty doan gen 16S rRNA rét dang tin

cay. Loai Bacillus velezensis d3 duoc mot sd cong bd vé kha ning sinh EPS nhu ching
KY498625 c6 kha niang sinh EPS 1én t6i 5,64 g/L dich nudi cdy sau khi téi wu cac diéu
kién nudi céy [47]; chung VTX20 sinh EPS dat 75,5 g/L [43], chung OMO03 dat 0,594
g/L [48]. Loai Priestia megaterium da duoc cong bd c6 kha ning sinh EPS va chiu min
nhu ching M1VB5 ¢6 kha ning sinh EPS (36,4 g/L), va thich g trong nhiéu diéu kién
khac nhau, phat trién manh & nhiét do tir 15-55 °C va do pH tir 5-9, v61 kha nang chiu
man 1én to1 7% [124]. Céac chung thudc chi Priestia da dugc bao cédo c6 kha nang sinh
EPS nhu Priestia flexus M1, Priestia megaterium P4 [122]; chiu stress han han va thiéu
dinh dudng nhu Priestia filosa, Priestia aryabhattai [125], [126]. P. aryabhattai BPR-
9 chju duge do min téi da 18% NaCl, han han 15% PEG-6000 va kim loai nang
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(ng/mL): Cd (1200), Cr (1000), Cu (1000), Pb (800) va Hg (30). Chung BPR-9 duoc
danh gia gitip tang ti 16 nay mam, ting stc sdng va phat trién ¢ lia my dudi 4p luc min
so v6i dbi ching khong bd sung chung [126]. Chung vi khuan néi sinh thuc vét P
megaterium BP-R2 ¢6 kha nang chiu mén, sinh hormone thuc vat auxin, Indole-3-acetic
acid, gitip ting sy phat trién cta ciy cha va kha ning chdng chiu stress v6i diéu kién
mudi va han han [127].

Trong cac chung sang loc duoc, chung Bacillus velezensis DTA1 cho ham luong
EPS cao nhit va sinh truong tot. Pay 14 loai thudc nhém an toan sinh hoc cap 1
(Biosafety level-BSL1) [128], di c6 trong mdt s6 ché pham vi sinh trén thi truong nhu
Kodiak®, Serenade ® va Fungifree AB™ [129] nén dam bao tinh an toan va duogc lya
chon dé cho cac nghién ciru danh gia sau hon.

3.1.4. Mgt sé dic tinh sinh hoc ciia chiing DTAI
3.1.4.1. Khd ndng sir dung cdc nguon carbon

Két qua khao sat kha niang st dung cac ngudn carbon bang bd kit API 50CH
(bioMérieux, Phap) duoc trinh bay trén Bang 3.3 va Phu luc 4 cho thiy chung B.
velezensis DTA1 ¢6 kha ning chuyén hoa t6t da dang céac loai carbohydrate. Cu thé,
chung vi khuan c6 thé sir dung duogc 28 trong tong s6 49 ngudn carbon dugce thir nghiém,
v6i mirc d6 chuyén hoa khac nhau.

Trong do, cac nguén carbon nhu D-glucose, D-fructose, D-mannose, D-cellobiose,
D-saccharose va esculin duoc chuyén héa manh, thé hién qua phan tng mau rd rét: mau
vang dam d6i voi cac dudng c6 tinh acid hoa cao va mau den dic trung cta esculin (do
phan mg tao phirc véi ion sit). Pay 1a cac co chét ching vi khuan st dung tdt, cho thay
hoat tinh enzyme chuyén héa duong manh cta chung DTA1 dbi véi nhom
monosaccharide va disaccharide phd bién.

Ngoai ra, cic phan Gmg duong tinh khac (kha ning chuyén hoéa tot) duoc ghi nhan
vO1 cac nguén nhu: D-sorbitol, D-mannitol, D-maltose, glycerol, tinh bt (amidon), D-
arabinose, D-ribose, L-arabinose, D-xylose, arbutin, inositol, L-rhamnose, N-acetyl-
glucosamine, amygdalin, salicin, D-trehalose, D-raffinose, glycogen va gentiobiose.
Diéu nay cho thay ching DTA1 ¢6 phd chuyén hoa rong, bao gdm ca dudng don, duong
d6i, polysaccharide v cac dan xuét glycoside thyc vat.

Nguoc lai, 14 ngudn carbon khong duge chuyén hoéa (phan (mg 4m tinh), bao gom:
dulcitol, erythritol, L-sorbose, xylitol, methyl-B-D-mannopyranoside, D-turanose, D-
lyxose, D-fucose, D-arabitol, L-fucose, L-arabitol, potassium 5-ketogluconate,
potassium gluconate, va potassium 2-ketogluconate. Cac hop chat nay khong bi acid
hoéa, ching to vi khuan khong sé hitu hoic khong biéu hién cac enzyme can thiét dé

chuyén héa chiing trong diéu kién thir nghiém.



Bang 3.3. Két qua kiém tra kha nang str dung cadc ngudn carbon cua B. velezensis

DTAT1 st dung kit API® 50CHB

50

TT Co chit Phin | op Co chét Fhex
imng ing
0 Dai chimg - 25 Esculin -
1 Glycerol + 26 Salicin o
2 Erythritol - 27 D-cellobiose +
3 D-arabinose =+ 28 D-manltose +
4 L-arabinose + 29 D-lactose +
5 D-ribose 4 30 D-melibiose +
6 D- xvlose 4 3l D-saccharose +
7 L- Xylose ND 32 D-trehalose A
8 D-adonitol ND 33 Inulin ND
9 | Metyl-p-D-xylopyranoside | ND 34 D-melezitose ND
10 D-galactose ND 35 D-raffinose +
11 D-glucose + 36 Amidon +
12 D-fructose + 37 Glycogen o
13 D-manose + 38 Kylitol -
14 L-sorbose - 39 Gentiobiose *
15 L-thamnose + 40 D-turanose
16 Dulcitol - 41 D-lyxose -
17 Inositol 4 42 D-tagatose ND
18 D-manitol + 43 D-fucose -
19 D-sorbitol + 44 L-Fucose -
20 Metyl-B-D- manopyranoside < 43 D-arabitol -
21 | Metyl-B-D-glucopyranside 46 L-arabitol -
95| kel Clhscsmne A7 Folasshen -
gluconate
5 Amygdalin + 5 Potassium 2- -
ketogluconate
5 Kt + 1% Potassium 3- -
ketogluconate

(+) Phan vng dwong tinh, ( -) Phan ung am tinh; ND: Khong xac dinh ro (Not

defined). Bang ki hiéu dwgc phién tir két quda & Phu luc 4.
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Ngoai ra, c6 7 ngudn carbon cho két qua khong xac dinh rd gdm D-galactose, L-
xylose, D-adonitol, methyl-B-D-xylopyranoside, D-melezitose, inulin, va D-tagatose.
Céc phan g nay c6 thé do muc acid hoa thap, khong du ngudng dé tao ra su thay ddi
mau sic rd rét, hodc do mirc do ting sinh thip trong thoi gian w.

Kha ning sir dung duoc da dang cac ngudn carbon ciing dugc cong bd & ching
Bacillus velezensis AFB2-2 véi 22 ngudn carbon khic nhau, trong d6 cd cic
monosaccharide va disaccharide duoc chuyén héa tdt nhu: L-arabinose, D-trehalose,
D-mannose, D-glucose, D-fructose, twong tu nhu ching DTA, tuy vdy kha ning chuyén
hoa nguén carbon ¢ chiung AFB2-2 nay con phu thudc vao nhiét d¢ [130].

Nhu vay ching B. velezensis DTA1 ¢6 kha niang chuyén hoéa nhiéu ngudn carbon
khéac nhau, dic biét uu tién nhém duong don va duong doi dé phan gidi nhu glucose,
fructose, sucrose, va cellobiose. Piéu ndy phan anh tiém ning thich nghi sinh thai cao
ctia chiing, dic biét trong cac moéi trudng giau dudng tu nhién nhu ving ré thuc vat, moi
truong 1€n men va dac biét la diéu kién khic nghiét trén ddo san ho — noi nguén carbon
hitu co ¢6 thé dén tir tao, xac sinh vat bién hodc chat hitu co phan huy.

Kha ning nay ciing hd tro cho qua trinh sinh tong hop EPS, von doi hoi ngudn
carbon doi dao va linh hoat, va 1 tién dé quan trong cho cac nghién ctru tiép theo vé anh
huong cta ngudn carbon dén thanh phan monosaccharide va hiéu suat EPS cua ching
vi khun nay.
3.1.4.2. Banh gid kha nang chiu man va kim loai ngng cua chung DTAI

Bang 3.4. Kha nang chiu man (NaCl/MgS0O4) va kim loai nang (Cd, Hg, Cr, Co,
As, Pb, Zn, Fe) cuia chung B. velezensis DTA1

Lo Mudi | o1 | MgSOs| PCam Fmilogt PC | BC
INong do (% - ’ : nang |Pb |Zn |Fe an | dwoug
0 * + INong do (ug/m
2.5 + + 150 + + + =
5 + + 300 - + + = +
7.5 + + 450 + - + = —
10 i+ 600 - + + - +
12,5 + - 750 - + - - +
15 - - 900 + + - - +
17.5 - - 1050 - - - - +
Kim loai
; nang | Cd Hg [Cr |Co |As ?s ?fong
INong do (ug/m
1 + + + + + -
2 + + + + + -
4 + + + - e +
8 + = + = + u +
16 =+ = + == + = 4+
32 + " + " - - +
64 - - + = + = +
128 - - - - - - +

(+) sinh truéng dwege; (-) khong sinh trieong dwoc; Poi chitng dm (BC dm): méi
trwong LB khong c6 vi khudn; Déi chitng dwong (PC dwong): méi truwong LB c6 vi
khudn.; Bang ky hiéu dwoc xdy dung trén két qud & Phu luc 5.
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Kha nang chiu man va kim loai ndng dugc xem la ti€u chi quan trong dé xac dinh
tiém nang tng dung cua vi khuin trong cac hé sinh thai khic nghiét, dién hinh nhu dat
min hodc dat 6 nhiém kim loai. Dit liéu trén Bang 3.4 cho théy chung Bacillus velezensis
DTALI thé hién kha nang thich nghi tdt, chiu duoc néng do mudi cao cling nhu mot )
loai kim loai néng.

Kha nang chiu man (NaCl va MgSQO.)

Khi nudi cy trong moi trudng LB ¢6 nong d6 cudi NaCl ting dan tir 0 dén 17,5%
(w/v), chuing DTA1 phat trién tot trong khoang tu 0 dén 12,5% NaCl, dugc biéu hién
qua hién tuong duc cia moi trudng nudi cay hodc su hinh thanh mang biofilm mau trang
duc tai bé mat (Phu luc 5A). Tuy nhién, khong quan sat théy sy phat trién (dich trong,
khong tao mang) & nong d6 NaCl tir 15% trd 1én, cho thdy ngudng chiu min ti da caa
chung 12 khoang 12,5% NaCl. Két qua nay twong duong voi & ching TSD5 [131] va cao
hon mot s6 cong bd trude nhu 2-10% NaCl & B. paramycoides, B. pumilus va B.
amyloliquefaciens [98]; 0-9% & chung Rahnella aquatilis JZ-GX1 [99] nhung thip hon
cong bd & ching B. subtilis LR-1 chiu min t6i 16% [132].

Pbi véi mudi MgS0s, ching DTA1 van duy tri kha ning sinh truéng trong dai
ndng d6 rong tir 0-10% (w/v) (Bang 3.4, Phu luc 5A). Kha ning ting truéng on dinh &
ndng d6 mudi cao cho thay ching DTA1 ¢6 co ché thich nghi hiéu qua véi stress thim
thau, cho phép té bao duy tri cin bang ap suit va hoat dong trao do6i chat trong moi
truong c6 ham luong mudi hoa tan 16n.

Két qua nay phu hop véi diéu kién thuc té ctia dat cat san ho ven bién va cac dao
thudc quan dao Trudng Sa, noi chiu anh hudng thudng xuyén cua hoi mudi bién (do
man nudce bién trung binh khoang 3%). Theo khao sat cia nhdm nghién ctru, d0 méan dat
trén cac ddo Truong Sa dao dong trong khoang 0,45-1,27%. Ngoai ra, tai mot s6 dao
khan hiém ngudn nudc ngot, cay trong thudng duogc tudi bang nude lo ¢6 dd man dudi
1%, lam gia ting 4p luc tham thau trong ving ré.

Viéc chung DTA1 c¢6 kha nang sinh truong va chiu dugc d0 man cao hon nhiéu
nude bién cling nhu do min trong dat dao Truong Sa cho thdy mirc do thich nghi cta
chung phu hop véi diéu kién man dic thu & bién dao, tir 46 cing ¢ tiém niang Gmg dung
clia chiing trong cic giai phéap sinh hoc nham cai thién diéu kién dat va méi truong khu
vuce bién dao.

Kha nang chju kim loai nang

Kha nang chiu dung kim loai nang cua DTA1 dugc danh gia thong qua thi nghiém
tiép xuc v4i 8 kim loai khac nhau ¢ nong do tang dan.



53

« V&i nhom kim loai ning c6 doc tinh cao nhu Cr va As, ching DTA1 van phat
trién dén ndéng d6 64 pg/mL, trong khi dbi véi Cd, mirc chiu dung t6i da 1a 32 pg/mL
(Bang 3.4, Phu luc 5B).

« Kha ning chju Hg va Co thap hon rd rét, v6i giéi han phat trién chi dat twong
Gmg 2 pg/mL va 4 pg/mL. Day 1a cac kim loai c6 ddc tinh cao véi hé vi sinh, c6 thé trc
ché manh hé enzyme noi bao ngay & nong do thap.

« D4i voi cac kim loai phd bién trong dat nhu Pb, Zn va Fe, ching DTA1 c6 thé
chiu dung ¢ ndng do cao hon: 1én dén 900 pg/mL ddi véi Pb va Zn, va 600 pg/mL dbi
voi Fe (Bang 3.4, Phu lyc 5C). Pay 1a mtc chiu dung tuong ddi cao, chirng minh kha
nang ton tai dugc ctia chung vi khuan trong méi truong 6 nhiém kim loai ning.

Kha nang chiu kim loai nang cua Bacillus velezensis da dugc ghi nhan & chung
C3-3, v6i1 kha nang chiu Cd, Co, Mn va Ni ¢ néng do té1 10 mM (tuong duong trén
1000 pg/mL) [133]. So sanh cho thay ching DTA1 c6 muc chiu dung cac kim loai trén
thap hon C3-3 nhung tuong duong v6i Chromohalobacter sp. — mot vi khuan sinh EPS
wa man c6 kha ning chiu da kim loai [134]. Ngoai ra, chung DTA1 chiu Pb tét hon
Priestia aryabhattai BPR-9 nhung lai chiu Cd, Cr va Hg kém hon chung nay [126].

Chung vi khuan DTA1 thé hién kha nang chiu kim loai ndng & dai néng do rong,
cao hon dang ké so v&i mirc 6 nhiém kim loai da duoc ghi nhéan tai khu vyc quén dao
Truong Sa. Cy thé, ham lugng Pb trong nudc bién tai dao Son Ca va Truong Sa Lon lan
luot dat 96,19 va 80,73 pg/L, vuot hon 10 1an tiéu chuan chat lugng nude bién ASEAN
(8,5 ng/L), trong khi ham lugng Zn dao dong tur 0,31-66,60 png/L, voi gia tri trung binh
khoang 33,3 pg/L va c6 thoi diém vuot ngudng cho phép theo TCVN 6193:1996 (50
ug/L) [135]. Trong bdi canh d6, kha ning thich nghi va chiu dung kim loai ning cta
chung DTA1 cho thdy tiém ning Gmg dung trong cic giai phap sinh hoc nham xtr Iy va
phuc hdi méi truong tai cac ving bién dao xa bd nhu quan dao Trudng Sa.

Kha nang chiu dugc stress man va kim loai nang c6 thé duoc giai thich qua kha
nang tao EPS cua chung. Lép EPS nay hoat dong nhu mét hang rio sinh hoc, c6 thé gan
két va cb dinh ion mudi cling nhu kim loai, qua d6 han ché ddc tinh truc tiép 1én té bao
vi khuan. Bén canh d6, EPS con gbp phan hinh thanh c4u tric biofilm, tao vi méi trudng
bao vé gitip vi khudn nang cao sttc chéng chiu trudc diéu kién bat loi [136]. Ngoai ra
cling c6 thé chung vi khuan chira cdc gen chéng chiu min, kim loai niang gitp tang kha
nang soéng sot trong diéu kién stress. Pé hiéu rd hon vé cac co ché phan tir lién quan dén
kha ning chiu stress cia chung DTA1, can tién hanh phan tich dic diém di truyén cta
chung vi khuan thong qua giai trinh ty WGS. Phan tich nay s& gitp lam sang t6 cac cum

gen lién quan dén sinh tong hop EPS, co ché van chuyén ion, phan tng véi stress tham
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thiu va kim loai, tir d6 ciing ¢ co s& khoa hoc cho viée ing dung chung vi khudn nay
trong mdi truong khic nghiét.

Nhu viy tir 9 mau dat dao & Trudng Sa dd phan 14p duge 10 chung vi khuan ban
dia c6 kha ning sinh EPS trong diéu kién man (NaCl 3%). Trong sé d6, ching DTA1
thé hién kha nang sinh truéng manh, chiu man tdt (to1 12,5% NaCl), khang dugc mot sO
kim loai ning phd bién (Pb*, Zn?*, Fe*" > 600 pug/mL) va sinh EPS hiéu suit cao (1,31
g/L). Thém vao d6, kha ning st dung duoc da dang cac ngudn carbon, nhét 13 cac ngudn
thudng c6 trong ty nhién 1a nhitng wu viét cho thay tiém ning ing dung ctia chung DTA1
trong cai tao dat nghéo dinh dudng, nhiém man hoic 6 nhiém kim loai ning.

3.2. Giai trinh tw hé gen va dw doan cac con dwong sinh tong hop EPS va céic gen
lién quan dén kha ning chiu min ¢ chiing DTA1
3.2.1. Két qud kiém tra chit lwong DNA geneome chiing DTAI

DNA ching DTA1 sau tinh sach duoc danh gia chit luong trudc khi chuyén di
phan tich. Nhu thé hién ¢ Bang 3.5, miu DNA geneome ctia chung B. velezensis DTA1
dap tng déy du cac tiéu chi vé néng do, do tinh sach, ham lugng va tinh toan ven can
thiét cho qué trinh giai trinh ty toan b hé gen. Do do, mau DNA nay dat chét luong phu
hop dé tién hanh cac budc phan tich di truyén tiép theo.

Bang 3.5. Két qua kiém tra DNA geneome chung DTA1 tach chiét duoc

S6 miu: Yéu ciu Miu 1
Tén miu DTA1
Nong dé (ng/pL) >20 132,9
Do tinh sach
’ ’ >1,7 1,74
(A260/A280)
Thé tich (uL) >30 50
Ham lwgng DNA (ng) >0,45 6,645
> 7,2. Tuong duong véi xuat | 1 vach sang, khong
DIN hién 1 vach sang, khong dut | dut gay trén gel 0,8%
gay trén gel 0,8% agarose agarose (Phu luc 6A)

3.2.2. Diic diém chung ciia by gen chiing DTAI

Bang 3.6. Pic diém chung cia bo gen lap rap cia B. velezensis DTAI

. B. velezensis Bacillus velezensis
Pac diém b gen DTAI1 FzZB42
(B6 gen tham chiéu*)
Sb lugng doc thd 8.275.234
D0 bao phu (%) 317
Cép do lap rap Doa(ncgrlll:ihgg dai B6 gen hoan chinh
Kich thudc bd gen duge lap rap (bp) 3.901.259 3.918.596
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S6 luong contigs (>500 bp) 13 1
Contig 16n nhat (bp) 1.096.152 3.918.596
Ham lugng G+C (%) 46,5 46,5

N50 987.412 3.918.596
L50 2 1
S6 luong gen rRNA 11 29
S6 luong gen tRNA 62 88
S6 luong trinh ty DNA mi hoa 3.783 3.680

*Bo gen tham chzeu tir co s6 div liéu trinh ti tham chiéu NCBI (NC_009725.2).

2504

-

1504

Mumber of Sequences

[=]
t=1
1

50+

0

Functional Category

JAKLBDYVTMNZIWUOXCGETFHTIPOAQRS

Secondary metabolites biosynthesis, transport and catabolism
Posttransiational modification, protein turnover, chaperones
Intracellular trafficking, secretion, and vesicular transport

Cell cycle control, cell division, chromosome partitioning I

Translation, ribosomal structure and biogenesis
Cell walVmembrane/envelope biogenesis I

Carbohydrate transport and metabolism
Inorganic ion transport and metabolism Il
Amino acid transport and metabolism Il
Replication, recombination and repair Il
Coenzyme transport and metabolism|il
Nucleotide transport and metabolism Il
Chromatin structure and dynamics [l
Energy production and conversion ll
RNA processing and modification Il
Signal transduction mechanisms [l
Lipid transport and metabolism Il
Defense mechanisms Il
Function unknown i

Transcription

Cell Motility

1 J: Translation, nbosomal structure and biogenesis
| A RNA pracessing and modification
K : Transcription
L : Replication, recombination and repair
| B : Chromatin structure and dynamics
D - Cell cycle control, cell division, chromosome partitioning
¥ - Nuclear structure
V' : Defense mechanisms
T Signal ransduction med'larlsms
| M : Cell wallimemb op
N - Cell motility
2 Cytoskeleton
" |'W: Extraceliular structures
| U intracellular trafficking, secretion, and vesicular transport
" | O Posttranslational modification, protein tumnaver, chaperones
.| X Mobilome: prophages, transpesons
C - Energy production and comversion
G : Carbohydrate transport 2nd metabolism
E - Amino acid transport and metabolism
| F - Nucleotide transport and metaboksm
| H: Coenzyme transport and metabolism
| - Lipsd transport and metabolism
] P Inorganic ion transport and metabalism
1 Q: Secondary metabolites biosynthesis, transport and calabolism
R : General function prediction only
'] S : Function unknown

Hinh 3.3. (a) Ban dd bo gen nhap cua B. velezensis DTA1 véi kich thude b gen

3,9Mb. (b) Su phan bd cua cic gen ma hoa cua B. velezensis DTA1 trong cac nhom

gen chirc nang COG

Cdc vong tron trong so' dé (tir ngodi vao trong ¢ Hinh a) lan lwot biéu thi: (1)

cac trinh tyw ma hoa (Coding sequences-CDS) dwoc dy doan co huong phién ma theo

chiéu xudi, voi mau sdc thé hién cac nhom churc nang gen khac nhau, (2) cac doan
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contig thu dwgc tir qud trinh ldp rdp bo gen; (3) cdc CDS dwoe diw dodn cé hurdng
phién ma theo chiéu nguoc; (4) ty 1é phan tram GC; (5) dé léch GC (tinh theo cong
thirc [G - C] / [G + C]) véi gid tri dwong dwoc danh dau mau xanh luc va gid tri ém
mau tim.

Téng s6 doan doc thd thu dugce tir gidi trinh ty [llumina 1a 8.275.234, véi do bao
phu giai trinh tu trung binh dat 317x. Dit liéu sau khi xtr 1y va lp rap thu dugc 13 contig
¢6 chiéu dai 1én hon 500 bp. Chét luong trinh ty dat muc cao, voi 94,6% nucleotide c6
diém chét luong Q30 (tuong g véi do chinh xac trén 99,9%) va 98,2% dat Q20 (twong
g voi d6 chinh xac trén 99%). Két qua 1ap rap bo gen thu duge bd gen B. velezensis
DTAT1 véi kich thude 3.901.259 bp va ty 1€ GC 1a 46,5%, tuong duong vé1i bd gen tham
chiéu, Bacillus velezensis FZB42 (kich thudc bd gen: 3.918.596 bp; ty 18 GC: 46,5%)
(Phu luc 6B, Bang 3.6, va Hinh 3.3a). Murc do hoan thién ctia by gen dugc danh gia béng
cong cu BUSCO voi lineage Bacilli, cho théy do toan ven bd gen dat 94,7% (Phu luc
6B). Két qua nay cho thiy chit luong bd gen ctia chung B. velezensis DTA1 dat mic tin
ciy cao, dap ing yéu cu cho cac phan tich gen chirc ning ¢ cac budc tiép theo.

Chu giai chirc ning bang phian mém Bakta v1.9.2 x4c dinh tong cong 3.783 gen
mi hoa (CDS), 62 tRNA va 11 rRNA (Bang 3.6). Trong sé ciac CDS nay, 81,8%
(3.095/3.783) trong sb ching duoc phan loai thanh 22 loai nhém gen chitc nang COG.
Phén 16n cac CDS ¢6 lién quan dén van chuyén va chuyén hoa amino acid (E, 9,28%),
phién mi (K, 8,27%), van chuyén va chuyén hoa carbohydrate (G, 8,18%) va dich ma,
céu tric ribosome va sinh tong hop (J, 7,18%) (Hinh 3.3B). Piéu nay cho thay chung
DTA1 c¢6 kha nang phan huy nhiéu loai carbohydrate va protein. Pang chu y, con dudng
sinh tong hop EPS c6 kha ning duoc xac dinh trong chung nay vi 2,75% CDS duoc chi
dinh cho sinh téng hop, van chuyén va di hoa chit chuyén hoa thir cip (Q). Nhitng dic
diém nay phan anh b gen dién hinh ctia nhom vi khuan Bacillus velezensis, dong thoi
cung cip co s& quan trong cho viéc phan tich chtrc nang cac gen phu trach qua trinh sinh
EPS va co ché thich nghi trong méi truong khic nghiét.

Mic du két qua lap rap cho thay chi s6 N50 ¢ muc twong d6i cao, bo gen cia B.
velezensis DTA1 van chi dat murc lap rap dang nhép, v6i tong cong 13 contig va d6 hoan
thién con thiéu 5,3 %. Diéu nay cho théy cAu trac bo gen chua thyc sy lién mach, tir d6
c6 thé dan dén nguy co bo sot hodc chu giai chua ddy du cic gen chirc ning. So véi
chung tham chiéu di duoc lp rap hoan chinh FZB42 (3.680 ORF), bo gen chua hoan
chinh ctia ching DTA1 ¢6 sb luong khung doc mé (ORF) dugc du doan cao hon, dat
3.783 ORF, twong ung v&i muc chénh léch 103 ORFs. Sy gia ting nay nhiéu kha ning
xudt phét tir cac yéu t6 k¥ thuat lién quan dén chat luong lap rap bo gen. Cu thé, do bd

gen DTA1 van con hién tugng phan manh voi 13 contig, mot s6 gen c6 thé bi chia ct
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trén cac contig khac nhau va bi nhan dién nham 1a cac ORF doc lap. Bén canh do, cac
gen nam & ria contig thudng khong day du chiéu dai nhung van duoc cac cong cu du
doan gen tu dong chu giai, gbp phan l1am ting téng sé ORF dugc ghi nhan. Ngoai ra,
cac sai sOt trong qud trinh 14p rap, chang han nhu cac dot bién chén hodc mat nucleotide
nho, c6 thé gay léch khung doc, tir d6 lam cho mdt gen thuc sy bi chia thanh nhiéu ORF
ngin hon. Nhitng han ché nay c6 thé anh huéng dén viéc khai thac triét dé tiém ning
sinh hoc ctia ching vi khudn. Do d6, trong cac nghién ctru tiép theo, viéc két hop nén
tang giai trinh ty doan ngan va doan dai nhu giai trinh ty Oxford Nanopore hoic PacBio
13 can thiét dé cai thién chat luong lap rap, hudng ti bo gen hoan chinh va diy du hon
phuc vu cho cac phan tich chic nang chuyén sau.
3.2.3. Phdn tich phat sinh loai va xdc dinh vi tri phan loai cua chiing DTAI

Viéc xac dinh vi tri phéan loai cua chung DTA1 dugc thuc hién dya trén ca trinh ty
gen 168 rRNA (muc 3.1.3) va trinh tu core geneome, day 1a cic gen dugc bao ton o tat
ca cac loai Bacillus. Cay phan loai dya trén core geneome v&i cac loai Bacillus (Hinh
3.4) cho thiy cac ching thudc lodi B. velezensis thudc 1 nhanh riéng voi gia tri do tin
ciy (bootstrap) dat 100%, loai ¢6 ho hang gan nhat 13 loai B. amyloliquefaciens. Chung
nghién ctru DTA1 nidm trong nhanh cing cac chung B. velezensis khac, bao gém ca cac
chung vi khuan dugce tim thdy ¢ Viét Nam nhu VTX20, DB2.1, VY03,.... Nhu viy, cin
ctr vao két qua nay cho phép khing dinh chang DTA1 thudc loai B. velezensis.

| Bacillus cereus ISSRF 9F
| Bacillus anthracis Pasteur
“WBacillus anthracis SPV842
r Bacillus pumilus B6033
r~ Bacillus licheniformis ATCC14580
L Bacillus paralicheniformis MDJK30
r Bacillus subtilis ATCC21228
! Bacillus subtilis 168
(Bacillus amyloliquefaciens group sp. DMS7
{#Bacillus amyloliquefaciens group sp. LL3
r Bacillus velezensis DB2.1
f:tBaUIIUS velezensis LPL K103
|"*Bacillus velezensis FZB42
% Bacillus velezensis DTA1*
4 Bacillus velezensis VTX20
Bacillus velezensis RB.IBE29
Ieacnllus velezensis VY03
Bacillus velezensis L H15
wBacillus velezensis LPLO61
"Bacillus velezensis L S60

Hinh 3.4. Cay phan loai dya trén trinh tuy core geneome gitra chung DTA1 (*) va 19

chung c6 quan hé gan giii thudc chi Bacillus duge xay dung bang cong cu chu thich

PATRIC. So sanh trinh ty thuc hién béi MAFFT va cay phan loai dugc xay dung véi
RAxML
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3.2.4. H¢ théng vin chuyén dwong ciia B. velezensis DTAI

Bang 3.7. Céc gen lién quan dén hé thong van chuyén permease va hé théng ABC (ATP-

binding cassette) trong B. velezensis DTA1

Locus tag Gene Lién quan dén h¢ thong van chuyén
H¢ thong vdn chuyén permease
ALPNOB_05845 Permease
ALPNOB 17800 Permease
Arabinooligosaccharides transport system permease protein
ALPNOB 04315 | araQ
AraQ
ALPNOB 04320 Arabinose/arabinan permease
ALPNOB 05080 Metabolite permease
ALPNOB 15980 Metabolite permease
ALPNOB 05015 Multiple sugar transport system permease protein
ALPNOB 06205 Multiple sugar transport system permease protein
ALPNGB 05010 | msmF Multiple sugar-binding transport system permease protein
- msmF
ALPNOB 07085 High-affinity gluconate permease (GntP family)
ALPNOB 06200 Fructose-amino acid permease
ALPNOB 05730 Simple sugar transport system permease protein
ALPNOB 13470 | araJ | putative arabinose efflux permease AraJ, MFS family
ALPNOB 07790 Transport permease protein
ALPNOB 07115 | [utP | L-lactate permease LutP

ATP-binding cassette (ABC) transporters

ALPNOB_ 15565

Maltose and maltodextrin ABC transporter subunit (ATP-
binding protein)

D6i voi hé thong van chuyén permease dic hiéu duong cua chung DTAL, cac

protein dac hiéu cho arabinose, maltose va cac protein van chuyén permease da duong

d3 dugc tim thdy. Tiéu don vi van chuyén ABC (protein lién két ATP) maltose va

maltodextrin tao diéu kién cho su hép thu maltose/maltodextrin cling da dugc phat hién

(Bang 3.7).

Bang 3.8. Cac gen lién quan dén hé thong PTS ¢ B. velezensis DTA1

Locus tag

H¢ thong PTS Con dwong lién quan

MNPMAK_ 15360

alpha-glucoside PTS system EIICB
component [EC:2.7.1.208 2.7.1.-]

MNPMAK 09075

MNPMAK_09130

cellobiose PTS system EIIA component |Starch and sucrose metabolism

[EC:2.7.1.196 2.7.1.205]

MNPMAK 09085
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MNPMAK 09125

cellobiose PTS system EIIB component
[EC:2.7.1.196 2.7.1.205]

MNPMAK 09015

MNPMAK 09080

MNPMAK 09135

cellobiose PTS system EIIC component

MNPMAK 11925

fructose PTS system EIIBC or EIIC
component [EC:2.7.1.202]

Fructose and mannose

metabolism

MNPMAK 12170

glucose PTS system EIICBA or EIICB
component [EC:2.7.1.199]

Glycolysis/ Glucogenesis

MNPMAK_ 13085

lactose PTS system EIICB component
[EC:2.7.1.207]

MNPMAK_ 13080

lactose PTS system EIIA component
[EC:2.7.1.207]

Galactose metabolsim

MNPMAK_ 14125

mannitol PTS system EIICBA or EIICB
component [EC:2.7.1.197]

MNPMAK 14120

mannitol PTS system EIIA component
[EC:2.7.1.197]

MNPMAK_ 03485

mannose PTS system EIIBCA component
[EC:2.7.1.191]

Fructose and mannose

metabolism

MNPMAK 15595

N-acetylglucosamine PTS system EIICBA
hoac EIICB component [EC:2.7.1.193]

Amino sugar and nucleotide

sugar metabolism

MNPMAK 12165

phosphocarrier protein Hpr

MNPMAK 12160

phosphoenolpyruvate-protein
phosphotransferase (PTS system enzyme I)
[EC:2.7.3.9]

Phosphotransferase system
(PTS)

MNPMAK 08855

MNPMAK 15065

sucrose PTS system EIIBCA hoac EIIBC
component [EC:2.7.1.211]

Starch and sucrose metabolism

MNPMAK_01515

sugar PTS system EIIA component
[EC:2.7.1.-]

Gluconeogenesis/ Starch and
sucrose metabolsim (PTS)

MNPMAK_ 15560

trehalose PTS system EIIBC hodc EIIBCA
component [EC:2.7.1.201]

Starch and sucrose metabolism

Téng cong co 22 protein van chuyén hé théng PTS cho céc loai duong khac nhau

dugc phat hién trong b gen cia ching B. velezensis DTA1 (Bang 3.8). Cac chat van

chuyén nay dugc phan loai thanh 11 hé théng PTS: a-glucoside, fructose, cellobiose,

lactose, glucose, N-acetylglucosamine, mannitol, mannose, sucrose, sugar va trehalose

PTS dya trén co so dir liéu chat van chuyén. Cac con duong tuong (mg nay 1a chuyén
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hoa dudng amino va dudng gin nucleotide, chuyén hoa fructose va mannose, chuyén
hoa galactose, tao glucose/ chuyén hoa tinh bot va sucrose, duong phan/tao glucose, hé
théng phosphotransferase va chuyén hoa tinh bdt va sucrose.

Theo cac két qua nay, B. velezensis DTAI co thé sir dung cellobiose, glucoside,
glucose, mannose/mannitol, fructose, sucrose, arabinose va N-acetylglucosamine. Hon
nita, cac két qua tréng Bang 3.7 va Bang 3.8 cho thay nhiéu ban sao cua gen ma hoa hé
théng van chuyén cho cellobiose, sucrose va arabinose trong bd gen cua chung B.
velezensis DTA1, diéu nay c6 thé giup vi khuan ting cudng kha ning sir dung cac ngudn
carbon ké trén.

3.2.5. Con dwong sinh tong hop dwong gin nucleotide ciia B. velezensis DTAL

Két qua phan tich WGS cho thdy 29 gen trong bo gen DTA1 ma hoa cac enzyme
quan trong gitp chuyén doi dé dang hon cac nguoén carbon khac nhau thanh cac loai
duong gian nucleotide twong tng. Qua trinh chuyén hoa glucose, sucrose, fructose,
maltose, cellobiose, mannose, galactose va arabinose duoc hd tro bdi cac gen nay. Mot
s6 gen , bao gdom galU, sacA, bgld, galE, MPI ..., c6 mot s6 ban sao (Bang 3.9). Mic
dii c6 PTS cua lactose va trehalose, bd gen dwogc lap rap lai thiéu cac enzyme can thiét
cho qua trinh chuyén hoa hai loai dudng nay.

Duya trén cac gen duoc phat hién nay, con duong sinh tong hop dudng gin
nucleotide ctia B. velezensis DTA1 c¢6 thé duoc don gian hoéa nhu trén Hinh 3.5.
Mannose, fructose, sucrose, cellobiose va glucose nam trong sb cac loai duong duogc h¢
théng PTS van chuyén vao té bao trong budc dau tién. Khi d3 vao bén trong, céac loai
duong nay trai qua qua trinh phosphoryl hoa dé tao thanh mannose-6-phosphate,
fructose-1-phosphate, sucrose-6-phosphate, cellobiose-6-phosphate va glucose-6-
phosphate. Tuong ty nhu vay, arabinose va galactose dugc van chuyén vao té bao boi
cac enzyme permease. Maltose dugc dua vao trong té bao nhd co ché van chuyén ABC.
Tiép theo, cac loai dudng don duoc enzyme xuc tac dé hinh thanh cac dang phosphoryl
hoa nhu fructose-6-phosphate, glucose-6-phosphate va galactose-1-phosphate. Nho do,
chung vi khuan c6 kha ning tham gia vao qua trinh sinh tong hop nhiéu loai dudng gin
nucleotide khic nhau, dién hinh 14 UDP-N-acetylglucosamine, UDP-N-
acetylgalactosamine, UDP-N-acetylmannosamine, dTDP-glucose, dTDP-rhamnose,
UDP-glucose, UDP-glucuronate va UDP-galactose.

Bang 3.9. Cac enzyme chinh cta qué trinh tong hop dudng gin nucleotide cua B.
velezensis DTA1 dugc chu thich trong co s¢ dir licu KEGG

. Tén | Trao doi . o P Puwong
Mai locus A . Protein dwgec ma hoa So EC )
gen |chat duwong nucleotide
ALPNOB 02935| glk | Glucose Glucokinase 2.7.1.2
UDP-Glc
ALPNOB 17230| pgm Phosphoglucomutase 5422




ALPNOB 00410
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UTP-glucose-1-phosphate

galU . 2.7.7.9
ALPNOB 07780 uridylyltransferase
ALPNOB_07265 Sucrose .
— sacA Beta-fructofuranosidase 3.2.1.26
ALPNOB 08975 Sucrose
Maltose-6'-phosphate
ALPNOB_15580| glvA | Maltose . 3.2.1.122
- glucosidase
ALPNOB 09270 Fructose .
- scrK Fructokinase 2.7.1.4
ALPNOB_ 16440 Fructose
ALPNOB 12070| fruK | Fructose 1-phosphofructokinase 2.7.1.56
ALPNOB 09815| FBP | Fructose |Fructose-1,6-bisphosphatase IT1I| 3.1.3.11
ALPNOB 04350 araA | Arabinose L-arabinose isomerase 53.14
ALPNOB _04345| araB | Arabinose L-ribulokinase 2.7.1.16
. L-ribulose-5-phosphate 4-
ALPNOB 04340|araD| Arabinose . 5.1.34
epimerase
ALPNOB _00105| tktA | Arabinose Transketolase 2.2.1.1
ALPNOB 05610 GPI Glucose-6-phosphate isomerase| 5.3.1.9
ALPNOB 00940 Cellobiose )
= bglA - 6-phospho-beta-glucosidase [3.2.1.86B
ALPNOB 09265 Cellobiose
ALPNOB _09195| celF' | Cellobiose | 6-phospho-beta-glucosidase |3.2.1.86A
ALPNOB 09355 Galactose )
— galE UDP-glucose 4-epimerase 5.1.3.2
ALPNOB 13235 Galactose
ALPNOB 00495|galM| Galactose Aldose 1-epimerase 5.1.33 UDP-Gal
-Ga
ALPNOB 13230| galK | Galactose Galactokinase 2.7.1.6
ALPNOB _ 09050 Galactose UDPglucose--hexose-1-
- galT . 2.7.7.12
ALPNOB 13240 Galactose | phosphate uridylyltransferase
ALPNOB 07735
— ugd UDPglucose 6-dehydrogenase | 1.1.1.22 | UDP-GIcA
ALPNOB_08085
Glucose-1-phosphate
ALPNOB_08880| rmlA , 2.7.7.24
- thymidylyltransferase
ALPNOB_08875| rmlB dTDP-glucose 4,6-dehydratase | 4.2.1.46
dTDP-4-dehydrorhamnose 3,5- dTDP-Rha
ALPNOB_08865|rmlIC _ 5.1.3.13
epimerase
dTDP-4-dehydrorhamnose
ALPNOB_08870|rmlID 1.1.1.133
- reductase
ALPNOB 09275 Mannose UDP-N-
ALPNOB_03490| MPI | Mannose [Mannose-6-phosphate isomerase| 5.3.1.8 |Acetylgluco
ALPNOB 07825 Mannose samine
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Glutamine---fructose-6-
ALPNOB 15205| glmS phosphate transaminase 2.6.1.16
(isomerizing)
ALPNOB 15210|glmM Phosphoglucosamine mutase | 5.4.2.10
Bifunctional UDP-N-
acetylglucosamine
2.7.7.23
ALPNOB 19035 |gimU pyrophosphorylase / 531157
glucosamine-1-phosphate N- |~
acetyltransferase
. UDP-N-
UDP-N-acetylglucosamine 2-
ALPNOB 07775 |wecB ) . 5.1.3.14 |Acetylmann
epimerase (non-hydrolysing) )
osamine
Sucrose Cellobiose .
resssesofhalere. o,
3 % ‘ S‘L‘I;I’OSE-?-E} Celthiose-é-i.:' 7 18, ; ' "~ 4":‘-?0%
. Fructose-1-P Maltnsg‘g-“z.
»" Arabinose ! ABc's . %
& = Glucose
“n“ Fructose-1,6- Slucone: 6 PM
thTIose p2
R;b‘l‘ﬂDSe-E-P | (p;lucr;se-‘l \ Galactose i
- _ _j' - _\. a-D-Galactose
Xybulose-5-P — Fructose-6-P "dTl’)P Gluc‘rﬁe; {UISP - I
/ l g ) ' Ghicc:seﬂ ’ (Pialactose-'l-
: . Glucosar.'n.lmrz-ﬁﬁp g W o
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Hinh 3.5. Con dudng sinh tong hop duong gin nucleotide cta B. velezensis

DTA1. Cac gen duoc cha thich duge danh ddu mau dé va cac dudng gian nucleotide 13

hinh bau duc dut nét mau do. PTS, hé théng phosphotransferase; ABC, H¢ van chuyén

phu thudc ATP; P, phosphate. Mannose, fructose, sucrose, cellobiose va glucose dugc

van chuyén vao trong té bao theo hé thdng PTS; trong khi maltose nhd co ché van

chuyén ABC; arabinose va galactose nho cac enzyme permease. Ban d6 con duong sinh

tong hop dudng gin nucleotide duogc tao boi Biorender (https://www.biorender.com/).

Viéc san xudt EPS d0i hoi dudng gan nucleotide 1am phén ti tién chat [62]. Ching

B. velezensis DTA1 chira nhiéu gen ma hoa 11 hé thong van chuyén PTS va permease,
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cho thdy chung nay c6 thé str dung nhiéu ngudn dudng cé sin trong mdi trudng cia nd.
Su that 1a 9 loai duong, bao gém cellobiose, glucoside, glucose, mannose, mannitol,
fructose, sucrose, arabinose va N-acetylglucosamine, dugc du dodn sé duogc chung B.
velezensis DTA1 sir dung théng qua phan tich WGS, da cho két qua duong tinh trong
thir nghi¢ém API® 50CHB. biéu nay co thé duoc gidi thich b?lng su hién dién cua nhiéu
ban sao gen ma hoa h¢ théng van chuyén cho céac loai duong nay. Sy hién dién cta h¢
théng PTS di duoc bao cdo & nhiéu loai nhu B. subtilis, B. amyloliquefaciens, E. coli va
Staphylococcus aureus [137], [138], [139] néu bat vai trd thiét yéu cta chung trong qua
trinh hip thy carbohydrate & vi sinh vat. Ngoai chirc ning nay, Morabbi va cs (2018) da
bao céo rang cac chat van chuyén PTS trong bd gen cua B. subtilis ciing tham gia vao
viéc cam nhan su bién dong cua chét dinh dudng trong méi trudng [140].

3.2.6. Con dwong sinh tong hop exopolysaccharide & Bacillus velezensis DTAI

Hai cum gen lién quan dén cic con dudng sinh tong hop EPS, con duong phy thudc
Wzx/Wzy va qua trinh tong hop ngoai bao boi enzyme levansucrase, di dugc phat hién
trong bo gen DTA1 (Bang 3.10). Trong con duong phu thudéc Wzx/Wzy, EPS c6 thé
dugc tong hop boi mot hé théng protein phirc tap v6i nhiéu chirc ning nhu diéu hoa,
tong hop, van chuyén, tring hop va xuét ra ngoai bao, dugc ma hoa bai operon epsA-O.
Qua két qua phan tich hé gen cua chung vi khuan da tim thidy mot cum eps4-O duoc ma
hoa boi mot doan 15,7 kb chira 15 gen eps bang cach st dung may chi chu thich
BlastKOALA. Trong s cac gen ndy, epsE ma hda mot enzyme GT moi gin mang, khong
xuc tac cac lién két glycosidic. GT ndy tao diéu kién cho viéc van chuyén duong-1-
phosphate va kich hoat chit mang undecaprenyl-phosphate-lipid & phia mang té bao
chat [83]. Budc dau tién nay cho phép cac dudng gin nucleotide khac duoc gin tuan ty
dé lép rdp cac don vi ldp lai nho sy xuc tac cua cac GT trong té bao chét hodc lién két
mang khac. Cy thé, epsL ma hoa cac GT van chuyén UDP-glucose hodc UDP-galactose,
trong khi epsD van chuyén UDPGIcA, epsH va epsJ van chuyén céc loai dudng amino.
EpsF, epsG, epsH, epsl, epsJ va epsK c6 thé van chuyén nhiéu loai duong gan nucleotide
khidc nhau. Hon nira, cic gen epsC, epsl, epsO, gen acyltransferase epsM va gen
aminotransferase epsN tat ca déu tham gia vao qua trinh bién dbi cac don vi lap lai cua
chudi polysaccharide. Cac don vi ldp lai duoc van chuyén qua mang trong vao periplasm
boi eps K (Wzx flippase) [43] [141]. Trong khi d6, epsG c6 chiic nang trung hop céc
don vi lap lai (polymerase Wzy) bang cach tao ra cac lién két glycosid méi & dau khir
ctia polyme dang phat trién, hinh thanh nén cau trac polysaccharide ngoai bao [142],
[143]. Hai gen quan trong khéc 1a eps4 va epsB, ma hoa cho protein-tyrosine kinase va
chat diéu bién protein-tyrosine kinase, c6 thé can thiét cho qua trinh san xuat EPS luong

16n [143]. Ngoai ra, hai gen nay duoc biét 1a co chirc ning xac dinh d6 dai chudi
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polysaccharide [43], eps4 cling chiu trach nhiém cho qué trinh xuit polysaccharide ra
ngoai bao [144], [43]. Cu thé, cac gen trong operon epsA-O cia chung B. velezensis
DTALI ¢ do trong dong va do bao phii dat 100% so voi chung B. velezensis L-S60. Khi
so sanh voi cac chung B. velezensis khac, mirc d6 twong dong dao dong tir 96% dén
100%. Bang chu y, so voi ching B. velezensis VTX20 (phan 1ap tai Viét Nam), cic gen
trong operon epsA-O co d6 twong dong tir 98% trd 1én, tuy nhién cau trac sip xép cua
operon & VTX20 lai theo chiéu nguoc lai. So sanh véi loai B. amyloliquefaciens, muic
d6 twong ddng giira cic gen trong operon epsA-O voi chung B. velezensis DTA1 dao
dong tir 93% dén 100%, trong d6 c6 su twong dong tuyét ddi (100%) véi ching B.
amyloliquefaciens DSM7. Khi so sanh voi chung Bacillus subtilis 168, 4 twong dong
gifra cac gen trong operon dao dong tir 63% dén 88%. Dic biét, & chung Bacillus subtilis
ATCC 21228, mic du mot sd gen dat d6 twong ddng dén 100%, nhung gen epsD chi c¢6
murc twong ddng dudi 50% (Hinh 3.6A).

LBacillus velezensis DTA1

Bacillus velezensis L-S60

Bacillus velezensis LPLO61
(Revered order)

Bacillus velezensis VTX20

Bacillus velezensis VY03

Bacillus velezensis FZB42

Bacillus amyloliquefaciens LL3

Bacillus amyloliquefaciens DSM7

Bacillus subtilis 168

Bacillus subtilis ATCC 21228

2.5kb

B Bacillus velezensis DTA1

Bacillus velezensis L-S60

Bacillus velezensis LPLOG1

Bacillus velezensis VTX20
(Revered order)

Bacillus velezensis VYO3

Bacillus velezensis FZ842

Bacillus amyloliquefaciens LL3

Bacillus amyloliquefaciens DSM7

YVY VY VY VY Y Y Y

Hinh 3.6. Cac cum gen lién quan dén cac con dudng sinh tong hop EPS d3 duoc phat
hién trong B. velezensis DTAI
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(4) So sanh operon epsA-O trong B. velezensis DTAI va cac loai Bacillus khac.
Cdc gen twong tir dwoc chi ra bang ciing mét mau va ty 1¢ giong nhau gitta cdc gen
twong g véi & ching B. velezensis DTAI dwoc hién thi bang s6 trong hép den. Céc
cum EPS dwoc truc quan hoa bcing CAGECAT web server.

(B) Mot cum gen sinh tong hop levan da dwge phdt hién trén nhiém sdc thé DTAI
va trén cdc chung B. velezensis khac va B. amyloliquefaciens. Cac gen twong tu duoc
chi ra bang cting mét mau va 1y 1¢é phan tram giong nhau giita hai gen dwoc hién thi
bang sé trong hop den. ppaC, Manganese-dependent infinite pyrophosphatase; pta,
Phosphate acetyltransferase; sacB, Levansucrase;, levB, Levanbiose-producing
levanase, rspR, HTH-type transcriptional repressor RspR.

Con dudng sinh tong hop EPS thtr hai thong qua mét protein sucrase don dugc ma
hoa bdi cum gen sinh tong hop levan ciing dugc phat hién trén nhiém sic thé DTAI
(Hinh 3.6B). Boan 6,1 kb chita cdc gen mad hdéa cho manganese-dependent infinite
pyrophosphatase (ppaC), phosphate acetyltransferase (pfa), levansucrase (sacB),
levanase san xuat levanbiose (levB) va chat tic ché phién ma loai HTH RspR (rspR).
Levansucrase SacB tir DTA1, duoc biét dén véi kha nang téng hop levan, ¢ trinh tu
d6ng nhit 96,61% va 90,47% twong Gng v6i protein SacB tir Bacillus amyloliquefaciens
(ID Uniprot: P21130) va chung Bacillus subtilis 168 (ID Uniprot: P05655). Bén canh
do, gen LevB ma hoa cho levanase san xudt levanbiose, ndm canh SacB va chiu trach
nhiém phan huy levan. Cum gen levan ¢ ching Bacillus velezensis DTA1 dugc bao ton
cao & cac chung B. velezensis va B. amyloliquefaciens, nhung khong dugc tim thiy &
Bacillus subtilis. Trong d6, gen sacB ciia DTA1 ¢6 mirc do twong dong trén 99% so vai
cac chung tham chiéu B. velezensis, bao gdm ca chung B. velezensis VTX20 phan 1ap
tai Viét Nam; muc twong dong nay dat 96% & B. amyloliquefaciens LL3 va 100% & B.
amyloliquefaciens DSM7. Tuong tu, gen levB cho thiy d6 twong ddng trén 90% véi cac
chung B. velezensis va B. amyloliquefaciens DSM7, trong khi & B. amyloliquefaciens
LL3 142 91%.

Biang 3.10. Vi tri ctia cic gen trong cum gen sinh tong hop lién quan dén cac con
duong sinh tong hop EPS & B. velezensis DTA1

Con . .
) 2 . | Bat Két [Mach
dwong/| ID gene Gene San pham ID contig N
dau | thuc |[DNA
Cum
Con |ALPNOB 071 pyruvyl transferase .
. epsO contig 2 341268 342233 | -
dudng 30 EpsO
hu ridoxal phosphate-
P ALPNOB 071 Pyricoxal pRosp ,
thudc 15 - epsN dependent contig 2 (342212 343384 | -
Wzx/ aminotransferase EpsN
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Wzy/ |ALPNOB 071 )
epsM | acetyltransferase EpsM |contig 2 (343389 344036
Cum 1 40
ALPNOB 071 .
45 - epsL | sugar transferase EpsL. | contig 2 344033 (344641
ALPNOB 071 . .
50 - epsK |membrane protein EpsK |contig 2 (344638 346155
ALPNOB 071 .
55 - epsJ |glycosyltransferase EpsJ |contig 2 346152 347186
ALPNOB 071 .
60 - epsl |pyruvyl transferase Epsl |contig 2 347183 348259
ALPNOB 071 glycosyltransferase .
epsH contig 2 348264 349301
65 EpsH
ALPNOB 071 transmembrane protein .
- epsG contig 2 349320 350423
70 EpsG
ALPNOB 071 .
75 - epsF |glycosyltransferase EpsF |contig 2 (350427 351563
ALPNOB 071 glycosyltransferase .
- epsE contig 2 351556 352398
80 EpsE
ALPNOB 071 glycosyltransferase .
epsD contig 2 (352395 353534
85 EpsD
polysaccharide
ALPNOB 071 ) . . .
90 - epsC | biosynthesis protein  |contig 2 (353550 355367
EpsC
ALPNOB 071 . . . .
95 - epsB | protein-tyrosine kinase |contig 2 [355588 356268
ALPNOB 072 protein tyrosine kinase .
- epsA contig 2 356274 356981
00 modulator
manganese-dependent
ALPNOB 101 . . .
40 - ppaC norganic contig 2 931942 932871
pyrophosphatase
Tong Phosphate
ALPNOB 101 .
hop 45 - pta acetyltransferase contig 2 933114 933971
Levan/ (Phosphotransacetylase)
Cum 2 |ALPNOB 101 .
50 - sacB levansucrase contig 2 934319 935740
ALPNOB 101 levanbiose-producing .
- levB contig 2 935757 937361

55

levanase
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HTH-type
ALPNOB 101 L .
60 - rspR |transcriptional repressor |contig 2 937441 938103 | +
RspR

Ghi chii: Mach DNA md héa cho gen theo chiéu xudi (+); Mach DNA md héa cho gen
theo chiéu nguoc (-).

Qua phan tich WGS cho thay chung B. velezensis DTA1 c6 thé san xuét 2 loai EPS,
d6 1a levan, dugc tong hop ngoai bao théng qua mot enzyme sucrase duy nhat goi 1a
levansucrase, va mot loai EPS khac duoc téng hop bdi operon eps4-O. Mot cum levan
chtra cac gen sacB va levB da dugc phat hién trong bd gen cua chung B. velezensis
DTALI. Pay 1a 1 loai homopolysaccharide, levan, bao gém cac don vi D-fructose lién
két B-2,6. Chiing c6 thé chira cac nhanh glucose bo sung véi fructose dau cudi thong qua
cac lién két a-glycosidic va duoc tong hop ngoai bao boi levansucrase trong moi truong
giau sucrose [43]. Levansucrase dugc ma hoa boi gen sacB va dugc sucrose cam ung
manh. Nguoc lai, levanase san xuét levanbiose, duoc ma hoa béi levB , chiu trach nhiém
cho qua trinh phan huy levan [145]. Sy biéu hién ciia gen nay da duoc chimg minh 1a
lam tang cuong su biéu hién cua levansucrase & Bacillus subtilis [146]. Chung B.
velezensis DTA1 con chira mot cum epsA-O bao gdm 15 gen dugc mi hoa cho con
duong phu thudec Wzx/Wzy. Day 1a cac gen diéu hoa, tong hop, van chuyén, trang hop,
stra d6i va xuit EPS ra ngoai bao, d3 duoc mo ta rd trong cic nghién ciru trude day
[143], [83], [141]. Bén canh dé, cum nay cho thay su twong déng cao véi cac cum & cac
chung B. velezensis khac, va ching thudc loai Bacillus khac, phi hop véi cac két qua da
cong bd trude day [43], [83].

3.2.7. Céc gen lién quan t6i kha néing chong chiu stress ¢ B. velezensis DTAI

Chung B. velezensis DTA1 chira nhiéu gen lién quan dén stress tham thu, stress
kim loai ning, stress oxy hoa (Bang 3.11). Cac gen lién quan dén kha ning chiu dung
stress tham thau, chéng han nhu degU, degS , sodA , dnaK ,... dong vai trd quan trong
trong viéc thich nghi cua vi khuén véi stress thim thau, chéng han nhu d0 man cao. Cu
thé, hé thong truyén tin hiéu hai thanh phan DegS-DegU c6 lién quan dén viéc cam nhan
stress phi sinh hoc tir méi trudng nhu néng d6 mudi cao qua d6 vi khuan cé thé nhan
biét va phan g véi stress phi sinh hoc da duoc phat hién [147]. Gen superoxide
dismutase SodA déng vai tro quan trong trong viéc giam thiéu tic dong cia cac goc tu
do dugc tao ra trong vi khuan & diéu kién stress [147]. Céc gen dnaJ, dnaC, dnak, va
grpE mi héa cho cac chaperone proteins va co-chaperones gitp bao vé va duy tri cdu
tric protein dudi diéu kién stress, bao gom stress nhiét va tham thau. Mot trong nhiing
co ché chéng stress thAm thau & vi khuén, cu thé hon 14 & B. velezensis d3 dugc biét dén
1a tang sy tich tu tham thiu cac chat & ndi bao nhu glycine betaine, proline betaine,

trehalose, glycerol va cardiolipin [148]. Sy c6 mat cua gen OpudC va locus tag




68

ALPNOB 04990 & ching B. velezensis DTA1 ¢6 lién quan dén chirc ning ting tich tu
tham thau, dic biét 1a trong viéc vin chuyén va tich lity cac hop chit nhu glycine betaine,
oligopeptide, polyol hodc amino acid, cac chit nay giup té bao duy tri can bing tham
thiu trong diéu kién moi truong thay ddi, gitip té bao chdng lai cac diéu kién stress tham
thau nhu méi truong co néng dd mubi cao hodc thiéu nude. Nh viée hép thu, tich tu
cac chat bao vé tham thiu trong té bao gitip duy tri can bang thdm thiu, 6n dinh ti 18
nude trong té bio, giam thiéu tac dong tiéu cuc cua stress tham thau va ting kha ning
song sot cling nhu kha ning sinh trudng cua té bao trong cac diéu kién khic nghiét [148].
Ngoai ra, ching vi khuan mang cic gen czeD, cadd, chrd, chrB, ydpP. mneP, mntP,
mgtE, corA va asrB ma hoa cho cac protein 13 cac bom van chuyén cic cation ra ngoai
té bao khi ¢ diéu kién stress kim loai, gitp vi khuan ting kha ning chdng lai stress natri,
cadmium, kém, coban, cromat, mangan va asen,.... Mot sb gen c6 mat trong hé gen cua
chung B. velezensis DTA1 nhu nsrR, tpx, bcp va hmpA ma hdéa cho cac enzyme va
protein déng vai tro quan trong trong cac qua trinh chéng oxy hoa, bao vé té bao khoi
stress oxy hoa va diéu hoa cac phan tng lién quan dén nitric oxide, thiol va glutathione.

Bang 3.11. Céc gen lién quan dén phan tng chdng stress & B. velezensis DTA1

Locus tag Gen Protein ma hoa

Truyén tin hiéu stress

ALPNOB 07690  degU two-component system response regulator DegU

ALPNOB 07695  degS two-component sensor histidine kinase DegS
ALPNOB 03005  sodA Superoxide dismutase [Mn]
ALPNOB 12655 Transcriptional regulator sensing organic peroxides

ALPNOB 03220 dnaJ molecular chaperone Dnal
ALPNOB 16735  dnaC DNA replication protein DnaC
ALPNOB 03230  dnakK molecular chaperone DnaK
ALPNOB 03235 grpE nucleotide exchange factor GrpE

Tich tu cdc chit tan hitu co
ALPNOB 04990 Glycine betaine transporter
ALPNOB 14760 Glycine betaine-binding protein OpuAC

glycine betaine/carnitine/choline/choline sulfate ABC
ALPNOB 06905  opuCD transporter permease OpuCD

osmoprotectant ABC transporter substrate-binding
ALPNOB 06910  opuCC  lipoprotein OpuCC

Glycine betaine/carnitine/choline transport system
ALPNOB 06915  opuCB permease protein OpuCB

osmoprotectant ABC transporter ATP-binding protein
ALPNOB 06920  opuCA OpuCA
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glycine/proline betaine ABC transporter permease

ALPNOB 14765 opuAB subunit OpuAB
glycine/proline betaine ABC transporter ATP-binding
ALPNOB 14770  opuAA protein OpuAA
ALPNOB 05425  gbsB choline dehydrogenase
ALPNOB 14650  putP sodium/proline symporter PutP
Bom Natri
ALPNOB 02185  nhaC Na'/H" antiporter NhaC
ALPNOB 02940  nhaC Na'/H" antiporter NhaC
ALPNOB 05745 Na'/H" antiporter subunit A
ALPNOB 05750  nha Na'/H" antiporter complex
ALPNOB 05755  mnhC Na'/H" antiporter subunit C
ALPNOB 05760  phaD Na'/H" antiporter subunit D
ALPNOB 05765  mnhC Na'/H" antiporter subunit E
ALPNOB_05770 Na'/H" antiporter subunit F1
ALPNOB 06655  nhakK Na'/H" antiporter
ALPNOB 17515 Na'-efflux ABC transporter (ATP-binding protein)
Bom Kali
ALPNOB 17490  khtU K*/H" antiporter subunit KhtU
K*/H" antiporter KhtSTU, ¢-di-AMP-binding
regulatory subunit KhtT, contains RCK_C (TrkA C)
ALPNOB 17495 kT domain
ALPNOB_17500  khtS K*/H" antiporter modulator KhtS

Stress kim loai nang

ALPNOB_13630
ALPNOB_06695
ALPNOB_08020
ALPNOB_08015
ALPNOB_04785
ALPNOB_ 13950
ALPNOB_00795
ALPNOB_ 14960
ALPNOB_08425

ALPNOB_11100

ALPNOB_ 15640

czeD
cadA
chrd
chrB

vdbP

mneP
mntP

mgtE

corA

Cadmium, cobalt and zinc/H"-K" antiporter
Cadmium, zinc and cobalt-transporting ATPase
chromate resistance efflux protein ChrA
chromate efflux transporter subunit ChrB
Cation efflux protein

Thioredoxin-like protein YdbP

Transporter

Manganese efflux system protein MneP
Putative manganese efflux pump MntP
Magnesium transporter MgtE intracellular domain-
containing protein

magnesium/cobalt transporter CorA
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ALPNOB 09245  arsB Arsenical pump membrane protein
ALPNOB 17360  crcB fluoride efflux transporter CrcB

Stress oxi hoa

ALPNOB 17265  nsrR nitric oxide-sensing transcriptional repressor NsrR
ALPNOB 00830 Superoxide dismutase (Exported lipoprotein)
ALPNOB 09405 Catalase

ALPNOB 04635  px thiol peroxidase

ALPNOB 15365  bcp thioredoxin-dependent thiol peroxidase
ALPNOB 01325 Glutathione peroxidase

ALPNOB 02655 farnesyl diphosphate synthase

ALPNOB 04760  hmpA NO-inducible flavohemoprotein

Mot s6 yéu t6 stress kim loai dd duoc ching minh 1a kich thich su gia ting ham

luong polysaccharide ngoai bao va protein & nhiéu chung vi khuan khac nhau, chang
han nhu Pb véi chung Phanerochaete chrysosporium [149]; Cd va Pb véi chung
Chlamydomonas reinhardtii [150]; Cd vo61 cac chung Pseudomonas aeruginosa va
Alcaligenees faecalis [151],.... Chung B. velezensis DTA1 trong nghién ctru nay c6 kha
nang chiu dugc mot s6 kim loai nang, bao g6m Cd, Hg, Cr, Co, As, Pb, Zn va Fe. Diéu
nay co thé dugc giai thich bang sy hién dién ctia cac gen ma hoa cho cac bom xuat kim
loai ndng ra ngoai nhu czeD va cadA, mang lai kha nang khang Co, Zn va Cd [152] va
arsB, mang lai kha ning khang As [153]. Mot co ché khac lién quan dén su gia ting EPS
cling nhu ham lugng polysaccharide va protein ngoai bao, dong vai tro quan trong trong
viéc giam doc tinh ciia kim loai nang vi ddy 1a nhimng yéu t6 gitp té bao chdng lai kim
loai niing [151]. EPS c6 kha ning hap phu cation, ngin chiing tac dong xau téi té bao.
Kha ning hap phu cation ctia EPS c¢6 thé duoc quy cho ban chat da anion cta nd, chira
cac nhom chuc ndng mang dién tich am [154].

Céc két qua phan tich hé gen cta ching B. velezensis DTA1 gitp xac dinh cac gen
dic trung lién quan dén sinh tong hop EPS va kha ning chong chiu qua d6 cung cip
luan chig khoa hoc cho tinh nhat quan giita ddc diém di truyén va déc tinh sinh hoc.
Chung DTA mang day dil cdc cum gen lién quan dén 2 con dudng sinh tong hgp EPS
cht yéu (Wzx/Wzy va levansucrase), cing cac gen chuyén hoéa duong va khang stress
(méan, oxy hoa, kim loai). Ngoai ra, két hop két quéa dinh danh cho thr?iy DTAI1 thudc loai
Bacillus velezensis, thudc nhom vi khuan an toan sinh hoc cp 1. Vi pho sir dung carbon
rong va kha ndng thich nghi diéu kién bét lgi, B. velezensis DTAI 1a ching vi khuan
tiém nang, phu hop cho cc nghién ctru sdu hon vé tmg dung vi sinh vat sinh EPS trong
cai tao dat man, dat cat san ho va nong nghiép bén virng tai vung bién dao Viét Nam.
Nhitng phat hién nay gép phan cing ¢ co sé khoa hoc va ning cao hiéu qua tmg dung

ctia B. velezensis DTA1 trong thuc tién.
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3.3. Nghién ctru méi trwong va diéu kién nudi cay thu nhin exopolysaccharide tir
chung B. velezensis DTA1

3.3.1. Két qua khdo sdt dnh hwéng ciia tieng yéu t6 méi truwong va diéu kign nuéi cdy
t0i kha nang sinh exopolysaccharide

3.3.1.1. Khdo sat méi trieong nudi cdy
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Hinh 3.7. Kha nang sinh truéng va sinh EPS cua B. velezensis DTA1 trén 6 moi
truong khao sat

Theo Hinh 3.7, chung vi khuan dat muc sinh truéng va sinh EPS cao nhat trong
moi truong TB, véi ODeoo dat 15,91; ham Iuong EPS dat 9,22 g/L, cao hon han cic moi
truong khéc (p < 0,05, Phu luc 7). Gia tri ODsoo & moi truong TB cao gip 1,71 1an & moi
truong cao thir 2 14 LB (ODeoo = 9,31) va cao hon gap 8,11 1an ¢ méi trudng YM cho
ODésoo thap nhét 1a 1,96. Ham luong EPS ¢ méi truong TB cao gap 3,62 1an & moi truong
cao thir 2 14 YPM (2,55 g/L) va gap 11,97 1an mai truong YM cho lugng EPS thap nhat
12 0,77 g/L. So véi cac chung khac cung loai B. velezensis, ham lugng EPS ¢ ching B.
velezensis DTA1 cao hon ¢ cac chung AG6 (5,79 g/L) [46]; HY23 (2,7 g/L) [44],...tuy
vay thap hon 8,19 1an & ching VXT20 (75,5 g/L) [43].

Nhu vy méi trudng TB cho kha ning sinh EPS va sinh truong tot nhat dugc lya
chon cho cac nghién ciru tiép.
3.3.1.2. Khdo sdt nguén carbon

Muoi ba ngué)n carbon (D-glucose, D-fructose, D-galactose, sucrose, lactose, D-
maltose, mannose, manitol, trehalose, D-xylose, L-rhamnose, L-arabinose, cellobiose)
déu cho thiy kha ning thuc ddy sinh truéng ¢ chung B. velezensis DTA1 véi cac gia tri
ODseoo cao hon ddi ching (p < 0,05, Phu luc 8, Hinh 3.8). Pay la cac nguén carbon da
dugce du doan 13 ching Bacillus velezensis DTA1 ¢6 tiém ning st dung theo két qua

phan tich hé gen (chung B. velezensis DTA1 c6 hé théng van chuyén PTS hoic c6 chira
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cac cum gen ma hoa cho enzyme chuyén hoa duong) va test hoa sinh API® 5S0CHB. L-
rhamnose, mannose, cellobiose va sucrose la cac ngudn carbon cho kha ning sinh trudéng
t6t nhat voi chung B. velezensis DTA1 tuong Gmg véi cac gia tri ODeoo 1a 24,78; 24,74;
24.41; 23,72 va 23,51. Su khac biét vé gia tri ODsoo gitta ndm loai duong khong dat muc
¥ nghia thdng ké (p > 0,05, Phuy lyc 8).
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Hinh 3.8. Tac dong cta 13 ngudn carbon dbi véi gia tri ODsoo va san xuat EPS
O chung B. velezensis DTA1

Khi xét vé kha ning kich thich sinh EPS cua 13 ngudn carbon khao sat, c6 8 nguon
carbon (sucrose, D-galactose, cellobiose, D-fructose, mannose, D-glucose, D-maltose
va L-arabinose) kich thich sinh EPS t6t (cao hon han ddi chirng khong b sung ngudn
carbon, p < 0,05) trong d6 sucrose cho kha ning sinh EPS tot nhat dat 12,70 g/L; 4
ngudn carbon (lactose, L-rhamnose, D-xylose, manitol) khong khac biét so voi d6i
chung (p > 0,05) va chi c6 trehalose gy giam sinh EPS (p < 0,05).

Két qua dang nhu du doan 8 nguén carbon (sucrose, galactose, cellobiose,
fructose, mannose, glucose, maltose va arabinose) dugc du doan qua con duong sinh
tong hop duong gan nucleotide (Hinh 3.5) déu kich thich sinh EPS tbt, day 1a cac ngudn
duong c6 kich thudc nho (dudng don hodc dudng d6i) dé hap thu va tham gia vao con
duong chuyén hoa tao dudng gin nucleotide — tién chat tham gia tong hop nén EPS.

Sucrose cho kha ning sinh EPS t6t nhat va ciing kich thich sinh truong t6t nén
dugc tiép tuc khao sat thém & nong do tir 0%—10% (Hinh 3.9).
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Hinh 3.9. Kha ning sinh trudng va san xuat EPS clia ching B. velezensis DTA1 khi bo
sung ham luong sucrose 0,5-10%

Chung B. velezensis DTA1 sinh truong tang khi ting nong do sucrose tir 0,5-2,5%
va thé hién kha ning sinh truéng cao nhat & ndong do sucrose 2,5% (ODsoo dat 24,36),
sau d6 nong do sucrose cang tang kha nang sinh truéng cang giam. Ching B. velezensis
DTA1 sinh EPS tot nhat & nong do sucrose 5% dat 16,25 g/L tuy vdy khac biét khong
¢ ¥ nghia théng ké so véi & nong do sucrose 7,5% véi 15,97 g/L EPS (p > 0,05, Hinh
3.9, Phu luc 9). Mot sd cong b trude do ciing cho thiy sucrose cho ning suat EPS cao
hon mot s6 ngudn duong khic & cac chung Weissella confusa/cibaria 3MI3 [123], B.
velezensis TSDS5 [131], dac biét & n6ng do 4,5% o B. subtilis [155]. Do d6 ham lugng
sucrose 5% duoc lya chon cho cac nghién ctru tiép.
3.3.1.3. Khdo sat nguon nito

Hinh 3.10 cho thay 5 ngudn nito b6 sung vao moéi trudng chi c¢6 casein kich thich
tang truong t6t trong khi NH4Cl, (NH4)>SOs, urea wc ché sinh truéng & ching B.
velezensis DTA1 (p < 0,05, Phu lyc 10). Ca 5 ngudn nito déu khong kich thich sinh EPS
tham chi trc ché kha nang sinh EPS (p < 0,05) ngoai trir NH4sNOj3 thap hon khong y nghia
(p > 0,05). Do d6 nghién ctru tiép theo khong bo sung thém ngudn nito vao méi trudng.

Mot s6 nghién ctru trude day cling chi ra rang bo sung nguoén nito vo co khong
kich thich, tham chi c6 thé trc ché qua trinh sinh tong hop EPS, trong khi cac ngudn nito
hitu co nhu peptone, yeast extract, casein, beef extract hay tryptone lai gitp tang trudng
va san xuat EPS nho chira vitamin, acid amin va cofactor can thiét cho hoat dong enzyme
va sinh téng hop polysaccharide [156]. O ching Halomonas xianhensis SUR308, casein

duoc xac dinh 12 ngudn nito t6t nhét cho ca ting trudng va sinh EPS [159]; nguoc lai, &
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Enterobacter sp. ACD2, peptone 0,5% cho ning suat EPS cao hon 1,56 1an so véi cung
ndng do casein [157] . D6i v6i B. velezensis DTAL, viéc bd sung casein vao mdi truong
giau dinh dudng nhu TB khéng gitp cai thién kha ning sinh EPS, c6 thé do méi truong
nay da chira sdn ngudn N hitu co d& hip thu (peptone, yeast extract). Su du thira nito c6
thé khién dong carbon wu tién cho tong hop protein va sinh khéi thay vi polysaccharide

ngoai bao, din dén sinh EPS giam [158].
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Hinh 3.10. Két qua khao sat kha nang sinh truéng va sinh EPS cua chung B. velezensis
DTA1 khi khong b6 sung (ddi chirng) va bo sung 5 ngudn nito khac nhau

3.3.1.4. Khdo sat nguon mudi khodng
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Hinh 3.11. Két qua khao sat kha ning sinh truéng va sinh EPS cua ching B. velezensis

DTA1 khi khong b sung (di chirmg) va bd sung 4 nguén mudi khoang
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Trong 4 ngudn mudi khao sat chi c6 FeSO4 gitip kich thich ting truéng & chung B.
velezensis DTA1 véi gia tri ODgoo cao nhit dat 28,16, trong khi ZnSO4 tc ché sinh
truong voi ODeoo chi dat 17,51 (p < 0,05). FeSOs kich thich ting trudng tét nhung lai
{rc ché tao EPS nén cho ham luong EPS thép nhét dat 9,03 g/L. EPS thu duogc cao nhét
13 18,97 g/L khi b6 sung NaCl vao méi trudng, cao thir 2 1a ZnSO4 dat 17,65 g/L (p <
0,05, Phu luc 11, Hinh 3.11). NaCl cho kha ning sinh EPS t6t nhit trong cac mudi
khoang thtr nghiém dugc tiép tuc khao sat dé Iya chon néng do phu hop nhit.
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Hinh 3.12. Anh huong cua néng d6 NaCl (0,25-15%) dén sy ting trudng va sinh tong
hop EPS cua chung B. velezensis DTA1

Két qua khao sat ndng d6 NaCl tir 0,25% dén 15% cho thdy ching B. velezensis
DTALI phat trién tot trong khoang tir 0,25% dén 5% NaCl, véi mirc ting trudng t6t nhat
dugc quan sat thdy & mac 1%. Chang nay di ching minh kha ning chiu mubi 1én dén
ndng d6 12,5% NaCl. Pang cht y, ndong d6 NaCl 3% dan dén san luong EPS cao nhét,
dat 22,96 g/L (Hinh 3.12, Phy luc 12). Nong d6 nay ciing anh huong dang ké dén san
xuat EPS & B. velezensis TSD5, chiing ndy ciing chiu dugc néng do NaCl 1én dén 12,5%
[131].
3.3.1.5. Khao sat pH moi truong

Gia tri pH 1a mot yéu td quan trong anh huéng dén sinh 1y cia vi sinh vat bang
cach anh hudng dén do hoa tan va hép thu chat dinh dudng, hoat dong ctia enzyme, hinh
thai mang té bao, hinh thanh san pham phu va phan ung oxy héa khir [159]. Két qua
khao sat anh hudng ciia pH dén kha nang sinh EPS duoc thé hién trén Hinh 3.13.
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Hinh 3.13. Kha nang sinh truéng va sinh EPS cia ching B. velezensis DTA1
khi khao sat & cac do pH tu 4-11

Két qua khao sat do pH trén Hinh 3.13 cho thiy ching B. velezensis DTA1 ua
kiém, c6 pham vi chiu pH rong, sinh trudong duoc trong khoang pH khao sat tir 4 dén 11,
v6i mirc ting trudng tdi wu dugc quan sat thiy & pH 9. Ning suat EPS cao nhat 13 25,38
g/L dat duoc & pH 8, trong khi niang suat thap nhét 1a 1,64 g/L dat duoc ¢ pH 11 (p <
0,05, Phu luc 13). Kha ning sinh EPS bt trong méi trudng kiém ciing di duge bo céo
& chung B. subtilis SH1 sinh EPS tét nhat & pH9 dat 24 g/L [159], chung Bacillus
amyloliquefaciens BPRGS [160], trong khi d6 mot s6 nghién ctru khac cho ham luong
EPS & Bacillus tot nhat & pH 7 va giam dan ¢ pH 8 dén 10 [155]. Ching B. velezensis
DTA1 sinh truong va sinh EPS manh trong méi truong kiém, pH8-9, tring vodi khoang
pH cua cat san ho ¢ Truong Sa. Kha ning sinh truéng tot trong mdi trudng kiém cua
chung nay c6 thé duoc giai thich do ching mang cac gen chiu man-kiém, chiu stress
(nhu nha, deg, dna, sod, opu,...) va cac gen lién quan t6i sinh tong hop EPS (Bang 3.10 va
Bang 3.11) gitip ting kha ning chéng chiu stress cho té bao, gitp té bao sinh truong tot ngay
ca trong diéu kién stress [147], [131]. M6t sé nghién ciru trude d6 ciing cho thdy & diéu kién
stress gitip kich thich sinh EPS t6t hon dé tao biofilm gitip bao vé vi khuan chdng lai diéu kién
bat loi [64], [65]. DAy 1a diém thich nghi rat dang chl ¥ & chung B. velezensis DTA1 véi
moi truong kiém cia dat dao san ho. Kha ning chiu duoc khoang pH rong 1a vu diém
dé ching B. velezensis DTA1 c6 thé duoc ap dung hiéu qua trén nhiéu moi trudng khac
nhau, dadc bi¢t 1a trong cac moi truong kiém man nhu cét san ho. Moi truong pHS cho
kha nang sinh EPS t6t nhat duoc lya chon cho cac nghién ctru tiép.
3.3.1.6. Khao sat téc do nuéi lic

Chung B. velezensis DTA1 sinh trudng tot nhit & tbe do 1ac 200 rpm véi gia tri
ODsoo dat 28,64, cao thir 2 & toc d6 lac 150 rpm véi gia tri ODsoo = 26,19 (p < 0,05). O
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tdc do lac 150 rpm cho kha ning sinh EPS tot nhat dat 25,29 g/L, ting hay giam tc do
lic déu cho ham lwgng EPS thap hon (Hinh 3.14, Phu luc 14). Do d6 toc d6 lic 150 rpm

van dugc gilr trong cac nghién ctru tiép.
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Hinh 3.14. Kha nédng sinh trudng va sinh EPS cta ching B. velezensis DTA1 khi khao
sat toe do lac tir 100-250 rpm
3.3.1.7. Khdo sat nhiét do nudi cdy

L ! ! 1 ! ! T T I 30
30 - 0D600| |
‘ 6 EPS || 5
25 -
- 20

204 £a

§ ‘ B L 15
15
) .

10

EPS (g/L)

- 10

5 q s m 3 -5
5 10 15 22 30 37 42 50 57
Nhiét dé (°C)
Hinh 3.15. Kha nang sinh truéng va sinh EPS cia ching B. velezensis DTA1
khi khdo sat nhiét d6 nudi cay tir 5-57 °C

Chung B. velezensis DTA1 c6 kha ning phat trién trong pham vi nhiét do rong tir
5-50 °C, tot nhat 1a 37 °C, nhung & 30 °C van cho kha ning san xuat EPS tét nhat (p <
0,05, Phu luc 15, Hinh 3.15). Chung B. velezensis DTA1 da thé hién kha nang chiu dung
rong v6i d6 man (1én dén 12,5% NaCl), pH (pH 4-11) va nhiét d6 (5-50 °C), khién
chung dic biét phi hop dé tmg dung trong mdi trudng khic nghiét nhu hé sinh thai bién

va dao. Kha ning chiu dung trén ciing duoc dong gop boi cac té bao san xuat EPS hoat
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d6ng nhu mot birc tudong bao vé, gitip nod ting kha ning chdng chiu véi cac diéu kién
stress ctia moi trudng [131]. Nhu vy & diéu kién 30 °C cho ham lwgng EPS cao nhat
nén van duoc duy tri & cac nghién ctru tiép.

3.3.1.8. Khdo sat thoi gian nudi cdy phit hop

30 — v ; ; . ' ’ r 30
25- 125
220 120 ~
g =
(] -
Cis- 115 @

a

=
10 410
5- 45

10 20 30 40 50 60 70 80 90
Théi gian nudi ciy (gid)
Hinh 3.16. Anh huong cua thoi gian nudi cdy dén kha nang sinh truong va sinh EPS
cua chung B. velezensis DTAI

Chung B. velezensis DTA1 sinh truong cao nhét ¢ thoi diém 48 gid véi gid tri
ODsoo dat 26,8, tuy vay khong khéac biét so v6i cac thoi diém 60-84 gio. Thoi diém sau
72 gid cho nang suat EPS cao nhat 1 27,35 g/L nhung khac biét khong c6 ¥ nghia théng
ké so véi thoi diém 48; 60 va 84 gio (p < 0,05, Phuy luc 16, Hinh 3.16). Thoi diém nay
phu hop véi cac cong bd trude d6 & ching B. subtilis ciia Abou-Dobara va cs (2014)
[155], trong khi ching B. subtilis SHI dat ning suat EPS cao nhit sau 4 ngay [159].
Thoi diém sau 72 gid nudi cdy cho ning suit EPS cao nhat nén duoc lyra chon cho nghién
ctru tiép.
3.3.1.9. Khdo sat ti Ié tiép giong

Trong cac ti 18 tiép gidng 1; 2,5; 5; 7,5% khao sat, ti 16 5% cho kha ning sinh
truong t6t nhat véi ODsoo dat 18,87 (p < 0,05). Ti 18 tiép giéng 5% ciing cho ham luong
EPS cao nhit (27,30 g/L) (p < 0,05, Hinh 3.17, Phy luc 17).

Nhu vdy qua qua trinh khao sat timg yéu t6 don di chon duoc mdi truong TB ¢o
bd sung sucrose 5%; NaCl 3%, pH8, nudi lc ¢ 150 rpm, nhiét d§ 30 °C va thu mau sau
72 gio cho ham luong EPS cao nhit dat khoang 27,30 g/L. Vi gia tri pH, nong d6 NaCl
va ndng d6 sucrose 1a 3 yéu t6 méi trudng c6 anh hudng 16n toi kha niang sinh EPS nén

duoc lya chon dé toi vu kha nang sinh EPS.
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Hinh 3.17. Anh huong cua ti 1¢ tiép gidng dén kha ning sinh trudng va sinh
EPS cua chung B. velezensis DTA1
3.3.2. Toi wu kha ndng sinh exopolysaccharide bang phwong phdp ddp irng bé mdt

Két qua thuc nghiém chimg minh rang 3 yéu tb thir nghiém (ndng d6 NaCl, gia tri
pH va ndng do sucrose) c6 tic dong dang ké dén niang sut EPS. Nang suat EPS dao dong
tir 10,98 g/L dén 31,49 g/L (Bang 3.12). Dya trén nhitng phat hién thyc nghiém nay, mot
phuong trinh da thirc bac hai di dugc phat trién dé mo ta anh hudng cia cac bién doc lap
(X:-NaCl, X.-pH va Xs-sucrose) va twong tac ciia chiing. Nang suit EPS ¢ thé duoc biéu
thi nhu sau:

Y =27,16+295X:+2,94X>+3,96X5 — 1,3X1 X2+ 2,56 X1 X3 — 2,01 Xo X3 — 6,7X:2 —
2.28X2? + 1,7X5?

Phan tich hdi quy duoc tién hanh dé danh gia sy phi hop cia mé hinh dap ung bé
mit (Hinh 3.18) tir da thirc bac 2 thu dugc véi dir liéu thuc nghiém (Bang 3.12). Y nghia
thdng ké ctia phuong trinh da thirc bac hai trén duge danh gia bang cach str dung phén tich
F-test va ANOVA (Bang 3.13).

Bang 3.12. Ma tran thyc nghiém Box-Benhken 3 yéu t6 va ham luong EPS thuc té
X1 (NaCl) X2 (do pH) X3 (sucrose ) EPS

ngilile‘lzm Mirc ma Mf'rc thwel Mirc ma | Mirc ’thl.rc Mirc ma Mf'rc thywe | Mirc thye té
’ hoa | te (g/L) hoa te hoa te (g/L) |thu dwge (g/L)

1 0 30 -1 7 1 75 30,25+1,35

2 -1 15 0 8 1 75 19,95+0,78

3 0 30 -1 7 -1 25 17,54+0,81

4 45 -1 7 0 50 18,97+0,91

5 1 45 1 9 0 50 22,76+0,97
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]

6 0 30 0 8 0 50 27,93+1,02
7 1 45 0 8 75 31,49+1,42
8 1 45 0 8 -1 25 19,25+0,76
9 0 30 0 8 50 26,47+0,96
10 0 30 0 8 50 26,12+1,05
11 -1 15 0 8 -1 25 17,94+0,89
12 -1 15 1 9 50 19,98+0,92
13 -1 15 -1 7 0 50 10,98+0,77
14 0 30 1 9 75 31,61£1,26
15 0 30 1 9 -1 25 26,92+1,18
16 0 30 0 8 0 50 27,39+1,19
17 0 30 0 8 0 50 27,88+1,12

Bang 3.13. Két qua ANOVA vé ¥ nghia ctia m6 hinh bac hai mé ta tic dong tuong tac

ctia nong do NaCl, pH va ndng do sucrose 1én ham lugng EPS

Thong s6 | Tong binh| Df (Bic | Trungbinh | Gia tri gia trip Mirc y
phuong tw do) | binh phwong F nghia
Mo hinh 537,87 9 59,76 83,2 <0,0001 oy
nghia
X -NaCl 69,74 1 69,74 97,08 | <0,0001
X, -pH 69,21 1 69,21 96,35 | <0,0001
Xs-sucrose | 125,22 1 125,22 174,31 | <0,0001
X1 Xz 6,79 1 6,79 9,45 0,018
X1 X3 26,16 1 26.16 36,42 0,0005
X>X3 16,08 1 16.08 22,39 0,0021
Xi? 189,24 1 189,24 263,44 | <0,0001
Xo? 21,92 1 21,92 30,51 0,0009
X3? 12,22 1 12,22 17,01 0,0044
Residual 5,03 7 0,7183
Lack of Fit 2,31 3 0,7688 1,13 0,4371 khong
dang ké
Sai sb 2,72 4 0,6805
Tong sb 542,9 16
R? R? diéu chinh R? dy doan P chinh xac Adeq
0,9907 0,9788 0,9242 31,7636

Phén tich ANOVA cho thdy mé hinh c¢6 y nghia théng ké véi gia tri F = 83,20,
trong khi x4c suat xay ra gia tri F 16n nhu vy do nhiéu chi & muc 0,01%. Céc hé s6 c6
p < 0,05 déu co y nghia, chimg minh rang ca cac bién doc lap, hiéu ing bac hai va tuong

tac giita chung déu anh hudng dang ké dén niang suat EPS. Gi4 tri F cua Lack of Fit =



81

1,13, khong khéc biét ¢ ¥ nghia so véi sai s6 thuan, cho thiy mé hinh dugc xay dung
phtt hop. Hé sé xac dinh R? = 0,9907 (16n hon 0,8) phan 4nh mutrc d6 twong quan cao
[161]. Ngoai ra, R? du doan (0,9242) phu hgp vdi R? hiéu chinh (0,9788), voi chénh 1éch
< 0,2, chtrng to mé hinh day du va on dinh. Gia trj Adeq Precision dat 31,76 (>4) khang
dinh tin hi€éu manh. Nhin chung, két qua ANOVA xé4c nhan mo hinh c6 dé tin cdy cao
va pht hop dé du doan ning suat EPS (Bang 3.13).

999
s

=
S
=

7
7

€S (g/1)

A:Nacl (g/)

Y
i
(2

X
O

5

€5 (g/l)
0

0
008
NN

o
&)
S
0

i
<
[

&

Q

Hinh 3.18. Biéu dién bé mit dap Gmg minh hoa mdi trong quan giita ndng do
NaCl va pH (A); Nong d6 NaCl (g/L) va ndng do sucrose (g/L) (B); pH va nong do
sucrose (g/L) (C) d6i voi ham luong EPS

Mo hinh bé mat dap tmg cho thay ndng do sucrose 13 yéu t c6 anh huong dang ké
nhat dén ning suit EPS. Viéc gia ting ndng do sucrose cho thdy mdi twong quan tich cuc
dang ké voi san xuat EPS (Hinh 3.18.B, C). Ca NaCl va pH déu c6 tac dong tich cuc,
nhung chi trong pham vi tdi wu; cac gia tri qua thip hodc qua cao din dén giam ning suat
EPS. Su két hop cua cac yéu td, dic biét 1a NaCl va sucrose, dong vai trd quan trong dé
dat dugc nang suit EPS t6i da, nhu dugc ching minh 16 rang bang cc ving dinh trén cac
biéu d6 bé mit phan tmg 3D (Hinh 3.18.A, B, C). Qua trinh t6i wu duogc thyc hién bang
cach str dung phrong phap ham mong muén trong phan mém Design-Expert phién ban
13. Céc diéu kién t6i vu dugc du doan 13: ndng do NaCl ¢ mirc 32,7 g/L (tic 3,27%), pH
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& muc 8,46 va ndng do sucrose & mirc 72,6 g/L (tirc 7,26%), dan dén nang suat EPS du
doan 13 32,78 g/L (Hinh 3.19). Viéc x4ac nhan nhirng diéu kién toi wu nay bang thue nghiém
thu dugc ham lugng EPS 1a 32,80 g/L, chiing t6 mtrc do phu hop cao véi du doan cia mo

hinh 1a 32,78 g/L. Két qua xac nhan do tin cay manh cua chién luge tdi wu héa.

4[ @ o
15 45 7 9
A:NaCl (g/L) = 32,6823 B:pH = 8,4645
25 75 10.98 31.61
C:Sucrose (g/L)=72.6146 EPS (g/L)= 32,7813

Hinh 3.19. Ham ky vong va diéu kién t6i wu 1én men thu EPS tir chung B.
velezensis DTA1. Diéu kién tbi vu duoc du doan 1a néng do NaCl 32,7 g/L; sucrose
72,6 g/L va pH 8,46

Chung B. velezensis DTA1 da chimg minh kha nang st dung nhiéu ngudn carbon
khéac nhau va chiu dugc khoang rong cac diéu kién moi truong. Hon nira, ching vi khuén
nay thé hién kha nang san xuét EPS 4n tuong, dat to1 32,80 g/L trong diéu kién tdi vu 1a
moi trudng TB ¢ bod sung sucrose 7,26%; NaCl 3,27%, pH 8,46, nudi lic & 150 rpm,
nhiét d6 30 °C va thu mau sau 72 gid. San lugng EPS cao nay ciing duoc coi la mot trong
nhiing yéu t6 chinh gop phan vao kha ning chiu duoc da dang cac diéu kién moéi truong
ctia chung vi khuan [131].

3.3.3. Anh hwong ciia mét s6 nguon dwong dén thanh phan monosaccharide trong
exopolysaccharide ciia B. velezensis DTAI

Biang 3.14. Dic diém cua EPS tir cac chung Bacillus velezensis

Chiing N R R N Tai liéu
. Nguon Nang suat Ty 1€ thanh phan
Bacillus . ) tham
. dwong (%) EPS (g/L) monosaccharide trong EPS )
velezensis khao
DTAL1 (TB, Glucose:rhamnose:mannose
Glucose 1 21,42 +0,32° ]
pH 8,46, (1,00:9,56:59,94) Nghién
NaCl b Glucose:rhamnose:mannose ciru nay
Glucose 5 23,29 +£0,34
3,27% (1,00:3,70:745,16)




c6/khong

Glucose:rhamnose:fructose:

bd sung Sucrose 1 23,93 £ 0,30" | mannose:N-acetylglucosamine
duong) (1,00:17,81:2,23:1,86:24,45)
Glucose:rhamnose:fructose:
Sucrose 5 30,39 £ 0,42 | mannose:N-acetylglucosamine
(2,61:12,86:7,09:1,00:12,30)
Déi ching
) . q Glucose:rhamnose:mannose
(khong thém | 16,35+ 0,30
. (1,00:5,49:3,92)
duong)
Duong
VTX20 75,5+4,8 Fructose, glucose [43]
sucrose 20
Duong Xylose:galactose:galacturonic

AG6 5,79 [46]

sucrose 10 acid (2,0:0,5:2,0)
Khong thém
HY23 ) 2,80 Mannose:glucose (82:18) [44]
duong
KY471306 Mat mia 12 7,88 Glucose, mannose va galactose [47]
. Glucuronic acid, glucose,
Duong \
MHM3 5,80 Fructose va rhamnose (4,00: [45]
sucrose 5
2,00:1,00:0,13)
OMO3 Glucose 5 0,594 Mannose (63,52%) va glucose [48]

Cic 56 lidu dwoc biéu dién duw6i dang gid tri trung binh + SD véi s6 lan Idp n = 3. Nhitng
ky hiéu chir ci khdac nhau (%, <, ¢) thé hién sw khdc biét ¢ y nghia thong ké & mirc p < 0,05
(xem Phy luc 18). Thanh phan monosaccharide trong EPS dwoc xdc dinh dira trén két qua phdn
tich HPLC ¢ Phuy luc 19.

Két qua nghién ctru, phan tich duoc tap hop trén Bang 3.14 cho thay viéc b sung
céc ngudn carbon nhu glucose va sucrose 1am thay d6i ddng ké nang suét sinh tong hop
EPS, dong thoi tac dong dén thanh phan monosaccharide trong cau trac EPS tir ching
B. velezensis DTA1 (ki hiéu EPSDTA1). Trong diéu kién khong bd sung duong, ning
sudt EPSDTA1 dat murc thap nhit (16,35 + 0,30 g/L). Khi b6 sung glucose ¢ nong do
1% va 5%, ning suit EPS ting 1én lan luot 14 21,42 + 0,32 va 23,29 + 0,34 g/L, cho thiy
glucose kich thich téng hop EPS mdt cach dang ké (p < 0,05). bac biét, sucrose cho
hiéu qua rd rét hon: & ndng do 1% va 5%, ning suit EPS ting 1én tuong tng 1a 23,93 +
0,30 va 30,39 + 0,42 g/L (dat cao nhét trong cac khao nghiém). Su khac biét nay c6 y
nghia thong ké va cho thay kha nang thic ddy sinh tong hop EPS manh mé ciia sucrose
so voi glucose & cung ndng dd. So sanh véi cac ching B. velezensis khac da dugc cong
bo, chung B. velezensis DTA1 thé hién hiéu suit EPS vuot trdi hon so v&i cac chuing
AG6, HY23, KY471306, MHM3 va OMO03, nhung van thép hon chung VTX20 (75,5
g/L véi sucrose 20%) (Bang 3.14).
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Phén tich thanh phan monosaccharide cia EPSDTA1 bing phuong phap sic ky
HPLC, so sanh thoi gian luu cia cac dinh peak so voi cac mau monnosaccharide chuin
cho thdy EPSDTAL 1a heteropolysaccharide, gém tir 3 dén 5 loai monosaccharide tuy
tirng moi trudng nudi cay (Bang 3.14, Phu luc 19). Trong méi trudong khong bd sung
duong hodc bd sung glucose, cac thanh phan chinh trong EPS bao gdm glucose,
rhamnose va mannose nhung ti 1€ cac thanh phz‘in monosaccharide lai khac nhau. Pac
biét, mannose la monosaccharide chiém uu thé khi bd sung glucose, va dat t&1 99,37%
o néng do 5% (Phu luc 19), cho théy kha nang dinh hudng cau tric EPS cua glucose doi
v6i chung B. velezensis DTA1. O cung nong do glucose 5% bd sung vao moi truong
nudi cdy, chung B. velezensis OMO3 ciing cho EPS v&i thanh phan manose chiém wu thé
(63,52%), tuy vay chi c6 2 loai monosaccharide va nang suét chi dat 0,594 g/L [48], kém
xa so v6i ¢ chung B. velezensis DTA1 dat 23,29 g/L trong méi trudng bd sung 5%
glucose.

Khi moéi truong bd sung thém sucrose, cau trac EPS tré nén phtrc tap hon, véi sy
hién dién thém cua fructose va N-acetylglucosamine. Pang cha y, N-acetyl glucosamine
1a thanh phan chiém ty 18 cao khi sucrose dugc bd sung ¢ nong do thap (1% sucrose),
trong khi fructose chi xuét hién rd rét khi bd sung sucrose ¢ néng do cao (5%). Piéu nay
cho thiy ngudn carbon khong chi anh huong dén ning suit ma con diéu hudng con
duong sinh tong hop EPS, tac dong dén sb lwong va ty 1& cac monosaccharide tao thanh.
Py 1a diém khac biét so voi cac cong bd khac vé thanh phan va ti 16 cic monosaccharide
o EPS tir cac chung B. velezensis khi ma EPSDTALI c6 tur 3—5 loai monosaccharide tuy
thudc vao ngudn dudng (mdi truong cd sucrose cho EPS gdom 5 loai monosaccharide)
trong khi & cac chung khac da cong bd chi c6 2—4 loai monosaccharide [43], [47], [48],
[46], [44], [45]. O cung diéu kién bd sung 5% sucrose, chung B. velezensis khac 1a
MHMS3 cho sb loai monosaccharide cao nhit so voi cac chung B. velezensis di cong bd
cling chi ¢6 4 loai glucuronic acid, glucose, fructose va rhamnose (ti 1€ 4,00 : 2,00 : 1,00
: 0,13) voi su xuét hién ciia glucuronic acid chiém uu thé [45] va loai nay khong ¢ &
EPSDTAI. So di khang dinh khong c6 glucuronic acid & EPSDTA1 bai nghién ctru d4
thir nhiéu loai monosaccharide chuan khéc trong d6 c6 glucuronic acid nhung két qua
phan tich HPLC cac mau thuy phan EPSDTA1 déu khong xuat hién peak tring v6i chuan
glucuronic acid.

Giai thich cho su xuat hién cia fructose trong EPS khi bd sung sucrose, phan tich
WGS cho thiy chung B. velezensis DTA1 sé hitu ca hé gen tong hop HePS theo con
duong phu thudc Wzx/Wzy va hé gen tong hop levan (mot dang fructan gém céc
monosaccharide fructose) thong qua enzyme levansucrase ¢ ngoai bao. Levan chi dugc

hinh thanh trong diéu kién méi trudng gidu sucrose [43], diéu nay phu hop voi két qua
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thuc nghiém khi fructose chi dugc phat hién 16 rét & mau EPS thu duoc tir mdi truong
chtra 50 g/L sucrose. Két qua phén tich thanh phan monosaccharide cia EPS tir méi
truong giau sucrose & 2 chung B. velezensis 1a VTX20 [43] va MHM3 [45] cling cho
thiy su xuit hién cua fructose, trong khi do lai ving mit & chung AG6 [46]. O cung
nong do sucrose 5% bd sung vao mdi trudong nudi ciy, chung B. velezensis DTA1 san
sinh EPS gdm 5 loai monosaccharide glucose: rhamnose: fructose: mannose: N-
acetylglucosamine (thamnose va N-acetylglucosamine chiém da sd) trong khi d6 chung
B. velezensis MHM3 lai vang mit mannose va N-acetylglucosamine nhung xuat hién
thém glucuronic acid chiém da s [45]. Pay 1a minh ching cho thdy khi méi trudng giau
sucrose cO sy san sinh EPS theo ¢4 2 con duong phu thuoc Wzx/Wzy va phu thudc
levansucrase ¢ chung B. velezensis DTA1, trong khi méi truong khong c6 sucrose khong
tao levan. Piéu nay khong xay ra ¢ ching B. velezensis VTX20 ciing phan 1ap ¢ Viét
Nam, khi phén tich geneome cho thiy c6 ca 2 cum operon epsA-O va levan nhung tao
eps chi gdm levan [43] (Hinh 3.6). Pay 1a 1 diém phét hién méi ctia nghién ctru. Qua d6
cho théy su da dang cua cac loai EPS tao ra tir cdc chung B. velezensis. Mat sb nghién
ctru trude d6 ciing di khing dinh diéu kién moi trudng nudi cdy c6 anh hudng t6i ciu
trac EPS nhu ¢ diéu kién stress han han lam tdng thanh phén monosaccharide so voi
diéu kién khong chiu han hodc lam thay ddi ti 16 cac monosaccharide trong EPS & cac
chung Bacillus spp. [118].

Qua qua trinh nghién ctru méi trudng va diéu kién nudi cdy thu EPS ¢ ching B.
velezensis DTA1 cho thay ching ¢ tiém ning cao trong tong hop EPS, dat 32,80 g/L &
diéu kién t6i vu (TB bd sung 7,26% sucrose, 3,27% NaCl, pH 8,46, 30 °C, 72 giod).
Chung thé hién kha ning thich nghi rong v6i cac diéu kién pH, nhiét d6 va muébi, sinh
truong va sinh EPS tét dic biét trong moi truong min—kiém, phu hop véi dit san ho
min kiém ngoai dao. Ngudn dudng c6 anh hudng rd rét dén ning sut cling nhu thanh
phan monosaccharide trong cac loai EPS do chung Bacillus velezensis DTA1 sinh tong
hop ra. Trong d6, sucrose & ndng do 5% khong chi gitp ting nang suat EPS ma con lam
xuat hién cidc monosaccharide dic trung nhu fructose va N-acetylglucosamine tao HePS
gdm 5 loai monosaccharide (thudng chi gom 2—4 loai). Qua dé gop phan ching minh
su tong hop dong thdi EPS theo ca 2 con dudng phu thudc Wzx/Wzy va phu thudce
levansucrase & B. velezensis DTA1 khi moi truong giau sucrose. Pay 1a diém mai so véi
cac cong bd khéac vé EPS & B. velezensis. Nguoc lai, khi str dung glucose dan dén EPS
gidu mannose. Két qua nay vira mé rong hiéu biét vé co ché sinh EPS ¢ B. velezensis,
vira khang dinh kha nang kiém soat ¢ dinh huéng cau tric va tinh chat EPS thong qua
Iira chon ngudn duong — co s& cho thiét ké ché pham sinh hoc pht hop véi cac muc tiéu

ung dung khac nhau.
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3.4. Tinh sach va xéc dinh ciu tric exopolysaccharide tir chiing Bacillus velezensis
DTA1
3.4.1. Tinh sach exopolysaccharide

Polysaccharide 14 thanh phan phtc tap, c6 chtrc ning quan trong va dugc nghién
ctru nhiéu nhét trong cac dai phan tr ngoai bao néi chung. Do dé, dé phuc vu cho viée
phan tich sdu vé cdu trac cia EPS tir chung Bacillus velezensis DTA1, mau EPSDTA1
dugc tinh sach tir dich nuéi cdy chung trong diéu kién tdi vu qua cac bude xt 1y loai bo
protein, loai té bao, loai mudi va duong don, tinh sach bé‘lng sdc ky loc gel qua cot
Sephadex G-75.

Ham lwgng carbohydrate (ug/mL)
8 8 8 8 8 B

o
1

- u T v T ¥ T
o] 10 20 30 40
Phéin doan

Hinh 3.20. Ham lugng carbohydrate trong cac phan doan tinh sach EPS qua cot
Sephadex G75. Cac phan doan xuét hién carbohydrate & khoang tir 9-29

Trong nghién ciu nay, myc ti€u chinh cua qua trinh tinh sach 1a thu duoc
EPSDTA1 c6 d¢ tinh khiét phu hop dé phan tich ciu triic bang cac phuong phap pho.
Do d6, thay vi tip trung tdi wu hiéu suit thu hdi, nghién ctru huéng dén chét luong EPS
sau tinh sach. Céach tiép can nay twong ddng véi nhiéu nghién ctru trude do, trong do
cac tac gia chi thuc hién cac budc co ban nhu loai bo té bao, tha protein, két tha EPS
bang dung méi, tham tich dé loai mudi va duong don, dong kho va dinh lugng EPS bing
phuong phép phenol-sulfuric acid, cudi cung sir dung truc tiép san pham EPS nay cho
cac phan tich cu trac [162], [111]. Mot sb trudng hop tham chi khéng st dung budc
tinh sach qua cot tinh sach [45] ma st dung lu6n EPS tach chiét duoc dé phan tich khdi
luong va ciu trac EPS.

Két qua trén Hinh 3.20 cho thiy cac phan doan xuat hién carbohydrate chu yéu &
khoang tir 9-29, thu dugc ham luong carbohydrate cao nhat & phan doan 17 (116,53
ng/mL). Cac phan doan chira EPS cao (tir 9-29) dugc don lai dé déng kho va can luong
EPS tinh sach dugc khoang 2,05 mg EPS. Hi¢u suit tinh sach EPS cua B. velezensis
DTALI 14 51,25%, cao hon cong bd & chung Bacillus sp. H5 dat 40,50% [163]. EPS sau
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tinh sach dugc kiém tra ham luong carbohydrate va protein tong s (thé hién trén Bang
3.15).

Két qua trén Bang 3.15 cho théy EPS tinh sach duoc c6 do sach 97,07%, d0 sach
cao hon so vo1 EPS tinh sach duoc ¢ chung Lactobacillus plantarum WLPLO04 vo1 do
sach 96,48% [164]. Do d6 san phim dam bao dé xac dinh cdu tric va khéi luong phan
tu.

Bang 3.15. Ham lugng carbohydrate va protein tong s trong EPSDTAL tinh sach

Chi tiéu Khoi lwong (mg) Ham lrong (%)
EPSDTAL1 2,05+0,01 100
Carbohydrate 1,99 £ 0,01 97,07
Protein 0,02+ 0,00 0,90

3.4.2. Két qud chup SEM cdu triic bé mit exopolysaccharide

Hinh 3.21. Hinh anh chyp SEM ¢ d¢ phong dai x500 (A) va x1000 (B) cua
mau EPSDTALI tinh sach
Hinh anh SEM ctia mau EPSDTA1 tinh sach tai do phong dai x500 va x1000 (Hinh

3.21) cho thay cau trac dic trung véi nhitng soi dai, dan xen 13n nhau va lién két thanh

mang ludi khong gian day dic. Kiéu ciu tric nay 1a dién hinh cta cac polymer sinh hoc
c6 trong lugng phan tr cao, phan anh tinh chit keo dinh va 6n dinh cua vat liéu. Cau
tric mang ludi chat ché dong vai trd quan trong trong viéc tao do nhot cao va kha nang
giit nudc cua EPS, do céac sgi polymer tao nén nhiéu khoang trong vi mé c6 kha ning
gitlr lai phan tir nudc thong qua lién két hydro, luc tham thdu, mao din va lyc hat bé mit
dan t&i sy trerong nd clia ma tran va ting dan khoang cach gitta cac sgi polymer sinh hoc
[165]. Nhitng dic tinh hinh thai nay ciing c6 thém bang chung cho tiém ning tmg dung
EPSDTAL trong viéc cai thién kha ning giit nudc va két tu dit trong moi trudong khod

han hoac nhi€ém man.
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3.4.3. Uébc lwong khéi lwong phan tir exopolysaccharide
MNrea
50

45 | y =847.44x+0.9556 ®
a0 | R®=0.9932 ..
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Hinh 3.22. Sy phu thudc ctia do nhét rit gon 1red vao ndng d6 EPS trong dung dich
NaNO3 0,1 M, ¢ 25 °C

Trong lugng phan tor EPS dugc udce tinh dya trén d§ nhét ndi tai. Dya trén dd thi
trong Hinh 3.22, 46 nhét noi tai [n] duoc xac dinh 13 0,9556 dL/g, két hop voi cong thirc
Mark-Houwink: [] = KM%, trong d6 a=0,687, K=2,259x107*[114], tir ddy khéi luong
phan tir ctia EPS dugc x4c dinh 13 1,9x10° Da. So véi cac cong bd trude day vé khoi
luong phan tir cia EPS tir cac ching B. velezensis, két qua nay cao hon & EPSKY471306
dat 1,14x10° Da [47]; EPSF6 dat 2,7x10% Da [46] va MHM3 dat 1,145x10* Da) [45]
tuy vay thip hon khéi luong ctia EPS-SN-1 dat 2,21x10° Da [166]. D6 nhét ndi tai caa
EPSDTALI 1a 0,9556 dL/g, cao hon so vé6i & Virgibacillus salarius BM02 dat 0,12—-0,54
dL/g [167] tuy vy thdp hon & Bacillus megaterium v6i 5,2 dL/g [168]. Tuy nhién, d6
nhdt noi tai ciing bi anh hudng rat nhidu béi cac diéu kién moi trudng va nudi cay [167].
D6 nhdt ndi tai cao thuong phan anh sy ton tai ciia cac chudi polysaccharide dai va phirc
tap, tir d6 gdp phan tao nén do bén co hoc cao va ting cudng kha ning giir nude — cac
dic tinh c6 ¥ nghia quan trong ddi voi tiém ning tng dung cua EPS trong cai tao dat
kho han va man.
3.4.4. Thanh phan monosaccharide ciia exopolysaccharide

Két qua phan tich HPLC san pham thily phan EPSDTA1 tinh sach tir dich nudi ciy
trong diéu kién t6i vu trén Hinh 3.23 va Phu luc 19.7 cho théy su hién dién cua 5 loai
monosaccharide: glucose : rhamnose : fructose : mannose : N-acetylglucosamine (ti 1¢:
2,59 : 12,75 : 8,49 : 1,00 : 12,18, ti 18 nay dwa trén dién tich peak tir két qua HPLC &
Phu luc 19.7). Cac thanh phén va ti 1€ cua cac loai monosaccharide ¢ EPS tir dich nuoi
ciy trong diéu kién t6i wu gan gidng (chi léch chut vé ti 16 cac monosaccharide) véi két

qua phan tich HPLC mau EPS thay phan tir moi trudng twong tu chi khac ham lugng



89

sucrose 1a 5% (& Bang 3.14). Két qua gop phan khang dinh thém su da dang cua cac
thanh phan monosaccharide trong EPSDTA 1 khi méi truong nudi cay bd sung thém ham

lugng sucrose cao so vdi ¢ cac chung B. velezensis khac nhu da phan tich & muc 3.3.3.
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Hinh 3.23. Két qua phan tich HPLC ctia cac miu monnosaccharide chuan (a) va mau
thity phan EPS ctia chung Bacillus velezensis DTA1 tir diéu kién nuéi cdy téi uu (b)
Trong cdu tric cac monnosaccharide ciia EPSDTAI tir diéu kién nudi cdy toi uwu
c6 chira nhiéu cac nhém chic nhu hydroxyl (r4t phong pht, c6 & tit ca céc
monnosaccharide va gdm 4-5 nhém/monnosaccharide), carbonyl (¢ fructose, N-
acetylglucosamine) va amide (& N-acetylglucosamine) (Bang 3.16), day la cac nhom
chtrc d3 duogc cong bd voi dic tinh ua nude va co kha ning hap phu cation [131], [70],
[136]. Vi vay, su hién dién ctia cac monosaccharide nhu glucose, rhamnose, fructose,

mannose va N-acetylglucosamine trong cau tric EPS-DTA1 ¢6 thé lién quan chit ché
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dén vai tro sinh 1y cua chung trong kha ning giit nudce, giam min va hap phu ion kim
loai - nhitng dic tinh quan trong gitp B. velezensis DTA1 thich nghi va ton tai trong diéu
kién dit man, khé han dic trung cua cat san ho Truong Sa.

Bang 3.16. Céu tric hoa hoc cua cac thanh phan monnosaccharide trong EPSDTA1 tir

di€u kién nuoi cay toi uu

Thanh phin i o
STT . Cong thirc héa hoc
monnosaccharide
1 Glucose
2 Rhamnose
3 Fructose
Mannose
4
HO
O OH
. OH
5 N-acetylglucosamine HO
HNY
O

3.4.5. Két qud phan tich cdc nhém chivc qua phé FT-IR

Ph6 FT-IR cia EPSDTAI do trong ving 4000-450 cm™ (Hinh 3.24) cho thiy
nhiéu tin hi¢u dic trung cua polysaccharide. Pinh rong tai 3423 cm™ 1a dao dong kéo
gidn ctia nhom hydroxyl (<OH), dic trung cho céac polysaccharide c6 nhiéu don vi duong
lién két glycosidic [169]. Nhom —OH nay dong vai tro quan trong trong kha ning giit
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nudc va twong tac v6i ion kim loai nhd kha ning hinh thanh lién két hydro va phdi tri
bé mat [170].

4000 3800 3600 3400 3200 3000 2800 2600 2400 200 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber fen-1}

Hinh 3.24. Phé FTIR v6i cac nhom chirc ning chinh cia EPSDTAL tinh sach

Tin hiéu 62931 cm ™' phan anh dao dong kéo gian cua lién két C—H trong cac nhom
methylene (~CHz) hodc methyl (—CHs), dic trung cho mach khung carbonhydrat [171].
Hai dinh hép thu rd tai 1644 va 1572 cm™! thé hién dao dong cua nhém C=0 va N-H,
g0i v sy hién dién cia nhom uronic acid hodc lién két amide — yéu t6 gitp ting kha nang
hap phu ion kim loai [166], [48].

Dinh tai 1404 va 1385 cm™ xac nhan c¢6 mit nhom carboxyl (COO-), dong thoi
cing ¢ gia thiét vé sy ton tai ctia uronic acid trong cau trac EPS [47]. Dai 1319 cm™
dic trung cho nhom methylene (~CH) [115]. Pic biét, dinh hip thu tai 1066 cm™' dic
trung cho dao dong kéo gidn cua lién két C—O trong nhom glycosidic, 13 dau hiéu rd
rang cho thdy ban chat polysaccharide ctia hop chét [172]. Ving phd 1200-1000 cm™,
bao gom ca dinh 1066 cm™, con dugc goi 1a ving “dau véan tay” ciia polysaccharide va
phan anh cac lién két C—O—C trong vong pyranose, cho thay sy ton tai ctia cac lién két
B-1,4-glucosidic va B-1,4-mannosidic trong glucomannan (mdt polysaccharide tan trong
nudc ¢ kha nang gitr nude va ion) [173].

So sanh v&i phd FT-IR cta EPS tir cac chung vi khuan Bacillus velezensis khac,
phé cua chung B. velezensis DTA1 thé hién cac dic diém tuong déng vO1 cac dinh dac
trung nhu: O-H tai khoang 3387-3429 cm™, C-H tai khoang 2928 cm™, C=0 tai
khoang 1640 cm™!, carboxyl tai 1447—-1380 cm™' va vung dac trung 1200-950 cm™ [47],
[166].

Két qua phd FT-IR cho thidy su twong dong v6i phan tich thanh phin
monosaccharide & muc 3.4.4, dong thoi cung c¢b bang ching vé su hién dién phong phi
cua cac nhom hydroxyl. Ngoai ra, cac nhom chirc khac nhu carbonyl va amide cling

dugc ghi nhan trong ciu tric EPS-DTA1. Pang cht ¥, phd FT-IR con goi ¥ sy xuét hién
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cua uronic acid thong qua tin hi€u dac trung cia nhom carboxyl. Nhom chire nay c6 tinh
wa nude va c6 kha ning tao lién két ion véi cac cation, qua d6 gop phan quan trong vao
hoat tinh sinh hoc ciing nhu tiém ning Gng dung ctia EPS [136]. Dic biét nhém carboxyl
chi c6 ¢ cac uronic acid nhu glucuronic acid, mannuronic acid, galacturonic acid....
Trong nghién ctru nay, c6 thé do bd monosaccharide chuén chua bao phu day du cac loai
uronic acid nén chiing chua dugc phat hién biang phuong phap HPLC.

Trong ludn 4n ndy, NMR hoic X-ray khong dugc dua vao do ciu traic EPSDTAI
dang HePS gdém 5 loai monosaccharide rat phirc tap va khéi luong phan tir 16n (1,9 x
105 Da), von 1am han ché hiéu qua cac phuong phap nay. Hon nita, nhiéu cong b trudc
day vé EPS tir Bacillus spp. ¢ kich thudc phan tr nho hon, gdm it loai monosaccharide
hon ciing khong dua ra két qua phén tich sau bang *C-NMR hay X-ray [45], [47], [46],
[162]. Thay vao d6, viéc két hop SEM, HPLC va FT-IR d3 cung cp bang ching cho
thdy tiém ning giir nudc, giam min cua EPSDTAL.

Nhu vady qua qué trinh tinh sach da thu dugc EPSDTA1 c6 d6 sach cao (97,07%),
¢6 cau tric dang mang ludi, c6 kich thudc phan tir 16n (1,9x10° Da), cau triic EPS gom
it nhidt 5 loai monosaccharide (glucose, rhamnose, fructose, mannose, N-
acetylglucosamine) va c6 thé c¢6 thém thanh phan uronic acid, ¢6 chira nhiéu nhém
hydroxyl, carbonyl, amide va carboxyl. Cadc nhém chirc nay tao nén mang ludi polymer
dan xen, gop phan tao dac tinh gilt nudc, giam mén va hap phu ion kim loai nang cho
EPS, 1am EPS vura c6 kha nang hap thu nudce vao phia trong mang ludi cao phan tir cia
no, lai vira c6 kha nang hap phu nudc ¢ bé mat nho cdc nhém chirc wa nudce. Qua day
cho thay dugc tiém nang rng dung cua EPSDTAI trong cai tao dat khé han man va xur
1y 6 nhiém kim loai.

3.5. Panh gia kha nang giir nwéc va giam man cia EPSDTA1
3.5.1. Panh gid khd niang hap phu muéi, kim logi ciia EPSDTAI
3.5.1.1. Thé zeta ciia EPSDTAI

EPS tach chiét tir ching B. velezensis DTA1 trong diéu kién nudi ciy tbi uvu cho
thdy gia tri thé zeta am cao, dat -30 mV (Hinh 3.25). Gi4 tri nay phan anh dic tinh tich
dién Am manh m& trén bé mat phan tir EPS. Thé zeta 4m cao cho thay kha nang hap phu
cation manh thong qua tuong tac tinh dién, dac biét 1a cac ion kim loai trong moi trudng.
Két qua nay phu hop véi cac nghién ctru trude do, trong d6 thé zeta ctia EPS tir cac vi
khuan khéc ciling cho thdy xu huéng tich dién am: -3,44 mV & chung Enterococcus sp.
F2 [68]; Paenibacillus tarimensis REG 0201M dat -35,2 mV [154]; va -33,83 mV ¢ EPS
tir chung B. velezensis P1 [174]. Diéu nay cho thiy EPSDTA1 c6 kha ning tao twong
tac ion hoa cao, 1a mét dic diém c6 lgi cho céc ung dung nhu héip phu kim loai nang,

giilt nudc trong dat va cai thién dic tinh 1y hoa dat trong cac hé sinh thai khic nghiét.
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Hinh 3.25. Thé zeta cia EPSDTAL tach chiét tir diéu kién nudi ciy tdi vu
3.5.1.2. Bdc tinh EPSDTAI dudi diéu kién stress
Chung B. velezensis DTA1 duoc nudi cdy trong diéu kién twong tu diéu kién tdi

uu, ngoai tru su thay ddi vé murc do stress mudi va kim loai nang, nham danh gia anh
huong cua cac yéu td nay dén sinh trudng, hiéu suit tong hop EPS ciing nhu dic diém
cAu tric hoa hoc ciia EPS. Két qua duoc trinh bay tai Bang 3.17, Hinh 3.26 va 3.27.

Khi nuéi cdy trong méi truong khong chira NaCl (diéu kién khong stress), ching
B. velezensis DTA1 cho gia tri ODeoo cao nhat (22,93 + 0,35), phan anh kha nang sinh
truong manh. Tuy nhién, trong diéu kién c6 bo sung NaCl 3% hoic két hop vai kim loai
nang, mic di mat do té bao giam (ODgoo giam con 16,89-20,61), nang suat EPS lai ting
dang ké (p < 0,05). Cu thé, ning suit EPS trong mdi trudng c6 3% NaCl dat 30,78 +
0,38 g/L, cao hon 1,6 1an so v&i diéu kién khong stress (19,27 + 0,26 g/L) (Bang 3.17).

DPodng thoi, ham luong carbohydrate va protein tong sb trong EPS ciing ting dang
ké dudi diéu kién stress. Cu thé, carbohydrate dat 40,81 + 0,56%, va protein 1én dén
25,90 + 0,88% trong mdi truong 3% NaCl — cao hon gip d6i so vdi cac gia tri trong
ing & diéu kién khong stress (Bang 3.17). Cac su khac biét déu c6 y nghia thong ké (p
< 0,05; Phu luc 20).

Viéc gia ting sinh téng hgp EPS trong diéu kién stress mudi va kim loai duoc cho
1a chién lugc bao vé sinh hoc cua vi khuan. EPS doéng vai tro then chét trong vi¢c hinh
thanh biofilm, tao méi truong vi mé gitp vi khuan chdng lai cc diéu kién bat lgi nhu
ap sut tham thau cao, ddc tinh ion kim loai, dong thoi hap phu mudi va duy tri cAn bang
ndi bao [64], [65].

Bang 3.17. Anh huong cua diéu kién stress mudi va/hodc kim loai nang dén su phat

trién va sinh tong hgp EPS cua chung B. velezensis DTA1
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. Ham lugng .
.x | MB@éi trwong TB, pH . < Ham lugng
Diéu Nang suat | carbohydrate .
.. | 8,46, sucrose 7,26 ODeoo protein (%
kién EPS (g/L) (% trong
% trong EPS)
EPS)
) . 19,27 £
i boi chung 22,93+0,35° 0.26¢ 19,34 £ 0,46° | 12,06+0,33°
. A 30,78 £
ii Thém 3% NaCl | 20,61+0,26° 0.38° 40,81+0,56* | 25,90+0,88°
Thém 1% NaCl, 1
29,33+
il | pg/mL Co(NOs)2, | 18,27+0,34¢ 0.39b 37,83+0,52° | 26,58+0,54°

1 pg/mL Cd(NO:3),
Thém 1% NaCl va
cac mudi FeSO; ,
_ CuSOs4,  AgrSO0sq, b
v 16,89+0,394 | 28,73+0,41° | 41,2940,52% | 28,26+0,55%

ZnCl,, MgCl,

MnSO; déu & mirc 1

pg/mL
Cdc gia tri dwoc trinh bay duoi dang trung binh + SD; n = 3. Cac chir cdi khac
nhau®,?, <, 4 & méi cét chi ra sw khdc biét ¢é y nghia thong ké véi p < 0,05, Phu luc 20.

Hinh anh bé mit va thanh phin nguyén t6 ciia EPSDTA1 duéi diéu kién
stress man

Hinh 3.26. Hinh dnh chyp SEM mau EPSDTAI tach chiét tir diéu kién nudi
ciy (i)-khong c6 NaCl (A) va (ii)-c6 bo sung 3% NaCl (B) & do phong dai 700x
Hinh anh SEM (Hinh 3.26) cho thay su khac biét & rét vé hinh thai vi mé
cua EPS thu duoc trong hai diéu kién: khong c6 va c6 3% NaCl. O diéu kién
khong stress (Hinh 3.26A), EPS gdm cac hat dudng kinh 1-5 pm, v&i mtre d6 két
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dinh giira cic hat thap. Trong khi d6, EPS thu dugc tir méi truong co bd sung 3%
NaCl (Hinh 3.26B) thé hién céu tric lién két chit ché hon, cac hat duoc bao phu
boi 16p vat liéu keo két dinh, pht gan nhu kin ranh giéi giira cac hat. Két qua nay
twong ddng voi cong b trude d6 & EPSTSDS5 [131]. Hién tuong nay c6 thé duoc
1y giai boi sy gia ting dang ké cua ham luong polysaccharide va protein trong
EPS dudi diéu kién stress, lam tang tinh nhét va kha ning tao mang gel ba chiéu,
g6p phan hinh thanh biofilm bén viing hon [65].

Nhin chung & ca 4 diéu kién i-iv (Hinh 3.26 va Hinh 3.27), pho EDS cta EPS cho
théy cac nguyén t6 chu dao gém C va O, chiém ty 1€ cao nhét, phan anh ban chét
polysaccharide — protein ctia EPS. Ngoai ra, sy xuét hién rd rét ciia nguyén t6 luu huynh
(S) va phdt pho (P) trong ca 4 mau EPS tir cac mdi truong i-iv 1a bang ching cho thiy
sy hién dién cia cac nhom chirc ndng anion nhu sulfonat va phosphat, von ¢6 vai tro
chinh trong vi¢c lién két voi cation kim loai [116]. PBdc biét, luvu huynh thuong dugc ghi
nhan trong EPS cua cac vi khudn bién, phan anh ngudn gdc méi trudng thich nghi dic
thu cua chung B. velezensis DTA1 [116].

Display name  Standard data ~ Quantification method =~ Resi
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A Elarnent Line

Intensity [Counts]

P AREEEEEEEER

0 5 10 15 20
Energy [keV]
Display name  Standard data  Quantification method ~ Res
5000 — OKa Spec 013 Standardless ZAF Metz
v
§ B = Element - Line Aol
(s}
) N K
; [} X
= Na K
é Mg X
3’., p K
c S K
Cl S
K 720
Total 100.00
T e i | ¥ T T T B I Spc 013 Fitting
0 5 10 15 20
Energy [keV]

Hinh 3.27. Két qua phén tich pho EDS dé xac dinh thanh phan nguyén t6 ciia
EPSDTAI tach tir moi truong (i)-khong c¢6 NaCl (A) va (ii)-c6 bo sung 3% NaCl (B)
Két qua phan tich ph6é EDS (Hinh 3.27) cho thdy EPS thu dugc tir mdi trudong
(i)-khong chtra NaCl (Hinh 3.27A) gdm 10 nguyén t6: C, N, O, Mg, Na, P, S, Cl,
K va Ca; trong d6 C va O chiém ty 1& cao nhat. Tuy nhién, & mau EPS tir moi
truong (ii)-c6 3% NaCl (Hinh 3.27B), chi phat hién duoc 9 nguyén td, thiéu Ca,
trong khi ty 16 Na va CI ting manh. Cu thé, ham luong Na ting tir 0,73% lén
9,03%, va CI tang tir 0,52% lén 2,04% khi EPS duogc tao ra trong moi truong
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stress man. Diéu nay chung to rang EPS c¢6 kha niang hip phu ion Na* va CI- tir
moi truong, dac biét 1a Na*, thong qua tuong tac voi cdc nhoém chirc mang di¢n
tich am (hydroxyl, carboxyl, carbonyl, amide, va phosphonate) trén ciu tric
polymer. Kha ning hip phu ion nay khong chi gép phan vao viéc giam nong d6
mudi hoa tan trong méi trudng, ma con 1y giai cho két qua giam do6 min trong dat
khi tng dung EPS hoac chung B. velezensis DTA1, s€ dugc thé hién 16 & cac thi
nghiém cai tao dat man & ph?m sau.

Két qua cho théy, mic du diéu kién stress mudi 1am giam mat do té bao,
nhung lai kich thich manh mé& qua trinh sinh tong hop EPS & ching B. velezensis
DTAI1. EPS thu dugc khong chi c6 ham lugng polysaccharide va protein cao ma
con ¢6 kha niang hap phu ion Na* va Cl™ tét, gop phan vao qué trinh giam min va
tang cudng két dinh vat lidu trong dat. Piéu nay khang dinh tiém nang (mg dung
thyc tién cia EPSDTA1 trong cai tao dit nhiém main va phat trién néng nghiép
bén viing tai cac ving ven bién va dao xa bo.

Thanh phan nguyén to cia EPSDTA1 dwdi diéu kién stress min va kim loai
nang

Thanh phan nguyén té ciia EPS dugc tach chiét tir dich nudi cdy ching Bacillus
velezensis DTA1 trong 2 diéu kién stress mudi va kim loai nang khac nhau da dugc phan
tich bang phuong phap pho tan xa nang luong EDS. Két qua phan tich thé hién trén Hinh
3.28.

Display name  Standard data | Quantification method  Result Type
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Hinh 3.28. Két qua phan tich phd EDS ctia EPSDTA1 tir mdi trudng (iii) (A)

va moi truong (iv) (B)



97

So véi két qua & méi trudng (i) va (ii), & méi trudng (iii) va (iv) ghi nhén sy ting
s6 lwong cac nguyén té 1én tuong Gmg 11 va 16 nguyén té. Pang cha y cac kim loai bd
sung vao mdi trudng déu cho ham lugng nguyén té ting & EPS: cu thé & EPS tir moi
treong (iii) v6i sy ting thém 2 nguyén t6 Co va Cd va ham luong Na ting so véi doi
chtng (i); & EPS tir mdi truong (iv) c6 sy xuat hién thém cta ca 5 kim loai Mn, Fe, Cu,
Ag, Zn va sy gia ting ham lugng Na va Mg so véi dbi chung (i) (Hinh 3.28A, B; Hinh
3.27 A). Két qua chung to kha ning hdp phu manh céc cation ciia EPSDTAL. Co ché
nay duoc 1y giai mot phan boi gia tri zeta 4m cao (-30 mV) cta EPS, phan anh ban chat
giau dién tich Am trén bé mit polymer — mot yéu t6 thuan loi cho tuwong tac tinh dién véi
cac ion kim loai mang dién tich duong [154]. Bén canh d6, EPSDTA1 con chira nhiéu
nhém chirc nhu amide, thiol, carboxyl, hydroxyl, phosphoric 1a cac vi tri lién két phd
bién véi kim loai niang thong qua qua trinh trao d6i ion hodc tao phurc [149]. Nhitng dic
diém nay goi mé tiém ning Gng dung EPS tir chung B. velezensis DTA1 trong xur Iy moi
truong, dac biét trong vige hép phu va co6 1ap kim loai ndng, mudi tir dat hodc nude 6
nhiém.
3.5.1.3. Khd ndng giam @6 mdn ciia nwée ti do trong ddt ciia EPSDTAI

Ham luogng mudi trong dich chiét dat (duoc gia dinh la nudce tu do trong dét)
& TN3 (c6 EPS) va TN4 (dich nudi ciy chung B. velezensis DTA1 trong diéu kién
t6i wu) duoc so sanh vai & TN2 (ddi chirng méi truong ti vu, moi trudng man do
chira NaCl 3,27%) va TN1 (ddi chimg nudc cat-khong man). Két qua thé hién
trén Bang 3.18.

Bang 3.18. Két qua danh gia kha nang hap phu mudi cia EPSDTAI

Ham lwgng Z Xe Ko Ko 1 A
. Tong lwgng muoi | Luwgng muoi | Lwgng muoi hap
muol trong . . .
TN . A oz trong 250 mL da giam so phu trén EPS &
dich chiét dat . Wy .
dich chiét (mg) | véi TN2 (mg) TN3 (mg/mg)
(mg/L)
(3)=(2)/(1000/250
(D (2) ) 4 (5)=(4)/70
TN1 62,36 + 5,134 15,59
TN2 563,67 +7,51° 140,92
TN3 493,85+ 6,67¢ 123,46 17,46 0,25
TN4 | 53527 +7,56° 133,82 7,10

TNI1. Doi chitng nuée cat; TN2. Poi chirng méi trueong mén; TN3. ¢6 EPS
va méi truong man; TN4. dich nudi cdy chiing B. velezensis DTAI trong mdi
truong man, Cac gia tri thé hién trung binh £ SD; n = 3; ¢ %9 khdc nhau chi ra
khac biét co y nghia, p < 0,05, Phu luc 21.
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Bang 3.18 cho két qua hop 1y v6i ham luong mudi trong dich chiét & TN1
(b6 sung nude) do duogc 1a 62,36 mg/L, thiap hon nhiéu so vdi cac mau con lai,
d6i chimg min (TN2) cho ham luong mudi trong dich chiét cao nhat dat 563,67
mg/L. O TN3 va 4 c6 EPS/dich nudi cdy ching vi khuan sinh EPS di cho thiy
hiéu qua giam min dang ké v6i ham luong mudi trong dich chiét dat thap hon hin
so v6i ddi chimg min & TN2 (p < 0,05). Chtng té EPS va ching B. velezensis
DTA1 déu c6 kha nang giam d6 man nudc ty do trong dat. Pac biét 1a & TN3, 1
mg EPS c¢6 kha nang hap phu 0,25 mg mudi. Két qua nay cao hon so véi cong bd
ctia Kasotia va cs (2016), NaCl duoc hap phu duéi 0,1g/g EPS [121], va nhinh
hon chat so voi céng bd cua Arora va cs (2010), 1g EPS c6 thé hap phu Na*
khoang 0,154-0,235 g va giam man 49,5-51,5% [175].

Co ché hép phu mudi caa EPS c6 thé duoc gidi thich dya trén dic tinh bé mit cla
EPS, bao gém thé zeta Am cao (~—-30 mV) va su hi¢n dién cua cac nhém chirc phan cuc
va/hodc mang dién tich am nhu carboxyl, hydroxyl, phosphoric, carbonyl va thiol. Cac
nhom nay c6 kha ning lién két véi cation Na* thong qua cac co ché chu yéu 13 tuong tac
tinh dién, tao phirc phdi tri va trao doi ion [66]. Nhd d6, EPS gop phan c6 lap Na* khoi
dung dich dat, lam giam doc tinh mudi d6i v6i ré ciy va tao diéu kién thuan loi cho viéc
hép thu nude va dinh dudng [65]. Ngoai ra, EPS con ¢ kha nang két dinh va twong tac
voi cac hat dat, tir d6 cai thién cu trac dat va han ché su dich chuyén tu do ctia muobi.

Tuy nhién, do co ché hap phu niy mang tinh tam thoi, mubi van ton tai trong pha
ran cua dat, nén viée ung dung EPS nén duogc két hop vo1 cac bién phap cai tao 1au dai
nhu rira mén, luan canh cay tréng hodc sir dung cac bién phdp hoa-1y-sinh khac. Véi
tiém niang da duoc chimg minh trong nghién ciru nay, B. velezensis DTA1 1a mot tac
nhan sinh hoc trién vong trong cai tao dat man, dic biét doi vai cac vung dat cat ven
bién hodc dat san ho, gop phan hudng dén phat trién nong nghiép bén vimng va thich Gmg
v6i bién doi khi hau.
3.5.2. Nghién cvwu kha nang giii nuwdc cia EPSDTAI va chiung Bacillus velezensis
DTAI trén cat san hé Truong Sa
3.5.2.1. Kha nang gitr nuoc cua exopolysaccharide

Két qua danh gia kha niang gilt nudc (WHC) ctia EPSDTA1 dugc trinh bay
trén Hinh 3.29. Sau khi ngdm trong nudc cat vo tring, khéi lugng cua EPS tang
dang ké theo thoi gian. Cu thé, sau 1 gid, WHC dat 1001,80%, tuong duong voi
viéc 0,05 g EPS kho hép thu dugc 0,50 g nudce (téng khdi luong dat 0,55 g). Khi
kéo dai thoi gian ngam 1én 2 gio, WHC tiép tuc ting l1én 1762,20%, tuong Gng
v6i 0,05 g EPS giir dugc 0,88 g nudc, tirc 1a mdi gram EPS ¢6 kha ning hép thu
17,62 g nude. So véi thoi diém 1 gio, gia tri WHC sau 2 gid di tang 1,76 lan. Tuy
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nhién, khi tiép tuc kéo dai thoi gian ngadm 1én 4 gio, kha ning gitt nudc khong
ting dang ké (p > 0,05, Phu luc 22), cho thiy trang thai ngdm nudc cua EPS dat
nguong bao hoa sau 2 gid. Muc WHC cua EPSDTA1 cao hon 10 rét so voi mot
sb bao cdo trude d6. Cu thé, Ahmed va cs (2013) cho biét EPS tir Lactobacillus
kefiranofaciens ZW3 c6 WHC 1a 496% [67], trong khi EPS-F2 tir Enterococcus
sp. dat 882,5% [68], EPS tur chung B. haynesii CamB6 dat khoang 266,8% [69].
Su khac biét nay co6 thé dén tir ban chat EPSDTA1 1a mot polymer c6 khéi luong
phan tir cao, cau tric mang ludi, va gidu cac nhom chtrc wa nudc do d6 c6 kha
ning hap thy nudc vao trong ma tran cao phan tir ciia né va hap phu nuéde tét & bé
mat do d6 c6 kha nang gilt nudc vuot troi.
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Hinh 3.29. Hinh 4nh (A) va d6 thi (B) kha nang giit nuéc cia EPSDTAI sau 1-4 gid
ngadm nude. Cac gia tri dugc trinh bay dudi dang trung binh = SD; n =3
Kha nang gitt nudc cao la mot trong nhitng dac tinh vat 1y — sinh hoc quan
trong cua EPS. Polysaccharide trong EPS thudng c6 dac tinh wa nudc, nhd vao
su hién dién cua cdc nhoém chirc nhu carboxyl, hydroxyl, va nhém phosphate cho
phép hinh thanh mang luéi gel hut nuéc hi¢u qua [70]. Cac phan tir protein ky
nuéc trong EPS co thé lién két cong hoa tri véi polysaccharide, tao nén cau tric
keo 6n dinh, ting cudong kha nang giir nudc cling nhu do két ty dat [71]. Ngoai
ra, kha ning hat nudce hay hdp phu nudc ciia EPS con bi chi phdi bai khéi lugng
phan tir, hinh thai EPS va diéu kién méi trudng nhu stress man [72], [43].
Nhu vay, EPSDTA1 khong chi s¢ hitu kha nang gitt nudc vuot trdi so voi

mot s6 EPS da dugc bao cdo, ma con hira hen mang lai 19i ich 16n trong cai thién
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kha nang trir am ctia dit, dic biét 1a trong cac hé dat ngheéo hiru co nhu dat cat san
ho, dit man, dat hoang hoa ven bién, vén c6 kha ning gitt nude ty nhién rat thap.
3.5.2.2. Kha nang giiv mede ciia dat dwoe xiv Iy bang EPSDTAI va dich nudi cdy chiing
B. velezensis DTAI
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Hinh 3.30. Toc d6 thoat nudc (A); WHC (B); hinh anh cic mau thi nghiém sau 2 gid
ngam mau dat trong nude (C) va sau khi loc nude trén phéu (D); va hinh anh SEM bé
mit ciia 5 miu dat sau khi thr nghiém (E) bang phuong phap dém giot.

TNI1. dat cat san hé; TN2. dat hén hop, TN3. ddt hon hop + dung dich nudi cdy
chiing B. velezensis DTAI; TN4. dat hon hop + 70 mg EPS; TNS. ddt hén hop + 140 mg
EPS. Cac gia tri duoc trinh bay duoi dang trung binh £ SD; n = 3.

Két qua thi nghiém mé phong qua trinh thoat va giit nude trén nén dat cat san ho
(Hinh 3.30 A) cho thdy EPS hoic dich nudi cy chira ching Bacillus velezensis DTA1
c6 anh huéng dang ké dén dic tinh vat 1y cua dat. Cu thé mau dat cat san ho (TN1) ¢o
tbc d6 thoat nudc nhanh nhét (0,94 mL/s), cao hon 18,8 lan so véi miu dat hon hop
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(TN2), cho thiy cu truc rdi rac cta cat san ho han ché kha ning gitt nudc. Viée bo sung
3% bentonit (TN2) gitip 1ap day cac khoang tréng gitra cac hat cat, tir d6 giit nude hiéu
qua hon va 1am giam tdc d6 thoat nudc. Trong cac thi nghiém TN3—TNS5, khi dit hdn
hop dugc bo sung thém EPS hoic dich nudi cdy chung B. velezensis DTA1 sinh EPS,
tdc do thoat nudc giam 4,95-7,83 1an so voi dat cat san ho (TN1). Or va cs (2007) ciing
dé cap viéc bo sung 1% EPS vao dat cat gitip giam téc do tham nude gap 5 1an [165].
Tuy nhién TN3—TNS5 ¢6 tdc d6 thoat nude ting 2,4-3,8 1an so v6i TN2. Diéu ndy co thé
duogc giai thich 1a do EPS hoat dong nhu chat két dinh, lién két cac thanh phan trong dét
lai voi nhau, hinh thanh cac khéi két tu 6n dinh (thé hién ¢ Hinh 3.30E), tao khe thoang
gitra cac khoi két tu giup nude thoat nhanh hon TN2 nhung dong thoi ting kha ning giir
nuéc 1au dai bén trong cac khdi két tu [118], [63]. Ham lwong EPS trong TN5 cao gip
d6i so voi TN4, theo 1i thuyét co thé tao ra nhiéu két tu hon, do d6 kha ning thoat nudc
tdt hon. Két qua thyc té ding nhu dy doan, tdc do thoat nude trong TNS cao hon trong
TN4, nhung su khac biét nay khong c6 y nghia théng ké (p > 0,05, Phuy luc 23). Mic du
tdc d6 thoat nudc tang, cac miu co bd sung EPS lai cho kha ning git nude cao hon, do
EPS duy tri lién két nudc trong cac 16 mao va ving vi mo giita cac khbi két tu dat [118].

Két qua dénh gia kha nang giit nuéc (WHC) cho thdy rd hiéu qua tich cuc cia
bentonite, EPS, cling nhu dich nuéi céy chung B. velezensis DTA1 sinh EPS trong viéc
cai thién dic tinh gitt nude cta dit cat san hd (p < 0,05; Phu luc 24; Hinh 3.30B). WHC
¢ TN2 cao hon TN1 do bentonite 1a loai sét da dugc st dung dé cai tao kha nang giir
nudc & nhidu ving dat trén thé gidi do co kha ning truong nd, gitr Am hiéu qua [176].
Thém vao d6 thanh phan gia thé hitu co chiém 10% (w/w) ¢6 dién tich bé mait 16n, cau
tric x4p, nhiéu mao quan nho ciing gop phan lam ting kha ning giit nude cho dat & cac
TN2-5. Dic biét viéc bd sung EPS hodc dich nuéi cdy ching DTA1 giup ting WHC tir
1,6 dén 2 14n so v6i mau d6i chimg (TN — dét cat san ho), trong d6 WHC thap nhat ghi
nhan & TN1 (33,17%) va cao nhat & TN5 (66,31%) khi bo sung 140 mg EPS. O diéu
kién bd sung 70 mg EPS (TN4), WHC dat 60,40%, twong duong véi viéc mdi gam dat
giit duge 0,604 g nude. Trong khi d6, mau d6i chimg c6 bd sung bentonit nhung khong
¢6 EPS (TN2) chi giit dugc 0,4906 g nudc/g dat (WHC = 49,06%). Nhu vay, EPS gitup
tang kha nang giir nude trong dat 1én 11,34%, twong g véi ting kha nang luu gitt thém
0,11 g nuwdc/g dat. Véi ham luong EPS trong TN4 1a 1,4 mg/g dét, ude tinh 1 g EPS ¢6
thé gitt duoc 158,7 g nudc. Két qua nay vuot xa cic gid tri ting dugc bao céo vé kha
nang gilt nudc ciia EPS nhu 15-20 g nudc/g EPS gan bio hoa [165], hoac 50-70 g
nuéc/g EPS [177]. Tuy vay két qua nay thap hon so vé6i cong bd ciia Rosenzweig et al.
(2012) khi bo sung 1% xanthan vao dat gitp ting luong nudc giit trong dat 1én khoang
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45% véi dat cat va 24% voi dat Hamra giau hitu co. Bén canh dé viéc bo sung thém
xanthan cling giup WHC ctia dat dat dén 270% (voi cat) va 230% (voi Hamra) [178].

So véi thi nghiém doc 14p ngam riéng EPS trong dng eppendorf chira nude (muc
3.5.2.1), noi | g EPS chi giit duoc 17,62 g nude, két qua tai TN4 cao hon 9 14n, cho thay
hiéu tmg cong hudng rd rét khi EPS tuwong tic v6i cac thanh phan trong dit. Cong bd
ctia Or va cs (2007) ciing cho két qua tuong tu [165]. Co ché nay c6 thé 1y giai thong
qua viéc EPS khong chi giit nuéc bang lién két hydro, lién két cation va tinh truong nd
ma con cai thién cau trac dat bang cach tao ra mang ludi polymer bao quanh hat dat tao
khéi két tu, gitp tang thé tich luu trit nwéc mao dan va han ché that thoat nudc trong
chinh cac khéi @6 [65].

O TN3 1a miu dat hdn hop c6 bd sung dung dich nudi cdy ching B. velezensis
DTA1 nén trong dich nuéi cdy da c6 EPS do chung san sinh ra. Diéu nay gop phan vao
tdng kha nang gilt nude cho dat (Hinh 3.30 B), tang két tu dat (Hinh 3.30 C, D, E), tao
khe thong thodng nén kha nang thoat nude cao hon & TN2 (Hinh 3.30 A), tuy vay ham
luong EPS TN3 khéng cao bang & TN4 va TN5 nén cho hiéu qua gitr nudc, két tu kém
hon & TN4 va TNS.

Quan sat truc quan trong Hinh 3.30C-D cho thdy, sau khi ngam trong nuéc 2 gio,
mau TN2 xuét hién hién tuong tach 16p rd rét: cat san ho ling xudng day (mau tring) va
16p gia thé hitu co ndi phia trén (mau den). Tuy nhién, & cac TN3-S5, hién tuong phan
16p giam dang ké. Cac thanh phan dit duoc tron déu hon, nho vao kha niang lién két cia
EPS — giup gin két cat va vat liéu hitu co thanh cac khdi két tu ddng nhat. Hinh anh
SEM (Hinh 3.30E) x4c nhan su hién dién cta cac khdi dat két tu 16n hon va it hat riéng
1€ trong cac mau cé xur 1y EPS, trai ngugc voi cAu tric roi rac & TN1 va 2.

Co ché hinh thanh két tu nay co thé dugc 1y giai boi kha niang bam dinh ciia EPS
1én bé mat cac tiéu phan trong dat thong qua lién két hydro, lién két cation, hip phu
anion va lyc van der Waals dat [65]. Két tu ndy gitp cai thién cdu tric dat, ting kha
nang gilt am va cung cap do on dinh co hoc cho dat.

Két qua nghién ciru vé kha nang giit nudc va giam man cua EPS tir Bacillus
velezensis DTA1 da khang dinh tiém ning ing dung cta ching nay trong céi tao cét san
h6 kho han, man. EPSDTA1 thé hién thé zeta 4m cao (~ =30 mV), chtra nhiéu nhém
chirc wa nuée, dong thoi co kha ning hap phu NaCl va da dang cac cation. Pang chi v,
diéu kién stress man va/hoic kim loai nang da kich thich manh mé& qué trinh sinh téng
hop EPS ciing nhu lam gia ting ham lugng carbohydrate va protein trong c4u tric EPS.
EPSDTAI cho thay hiéu qua hap phu mudi 4n twong (0,25 g NaCl/g EPS) va kha nang
giilt nude vuot troi (17,62 g nude/g EPS khi thir nghiém doc 1ap; giup dat san ho cai tao
tang kha nang giir nude 1én 158,7 g nudc/g EPS). Viéc bo sung EPSDTA1 hoc tryc tiép
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stt dung chung B. velezensis DTA1 gitip giam d6 min, ting cudng két tu dit va nang cao
kha ning giit nuéc cua dit 1én 1,6-2 1an so voi cat san hd chua cai tao. Nhitng két qua
nay cho thiy tiém ning tng dung cta B. velezensis DTAI trong cai tao dit min va dat
kho han.
3.6. Thir nghiém hiéu qua cai tao cat san hé thanh dét canh tic caa ching B.
velezensis DTA1 & quy m6 chau vai

Ung dung vi sinh vat sinh EPS trong cai tao dat kho can va nhidm min dang noi
1én nhu mot giai phap tiém ning cho phat trién nong nghiép bén viing, dic biét tai cac
ving dét cat ven bién va dao san ho. Trén co s& cac két qua phan tich, EPSDTA1 va
chung Bacillus velezensis DTA1 thé hién kha nang vuot trdi trong gitr nude, ting cuong
két tu dat va giam d6 man. Pé khang dinh gia tri tng dung cua ching B. velezensis
DTAI trong cai tao cat san ho, nghién ctru da tién hanh thir nghiém quy mé chau vai
trén rau mong toi trong diéu kién nha ludi tai Hoc vién Nong nghiép Viét Nam. Sau thoi
gian thir nghiém 30 ngay, cac mau & 7 16 TN duoc thu hoach va danh gi4 cac chi tiéu
sinh trudng, chat luong rau, kha nang gitr nudc, gidm man, két tu va ham luong EPS
trong dat.
3.6.1. Xdc dinh kha nding sinh exopolysaccharide va tao két tu trong dit

3.6.1.1. Két quad xdc dinh ham lwong carbohydrate trong dit

Két qua phan tich ham luong carbohydrate (dai dién cho EPS) trong dét cho thiy
su khac biét dang ké giira cac cong thirc thi nghiém (Hinh 3.31, Phuy luc 25). Lo ddi
ching (TN1, cat san hd) c6 gié tri thap nhat, chi dat 212,77 pg/g dat, phan anh diéu kién
ngheo hiru co va vi sinh vét cua loai dat nay. O TN2 (cat san ho + gia thé) va TN4 (cat
san ho + gia thé + bentonite) ham lugng carbohydrate ting 18n 633,75-642.24 pg/g, cao
gap khoang 3 1an so voi ddi chimg. Tuy nhién, murc ting nay phan 16n c6 thé lién quan
t6i ban than gia thé hiru co (bd bun mia, trdu, phin bo) vén chira sdn mot luong
carbohydrate hoa tan, bén canh d6 con c6 vai tro cung cap ngudn carbon dé sir dung cho
vi sinh vat trong dé c6 thé c6 nhom sinh EPS. O cac cong thirc bd sung vi khuan sinh
EPS (TN3 va TNS), ham lugng carbohydrate tang manh, dat 960,79—-1045,34 nug/g, cho
thiy su dong gop rd rét ctia ching B. velezensis DTA1 vao viéc tao ra EPS, vuot xa anh
hudng don thudn cua gia thé. Pac biét, sy két hop véi bentonite & TN5 gitp tang sinh
EPS-lugng carbohydrate cao gap 4,91 1an cat san ho (TN1), gip 1,63 1an DC khong bd
sung vi khuan (TN4), c6 thé nhd dic tinh giit am va cung cap bé mat hap phu cho vi
sinh vat phat trién. Nhu di dugc chitng minh & trén trong diéu kién stress man gitp kich
thich sinh EPS qua d6 gop phan bao vé té bao trudc ap lyc tham thau. Piéu nay dugc
thé hién 6 & TN7 (cat san ho + gia thé + bentonite + vi khuan + mubi) cho ham luong
carbohydrate cao vuot trdi so véi cac TN khac dat 1120,8 pg/g, cao hon gap 1,54 1an so
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v6i dbi chung khong c6 B. velezensis DTA1 (TN6); va cao hon gip 5,27 1an cat san ho
(TN1). Ham luong carbohydrate trong dat cat san ho cai tao & nghién ctru nay nhin
chung cao hon so vé6i cac cong bd trén cac loai dit nong nghiép phd bién 100-900 pg/g
[179], [180] tuy vay khi diéu kién tach chiét t6i wu c6 thé dat t6i 2417 pg/g & dat do
trong lta [180].
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Hinh 3.31. Ham lugng carbohydrate (a) va hinh anh phan trng mau trong qua trinh do
(b) & 7 16 dat thir nghiém quy mo chau vai
TNI1. Cdt san hé; TN2. Cat san hé + gid thé; TN3. Cat san hé + gid thé + vi khudn, TN4.
Cdt san hé + gid thé + bentonite; TN5. Cdt san hé + gid thé+ bentonite + vi khudn; TN6. Cdt
san hé + gid thé + bentonite + mudi; TN7. Cdt san hé + gid thé + bentonite + vi khudn + muoi.

3.6.1.2. Kha nang tao két tu dat

Két cau dat — ddc biét 1a kha ning két tu cia cac tiéu phan dat — dong vai trd quan
trong trong viéc diéu hoa kha ning giit nudc, trao doi khi va 6n dinh co hoc ctia mdi
truong xung quanh ré. Hinh anh dudi kinh hién vi soi ndi (Hinh 3.32) cho thay su khac
biét rd rét vé cau triic hat dat gitra cac 16 thi nghiém sau 30 ngay trong rau mong toi.

Cu thé, cAc mau dat 6 TN1, TN2, TN4 va TN6 (khong bo sung vi khuan sinh EPS)
chu yéu gém cac hat roi rac, c6 kich thude <2000 um. Trong khi do, cac 16 TN3, TNS
va TN7 xuét hién nhiéu khéi két tu 16n, c6 kich thudc vugt qua 2000 um; dic biét tai
TNS5 va TN7, cac két tu co thé dat kich thudc 1én t&i ~8000 pm. Diéu nay co thé giai
thich dya trén két qua xac dinh ham lugng EPS (dya trén luong carbohydrate) & muc
3.6.1.1. Do & TN3,5,7 c6 bo sung chung Bacillus velezensis DTA1 di sinh ra EPS gitp
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tang kha nang két tu dit, dac biét & TN7 ham luong EPS cao nhét nén tao nhiéu két tu
hon.

mo chau vai dudi kinh hién vi soi n6i SMZ12701 (Nikson, Nhat Ban), do phong dai
10
Su hinh thanh két tu 1a két qua cua cac twong tac sinh hoc — héa hoc gitra hat dat,

chét hitu co, vi sinh vat va cac chat tiét ngoai bao nhu EPS. EPS c6 kha nang bao boc
cac hat dat va két dinh ching lai voi nhau thong qua cac lién két hydro, luc van der
Waals va tuong tac ion, tir d6 hinh thanh cac khéi két tu 6n dinh hon [63] [65]. Céc két
tu nay khong chi gitt nudc trong cac vi mao quan ma con giup cai thién cau tric dat, han
ché rira troi va ting kha nang giit dinh dudng.

3.6.2. Pdnh gid khd ning giik nwoc cia dit tai thoi diém thu hoach rau

Két qua theo doi do am dat tai cac thoi diém 0, 24 va 72 gid sau tudi nude duoc
trinh bay ¢ Hinh 3.33 cho thdy xu huéng giam dan do am theo thoi gian o tat ca cac 16
thir nghiém, phan anh qua trinh bbc hoi va thoat nuéc ty nhién sau tudi. Tuy nhién, mirc
dd gilt nudce cua tung 16 c6 su khac biét rod rét.

So sanh giita cac 16 thi nghiém cho thay, TN1 (chi st dung cat san hd) c¢6 do am
thap nhat tai moi thoi diém, cho thay kha niang giit nudc kém - dic trung cua loai dét
nay. Khi bo sung thém gia thé hitu co, cac 16 TN2-TN7, déu ghi nhan d6 4m cao hon
dang ké so voi TN (p < 0,05, Phu luc 26), cho théy vai tro tich cuc cua gia thé trong
cai thién cdu trac dat va ting cudng gilt nudce. Gia thé hitu co thudng c6 d6 xop cao, kha
nang gilr am t6t va co thé tao diéu kién thuan loi cho hoat dong cua h¢ vi sinh vét dat
[181].
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Dic biét, viéc bd sung vi khuan sinh EPS (TN3, TN5, TN7), gitp ting ham luong
EPS trong dit, do dé ting thém kha ning giit nudc so v6i cac 16 ddi chimg (twong tng
la TN2, TN4, TN6). Su khac biét nay la két qua cua sy hi¢n di¢n cia EPS duoc tiét ra
tir vi khuan Bacillus velezensis DTA1 di dugc chimg minh vé kha ning gitt nude & cac
phan trén. EPS 13 polymer cao phan tir c6 kha ning hut 4m va tao biofilm bao quanh hat
dat, tir d6 giup giam thit thoat nudce, ting 6n dinh cAu trac dat, va cai thién vi cau trac
vung ré [71], [118], [63].
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Hinh 3.33. D6 4m dit sau 0; 24 va 72 gid tudi nude caa 7 16 thi nghiém trong thir
nghiém tréng cdy quy mé chau vai

Trong cac 16 thi nghiém c6 b sung mudi (TN6 va TN7), d6 am dét van duoc duy
tri tot, dic biét 1a & TN7 — o su két hop diy du gitta gia thé, bentonite, vi khuan sinh
EPS va mudi — da cho d6 am dét cao nhat tai ca 3 thoi diém: 38,33% (0h), 34,3% (24h),
va 31,0% (72h), cao hon gip 2-2.5 1an so véi cat san ho (TN1). Diéu nay rat phu hop
v6i két qua ham luong EPS & TN7 cao nhat, cho thay sy tuong tac cong hudng gitta cc
yéu td, trong d6: Bentonite — mot loai khoang sét chira montmorillonite — c¢6 kha ning
trwong nd va giit nudce hiéu qua va kha ning trao doi ion cao [176]; EPS 1a chét giir
nudc, két tu sinh hoc va hip phu mudi, giam man cho dat nhu da ching minh & cac phan
trén va & cac cong b trude do [65], [182]; Sy hién dién ciia NaCl & ndng d6 nhit dinh
c6 thé tao ra d6 chénh ap tham thau nhe gitip giir lai nude trong ving ré [181], dic biét
khi két hop v6i bentonite va EPS ¢6 kha nang lién két v6i ion Na*, han ché ddc tinh va
d6ng thoi 6n dinh d6 4m dat.
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Nhu vy, két qua cho thiy rang viéc phdi hop dong thoi gia thé hitu co, bentonite
vé vi khuan sinh EPS, dic biét trong diéu kién dat cat nghéo dudng chit va c6 min nhe,
gitip cai thién rd rét kha ning gitt nude cua dat. Day 1a tién dé quan trong dé tng dung
cac giai phap cai tao dat cat san ho ven bién hodc trén cac ddo san ho nhu Truong Sa,
huéng dén canh tac bén vitng va giam phu thudc vao ngudn nude tudi thudng xuyén.
3.6.3. Pdnh gid khd ndng giam mdn ciia dit sau thu hoach rau
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Hinh 3.34. Ham luong mudi trong dat ¢ cac 16 TN1, TN6 va TN7 trong thi nghiém
trdng cay trong chau vai

Dé danh gia hiéu qua giam min cta ching Bacillus velezensis DTA1 thong qua
hoat dong sinh EPS trong dét, ham luong mudi hoa tan trong d4t sau thu hoach duoc do
& cac 16 TN1 (d6i chimg am — céat san ho, khong mudi, khong bd sung vi khuan sinh
EPS), TNG6 (d6i chimg dwong — c6 mubi, khong bd sung vi khudn sinh EPS) va TN7 (c6
mudi va bd sung B. velezensis DTA1 sinh EPS). Két qua duoc trinh bay trén Hinh 3.34.

Ham luong mudi tai 16 TN7 thap hon TN6, cho thdy xu hudng giam man khi bd
sung chung vi khuan sinh EPS. Tuy nhién, su khac biét gitta 2 16 khong dat mirc ¥ nghia
théng ké (p > 0,05; Phu luc 27). Két qua ndy goi y rang viéc bo sung B. velezensis DTA1
c6 thé hd trg 1am giam ham luong mudi hoa tan trong dét, tuy vay muc do khac biét con
thap. Diéu nay co6 thé 1i giai do khi tuwdi nudc mubi vao 16 dbi chimg dwong (TN6) luong
nudc thoat ra tir day chau co thé mang theo mudi thoat ra ngoai do trong cdy trong chau
¢6 18 thoat nude thoang, trong khi dé ¢ 16 thi nghiém TN7 c6 bo sung chung B. velezensis
DTAI da duogc ching minh kich thich sinh EPS manh da hap phu mubi nén lugng nudc
tu do thoat ra tir ddy chau c6 ham lugng mubi théip hon & TN6 (da dugc chiing minh mo
phong & muc 3.5.1.3.).

Mic du chua c6 su khac biét rd rang vé mit thong ké trong diéu kién thi nghiém
quy mé chau nay, nhung xu huéng giam man tai TN7 phi hop véi cac két qua trude do:
Kha ning sinh EPS trong dat ciia chung B. velezensis DTA1 (muc 3.6.1.1) véi ham luong
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EPS cao nhit tai TN7 (1120,8 pg/g dat), cho thdy hoat dong séng va tiét EPS manh trong
diéu kién médn cua ching B. velezensis DTA1; Két qua thir nghiém trong diéu kién mé
phong (muc 3.5.1.3), trong 6 EPSDTAI da lam giam han ham luong mudi hoa tan so
v6i ddi ching khong c6 EPS.

Hiéu qua giam min & day co thé dugc 1y giai chii yéu boi kha ning hap phu mudi
cua EPS thong qua cac tuong tac dién tich voi1 cadc nhdm chirc nhu carboxyl, hydroxyl
va phosphonate c6 trong cau tric polymer EPS [65]. Ngoai ra, EPS con gitip gitr mudi
trong cac khdi két tu dat, han ché sy di chuyén tu do ciia mubi trong vung ré, tir d6 1lam
giam ap lyc tham thau 1én cay.

Nhitng két qua trén di cho thdy xu huéng giam min hiéu qua cia ching B.
velezensis DTA1 khi ap dung trén cat san ho cai tao & quy mo chau vai.

3.6.4. Pdanh gid mét sé chi tiéu sinh trwéng ciia rau ming toi

Hinh 3.35. Hinh 4nh cac chau cdy rau mong toi ¢ 7 16 thi nghiém sau 30 ngay trong

thir nghiém: anh chup ngang (a), chup tir trén xudng (b) va hinh anh toan bo ca cay sau
khi nh6 ra khoi chau (c)

Quan sat truc quan (Hinh 3.35) cho thay su khac biét 1d rét giita cac 16 khong tudi

mian (TN1-TN5) va c6 tudi man (TN6, TN7). Trong nhom khong tudi man, cdy mong

toi & TN1 (cat san ho nguyén ban) c6 biéu hién sinh trudng kém nhét véi than nho va 14

hoi nga vang. Nguoc lai, TN5 (b6 sung dong thoi gia thé, bentonite va ching vi khuan
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sinh EPS Bacillus velezensis DTA1) cho cdy phat trién t6t nhat, voi than cao, tan rong
va hé 1& phat trién vuot troi. Cac 16 TN3 va TN4 (b6 sung gia thé két hop véi vi khuén
sinh EPS hoic v6i bentonite) ciing cho két qua kha quan, trong khi TN2 chi b6 sung gia
thé cho két qua thip hon. Hinh anh hé ré cho thiy TN3, TN4 va TN5 hinh thanh bau r&
16n hon r6 rét so voi TN1 va TN2.

Déi véi cac 16 tudi mian, cdy & TN6 (khong bd sung vi khuan EPS) ¢ biéu hién
sinh trudng kém hon véi hién twong vang 14 va coi coc. Trong khi dé, ciy & TN7 (b6
sung chung B. velezensis DTA1) c6 bd 14 xanh hon, sinh truéng tdt hon so v6i TN6, cho
thy vai tro tiém ning ctia EPS trong cai thién kha nang chiu man cho cay.

Két qua do ludng cac chi tiéu sinh truong (Bang 3.19) cung ¢b thém nhan dinh
trén. Cu thé xét vé chi tiéu chiéu dai ré ghi nhan chi c6 & TN3 cho chiéu dai ré dai hon
¢6 ¥ nghia so v6i 6 TN1, 6, 7 (p < 0,05, Phu luc 28). Xét vé chiéu rong bau ré ghi nhan
su vuot troi ¢ 16 TNS so véi 16 TN2, 6, 7. Khéi luong bau ré & TN5 cling cao hon han
so voi cac TN4, 7,2, 1, 6. V& chi tiéu chiéu cao than 14 cho thay TN5 dat cao nhat 26,43
cm tuy vay khong khac biét so véi cac TN, 2, 3, 4, 7 nhung cao hon hian & TN6. Dic
biét lién quan dén hiéu suét cua rau 1a khéi luong than 14 cho thdy TN5 cao nhit (25,23
g), tuy khong khac biét so véi TN3 nhung cao hon hin cac TN khac, gip 2,36 lan so véi
cat san ho. Sb lugng 1a 6 TNS, 4, 3 cho s6 14 nhiéu nhét, cao hon han & TN2, 6, 7. Nhu
vay céac thi nghiém trén cho thiy khi bd sung thém gia thé, bentonite va vi khuan sinh
EPS (TN5) vé co ban cho kha ning sinh truéng tot hon, tao bau ré tot hon cac thi nghiém
khac.

Bang 3.19. Két qua phan tich mot s chi tiéu rau mong toi ¢ 7 thi nghiém danh gia kha

nang gilt nudc va gidam man cuia vi khuan sinh EPS trén quy mo chau vai

Thi Dai ré (cm) Rong bau ré Kl‘u‘)i l}r(.)'ng Chiéu cao | Khdi lwong [So6 luong la
nghiém (cm) bau ré (g) |thanla (cm) | thanla (g) (cai)
TN1 | 13,641,93" |7,83+1,04%>¢ | 61,6422,5° |14,67+2,25*"| 10,67+0,87¢ |  8+12P
TN2 15+1,5%° | 6,83£1,61%° | 64,9+20,1>¢ [16,33+2,75% | 14,73£1,21¢ | 7+1,73b¢
TN3 |23,43+5,69%|10,67+0,58*° | 184,7+52,8%" | 20,33+4,54*?|22,83+0,93%" | 10+1?
TN4 |15,93+2,7%°|9,67+1,63%> | 173,4+46,6°¢ | 18,83+2,84°| 20,67+0,9° [10,33+0,58°
TN5 |16,5£4,27*° | 12,83+3,62% | 302,1+85,3% [26,43+10,97%| 25,23+1,01* |10,33+0,58°
TN6 | 8,63+4,05° | 5,33+1,26° | 60,17+8,98° | 12,23+0,93 | 10,2+0,85¢ | 5,33+0,58°
TN7 |10,33+2,52°| 4,67+1,26° |96,03+6,56°¢ | 14,77+1,75**| 11,63+1,03¢ |6,33+0,58>¢

Cac gia tri dwoc trinh bay dwoi dang trung binh = SD; n = 3. Cdc chit cdi khac nhau

a, b, ¢, d chi ra sy khdc biét co y nghia théng ké voi p < 0,05, Phu luc 28.

V& kha ning chiu man, viéc bd sung vi khuan sinh EPS (TN7) gitp cai thién cac

chi tiéu sinh truéng (s6 14, chiéu cao than, khéi lwong than 14, khdi luong va chiéu dai
18) so v6i 16 d6i ching TN6 khong bd sung vi khuan sinh EPS. Mic du cac khac biét
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chua dat mire ¥ nghia thong ké (p > 0,05), nhung xu huéng ciy xanh hon va sinh truéng
t6t hon & TN7 so véi TN6 cho thay vai tro tiém ning cua EPS trong ting cudng sirc
chdng chiu min cta ciy mong toi. Két qua nay phu hop véi cac nghién ciru trude do
cho thdy EPS gitip ciy ting kha ning chdng chiu stress min nhd co ché hip phu ion Na*
va tao mdi trudng thuan loi quanh ré [64], [65].
3.6.5. Pdnh gid chi s6 SPAD

Chi sb SPAD la thong sb gian tiép phan anh ham lwong diép luc trong moé 14, qua
d6 cung cap thong tin nhanh vé tinh trang dinh dudng nito cua cay trong. Do diép luc
giif vai trd trung tim trong quang hop va c6é mdi lién hé mat thiét voi ham luong nito
téng s6, su bién dong cuia SPAD Ila chi thi quan trong dé danh gia hi¢u qua cua céc bién

phap cai tao dit va bd sung dinh dudng d6i voi cay.
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Hinh 3.36. Chi s6 SPAD & 7 16 thi nghiém sau 0; 15 va 30 ngay trong rau mong toi
quy mo chau

Két qua theo di chi s SPAD (Hinh 3.36, Phu luc 29) cho thay & thoi diém ban
dau (ngay 0), khong c6 su khac biét giita cic cong thire (p < 0,05). Tuy nhién, sau 15 va
30 ngay, chi s6 SPAD phan hoa rd rét. TN2 (cat san ho + gia thé) c6 SPAD cao hon TN1
(cat san ho), chtng t6 vai tro cai thién dinh dudng ban dau cua gia thé hitu co. Tuy vay,
SPAD & TN3 (cat san ho + gia thé + vi khuan) va TN4 (cat san ho + gia thé + bentonite)
con cao hon, cho th'éiy viée bod sung vi khuén sinh EPS hodc bentonite budc dau cai thién
tinh trang dinh dudng 14, mic du chua dat y nghia thong ké. Pang cha ¥, TN5 (cat san
hé + gia thé + bentonite + vi khuan) dat SPAD cao nhét (45,67), vuot 1,26-1,6 1an so
vol 0 TN1, vuot tri so vai TN2, TN6 va TN7 (p < 0,05), dff)ng tho1 cao hon nhung
khong khac biét co § nghia so véi TN3 va TN4. Diéu nay cho thiy sy phéi hop giira
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chung B. velezensis DTA1 véi bentonite va gia thé da phat huy hiéu qua cong hudng
trong cai thién kha nang gitr nudc, duy tri dinh dudng va nang cao ham luong di¢p luc.

Nguoc lai, TN6 (cat san ho + gia thé + bentonite + mudi) c6 SPAD thap nhat, phan
anh tac dong bat loi rd rét cua stress man. Trong khi d6, TN7 (cat san ho + gia thé +
bentonite + vi khuan + mubi) duy tri SPAD & mirc kha, cao hon TNG6 tai ca thoi diém 15
ngay (36,03 so v6i 32,93) va 30 ngdy (34,0 so v6i 26,73), cho thiy B. velezensis DTA1
gitip giam thiéu tac dong tiéu cuc cua stress man. Sy giam sut SPAD ¢ TN6 tir 32,93
(ngdy 15) xubng 26,73 (ngay 30) phan anh tinh trang trc ché tich lity diép luc dudi diéu
kién stress man, trong khi sy 6n dinh tuong ddi & TN7 khéng dinh vai tro bao vé cua vi
khuan sinh EPS.

C6 2 1i do c6 thé giai thich cho hiéu qua tang chi sé SPAD va chi s sinh truéng
clia rau trong diéu kién thuong ciing nhu stress man cta chung B. velezensis DTA1 bao
gdm: (i) Loai B. velezensis da dugc bo cdo c6 kha ning sinh EPS, hoa tan phosphate
va k&m, tiét indole-3-acetic acid, amoniac, HCN, cellulase va protease, tur do thlc déy
hép thu dinh dudng va kich thich sinh trudng [183]; (i) EPS duoc san xuit manh dudi
stress man, giip hép phu NaCl, gidam d0 mdn nudc ty do, tao biofilm, tang két tu va gifr
nuéc — dinh dudng, dong thdi dong vai trd nhu hang rao bao vé ré, giam tac dong truc
tiép cia mudi [66], [73].

Nhitng két qua nay phu hop véi cac bao céo trude ddy vé vai trd cta vi sinh vat
sinh EPS va vit liéu cai tao dat: B. velezensis QA2 1am ting SPAD va giam tich liiy Na*
dudi diéu kién tudi min (p <0,05) [183]; biochar lam tang SPAD 17-19% ¢ rau bina
[184]; bentonite nang thong sé quang hop va chlorophyll trong thi nghiém dai han [176].
Nghién ctru cia Nguyen va cs. (2024) ciing cho thdy SPAD ctia rau mong toi ting dan
sau 15 va 30 ngay gieo, dat cuc dai 43—43,7 tai 43 ngay [185], twong dong voi xu hudng
quan sat dugc trong thi nghi¢m nay.

Céc thir nghiém quy mé chau vai da khang dinh vai tro quan trong ctia chiing B.
velezensis DTA1 sinh EPS ciing nhu hiéu qua cong huong gitta cac thanh phan cai tao
(giad thé hiru co, bentonite va vi khuan chiu min sinh EPS). Su két hop nay da lam tang
ham luong carbohydrate trong dat cat san ho 1én 4,91-5,27 1an so véi dat cat san ho
nguyén trang, dong thoi cai thién ro rét kha nang két tu va giit nude cia dat, dic biét
trong diéu kién man, vé6i hiéu qua cao gép 2-2.5 lan. Nho vay, nang suét rau thu duoc
trén dat cat san ho cai tao cao hon 2,36 1an so véi cat san hd, cac chi tiéu sinh truéng
khac ciing dugc cai thién, trong d6 chi s6 SPAD ting 1,26-1,60 lan, phan anh dinh
dudng va ham lugng diép luc cua cdy dugc nang cao. Pang chi ¥, dudi diéu kién stress
min do tudi nudc mudi thuong xuyén thay nude, viéc bd sung B. velezensis DTA1 da

g6p phan giam lugng mudi tu do trong dung dich dat, nhd d6 han ché tac dong bat loi
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clia min 1én cay. Mic du sy khac biét vé sinh trudng chua dat mirc y nghia théng ké,
nhung gia trj SPAD cao hon hin so véi dbi chtng, cho thay su hd tro tich cue caa EPS
va vi khuén sinh EPS trong duy tri hiéu sut quang hop va strc khoe ciy trong.

Ngoai danh gid quy mé chau vai tai Hoc vién Nong nghi¢p Viét Nam (Phu luc 30),
nghién ctru ciing dd budc dau thir nghiém quy mé dong ruéng nhé ¢ Nha luéi, Tram
Nghién ctru va Thtr nghiém Bién Dam Bay thudc dao Hon Tre, phudng Nha Trang, tinh
Khanh Hoa — noi c6 diéu kién ty nhién gin gidng véi & Truong Sa (Phu luc 31), cong
thirc cai tao cat san ho co su két hop ctia cac nhém vi khuan sinh EPS, phan giai 1an, ¢6
dinh dam, voi gia thé hiru co va bentonite da thu duoc két qua kha quan véi kha nang
gilt nudc, cAu trac, ham lugng dinh dudng trong dat duogc cai thién, dic biét nang suét
rau & nhom cat san hd cai tao cao gép 4—5 lan nhom cat san ho nguyén trang va ngang
v6i dat canh tac thuong [117].

Nhu vay, Bacillus velezensis DTA1 1a chung vi khuan ban dija c6 gia tri sinh hoc
kép, vira thich nghi tot v6i diéu kién khic nghiét cta cat san ho man — kho tai Trudng
Sa, vira c6 kha ning sinh tong hop EPS giau nhom chuc wa nuée va hap phu cation. Két
qua cho thiy ching nay c6 tiém ning tng dung trong cai tao dat man, kho han va xir ly
6 nhiém moi truong, dac biét trong hép phu kim loai ndng va 6n dinh ciu tric dat. Viéc
phat trién cong nghé nudi cdy va ché pham vi sinh tir ching DTA1 ¢6 thé gop phan phuc
hodi dét thoai hoéa ven bién, hudng toi néng nghiép sinh hoc va kinh té tudn hoan bén
vitng. Tuy nhién, can tiép tuc nghién ctru & quy mé dong rudng va tbi uu quy trinh san
xuat dé danh gia hiéu qua thuc tién va kha ning tng dung lau dai cta ching Bacillus
velezensis DTAI nay.

Mic du dat duoc cac két qua khoa hoc va thuc tién quan trong, nghién ctru nay van
con mot sb han ché can duoc tiép tuc hoan thién trong cac nghién ciru tiép theo. Cuy thé,
ludn &n tap trung phan tich chuyén sau trén mot ching vi khuan duy nhat 1a Bacillus
velezensis DTA1, do d6 mtrc d0 dai di€n cho toan bd h¢ vi sinh vat vung cat san ho bién
dao va kha nang so sanh gitra cac ching tiém nang con han ché. Bén canh do, cac thi
nghiém tmg dung mai duoc trién khai cht yéu & quy mé chau vai va mot mo hinh ngoai
thuc dia nho, trén mot loai cy trong ngan ngay va trong thoi gian theo ddi twong ddi
ngan, vi vay can mé rong pham vi nghién ctru vé quy md, thoi gian va da dang cay trong
dé danh gi4 tinh 6n dinh va kha nang nhan rong trong diéu kién san xuat thyc té. Ngoai
ra, mic du luan an di budc dau khai thac dit liéu hé gen dé phan tich cac gen lién quan
dén sinh tong hop exopolysaccharide, chuyén hoa duong va kha ning chng chiu stress,
viéc lién két sdu hon gitra kiéu gen va kiéu hinh van chua duoc thuc hién déy da. Trong
cac nghién ciru tiép theo, can tiép tuc khai thac cac nhém gen kich thich sinh truéng

thuc vat, bao gdm cac gen lién quan dén sinh tong hop phytohormone (IAA), gen ACC
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deaminase giup giam ethylene do stress, cac nhom gen hoa tan phosphate, sinh tong hop
siderophore va thu nhén sit, ciing nhu cic gen lién quan dén chuyén hoa, dong hoa nito
va van chuyén dinh dudng, nhdm 1am sang to co ché tac dong sinh hoc va ning cao gia

trj giai thich cua cac két qua sinh 1y thu dwgc trong luin an.
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KET LUAN VA KIEN NGHI
KET LUAN

1. Phén lap va tuyén chon duoc chung vi khuan Bacillus velezensis DTA1 ¢ kha

nang chiu man va chiu stress kim loai nang.

2. Giai trinh tu toan by h¢ gen chung Bacillus velezensis DTA1 va dy doan cac
con duong chuyén héa lién quan dén sinh téng hop EPS va chng chiu stress min, kim

loai.

3. Xac dinh dugc mot sé dic diém sinh 1y, sinh hoa va kha ning sinh tong hop
EPS cua Bacillus velezensis DTA1; thu nhan va xac dinh dac tinh EPS cta chung nay.

4. Bu6c dau Gmg dung ching Bacillus velezensis DTA1 dé cai tao cat san ho.

KIEN NGHI

1. Tiép tuc nghién ctru cac dic tinh sinh hoc cia ching B. velezensis DTA1 va
phat trién ché pham vi sinh vét sinh EPS cai tao dat.

2. Thir nghiém hiéu qué cai tao dat cat san ho dé trong nhiéu loai cAy xanh va rau
khéc.

3. Trién khai thir nghiém & quy mé dong rudng tai cac dao san ho Trudng Sa va

cac vung dat kho han, nhiém man.
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DANH MUC CAC PHU LUC
Phu luc 1. Vi tri léy mau dit va hinh anh dia khuan lac téng s6 trén moi truong LB dac
chtra NaCl 3% tir cac mau dat thu thap ¢ 3 ddo tai Truong Sa
Phu luc 2. Céc thiét bi, hoa chit va moi truong su dung
Phu lyc 3. Y nghia théng ké cua cac sai khac vé gia tri ODsoo va ham luong EPS giita
cac chung vi khudn khéo sat
Phu luc 4. Két qua kiém tra kha ning st dung cac ngudn carbon cua B. velezensis DTA
sir dung kit API® 50CHB ¢ céc thoi diém bat dau (A) va sau 48 gio i (B)
Phu luc 5. Kha ning sinh truong cua chung B. velezensis DTA1 & ndng d6 mudi
NaCl/MgSOs tir 0-17,5% (w/v) (A), néng do kim loai nang Cd, Hg, Cr, Co, As 1-128
pug/ml (B) va Pb, Zn, Fe tir 150-1050 pg/mL (C)
Phu luc 6. Anh dién di mau DNA DTAL trén gel agarose 0,8% (A); Téng hop cac chi s6
danh gia chat luong 1ap rap bo gen dua trén QUAST va BUSCO (B)
Phu lyc 7. Y nghia théng ké cua cac sai khac vé gia tri ODsoo va ham luong EPS giita
cac moi trudong nudi cay khao sat
Phu lyc 8. Y nghia théng ké cta cac sai khac vé gia tri ODsoo va ham luong EPS giita
cac ngudn carbon khao sat
Phu lyc 9. Y nghia théng ké cta cac sai khic vé gia tri ODsoo va ham luong EPS giita
cac ndng do sucrose khao sat.
Phu lyc 10. Y nghia thong ké cta céac sai khac vé gia tri ODsoo va ham luong EPS giita
cac ngudn nito khao sat
Phu lyc 11. Y nghia thong ké cta céc sai khac vé gia tri ODgoo va ham luong EPS giita
cac ngudn mudi khoang khao sat
Phu lyc 12. Y nghia thong ké cta céc sai khac vé gia tri ODgoo va ham luong EPS giita
cac néng do NaCl khao sat
Phuy lyc 13. Y nghia thong ké ciia céc sai khac vé gia tri ODeoo va ham luong EPS giita
cac gia tri pH khao sat
Phu luc 14. Y nghia thong ké cila cac sai khic vé gia tri ODgoo va ham luong EPS giita
céc toc do ldc khao sat
Phu luc 15. Y nghia thong ké ciia cac sai khic vé gia tri ODgoo va ham luong EPS giita
cac nhiét d0 khao sat
Phu luc 16. Y nghia thong ké ciia cac sai khic vé gia tri ODgoo va ham luong EPS giita
cac thoi diém thu miu khao sat
Phu luc 17. Y nghia thong ké cila cac sai khic vé gia tri ODgoo va ham luong EPS giita

céc ti 18 tiép gidng khao sat



Phu luc 18. Y nghia thong ké cua cac sai khac vé ham luong EPS khi khao sat anh huéng
ctia ngudn glucose va sucrose dén thanh phan monosaccharide trong EPS & chung B.
velezensis DTA1

Phu luc 19. Két qua phan tich HPLC cta cac miu monnosaccharide chuin va cac mau
thuy phan EPSDTA1 khi danh gia anh huéng cia ngudn dudng glucose va sucrose

Phu luc 20. Y nghia thong ké cua céc sai khac vé gid tri ODgoo va EPSDTA1 nubi trong
moi truong TB, pH 8,46, sucrose 72,6 g/L ¢ cac diéu kién stress mudi va/hoac kim loai
nang

Phuluc21.Y nghia sai khac théng ké gitra cac gia tr1 d0 man cua cac mau nudc tir 4 thi
nghiém giam d6 man cua dat

Phu luc 22. Y nghia sai khac thong ké gitra cac gia tri WHC cua EPS DTAI

Phuy luc 23. Y nghia thong ké cua cac sai khac vé tdc do thAm nudce cta 5 thi nghiém
danh gia kha ning giit nude cua dat duogc xtr Iy bang EPS va dich nudi cdy chung B.
velezensis DTA1

Phu luc 24. Y nghia thong ké ciia cac sai khac vé WHC ciia 5 thi nghiém danh gia kha
nang giit nude ctia dat dugc xir Iy bang EPS va dich nuéi cdy chung B. velezensis DTA1
Phu luc 25. Y nghia thong ké cua céc sai khac vé ham luong carbohydrate trong cac mau
dat thi nghiém quy mé chéu vai

Phu luc 26. Y nghia thong ké céc sai khac vé WHC cua cac mau dat thi nghiém & cac
thoi diém sau tudi nudc

Phu luc 27. Y nghia cta cac sai khic gitra ndng d6 NaCl trong dit ¢ cac 16 thi nghiém
1, 6 va 7 trong thi nghiém trong ciy trong chau vai

Phu luc 28. Két qua so sanh y nghia khac biét & mot sb chi tiéu rau méng to1 & 7 thi
nghiém danh gia kha nang giit nudc va giam mian ciia vi khuan sinh EPS trén quy mo
chau vai.

Phuy luc 29. Y nghia ciia céc sai khac giita cac chi s6 SPAD ¢ 7 16 thi nghiém trong cay
trong chau vai

Phu luc 30. Hinh anh thtr nghi¢m tréng rau quy mo chéu tai Nha ludi, Khu thuc nghiém
va dao tao nghé, Hoc vién Nong nghi¢p Viét Nam

Phy lyc 31. Hinh anh tréng rau trén dat cat san ho cai tao quy mo dong rudng tai Nha

lu6i, Tram nghién ciru thir nghiém bién Pam Bay



Phu luc 1. Vi tri iy miu dit va hinh dnh dia khuin lac tong s6 trén méi truong
LB dic chira NaCl 3% tir cac miu dat thu thiap ¢ 3 ddo tai Truong Sa.

Hinh énh dia khuin lac
sau 48 gio u ¢ 30°C

(d6 pha lodng mau 1072)
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Phu luc 2. Cac thiét bi , héa chit va méi trudng sir dung

Bang 1. Thanh phan méi trudng nudi cdy vi sinh vat

Tén moéi treong Thanh phén (g/L)
Lysogeney broth (LB) Pepton 10, yeast extract 5, NaCl 5, pH 7
LB dac Pepton 10, yeast extract 5, NaCl 5, agar 15, pH 7
Nutrient broth (NB) Pepton 5, yeast extract 2, NaCl 5

Yeast extract, pepton, malt
extract, glucose (YMG)

Pepton 5, yeast extract 3, malt extract 3, glucose 10

International streptomyces

Yeast extract 4, glucose 4, malt extract 10

project 2 (ISP2)
Yeast mannitol (YM) Yeast extract 0,5; mannitol 4
Yeast extract 24; peptone 20; glycerol 4; K.2HPO
Terrific Broth (TB) pep s ? )

0,072 M; KH2PO4 0,017 M, pH 7

Bang 2. Cac thiét bi sir dung trong nghién ciru

STT Tén thiét bi Tén hing (nwéc) san xuat
1 May lic 6n nhiét IKA (Diic)
2 May lic 6n nhiét Certomat BS1 (Dtrc)
3 May lac tron IKA KS 260 (Pirc)
4 Noi hap khi tring Sanyo (Nhat)
5 Box nudi cdy vi sinh Sanyo (Nhét)
6 May li tim Hermle Z126M Hermle (Purc)
7 May 1i tam dé ban Hermle Z446 Hermle (Puc)
8 May li tam lanh Mikro 22R Hettich (Puc)
9 Hé thong PCR Mastercycler X508 Eppendorf (Buc)
10 May dién di DNA ngang Cleaver (Anh)
1 Box nudi cay vi sinh Biosafety Trung tim chuyén giao cong nghé
Cabinet moi (Trung tam Nhiét doi Viét — Nga)
12 May rung Vortex V1 (Duc)
13 May u kém lc rung Thermo Scientific (M¥)
14 Tu lanh -25 °C Sanyo MDF-136 (Nhat)
15 Tu lanh 4 °C Sanyo (Nhat)
16 Tu lanh sau -80°C Sanyo (Nhat)
17 Mady uv-vis Agilent (MV)
H¢ thong kinh hién vi dién tir quét
18 JSM-IT200 kém dau do EDS Dry JEOL (Nhat Ban)

SD60




19 Hé thong HPLC Agilent 1260 (M)
20 Kinh hién vi quang hoc Axiocam 503 color (Imager.Z2)
21 May khudy tir gia nhiét ARE-VELP (Italia)
2 May do pH dé ban WTW Inolab WTW (Dirc)
7110
23 Tu hut Laboratory Fume Hoods Trung tm chuyén giao cong nght
Y méi (Trung tim Nhiét d6i Viét — Nga)
24 | May dong kho ALPHA 1-2 LD plus MARTIN CHRIST (Puc)
25 Can phan tich Mettler Toledo AB204
26 Can k¥ thuat Ohaus (M¥)
27 Thiét bi FTIR Impac-410 Thermo Fisher Scientific (M¥)
28 Thiét bi Zetasizer-Nano ZS Malvern (Anh)
Thiét bi do d6 4m dét cam tay . N
29 Fieldscout TDR 350 Spectrum Technologies (M)
30 Thiét bi do do nhét Cannon-Fenske (Trung Quéc)
May do do dan dién Total Meter EZ- ..
31 9909SP Total Meter (Pai Loan)
32 Kinh hién vi soi n6i SMZ12701 (Nikson, Nhat Bén)
33 May do SPAD 502 Konica Minolta (Nhat Ban)
34 Thiét bi doc Elisa Multiskan FC Thermo Scientific (M¥)
Bang 3. Cac chi ti€u sinh hoa cua bo kit API 5S0CHB

TT | Phintung | Co chat TT | Phaning | Co chit
0 Pbi ching 25 ESC Esculin
1 GLY Glycerol 26 SAL Salicin
2 ERY Erythritol 27 CEL D-cellobiose
3 DARA D-arabinose 28 MAL D-manltose
4 LARA L-arabinose 29 LAC D-lactose
5 RIB D-ribose 30 MEL D-melibiose
6 DXYL D- xylose 31 SAC D-saccharose
7 LXYL L- Xylose 32 TRE D-trehalose
8 ADO D-adonitol 33 INU Inulin




Metyl-B-D-

9 MDX ) 34 MLZ D-melezitose
xylopyranoside
10 GAL D-galactose 35 RAF D-raffinose
11 GLU D-glucose 36 AMD Amidon
12 RRU D-fructose 37 GLYG Glycogene
13 MNE D-manose 38 XLT Xylitol
14 SBE L-sorbose 39 GENE Genetiobiose
15 RHA L-rhamnose 40 TUR D-turanose
16 DUL Dulcitol 41 LYX D-lyxose
17 INO Inositol 42 TAG D-tagatose
18 MAN D-manitol 43 DFUC D-fucose
19 SOR D-sorbitol 44 LFUC L-Fucose
Metyl-B-D- _
20 MDM ) 45 DARL D-arabitol
manopyranoside
Metyl-B-D- ,
21 MDG ‘ 46 LARL L-arabitol
glucopyranside
N-Acetyl- Potassium
22 NAG ' 47 GNT
Glucosamine gluconate
. Potassium 2-
23 AMY Amygdalin 48 2KG
ketogluconate
) Potassium 5-
24 ARB Arbutin 49 5KG

ketogluconate




Phu luc 3. Y nghia thong ké ciia cac sai khac vé gia tri ODsoo va ham lwong EPS
giita cac chiing vi khuin khao sat

» ODeoo
Grouping Information Using the Tukey Method and 95% Confidence

Tén miu N Mean Grouping
TSD5 3 8.923 A
TSLS 3 8.8973 A
TSL6 3 8.497 A B
DTAI 3 8.347 A B
TSL3 3 7.8700 B
TSL2 3 6.2967 C
DTA3 3 5.0683 D
TSD1 3 3.9633 E
TSD3 3 2.9700 F
TSD2 3 2.9700 F

Means that do not share a letter are significantly different.
> mEPS

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Tén miu N Mean Grouping
DTAI 3 1.3067 A
TSL6 3 1.2733 A
TSD5 3 1.2467 A
TSLS 3 1.1790 A
TSL3 3 0.8630 B
TSL2 3 0.32500 C
TSD1 3 0.06833 D
TSD2 3 0.05667 D
DTA3 3 0.05067 D
TSD3 3 0.04533 D

Means that do not share a letter are significantly different.



Phu luc 4. Két qua kiém tra kha niing sir dung cac ngudn carbon ciia B. velezensis
DTAT1 sir dung kit API® SOCHB & cac thoi diém bit dau (A) va sau 48 gib’ u (B)

(+): chuyen tir do sang vang (riéng esculin la tur tim sang den) (-): khong d6i mau;

(&): chua 16 c¢6 doi mau khong.
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Phu luc 5. Kha niing sinh truéng ciia chiing B. velezensis DTA1 & nong do mudi
NaCl/MgSOs4 tir 0 -17,5% (W/v) (A), ndng dd kim loai ning Cd, Hg, Cr, Co, As 1-
128 pg/mL (B) va Pb, Zn, Fe tir 150-1050 pg/mL (C). “—: d6i ching 4m (moi truong
LB khong c6 vi khuan), “+”: dbi ching duong (méi trudng LB c6 vi khuén).

% NaCl

17.5 SN
15
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Phu luc 6. Anh dién di mdu DNA DTAI1 trén gel agarose 0,8% (A); Tong hop cac
chi s danh gia chat lwong Iip rap bd gen dwa trén QUAST va BUSCO (B)
M 1

T0KD s/

Anh dién di miu DNA
A — DTAT1 trén gel agarose
ol Ll 0,8%, M: Marker 1Kb;

1: mdu DNA DTA1

QUAST

Quality Assessment Tool for Genome Assemblies by CAB

13 November 2024, Wednesday, 20:30:06
View in Icarus contig browser

All statistics are based on contigs of size >= 500 bp, unless otherwise noted (e.g., "# contigs (>= 0 bp)" and "Total length (>= 0 bp)" include all contigs).

Statistics without reference  DTA1_scaffolds.contigs_filter...

# contigs 13
# contigs (>= 0 bp) 13
# contigs (>= 1000 bp) 12
# contigs (>= 5000 bp) 10

B # contigs (>= 10000 bp) 9
# contigs (>= 25000 bp) 8
# contigs (>= 50000 bp) 8
Largest contig 1096152
Total length 3901259
Total length (>= 0 bp) 3901259
Total length (>= 1000 bp) 3900513
Total length (>= 5000 bp) 3895888
Total length (== 10000 bp) 3887 247
Total length (== 25000 bp) 3870491
Total length (>= 50000 bp) 3870491
N30 987412
NOO 292089
aulN 763237
L50 2
L90 [§]
GC (%) 46.5
Mismatches
# N's per 100 kbp 2.56
#N's 100

BUSCO version is: 5.8.0

The lineage dataset is: bacilli_odbl0 (Creation date: 2024-01-08, number of genomes: 716, number of BUSCOs: 302)
Summarized benchmarking in BUSCO notation for file /data/jwd08/main/094/237/94237971/working/input.fa

BUSCO was run in mode: prok_genome_min

Gene predictor used: prodigal

- e

*xk** Ragyltg: *EEEE

C:94.7%([5:94.7%,D:0.0%],F:0.0%,M:5.3%,n:302
286 Complete BUSCOs (C)
286 Complete and single-copy BUSCOs (5)

o

Complete and duplicated BUSCOs (D)
0 Fragmented BUSCOs (F)

16 Misaing BUSCOs (M)

302 Total BUSCO groups searched

Assembly Statistics:
13 Number of scaffolds
14 MNumber of contigs
3901259 Total length
0.003% Percent gaps
987 KB Scaffold NS5O
987 KB Contigs N50

Dependencies and versions:
hmmsear 3.4
bbtools: None
miniprot_index: 0.14-r265
miniprot_align: 0.14-r265
python: sys.version_info(major=3, minor=10, micro=16, releaselevel="final', serial=0)
busco: 5.8.0
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Phu luc 7. Y nghia thong ké ciia céc sai khac vé gia tri ODgoo va ham lwong EPS
giira cAc méi trudng nudi cdy khao sat.

» ODeoo
Grouping Information Using the Tukey Method and 95% Confidence

Moéi truong N Mean Grouping
TB 3 15.913 A
LB 3 9.310 B
ISP2 3 8.5800 C
YPM 3 7.2567 D
NB 3 4.2833 E
YM 3 1.9633 F
Means that do not share a letter are significantly different.
> mEPS
Grouping Information Using the Tukey Method and 95% Confidence
Moéi trudong N Mean Grouping
TB 3 9.220 A
YPM 3 2.5500 B
ISP2 3 1.8600 C
NB 3 1.3133 D
LB 3 1.03333 E
YM 3 0.7700 E

Means that do not share a letter are significantly different.
Phu luc 8. Y nghia thong ké ciia cac sai khac vé gia tri ODgoo va ham lwong EPS
giita cac ngudn carbon khio sat.

> ODsoo

Grouping Information Using the Tukey Method and 95% Confidence

Ngu(“)n

Carbon 1% N  Mean Grouping
L-rhamnose 3 24.783 A

Mannose 3 24.413 A
Cellobiose 3 23.720 A

Sucrose 3 23.513 A

Trehalose 3 20.610 B
D-fructose 3 20.247 B C
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D-xylose 3 19.8600 B C D
D-maltose 3 19.8433 B C D
D-glucose 3 19.290 B C D E
L-arabinose 3 18.9933 C D E F
Lactose 3 18.460 D E F
Manitol 3 18.1333 E F
D-galactose 3 17.637 F
Poi chirng 3 15.877 G
Means that do not share a letter are significantly different.
» mEPS
Grouping Information Using the Tukey Method and 95% Confidence
Nguén Carbon 1% N  Mean Grouping
Sucrose 3 12.703 A
D-galactose 3 11.877 B
Cellobiose 3 11.700 B
D-fructose 3 11.697 B
Mannose 3 11.667 B
D-glucose 3 11.453 B
D-maltose 3 10.217 C
L-arabinose 3 10.057 C
Lactose 3 9.543 C D
L-rhamnose 3 9.4433 C D
Poi chirng 3 9.2133 D
D-xylose 3 9.1400 D
Manitol 3 8.9700 D
Trehalose 3 6.887 E

Means that do not share a letter are significantly different.
Phu luc 9. Y nghia thong ké ciia cc sai khac vé gia tri ODgoo va ham lwong EPS
giira cac ndng dd sucrose khao sit.
> ODsoo
Grouping Information Using the Tukey Method and 95% Confidence
Ham lwgng Succrose (%) N Mean Grouping
2.5 3 24357 A

1.0 3 22,667 B



5.0 3
7.5 3
0.5 3
10.0 3

14

22.620
19.273
18.560
13.187

Means that do not share a letter are significantly different.

> mEPS

Grouping Information Using the Tukey Method and 95% Confidence

Ham luwgng Succrose (%) N Mean Grouping

5.0 3 16.250 A

7.5 3 15.9700 A

2.5 3 14.127 B

10.0 3 13.323 C

1.0 3 12.547 D

0.5 3 10.747 E

Means that do not share a letter are significantly different.

Phu luc 10. Y nghia thong ké ciia cac sai khac vé gia tri ODgoo va ham lwong EPS

giira cac ngudn Nito khio sat.
> ODgoo

Grouping Information Using the Tukey Method and 95% Confidence

Nguon N (1%) N Mean Grouping
Casein 3 26.213 A
NHsNO3 3 23.130 B
Déi ching 3 22.563 B
NH4Cl 3 18.070 C
(NHa4)2S04 3 16.947 C
Urea 3 16.913 C
Means that do not share a letter are significantly different.

> mEPS
Grouping Information Using the Tukey Method and 95% Confidence
Nguon N (1%) N Mean Grouping
Dbi chimg 3 16.220 A
NH4NO; 3 15.667 A
Casein 3 11.9733 B
(NH4)2SO4 3 11.707 B C
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NH4Cl 3 11.410 B C
Urea 3 10.630 C
Means that do not share a letter are significantly different.
Phu luc 11. Y nghia thong ké ciia cac sai khac vé gia tri ODgoo va ham lwgng EPS
giita cac ngudn mudi khoang khio sat

» ODeoo
Grouping Information Using the Tukey Method and 95% Confidence

Nguon mudi khoang 0,5% N Mean Grouping
FeSO4 3 28.157 A
NaCl 3 25.880 B
Péi chimg 3 22.693 C
MgSO4 3 21.337 C
ZnSOq4 3 17.513 D
Means that do not share a letter are significantly different.

> mEPS
Grouping Information Using the Tukey Method and 95% Confidence
Nguon mudi khoang 0,5% N Mean Grouping
NaCl 3 18.9667 A
ZnSOq4 3 17.653 B
MgSO4 3 17.167 B C
Pbi ching 3 16.167 C
FeSOq4 3 9.033 D

Means that do not share a letter are significantly different.
Phu luc 12. Y nghia thong ké ciia cac sai khac vé gia tri ODgoo va ham lwong EPS
giira cac nong dd NaCl khao sat

» ODsoo
Grouping Information Using the Tukey Method and 95% Confidence
Nong d9 NaCl (%) N Mean Grouping
1.00 3 28.027 A
0.50 3 25.863 B
0.25 3 25.503 B C
3.00 3 24.430 C
5.00 3 19.207 D
8.00 3 9.407 E
12.50 3 2.600 F
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15.00 3 0.03667 G

Means that do not share a letter are significantly different.
> mEPS

Grouping Information Using the Tukey Method and 95% Confidence

Nong do NaCl (%) N Mean Grouping

3.00 3 229567 A

1.00 3 20.550 B

5.00 3 20427 B

0.50 3 18.950 C

0.25 3 17.380 D

8.00 3 11.9767 E

12.50 3 4547 F

15.00 3 0.1133 G

Means that do not share a letter are significantly different.
Phu luc 13. Y nghia thong ké ciia cc sai khac vé gia tri ODgoo va ham lwong EPS
gitra cac gia tri pH khao sat.
» ODeoo
Grouping Information Using the Tukey Method and 95% Confidence

bo pH N Mean Grouping
pH9 3 28.307 A
pH8 3 26.247 B
Dbi chung pH7 3 24.403 C
pH6 3 16.157 D
pHS5 3 8.230 E
pH10 3 7.177 E
pH4 3 2.8633 F
pHI11 3 0.6433 G
Means that do not share a letter are significantly different.

» mEPS
Grouping Information Using the Tukey Method and 95% Confidence
bo pH N Mean Grouping
pH8 3 25.380 A
Pbi ching pH7 3 22.783 B
pH9 3 19.167 C
pH6 3 14.000 D
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pHS5 3 9.0733 E
pH4 3 5.877 F
pH10 3 5.1300 F
pHI1 3 1.643 G

Means that do not share a letter are significantly different.
Phu luc 14. Y nghia thong ké ciia cac sai khac vé gia tri ODgoo va ham lwong EPS
giira cac toc dd lic khao sat
> ODsoo
Grouping Information Using the Tukey Method and 95% Confidence

Téc d9 lic N Mean Grouping
200 3 28.643 A
150 3 26.190 B
250 3 21.503 C
100 3 18.053 D
Means that do not share a letter are significantly different.
» mEPS
Grouping Information Using the Tukey Method and 95% Confidence
Téc d9 lic N Mean Grouping
150 3 25.287 A
200 3 19.000 B
100 3 12.947 C
250 3 11.993 C

Means that do not share a letter are significantly different.
Phu luc 15. Y nghia thong ké ciia cac sai khac vé gia tri ODgoo va ham lwrong EPS
gitra cac nhiét d9o khao sat

» ODsoo
Grouping Information Using the Tukey Method and 95% Confidence
Nhiét do (°C) N Mean Grouping
37 3 28.887 A
30 3 26.1133 B
22 3 17.690 C
42 3 9.0867 D
15 3 9.083 D
50 3 4.487 E
10 3 3.1600 E
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5 3 1.6533 F
57 3 0.0733 G
Means that do not share a letter are significantly different.
> mEPS
Grouping Information Using the Tukey Method and 95% Confidence
Nhiét d¢ (°C) N Mean Grouping
30 3 25.373 A
37 3 18.073 B
22 3 15.613 C
42 3 9.187 D
15 3 5.430 E
50 3 4.890 E
10 3 2.6967 F
5 3 1.8600 F
57 3 0.0733 G

Means that do not share a letter are significantly different.

Phu luc 16. Y nghia thong ké ciia cac sai khac vé gia tri ODgoo va ham lwong EPS
giira cac thoi diém thu miu khao sat.

» ODeoo
Grouping Information Using the Tukey Method and 95% Confidence

Thoi gian (gio) N Mean Grouping
48 3 26.803 A
60 3 26.293 A
72 3 25.883 A
84 3 24.963 A
36 3 22.650 B
24 3 15.873 C
12 3 6.477 D
Means that do not share a letter are significantly different.
> mEPS
Grouping Information Using the Tukey Method and 95% Confidence
Thoi gian (gio) N Mean Grouping
72 3 27.350 A
60 3 26.057 A B
84 3 25.727 A B
48 3 24.943 B
36 3 21.810 C
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24 3 13.790 D
12 3 6.050 E
Means that do not share a letter are significantly different.

Phu luc 17. Y nghia thong ké ciia cac sai khac vé gia tri ODgoo va ham lwong EPS
giira cac ti 18 tiép gidng khao sat

> ODeoo
Grouping Information Using the Tukey Method and 95% Confidence

Ti 1¢ tiép giong N Mean Grouping
5.0 3 18.873 A
7.5 3 16.713 B
2.5 3 16.560 B
1.0 3 15.583 B
Means that do not share a letter are significantly different.
> mEPS
Grouping Information Using the Tukey Method and 95% Confidence
Ti 1é tiép giong N Mean Grouping
5.0 3 27.303 A
2.5 3 24.097 B
7.5 3 23.807 B
1.0 3 22.857 B

Means that do not share a letter are significantly different.

Phu luc 18. Y nghia thong ké ciia cac sai khac vé ham lwgng EPS khi khio sat anh
hwéng clia ngudn glucose va sucrose dén thanh phan monosaccharide trong EPS &
ching B. velezensis DTAL.

Grouping Information Using the Tukey Method and 95% Confidence

Sugar source (g/L) N  Mean Grouping
Sucrose 50 3 30.390 A

Sucrose 10 3 23.927 B

Glucose 50 3 23.293 B

Glucose 10 3 21.420 C
Control 3 16.350 D

Means that do not share a letter are significantly different.
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Phu luc 19. Két qua phéan tich HPLC ciia cic mAu monnosaccharide chuén va cac
miu thily phan EPSDTA1 khi dinh gia 4nh huwéng ciia ngudn dwong glucose va
sucrose.

1. Mau monnosaccharide chuan

Fructose
nRIU 7 e
- f
12000
4 &
10000 - £
4 a
m
] Qo
8000 - 8
) L :
i £ @ E
6000 I.E:E“ s 2
. g = gg
[=] i
- Y 2 s
4000 - © P T =
- % 1% e 8
] < | 2
2000 A 5
: “..) = o i 1]
_ gt Fg EF S 8 38 g &
0 L e _.-%@ 8 4
R L AN TS B S T T FRLY P L LT 7 A T R R T UL B T P L TR T AL O
25 5 75 10 125 15 175 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU] %
] DR R BT R |- mmmmee |-mmmme
1 4.632 BV e.101e 24.95462 3.87541 2.829e-3
2 4.734 W ©.3172 159.243706 6.19382 ©.8181
3 5.177 VB ©.6729 373.59772 6.66982 ©.0424
4 7.113 BV ©.339@ 7827.80127 330.45126 ©.8874
5 7.967 VB E ©.2724 594.85829 32.37362 ©8.8673
6 18.e45 VW R ©.2721 369.11554 18.81188 ©.8418
7 10.748 VB ©.3230 766.27197 36.13702 ©.8869
8 11.764 BB ©.3690 5.13656e4 2222.49341 5.8232
9 12.709 BV ©.4234 1.820889e5 6645.42285 20.6431
16 13.252 VB ©.3169 6.41138e4 3127.75098 7.2685
11 14.145 BB ©.4329 4.13948e5 1.48663e4 46.9284
12 16.637 BV E ©.6881 2.56298e4 500.56467 2.9855
12 17.615 VW R ©.4614 1.82247e5 3395.75830 11.5915
14 18.387 VB ©.3706 2.56225e4 1876.58940 2.9848
15 19.169 BV ©.6774 4889.18666 97.43356 ©.5452
16 19.921 VvV ©.1852 344.23343 54.53154 ©.8390
17 28.851 vV ©.2248 835.67090 49.01711 ©.8947
18 28.393 VB ©.3165 988.58362 35.11914 ©.1821
19 22.825 VB ©.1522 29.79176 2.57572 3.377e-3
20 24.694 VvV ©.8878 11.91670 1.85865 1.351e-3
21 24.816 VBA ©.1117 21.41081 2.70626 2.427e-3

Totals : 8.82082e5 3.25125e4
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2. Miu thily phan EPS tir méi trwong TB, pH 8.46, NaCl 3,27%, khong b6 sung

dwong.
nRIV | 3
-
25000 -
20000
15000
10000 E @
; : 5
. : 3 §
i g 8
000 g o S
4 § a2
B %3 AL
o fFRTF o —2 F PG S
- s w0 18 2 25  mn
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU] %
N EEEERE | === | == me |-mmmemee |--mmmmee | -=mmmeee |
1 8.832 BB ©.8483 5.28563 1.79628 4.492e-4
2 8.265 Wv 8.1967 36.53379 2.34771 3.152e-3
3 8.477 VB 8.8782 11.31565 2.24541 9.763e-4
4 1.885 BV @.1199 668 .87088 7.87188 5.252e-3
5 1.111 VB 8.2606 211.24918 18.31e78 8.e182
6 3.385 W R 1.1143 7170.608449 76.10921 8.6187
7 4.617 W E ©.8851 11.31783 1.88779 9.765e-4
8 4.787 W E 8.1924 39.673608 2.51885 3.423e-3
9 5.486 VB X ©.7727 118.36674 1.82284 e.8102
1e 6.514 BB 8.3246 519.15228 21.36086 8.08448
11 8.529 BV R ©.3688 7.5516@%e5 2.74236e4 65.1523
12 9.658 VW E 6.4712 5.86797ed4 1432.21497 4.3728
12 18.383 VW E ©.1284 2088.34912 222.50238 B.1733
14 10.835 VB E ©.3466 1.88284e4 791.60327 1.6245
15 11.736 BV E ©.5250 2.87382e4 602.83131 1.7893
16 13.126 VB R ©.5269 1.13754e5 3339.98682 9.8149
17 15.39© BB 8.8673 2.51211e4d 399.68233 2.1675
18 16.194 BV 8.4244 2.62185%e4 688.79327 1.7438
19 16.932 W ©.4588 2.68255e4 845.352@5 2.3146
28 17.7e6 VB ©.4825 8.1300l1led 3862.98766 7.9147
21 15.144 BV 8.5928 7864.28328 153.81596 8.6785
22 19.752 W 8.4922 5882.22168 144.51459 8.5875
23 28.485 VB B.3385 1988.63288 75.97397 B.1647
24 21.12e BV 8.2944 54.83324 2.34523 4.731e-3
25 21.366 VB 8.2778 122.99638 5.46329 8.81686
26 22.896 BV 8.8854 46.73798 6.97382 3.515e-3
27 22.438 VB 8.4368 795.39294 22.12137 B.8686
28 24,936 BV 8.8696 18.57393 2.35778 9.123e-4
29 25.162 W ©.1804 163.51986 8.16281 8.932e-3
3@ 25.288 VB ©.181e 108.24724 7.81482 9.340e-3
31 26.267 BB 8.4889 2226.45893 68.98359 8.1921
32 28.999 VB R 8.7117 1.71135e4 353.51168 1.4766

Totals : 1.1589%e6 3.98274e4d
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3. Miu thiiy phan EPS tir mdi truong TB, pH 8.46, NaCl 3,27%, bo sung glucose

1%.
nRIU =
40000 -
30000 - g
1 2
; :
20000 -
_ o
10000 ~ E 2
i o o
] = § 2
" - ;
Width Area Height
# [min] [min] [nRIU*s] [nMRIU] %
SR EEEEEE | === -===--~ R R B |
3 2.126 VB .1134 208.98981 2.48281 1.266e-3
4 2.481 BV .a729 12.54598 2.63228 7.595e-4
5 2.843 w .2588 238.86158 11.75341 e.el14e
6 3.859 wW .1568 176.15862 14.58349 e.e1a7
7 3.248 W 1237 146.38782 16.73847 8.862e-3
8 3.365 VB 5216 866.21863 18.5711e ©.8488
9 4.721 BV .8933 12.63847 1.93860 7.646e-4
1e 4.855 W .2174 49.92332 2.94153 3.822e-3
11 5.197 wW 1822 48 .36985 3.23639 2.444e-3

iz 5.431 VB
13 B8.665 BB
14 9.379 BB
15 1e.328 BV
16 1©.827 VB
17 11.731 BB
18 13.112 BV
19 15.385 VB
2@ 16.742 BV
21 17.697 VB
22 19.e55 BV

.3848 112.51183 3.59234 6.81le-3
.2900 8.52984e5 4.83197e4 51.6327
.1733 456.79481 37.24171 8.8277
.4442 4,31158e4 1485.68152 2.6101
.2308 5685.5679286 384.68762 8.3442
.4166 98808.89188 378.86459 ©.5981
5643 9.44988ed4 2627.36255 5.7287
.87008 2.66447e4 423.53647 l1.613@
3890.578806 133.87883 ©.1871
.4130 5.92197e5 2.15814e4 35.8501
.6857 6654.68781 164.57349 e.4029
8735 526.76135 98.82338 8.8319
3345 2649.61611 94.24268 e.16084
2898 1231.44918 52.72657 8.8745
.8a756 19.54129 3.77243 1.183e-3
.1230 162.52147 11.79377 6.206e-3
2665 326.02023 15.25884 8.8197
1844 62.35698 4.24235 3.775e-3
+3529 316.72653 16.94855 8.8192
.14490 598.28699 56.27368 ©.8357
2891 668.94385 48.69815 ©.8485
.1488 265.74887 18.359@7 ©.8125
.11e8 22.52598 2.76964 1.364e-3
.1568 45.33382 3.73372 2.744e-3
.4459 2447 .51172 72.46651 ©.1482
.9395 5739.42725 73.11856 B.3475

A mm 3

2%}
(¥¥]
o
o
=
L
22

25 28.378 VB
26 21.111 BV

28 21.368 VB
29 22.14e BV
3@ 22.344 VB
31 23.667 BV

33 24.212 VB
34 25.283 BV
35 25.4@9 VB
36 26.314 BV R
37 28.439 W R

[ I I I R T~ TS I~ B T T I« B I« O R« O B I T I~ B R B R T R T
*8)
=y
(=]
=]

Totals : 1.65187e6 6.81823e4d
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4. Miu thity phan EPS tir méi trwong TB, pH 8,46, NaCl 3,27%, bo sung glucose
5%.

nRIU 1 ?
250000
: |
200000 -
—
: g
100000 r‘ ol
| .8 &
o P 1
- § % T \ © 3 E o
= 8 B = @ =
s 0 15 2 2% mn
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU] %
S EEEE e |-meeemeee |- -meeeeee |-meeee |
1 ©.039 BV 0.0747  15.98914 3.56885 1.248e-4
2 0.320 VB 0.4480 414.92065 11.23955 3.239e-3
3 4.396 BV 0.1291 54.31516 5.55970 4.240e-4
4 4.811 W 0.7659 1722.34314 27.07503 0.0134
5 5.624 W 0.1153 287.61612  35.81577 2.245e-3
6 5.773 VB 0.6928 2268.61060  38.92958 0.0177
7 9.033 BV R 0.3921 3.01951e6 1.01586e5 23.5723
8 10.321 VW E 0.9173 3.98086e4 548.96838 0.3108
9 11.706 VB E 0.5297 1.08477e4  303.19513 0.0847
10 13.186 BV 0.7309 4.01585e4  773.63239 ©0.3135
11 14.642 W 0.0726 1707.35437 333.95615 ©0.0133
12 14.732 VB 0.8820 2.61375e4  352.65652 0.2040
13 16.916 BV 0.3401 1.33573e6 6.14316e4 10.4276
14 17.538 VW R 0.4186 8.08473e6 2.99520e5 63.1147
15 18.876 VB E 1.5030 2.43636e5 2053.46021 1.9020
16 23.744 BB 0.6444 1088.86292  20.39677 8.500e-3
17 25.268 BV 0.0686 21.18027 4.62200 1.653e-4
18 25.504 VWV 0.1443 226.12900 20.42713 1.765e-3
19 25.576 VB 0.6080 1163.99670 23.59171 9.087e-3
20 28.967 W 0.1309 22.78110 2.21303 1.778e-4
21 29.120 VB 0.1347 24.01660 2.30201 1.875e-4

Totals : 1.28096e7 4.67099e5
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5. Miu thity phan EPS tir méi truong TB, pH 8,46, NaCl 3,27%, bd sung sucrose
1%.

nmu: ﬁ
S0
40000 2
: :
: :
000 | :
5
om0 | 3
- | R £ |
10000 \ é E g
R : S\ i \igic 3
2I.5 é 7|5 1ID 12|_5 . 1I5 17.5 Z‘ID 22I‘ 5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU] %
Rl ERCEENE R |--mm e e |--=-e-- |
1 2.919 VB R ©.8412 2.16377e4 374.06183 0.8162
2 B.669 BV R ©0.4020 1.73061e6 5.62700e4  65.2783
3 9.509 VB E ©0.4651 6.56317e4 1814.68542 2.4756
4 10.840 BB 0.3003 7808.02441 413.27310 0.2945
5 11.721 BV E ©.3854 1.66706e4 690.49176 0.6288
6 13.128 VW R ©0.4140 2.96839% 5 1.07842e4 11.1967
7 14.111 VW E 0.8844 3.71129e4 553.04700 1.3999
8 15.212 VW E 0.1360 3965.75122 396.76947 ©.1496
9 15.433 VB E 0.3579 1.26325e4 432.63937 0.4765
16 16.684 BB 0.6849 1.82832e4 361.59189 0.6896
11 17.845 BV E ©.3055 3.1080%e4 1577.22656 1.1724
12 18.439 VB R ©.3856 4.87529e5 1.64850e4 15.3719
13 21.944 BBA  ©.6130 1327.90527 26.09863 ©.06501

Totals : 2.65113e6 9.081791e4d
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6. Miu thily phian EPS tir méi truwong TB, pH 8,46, NaCl 3,27%, b6 sung sucrose
5%.

nNU: ﬁ
20000
15000
= :
c
; - - K.
(¢} : s A
- § 3 eS8 8 /| § iy s
* L St d \A >~ \& 5
3 75 10 125 15 75 2 25 mir
Peak RetTime Type Width Area Height Area
#  [min] [min] [nRIU*s] [nRIU] *
o L R R s | memmee |- -mme-- |
1 4.666 BB 6.8452 164.91742 2.33e82 B8.8155
2 6.385 BB 8.3254 485.81937 19.63233 e.8455
3 8.398 BV R ©.40080 6.93895e5 2.23967ed 64.9617
4 9.731 VB E @.2243 814.23743 57.99852 @.0763
5 16.223 BB 8.2558 432.67626 27.88386 8.8486
6 10.925 BV E ©.4801 5737.45313 204.89479 ©.5378
7 11.755 W E ©6.6686 2.29869%9e4 474.71891 2.1545
8 13.227 W R 8©.3972 1.13342e5 4376.80244 18.6232
9 14.242 VB E ©.9888 6.25399%&4 822.29633 5.8617
18 16.785 BV 8.6435 1.67271ed 358.27228 1.5678
11 17.180@ VB 9.2360 3214.856280 216.38127 ©.3013
12 17.971 BV @.3169 8815.61133 438.88914 B.8263
13 1B.567 VB ©.3818 1.88398e5 4477.54443 10.1598
14 19.346 BV 1.4884 2.28185ed 183.15758 2.8638
15 21.888 VBA 1.8314 B164.98145 93.93638 B.7653

Totals : 1.86693e6 3.41277e4
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7. MAu thiiy phian EPS tir diéu kién nuéi ciy toi vu (TB, pH 8.46, NaCl 3.27%.

sucrose 7.26 %)

nRIU 1

20000
15000
10000

5000

10.970

13.273 Rhamnose
18.561 N-acetyl glucosamine

11.745 Glucose
14,270 Fructose

17.795 Mannose

16.709
17.195

o=

Peak RetTime Type Width
[min]

OO~ Un & Wk =2

Totals :

A m

o I I o O e [ e Y o [ o Y o Y

Area Height
[nRIU*s] [nRIU]

5.23256e5 2.12302e4

5741.45342 205.11091
2.299594  486.71829
1.13202e5 4221.21452
7.53982e4 1000.14314
1.59126e4  349.19856
3198.12081 215.38127
8878.87662 431.12958
1.08189e5 4465.91265

8.76772e5  3.26050e4
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Phu luc 20. Y nghia thong ké ciia cac sai khac vé gia tri ODgoo va EPSDTA1 nudi

trong méi truwomg TB, pH 8,46, sucrose 72,6 g/L ¢ cac diéu kién stress mudi va/hoic

kim loai nang.

» ODeoo
Grouping Information Using the Tukey Method and 95% Confidence
Diéu kién stress N Mean Grouping
Déi ching 3 22933 A
3% NaCl 3 20.607 B
Thém 1% NacCl, 1 pg/mL Co(NO3)>, 3 18.270 C
1 ug/mL Cd(NO3),
Thém 1% NaCl va cac mudi FeSO4, 3 16.887 D

CuSO4, Ag> S04, ZnCly, MgCl,,
MnSO4 déu & mirc 1 pg/mL

Means that do not share a letter are significantly different.

> mEPS
Grouping Information Using the Tukey Method and 95% Confidence
Diéu kién stress N Mean Grouping
3% NaCl 3 30.783 A
Thém 1% NaCl, 1 pg/mL Co(NO3)2,1 3 29.330 B
ug/mL Cd(NO3)2
Thém 1% NaCl va cac mudi FeSO4, 3 28.727 B
CuSO4, Ag> SO4, ZnCl, MgCl,
MnSO4 déu ¢ mirc 1 pg/mL
Dbi chimng 3 19.273 C

Means that do not share a letter are significantly different.

» Ham lwgng carbohydrate

Grouping Information Using the Tukey Method and 95% Confidence

Diéu kién stress N  Mean Grouping
Thém 1% NaCl va cic mudi FeSOs, 3 41.293 A

CuSO4, Ag> S04, ZnCly, MgCl,,

MnSO4 déu ¢ mirc 1 pg/mL

3% NacCl 3 40.810 A

Thém 1% NacCl, 1 pg/mL Co(NO3)2, 1 3 37.833 B
ug/mL Cd(NO3)2

bC 3 19.340 C

Means that do not share a letter are significantly different.
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» Ham lwgng protein
Grouping Information Using the Tukey Method and 95% Confidence

Diéu kién stress N Mean Grouping

Thém 1% NaCl va cac mudi FeSO4, 3 28.260 A
CuSO4, Ag> S04, ZnCly, MgCl,,
MnSO4 déu ¢ mirc 1 pg/mL

Thém 1% NacCl, 1 pg/mL Co(NO3)2, 13 26.580 B

ug/mL Cd(NO3),

3% NaCl 3 25.903 B

bC 3 12.063 C

Means that do not share a letter are significantly different.

Phu luc 21. Y nghia sai khac thong ké giira cac gia tri d§ min ciia cic miu nuwéc
tir 4 thi nghiém giam dd min caa dat
Grouping Information Using the Tukey Method and 95% Confidence

Thi nghiém N Mean Grouping
TN2 3 563.67 A

TN4 3 53527 B

TN3 3 493.85 C
TN1 3 6236 D

Means that do not share a letter are significantly different.

Phu luc 22. Y nghia sai khac thong ké giira cac gia tri WHC ciia EPS DTAL.
Grouping Information Using the Tukey Method and 95% Confidence

Thoi gian (gi0) N Mean Grouping
4 3 1764.04 A

2 3 1762.20 A

1 3 1001.80 B

Means that do not share a letter are significantly different.
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Phu luc 23. Y nghia thong ké ciia cic sai khac vé téc do thaAm nwéc cia 5 thi
nghiém danh gia kha ning giir nwéc cia dit dwoc xir Iy bang EPS va dich nudi ciy
chung B. velezensis DTAL.

Grouping Information Using the Tukey Method and 95% Confidence

Thi nghiém N Mean Grouping
1 3 0.9433 A
5 3 0.18352 B
4 3 0.13816 B C
3 3 0.12431 C
2 3 0.04876 D

Means that do not share a letter are significantly different.

Phu luc 24. Y nghia thong ké ciia cac sai khac vé WHC ciia 5 thi nghiém danh gia
kha ning giir nwéc cia dit dwoc xir Iy bang EPS va dich nudi ciy chiing B.
velezensis DTAL.

Grouping Information Using the Tukey Method and 95% Confidence

Thi nghiém N Mean Grouping
5 3 66.311 A
4 3 60.40 B
3 3 53.721 C
2 3 49.059 D
1 3 33.165 E

Means that do not share a letter are significantly different.

Phu luc 25. Y nghia thong ké ciia cac sai khac vé ham hrong carbohydrate trong
cac mau dat thi nghiém quy mé chiu vai.

Grouping Information Using the Tukey Method and 95% Confidence

Thi nghiém N  Mean Grouping

TN7 3 1120.8 A

TNS 3 1045.34 B

TN3 3 960.79 C

TNG6 3 725.544 D

TN4 3 642.24

TN2 3 633.75

TNI1 3 212.77 F

Means that do not share a letter are significantly different.
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Phu luc 26. Y nghia théng ké cac sai khac vé WHC ciia cAc miu dét thi nghiém &
cac thoi diém sau twéi nwéc
Sau 0 gio tudi nudc

Grouping Information Using the Tukey Method and 95% Confidence

Ki hiéu miu N Mean Grouping

TN7 3 3833 A

TNS 3 31.833 B

TN6 3 30.500 B

TN3 3 29.167 B C
TN4 3 28.667 B C
TN2 3 26.167 C
TN1 3 18.50 D

Means that do not share a letter are significantly different.
Sau 24 gio twdi nuwdc

Grouping Information Using the Tukey Method and 95% Confidence

Ki hi¢u miu N  Mean Grouping

TN7 3 34.30 A

TN6 3 28.167 B

TNS 3 26.500 B

TN3 3 25.167 B

TN4 3 21433 C

TN2 3 19.50 C

TN1 3 12.167 D

Means that do not share a letter are significantly different.
Sau 72 gi¢ twdi nuwdc

Grouping Information Using the Tukey Method and 95% Confidence

Ki hi¢u miu N Mean Grouping
TN7 3 31.00 A
TNG6 3 25.500 B
TNS 3 23.467 B C
TN3 3 21.667 C D
TN4 3 19.667 D



TN2
TN1

3
3
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18.167 D
12.333 E

Means that do not share a letter are significantly different.

Phu luc 27. Y nghia ciia cac sai khac giita ndong do NaCl trong dat & cac 16 thi

nghiém 1, 6 va 7 trong thi nghiém trong ciy trong chiu vai

Grouping Information Using the Tukey Method and 95% Confidence

Thi nghiém N Mean Grouping
TN6 3 0.1600 A
TN7 3 0.1533 A
TN1 3 0.04333 B

Means that do not share a letter are significantly different.

Phu luc 28. Két qua so sanh y nghia khac biét & mdt so chi tiéu rau mong toi & 7

thi nghiém danh gia kha ning giir nwéc va gidm miin ciia vi khuan sinh EPS trén

quy mo chiu vai.

Chi tiéu chiéu dai re

Grouping Information Using the Tukey Method and 95% Confidence

Ki hiéu miu N  Mean Grouping
TN3 3 23.43 A

TNS 3 16.50 A B
TN4 3 15.93 A B
TN2 3 15.000 A B
TN1 3 13.60 B
TN7 3 10.33 B
TN6 3 8.63 B

Means that do not share a letter are significantly different.

Chi tiéu bé rong bau reé

Grouping Information Using the Tukey Method and 95% Confidence

Ki hi¢u mdu N Mean Grouping
TNS 3 1283 A

TN3 3 10.667 A B
TN4 3 9667 A B C
TNI1 3 7833 A B C
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TN2 3 6.833 B C
TN6 3 5333 C
TN7 3 4.667 C

Means that do not share a letter are significantly different.
Chi tiéu khéi lwong bau ré
Grouping Information Using the Tukey Method and 95% Confidence

Ki hi¢u miu N Mean Grouping

TNS 3 3021 A

TN3 3 1847 A B
TN4 3 1734 B C
TN7 3 96.03 B C
TN2 3 649 B C
TN1 3 61.6 C
TN6 3 60.17 C

Means that do not share a letter are significantly different.
Chi tiéu chiéu cao than la

Grouping Information Using the Tukey Method and 95% Confidence

Ki hiéu miu N  Mean Grouping
TNS5 3 26.43 A

TN3 3 20.33 A B
TN4 3 18.83 A B
TN2 3 16.33 A B
TN7 3 14.77 A B
TNI1 3 14.67 A B
TN6 3 12.233 B

Means that do not share a letter are significantly different.
Chi ti¢u khoi hrong than 14
Grouping Information Using the Tukey Method and 95% Confidence
Ki hi¢u miu N Mean Grouping

TNS 3 25.233 A

TN3 3 22.833 A B



TN4

TN2

TN7

TNI

TN6

3

3
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20.667 B

14.733 C

11.633

10.667

10.200

Means that do not share a letter are significantly different.

Chi tiéu s6 luong 14

Grouping Information Using the Tukey Method and 95% Confidence

Kihi(umidu N Mean Grouping
TNS 3 10333 A

TN4 3 10333 A

TN3 3 10.000 A

TN1 3 8.000 A B
TN2 3 7.00 B C
TN7 3 6.333 B C
TN6 3 5333 C

Means that do not share a letter are significantly different.
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Phu luc 29. Y nghia ciia cac sai khac giira cac chi s6 SPAD & 7 16 Thi nghiém trong

cay trong chau

Ngay thw 0:

Thinghitm N Mean Grouping
TN2 3 33.567 A

TN3 3 32.867 A

TN1 3 32.800 A
TN4 3 32.200 A
TNS 3 32.067 A
TN6 3 31.933 A
TN7 3 31.400 A
Ngay thir 15:

Thi nghitm N Mean Grouping
TNS 3 41.133 A

TN3 3 39867 A

TN2 3 38.767 A

TN7 3 36033 A B
TN4 3 36033 A B
TN6 3 32933 B
TN1 3 32.600 B
Ngay thir 30:

Thi nghitm N Mean Grouping
TNS 3 45667 A

TN3 3 44400 A B
TN4 3 42767 A B
TN2 3 40.100 B
TN7 3 34.000 C
TN1 3 28.567 D
TN6 3 26.733 D
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Phu luc 30. Hinh anh thir nghiém tréng rau quy mé chiu tai Nha lwéi, Khu thuc
nghiém va dio tao nghé, Hoc vién Nong nghiép Viét Nam

Phu luc 31. Hinh anh trong rau trén dit cat san hé cii tao quy mé dong rudng tai
Nha luéi, Tram nghién ciru thir nghiém bién Pam Bay

g } V. i T




VIEN HANLAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Pic lip - Tu do - Hanh phiic
HQC VIEN KHOA HQC VA CONG NGHE

$6: 1251 /QDP-HVKHCN Ha N¢i, ngay 19 thang 11 nam 2025

QUYET PINH
Vé viée thanh 13p H¢i ddng dénh gis ludn 4n tién s cAp Hoc vién

GIAM POC
HQC VIEN KHOA HQC VA CONG NGHE

Céin cik Quyét dinh s6 364/0P-VHL ngay 01/03/2025 cia Chi tich Vién Han
lam Khoa hoc va Céng nghé Viét Nam vé viéc ban hanh Quy ché té chirc va hoat
dong cua Hoc vién Khoa hoc va Céng nghé;

Céin cir Théng tu s6 18/2021/TT-BGDDT ngay 28/06/2021 cia Bé Gido duc
va Dao tao ban hanh Quy ché tuyén sinh va dao tao trinh dj tién si:

Cdn cit Quyét dinh s6 1968/0D-HVKHCN ngay 28/12/2021 cia Gidm dbc
Hoc vién Khoa hoc va Céng nghé vé viéc ban hanh Quy dinh dao tao trinh do tién st
tai Hoc vién Khoa hoc va Cong nghé;

Cdn cie Quyét dinh s6 2036/QD-HVKHCN ngay 30/11/2022 cia Gidm déc
Hoc vién Khoa hoc va Céng nghé vé viéc cong nhdn nghién cieu sinh dot 2 nam 2022,

Xét dé nghi cia Trieong phong Pao tgo.

QUYET PINH:

Pidu 1. Thanh 1ap Hoi ddng danh gia luén 4n tién si cap Hoc vién cho nghién
ctru sinh Lé Thi Hué véi dé tai:

Nghién ctru kha néing gitr 4m va giam méin cho cét san hd bing vi khuén chju min,
sinh EPS (exopolysaccharide) phan 1ap & Truong Sa

Nganh: Cong nghé sinh hoc Mi s6: 9 42 02 01

Danh séch thanh vién Hi dong danh gia luan an kém theo Quyét dinh nay.

Pidu 2. Hoi ddng c6 trach nhiém danh gia luén 4n tién si theo ding quy ché
hién hanh cia B6 Gido duc va Pao tao, Hoc vién Khoa hoc va Céng nghé.

Quyét dinh c6 hiéu luc ké tir ngay ky dén trudc ngay 07/02/2026. Hoi dong tu
giai thé sau khi hoan thanh nhiém vu.

Piéu 3. Trudng phong Té chirc - Hanh chinh, Truéng phong Pao tao, Trudng
phong K& toén, céc thanh vién c6 tén trong danh sach Hoi ddng va nghién ctru sinh ¢6
tén tai Diéu 1 chiju trdch nhi¢m thi hanh Quyét dinh nay./. 25,

Noi nhin:

- Nhu Diéu 3;

- Luu hé so NCS;
-Luu: VT, PT, MT15.
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DANH SACH HOI PONG PANH GIA LUAN AN TIEN SI CAP HQC VIEN
(Kém theo Quyét dinh s6 1251 /OD-HVEHCN ngay 19/11/2025

ciia Gidm dée Hoc vién Khoa hoc va Céng nghé)

an cta nghién ctru sinh: Lé Thi Hug

i: Nghién ctru kha niing gitr m va giam radin cho cat san ho bang vi khudn
S th EPS (exopolysaccharide) phén lap & Truénig Sa

anh: Cong nghé sinh hoc Mi sb: 9 42 02 01

Thdy huéng dan: 1. GS.TS. Lé Mai Huong

- Vién Hoéa hoc, Vién Han lam {THCNVN
2. TS. Vi Duy Nhan
- Phén vién Cong nghé sinh hoc, Trung tam Nhiét déi - Viét Nga

4 & Chirc trach
TT Hova 5, h?c Soun Co quan cong tic trong
ham, hoc vi nganh -
Hi dong
| | GS.TS. Truong Céng nghé Vién Sinh hoc, Chi tich
Nam Hai sinh hoc Vién Han 1am KHCNVN e
5 PGS.TS. Truong Sinh hoc | Vién Khoa hoc va Cong ngh¢ sirc khoe, Phin bién 1
Qudc Phong phén tir Dai hoc Bach khoa Ha Noi RESEET
PGS.TS. Pham Cong nghé Vién Sinh hoc
3 : : 3 > L
Bich Ngoc sinh hoc Vién Han lim KHCNVN S o
4 |PGS.TS. Db Thi Héa sinh Vién Sinh hoc, Uy vién -
Tuyén hoc Vién Han 1dm KHCNVN Thu ky
PGS.TS. Hoang . Vién Héa hoc .
5 . Hoéa hiru co i . ié
Mai Ha Vién Han lam KHCNVN e
6 PGS.TS. Pham Thé | Visinhvat | Trudng Dai hoc Khoa hoc Ty nhién, G
Hai h ; B G wesaaes Uy vién
oc DPai hoc Quoc gia Ha Noi
- TS. DPinh Hong Cong ngh¢ Hoc vién Nong nghiép Viét Nam, % en
Duyén inh h A NA " g Uy vién
4 sinh hoc B§ Nong nghiép va Mdi trudng

(Hoi dong gom 07 thanh vién)./. ﬁzf/




PANH GIA LUAN AN TIEN Si CAP HOC VIEN

Nghién ctru sinh: Lé Thi Hué
Pé tai: Nghién ctru kha niing giir 4m va gidm min cho cét san hd bang vi khuén chiju min, sinh
EPS (exopolysaccharide) phan ldp ¢ Truong Sa

Nganh: Coéng nghé sinh hoc
Thoi gian: Bét dau tir 14h00, Thir Hai, ngay 22 théng 12 nim 2025.

Mai sé: 9 42 02 01

CHU'C DANH KHOA ; TRACH "
5 PON VI CONG TAC CHU KY
A HOQC, HQ VA TEN Vi NHIEM
GS.TS. Truong Nam Vién Sinh hoc, ‘s W ,
: Chu tich
L | s Vién Han 1am KHCNVN =R "
-
Vién Khoa hoc va Cong ngh¢ sirc
PGS.TS. Truong RIS SRS - v
2, 5c Ph khoe, Phéan bién 1 /_
e Ehoug Pai hoc Bach khoa Ha N¢i
PGS.TS. Pham Bich Vién Sinh hoc, e . 7
Phan bién 2 07 1
3 | Ngoc Vién Han 1am KHCNVN £ (% e
PGS.TS. B5 Thi Vién Sinh hoc, Uy vién - |
4 | Tuyén Vién Han 1am KHCNVN Thur ky (gl |
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BAN NHAN XET LUAN AN TIEN Si

Ho va tén nguoi viét nhan xét luan an: Truong Nam Hai.

Hoc ham, hoc vi: GS. TS.

Co quan cong tac: Vién Sinh hoc, Vién Han lam KH&CN Viét Nam
Ho va tén nghién ctru sinh: Lé Thi Hué

Tén d§ tai ludn an: Nghién ctru kha nang giir am va giam man cho cét san ho bang
vi khuan chiju man, sinh EPS (exopolysaccharide) phan lap ¢ Truong Sa.

Y KIEN NHAN XET
. Tinh can thiét, thoi su, y nghia khoa hoc va thyc tién cia dé tai:

Exopolysaccharides (EPS) la cac polyme carbohydrate ngoai bao co céu truc
giau nhém hydroxyl (-OH) va carboxyl (-COO"), giup ching cé kha ndng gilr
nude manh va hap phu cation (dac biét la Na*). Nho dac tinh hoa hoc nay, 1op EPS
bao quanh té bao vi khuan tao ra mét vi méi trudng gidu nudce va phan tan ion, lam
giam tac dong truc tiép cua ap suat tham thau va doc tinh ion 1én mang té bao trong
diéu kién min cao.

Vé mit di truyén, sinh tong hop EPS ¢ vi khuan chiu man thuong duge dicu hoa
boi cac cum gen dac hiéu, chu yeu thuge con dudng phu thugc Wzx/Wzy, bao gom
wza, wzb, wzc, wzx (flippase van chuyén tién chat duong qua mang) va wzy
(polymerase kéo dai mach polysaccharide). Ngoai ra, mét s6 chung con mang cac
cum gen khac nhu epsA-E, gum hodc cac gen tong hop cellulose (bcsA/B) nham
da dang hoéa ciu tric EPS. Su phéi hop gilra ddc tinh hoa hoc cta EPS va su hoat
hoa cac cum gen nay cho phép vi khuan duy tri can bang thdm thau, 6n dinh cau
triic mang va tang kha nang song sot trong moi truong bién cé dé man cao.

Duya trén nhimg déc tinh hoéa sinh quan trong cua EPS, NCS Lé Thi Hu¢ da tién
hanh nghién ciru phan lap céc chung vi khuan chiu man cao tai quan dao Truong Sa
(Viét Nam). Két qua cua luan an da phan lap dugc mot s6 chung vi khuan thudc chi
Bacillus c6 kha nang glu am va chiu man nho niang luc tong hgp EPS ¢ murc cao,
dong thoi phét hién cac gen tham gia vao con duong sinh tong hop EPS. Nhimng két
qua nay c6 y nghia khoa hoc va thuc tién quan trong, gop phan cai thién diéu kién
moi truong cat san ho tai quan dao Truong Sa.

2. Sy khéng trung lap cua dé tai nghién clru so véi cac cong trinh, ludn van, luén an
dd cong bd & trong va ngoai nudc; tinh trung thyc, rd rang va day du’ trong trich
dan tai liéu tham khao.



Huorng nghién ctu giai trinh ty toan by hé gen cia chung vi khuan chiu mgn
Salinica Sp. DM10 (Nguyen va cs. [91]) phan lap tur dat man Viét Nam bang cong
nghé giai trinh tu gen thé hé moi (NGS) da timg dugc thuc hién ¢ Viét Nam, tuy
nhién, ndi dung nghién ctru cua luan an nay co doi tuong la chung vi khuan moi
(Bac:[lus velezensis DTA1), ngi dung nghién ctru moi. Cu the, cong trinh cua
Nguyen va cs. lién quan dén cac gen chiju man theo co ché diéu hoa tham thau va
chong chiu ion nhu hé vén chuyen K" (trkA, kdpABC), h¢ thong Na* (nhaP, mrp),
cum gen tong hop chit bao vé tham thau (ectABC, betAB) va céc kénh cam bién ap
suat co hoc (mscKLC). Lu@n an nay lién quan dén nghién clru céc cum gen tham
giatong hop EPS theo con duong Wzx/Wzy va levansucrose.

Trinh tu hé gen cua loai vi khuan B. velezinsis da duoc cong bé (NCBI:
NC_009725.2) va dugc str dung trong ludn an nhu h¢ gen tham chiéu. Luan 4n da
giai "trinh tu hé gen cua ching khac thude loai nay, do la chung Bacillus velezensis
DTAL.

'Ngoai ra, ndi dung ludn an con lién quan dén nghién clu t6i uu diéu kién lén
men chung B. velezinsis DTAI chiu man va tao va thir nghiém ché pham vi sinh
diing cho cay trong.

'I‘ECS da sir dung va trich dan trung thuc céc tai liéu tham khao.

3. Su phu hgp gilra tén dé tai voi ndi dung, giira ndi dung véi nganh va ma )
nganh.
Tén cua ludn 4an pht hop voi ndi dung, nganh va ma s6 nganh.

4. D6 tin cdy va tinh hién dai cia phuong phéap da sir dung dé nghién ciru.

Cac phuong phap str dung trong luén én lién quan dén céc linh vuc vi sinh, hoa
sinh, sinh hoc phén tir, cong nghé gen, tin sinh va phan tich thong ké. Pay la céac
phuong phap nghién clru dang tin cdy va phu hop véi muc tiéu va ndi dung nghién
ctru cua luan an.

5. Két qua nghién clru mdi cua tac gla nhimg dong goép mdi cho su phat trién khoa
hoc chuyén nganh dong gop mai phuc vu cho san xuét, kinh té, quoc phong, xa
hoi va doi song. y nghia khoa hoc, gia trj va d¢ tin cdy cua nhimng két qua do.

Céc két qua chinh cua luan an:

-Pi phan lap duge 10 chung vi khuan tir cac mau dat cua 3 dao Truong Sa Lon,
Truong Sa Dong va Truong Sa Tay, tuyen chon dugc 1 ching DTA1 c¢6 kha nang
tong hop cao nhat EPS va sinh truong tot trong diéu kién stress man (kha nang chiu
man 1én toi 12,5%) va kim loai nang.

- D4 nghién ctu mot s6 dac tinh sinh hoc cua chung DTAI nhu kha nang su
dung céc nguon carbon, kha ning chiu man va kim loai. Giai trinh ty hé gen va du
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doén céc con duong sinh tong hop EPS va cac gen lién quan dén kha nang chju han
cua chung DTAL. Két qua cho thdy bo gen cua chung DTAI mang day du 2 cum
gen sinh tong hgp EPS theo con duong Wzx/Wzy va levansucrose. Dinh danh duoc
chung DTA1 thudc loai Bacillus velezinses dua trén so sanh hinh thai va trinh tu
gen 16S rRNA va core genome.

- Két qua nghién clru cau trac EPS cia chung Bacillus velezensis DTA1 cho thay
polymer nay cé ciu tric dang mang ludi gdm cac monosaccharide (glucose,
rhamnose, fructose, mannose, N-acetylglucosamine), mang nhiéu nhém chirc ua
nude va c6 kha nang hap phu ion kim loai. Dua trén nhimg dic diém céu truc do,
NCS di giai thich dugc co ché EPS bao vé vi khuéan thong qua viéc hinh thanh
biofilm, gitp chiing chong chiu céc diéu kién bét loi nhur ap suét thdm thiu cao, doc
tinh ion kim loai, dong thoi hap phu mudi va duy tri can bing néi bao.

- Két qua thir nghiém trén rau mung toi quy mé chau vai cho thay hiéu qua rd rét
cua chung B. velezinses DTAI, déc biét khi két hop vai gia thé hitu co va bentonite.
Cu thé, ham lugng carbonhydrate dat tang 4,9-5,3 lan, kha nang gilr nudce téng 2-
2,5 lan, giam do mén ngay ca trong diéu kién stress man, nang suat rau tang 2,36
lan so voi dbi chimg cat san ho.

6. Uu diém va nhuge diém vé ndi dung, két cau va hinh thirc cua luan 4n.

Luan an c6 171 trang bao gdbm cac phan: M dau (4 trang); Tong quan tai liéu
(27 trang); Di tuong va phuong phap nghién ciru (20 trang); Két qua va thao luan
(52 trang); Két luan va kién nghi (1 trang); Danh muc céc cdng trinh da cong b6 (1
trang); Ludn an c6 188 tai liéu tham khao (16 trang). Ngoai ra ludn an con c6 30
Phu luc (34 trang); Luan an ¢6 22 bang va 45 hinh.

Ludn an ¢6 b cuc hop hop ly, cac hinh va bang ve co ban rd rang, co cha thich
day du. Van phong sang sua, rd rang, dé doc va dé hiéu.

Luan an con mot s6 han ché sau:

- Phan tong quan nén luge bot thong tin trong cac ndi dung 1.1-1.3 (12 trang)
lién quan den tong quan vé dat kho man, tinh hinh dat kho han, man & Viét Nam va
tong quan vé cac phuong phép cai tao dat kho han, man, vi day khong phal la noi
dung nghién ctru chinh cta luan an. Nén bo sung thém théng tin lién quan dén hé
gen va chu giai chirc ning cua céc gen lién quan dén sinh tdng hop EPS cua chung
B. velezinses FZB42 dugc sir dung lam hé gen tham chiéu trong qua trinh dinh vj
va phan tich cac gen chirc nang cua hé gen chung B. velezinses DATI. ¢

- Hinh anh dién di mau DNA DTALI trén gel agarose trong Bang 3.5 neri dé thanh
hinh riéng véi day du chu thich. 1'
- S€ cang thuyét phuc hon néu ludn an co thé bo sung thém trong phan Phu luc
mot so thong tin vé chat luong dir liéu giai trinh tur hé gen cua chung B. velezensis
DTAI1, ciing vdi cac so liéu trung gian danh gia chat luong lap rap (nhu QUAST
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BUSCO). Nhimng théng tin nay se gitp 1am rd hon quy trinh giai trinh tu va lap rap
hé gen - von 1a mét ndi dung quan trong cua luan an.

Cau hoi:

Theo két qua trinh bay (Bang 3.6), core genome cua hai chung B. velezensis
FZB42 va DTAI cho thdy mirc do tuong dong hoan toan (100%). Tuy nhién, kich
thuée bd gen ciia DTA1 (3.901.259 bp) lai nhé hon FZB42 (3.918.596 bp) khoang
0,44%, trong khi s6 lugng ORF cia DTAI (3.783 ORF) lai vugt FZB42 (3.680
ORF) téi 103 ORF. Day la mét khac biét dang chii y. NCS can |am rd hon co ché
hodc nguyén nhan dan dén su sai khac gitra quy m6 bd gen va s6 lugng ORF ¢ hai
chiing c6 core genome trung khép hoan toan nhu vay.

7. Noi dung cua luan an da dugc cong bé trén tap chi, ky yéu Hoi nghi Khoa hoc
nao va gia tri cua cac cong trinh da cong bé (cdp cong b6 WoS (SSCI, SCI/E,
ESCI ...), Scopus, qudc té cé phan bién, tap chi trong nudc dugc tinh diém
theo Hoi dong Gido sw nha nudc ... va xép hang SCIMAGO).

Két qua cta ludn an dugc cong bé trong 4 cong trinh khoa hoc, trong d6 1 cong
trinh déng trong tap chi Khoa hoc va Cong nghé, 3 cong trinh dang trong cac tap
chi quéc té nhu: Journal of Applied Biology & Biotechnology (Q3, IF: 4,3), Journal

of degraded and mining lands management (Q3, IF: 1,28) va Ecosystem (Q1, IF:
1,9). Noi dung ctia cac cong bo trén déu lién quan dén ndi dung cua luan an.

8. Két luan chung can khang dinh:
-Luén an déo img yéu cAu cia ludn an tién si chuyén nganh Cong nghé sinh hoc.
- Ban tom tat luan an phan anh trung thanh néi dung co ban cua luan an.

- Luan 4n c6 thé dua ra bao vé cap Hoc vién dé nhan bang Tién si.

Ha Néi, ngay 10 thang 12 nam 2025

Ngudi viet nhin xét
(Ky va ghi ro ho va tén)

Truong Nam Hai



CONG HOA XA HOI CHU NGHIA VIET NAM
Doc 1ap — Tu do — Hanh phuc

BAN NHAN XET PHAN BIEN LUAN AN TIEN Si

Ho va tén nguoi phan bién luan an: Truong Qubc Phong
Hoc ham, hoc vi: PGS.TS
Co quan cong tic: Dai hoc Bach khoa Ha Nai
Nghién ctru sinh: Lé Thi Hué
Tén dé tai luan an: Nghién ciru kha niing giir Am va giam min cho cat san hé bang
vi khuin chiu min, sinh EPS (Exopolysaccharide) phin lip & Truong Sa.
Y KIEN NHAN XET
1.Tinh cin thiét, thoi su, ¥ nghia khoa hoc va thuec tién ciia dé tai

Heé sinh thai bién dao Viét Nam, dac biét tai quan dao Truong Sa, dang chiu tic
dong manh mé ctia bién ddi khi hau, xdm nhap man, suy thoai dat va khan hiém nude
ngot. Cat san ho tai Truong Sa c6 dac tinh tham nhanh, gitr am kém va cé néng do
mudi cao, giy han ché nghiém trong cho sinh truéng cua tham thuc vat, cay xanh.
cling nhu qua trinh phu xanh, cai tao canh quan va phat trién nong nghiép trén dao.
Trong bdi canh nhu ciu 6n dinh hdu can. ting cuong sinh ké. cai thién mai truong
song va bao vé chu quyén ngay cang cap thiét, viéc tim kiém cac giai phap bén vimg,
sinh hoc. chi phi thép va thich nghi tu nhién véi diéu kién dao 1a mot nhiém vu dac

biét quan trong.

Viéc khai thac vi khuan chiu man sinh EPS — ddc biét la cac ching dugc phan lap ngay
tai Truong Sa, c6 kha nang thich nghi cao v6i méi truong dao — md ra mot huong di
mai. than thién méi truomg trong viéc cai thién tinh chat cua cat san ho theo co ché

sinh hoc tu nhién.
Pé tai mang tinh thoi sy cao, thé hién qua céc y€u 10 sau:

- Bién ddi khi hau va xdm nhap man dang dién ra ngay cang nghiém trong. anh
huong truc tiép dén cac dao tién tiéu nhu Truong Sa. noi thiéu thén nude ngot
va dat trong trot.

- Xu huéng tng dung cong nghé vi sinh — cong ngh¢ xanh trong cai tao moi

truong dang dugc thé gidi uu tién, dac biét trong ndng nghiép va phuc hoi dat.




- Cac nghién ciru vé vi khuan chiu man va polysaccharide ngoai bao (EPS) cho
thdy tiém nang 16n trong giir 4m. ¢ két dat, giam man va cai thién cau tric gia
thé.

- Nhiéu quéc gia dang ap dung EPS vi sinh dé cai tao dét sa mac; viéc ung dung
giai phap twong tu cho diéu kién cat san hé Viét Nam la doi hoi mang tinh cép
thiét va mang nét méi.

- Chu truong khai thac bén virng tai nguyén san c6 tai Truong Sa nham phuc vu

nhiém vu bao vé chu quyén va on dinh doi song la yéu cau cap bach.
Pé tai c6 y nghia khoa hoc va thyc tién rd nét vi:

- Lan dau tién nghién ctru hé vi sinh vat ban dia tir Truong Sa vOi muc tiéu cai
thién tinh chat cat san ho.

- Lam sang to6 dac diém sinh hoc. sinh thai. kha ning chiu man va diéu kién tbi
wu cho sinh tong hop EPS cua cac ching vi khuén ban dia.

- Gop phan bd sung dir liéu vé da dang vi sinh vat bién — déo va co ché thich nghi
cta ching trong moi truong khac nghiét.

- Phan tich duoc tinh chét Iy — hda — sinh ctia EPS va méi lién hé gitra cdu tric
polymer véi kha ndng gilr nudc, két tu hat cat va giam man.

- D2 xuét co ché khoa hoc cia qua trinh giir &m va cai thién vi méi truong ré cdy
trong cat san ho bang EPS vi sinh.

- Tao tién dé cho céc nghién ctru sau hon vé vi sinh vat ing dung trong cai tao
moi truong bién — dao.

Nhitng déng gép nay gilp ting cuong hiéu biét vé vi sinh vat ban dia va
mé ra hudng phat trién cac ché pham sinh hoc méi.

Vi vay, dé tai nghién ctru cua NCS Lé Thi Hué vé “Nghién ctru kha ning giir
4m va giam min cho cat san hé biang vi khuin chiu min, sinh EPS
(Exopolysaccharide) phan lip ¢ Truong Sa” la thuc sy can thiét, phit hop véi chién
luge phat trién kinh té bién. an ninh sinh thai va phét trién bén ving tai cac vang dao
va ven bién Viét Nam.

2. S khong trung lap cua dé tai nghién ciru so v6i cac cong trinh, ludn vin, luin
an da cong bd & trong va ngoai nude, tinh trung thye, rd rang va day di trong
trich dan tai liéu thao khao.
- Theo hiéu biét va thong tin ¢6 dugc cia nguoi viét nhan xét thi cong trinh
nghién ciru nay khéng trung 1ap véi cac cong bd trude.

_ Tai lidu tham khao dugc trich dn co ban la ddy du va phi hop.




3. Su phui hop giira tén dé tai véi néi dung, giira ndi dung véi chuyén nganh va

ma so chuyén nganh

- Tén dé tai la phu hop vai ndi dung nghién ctru cua luén an
- Noi dung nghién ctru 1a phu hop véi chuyén nganh Cong nghé Sinh hoc va ma

s6 chuyén nganh: 9420201.

4. Do tin cdy va tinh hién dai cia phwong phap nghién ciru da s dung dé nghién
curu
- Céc phuong phap nghién ctru duge sir dung la céac phuong phap chuan, hién dai
va thuong quy duoc st dung trong cac phong thi nghiém chuyén nganh.
- Céc phuong phéap nghién ctru dugc trinh bay c6 trich dan tai liéu tham khao nén

dang tin cay.

5. Két qua nghién ciru méi cia tac gia, dong gop mai cho sw phat trién khoa hoc
chuyén nganh; dong gép méi phuc vu cho san xuét, kinh té, qudc phong, xa hji

va doi séng, ¥ nghia khoa hoc, gi4 tri va d§ tin cdy cic két qua do.

- Da phan lap va sang loc dugc chung vi khuan ban dia Bacillus velezensis DTA1
tir dat dao Truong Sa. c6 kha ndng chiu man cao, chiu dugc stress man va kim
loai nang.

- Giai trinh tu toan bd hé gen cua chung Bacillus velezensis DTA1 tu do xac
dugc cac ciu tric gen lién quan dén sinh tong hop EPS. kha nang chdng chiu
stress mudi. oxy hod va kim loai.

- Daénh gia dugc dic diém sinh 1y, sinh hoa cua ching Bacillus velezensis DTA1:
kha nang sinh EPS va dic tinh cua EPS thu nhén tir ching nay, cung nhu budce
dAu danh gia tiém nang mg dung cua ching nay cho kha nang cai tao cat san
ho.

Céc két qua thu dugce la dang tin cdy c6 ¥ nghia.

6. Uu va nhwoc diém vé noi dung, két cau va hinh thire cia luan an.

- Lu4n 4n 1a cong trinh nghién ctru ¢ ¥ nghia ca vé ly thuyét va thuc tién
- Noi dung nghién ciru lén va dugc thict ke logic.

- Tuy nhién, ludn an con mdt s6 han ché nhu sau:




Mot s6 thuat ngir chua chuan xac: Bang van chuyén gan ATP. méi truong dich
dinh dudng giau chat, phan tmg chudi polymerase. protein xuat polysaccharide
qua mang ngoai. dudng nucleotide....

Cac hinh can chinh dinh dang cho chuén vé kich thudc chir.

Cac hinh anh két qua can dwoc chi thich day du. rd rang dé nguoi doc c6 thé
nim duoc toan bo thong tin tir hinh anh nay.

Anh kich thuéc vi khuan trong Bang 3.2 khong du chét lugng 1am minh chimg.
Bang 3.4. Biu dién két qua déi chimg am va dbi chimg duong la chua lop ly.
Két qua thu dugc vé kha nang chiu man va kim loai nang (trang 59) can dugc
ban ludn véi didu kién thuc tién vé d6 man va muc do nhiém kim loai ning
trong thuc tién cat san ho, hodc dat nhiém man.

Bién ludn trang 60 vé kha nang chiu stress man va kim loai nang, téc gia c6 lam
thuc nghiém vé vai tro cia EPS khong?

Anh dién di trong Bang 3.5 khong dam bao chét lugng, khong chimg minh
duge két qua, dé nghi thay anh két qua nay cho rd rang vé biang DNA.

Bang 3.5. Cot yéu cau ciing cin 1am rd theo tiéu chudn nao, dé lam gi.

Bang 3.6. Can so sanh va bién ludn két qua thu dugce so vé6i by gen tham chiéu,
Iy giai tai sao kich thudc bd gen dugce l&p rap nho hon bd gen tham chiéu nhung
) gen cAu trac la nhiéu hon 103 gen?

Trong nghién ciru ¢6 phan tich cum gen lién quan dén chuyén hoa, trao doi chét
véi nhom duong khong duge sir dung boi vi khuén Bacillus velezensis DTA1
nay khong?

Bang 3.8. Chir viét tat PTS can viét diy di két hop véi chit viét tat nay.

Trong nghién ctru nay (Noi dung 3.5.1) ¢6 thuc hién thi nghiém danh gié giam
muéi trong dich nuéi cdy vi khuan Bacillus velezensis DTA1 khong?

Phan Két luan: nén rit gon con 4 két luan: (1) Phan lap. tuyén chon dugc ching
vi khuan Bacillus velezensis DTA1 c¢6 kha nang chiu man va stress mudi, kim
loai nang. (2) Giai trinh tu toan b h¢ gen chung Bacillus velezensis DTA1 va
du doan cac con dudng chuyén hod lién quan dén sinh tong hop EPS va chéng
chiu stress min, kim loai. (3) Xac dinh dugc mot so dic diém sinh ly. sinh hoa

va kha nang sinh tong hop EPS ctia Bacillus velezensis DTALL thu nhan va xac




dinh dic tinh EPS cua ching nay. (4) Budc dau ung dung ching Bacillus
velezensis DTA1 dé cai tao cat san ho.
7. Néi dung ciia luin 4n da dwoc cong bé trén tap chi, ky yéu Hoi nghi khoa hoc
va gia trj ciia cdc cong trinh cong bd
- NOoi dung cua ludn &n da dugc cong bd trén cac tap chi khoa hoc chuyén ngan
¢6 uy tin nén cong trinh cong bé 1a c6 gia tri.
8. Két luan chung

- Luan 4n c6 ndi dung nghién ctru phu hop va di ham luong cia mét luén én tién
SI.
- Ban tém tat ludn 4n phan anh dugc ndi dung co ban cua luan an.

- Déng v cho NCS dugc dua ludn an ra bao v€ trude hoi df‘mg cép Hoc vién.
Ha No6i. ngay 02 thang 12 nam 2025
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BAN NHAN XET PHAN BIEN LUAN AN TIEN Si

Ho va tén nguoi phan bién luan 4n: Pham Bich Ngoc
Hoc ham, hoc vi: PGS.TS

Co quan céong tac: Vién Sinh hoc

Ho va tén nghién ctru sinh: Lé Thi Hué

. Tén dé tai luan 4n: Nghién citu kha ning giit 4m va gidm man cho cat san ho bang
vi khuan chju mén, sinh EPS (exopolysaccharide) phan lap & Trudng Sa.

Y KIEN NHAN XET

I Tinh cén thiét, thoi sw, ¥ nghfa khoa hoc va thuc tién cia dé tai:

Ving déo Trudng Sa noi gén lién véi diéu kién tw nhién khic nghiét, phan 16n thanh phén
dat cat san hd nghéo dinh dudng, kha nang giir nuéce kém, thuong xuyén chiju tac dong
cua xam nhdp man va khan hiém nuéc ngot, gdy nhiéu khé khan cho san xuat nong
nghiép va bao dam rau xanh tai chd. Do véy viéc tim kiém cac giai phap cai tao cét san ho
phuc vu san xuét dam bao an ninh lwong thyc bién dao 14 yéu cu cap thiét. Luan 4n lya
huéng tiép can sir dung vi khuan chiu man sinh EPS ban dia dé cai thién tinh chit Iy — hoa
ctia cat san ho 1a phu hgp xu thé, than thién moi trudng va hién con it dugc nghién ctu &
Viét Nam. Do vay dé tai “Nghién ciru kha nang giir 4m va giam mén cho cét san ho bang
vi khuén chju mén, sinh EPS (exopolysaccharide) phan lap & Truong Sa” 1a nghién ciru c6
tinh cép thiét cao.

Luén an da phan 1ap, tuyén chon dugc chiung Bacillus velezensis DTA1 chiu médn, sinh
tong hop EPS véi ndng sudt cao tir mau dét cat san ho Truong Sa va tién hanh gii trinh
tu, phan tich toan b hé gen cua ching nay, qua d6 nhén dién cac cum gen va con duong
sinh téng hop EPS, ciing nhu cac nhém gen lién quan dén thich nghi véi diéu kién man,
kim loai ndng va stress moi truong. Bén canh d6, luan 4n da téi wu dugc moi trudng nuodi
cay, qua trinh sinh téng hop EPS, ddng thoi lam 16 mét sb dic diém ciu tric, tinh chét
héa — 1y va kha nang giit nuéc, hip phy mudi, kim loai cua EPS thu duogc, qua d6 buéc
dau lién két dugc gitta dac didm hé gen — con duong sinh téng hop — tinh chat EPS va
chire néng trong méi truong dat cat san ho. Céc két qua nay c6 dong g0p méi ve mat khoa
hoc dbi véi nghién ciru vi khuén sinh EPS ban dia ving dao va co ché cai thién tinh chit
dét duéi didu kién man, kho han. Mot sé két luan vé co ché con dimg & mic goi v dua
trén lién quan va phan tich hé gen, song nhin chung y nghia khoa hoc cua luén 4n la rd
rang, c6 diém méi va gi trj tham khéo tdt cho céc nghién ciru tiép theo.

K&t qua lufn én cho thiy viéc sir dung ching B. velezensis DTAI va EPS sinh ra tir chiing
nay ¢6 kha nang cai thién dang ké kha ndng giit nude, két tu va giam d§ méan cua cét san
ho, tir d6 nang cao sinh trudng va ning suét cay trong trong diéu kién thi nghiém chau vai
va buge dau ngoai thuc dia. Cac cong thirc cai tao ¢ bd sung vi khuan sinh EPS, gia thé
hitu co va mot sé vat lidu khoang cho nang suat rau cao hon ro rét so v6i cat san ho
nguyén trang, gép phan khing dinh tidm nang Ung dung cua ché pham vi sinh trong ci
tao cat san ho Truong Sa va c6 thé mé rong cho cac vung dat cat, dat man khéc. Pay la




nhitng két qua ¢6 y nghia thyc tién thiét thuc, phut hgp véi nhu ciu bao dam luong thyc
rau xanh tai cho, giam chi phi van chuyén va cai thign diéu kién sinh ké, moi trudmg &
vung dao xa. Tuy con céan céc nghién ctru tiép theo & quy md san xuat thi, danh gid hiéu
qua kinh t€ — k§ thuat va hoan thién quy trinh dang ky ché phm, song ¢6 thé nhan xét
luén én ¢ y ngha thy tién, tiém nang img dyng cao trong diéu kién Viét Nam.

v Su khong trang 13p cua @ taj nghién ciru so véi cac cong trinh, luan vin, luan 4n
C!a cong bo & trong va ngoai nudce; tinh trung thue, o rang va day du trong trich dén taj
liéu tham khao.

Két qua nghién ciru luan an khéng trung 13p so véi cac cong trinh, luan van, luan 4n da
cong bo trong va ngoai nudée.

Lue_‘xp én'duqc téng quan, phén tich kc’}t qua va thao luan tir 188 tai liéu tham khao ¢6
nguon goc. Trong d6 gbm 15 tai liéu tiéng Viét, 173 tai lidu tiéng Anh) va 93/188 tai liéu
tham kho sir dung tir ném 2020 tr¢ lai day. Tac gia da trich din day du va trung thyc.

3. Su phu hgp gitra tén dé tai véi ndi dung, gitta ndi dung véi nganh va ma s6 nganh.
Luan 4n ¢6 cac néi dung nghién ctru lién quan, phu hop véi tén va muc tiéu dé tai luan 4n
“Nghién ciru kha néng giir Am va giam mén cho cat san hé bang vi khuén chiu mén, sinh
EPS (exopolysaccha}ride) phan 18p & Truong Sa” va phu hop v6i chuyén nganh Cong
nghé sinh hoc, ma s6 9420201.

4, D4 tin cdy va tinh hién dai cia phuong phép da sir dung dé nghién ctru.

Céc phuong phap nghién ciru, sir dung trong luan 4n déu la phuong phép chuén, phu hop:
Nhom phuong phép phan 1ap va sang loc vi khuan chiu man sinh EPS; Nhém phuong
phép nghién ciru danh gia dac diém sinh hoc ctia cac ching tuyén chon: Nhém phuong
phap phan loai va phan tich di truyén; Nhém phuong phap hoéa sinh — phan tich EPS:
Nhém phuong phip dénh gia hiéu qua str dung thir nghiém trén dat va cay. Céc thi
nghiém dugc 13p lai 3 1an va phan tich théng ké, khac biét co y nghia khi p < 0,05.

Moét sb ky thuét st dung hién dai nhu giéi trinh tuy gen, hé gen, chi gidi hé gen, tinh
sach, phan tich ciu tric — tinh chit EPS bang HPLC, FT-IR, SEM, thé zeta ...

Vit liéu nghién ctru néu trong ludn 4n cé nguén gbe rd rang, mau dugc ldy theo TCVN
7538-2:2005 (ISO 10381-2:2002).

5. Két qua nghi€n clru méi cla tac gia; nhing déng g6p moi cho sy phat trién khoa
hoc chuyén nganh; déng gép méi phuc vu cho san xuat, kinh t€, quoc phong, xa hdi va
doi song: y nghia khoa hoc, gia trj va do tin cdy cua nhitng két qua do.

Luan 4n da thu duoc mot sb két qué nghién cru méi, c6 gié tri khoa hoc cao. Tac gia da
phén lap, tuyén chon dugc ching vi khuan ban dja Bacillus velezensis DTA1 tir cat san ho
Truong Sa, ¢6 kha nang chiu mén téi 12,5% NaCl, sinh tong hop EPS véi ndng suat cao
va su dung da dang ngu(:‘)n carbon; ching nay dugc xdc dinh la thuéc nhom an toan sinh
hoc cép 1, 1a co s& quan trong cho dinh huéng tng dung sau nay.

Trén co s¢ gidi trinh tu toan bd hé gen, luan 4n da nhan di¢n dugc hai cum gen sinh tong
hop EPS (con duong Wzx/Wzy va levansucrase) cung nhiéu gen lién quan dén chiu man,
stress oxy héa va kim loai, gép phan lam sang t6 hon co ché di truyén gan véi kha nang
thich nghi va sinh EPS cia ching DTA1. Két hop t6i uu hoa dicu kién nudi cay bang
phuong phap dap tmg bé mat, tac gia da dat nang suat EPS 32,80 g/L ¢ diéu kién t6i uu
(7,26% sucrose, 3,27% NaCl, pH 8,46, 30 °C, 72 gi®), dong thoi phat hién méi rang chi




moi truong c6 sucrose méi kich hoat dong thoi ca hai con duong sinh téng hop EPS, tao
polymer chtra t6i 5 loai monosaccharide - vuot trdi so v6i céc ching B. velezensis di
cong bo (thuong chi 2—4 loai).

Ve khia canh tng dung, luén an da ching minh duoc kha nang cai tao dit cat san ho
Truong Sa cia EPSDTAI va ching B. velezensis DTA1 qua cdc thi nghiém chau vai va
bude dau ngoai thuc dia. Khi bé sung EPS vao cat san hé, kha nang giit nude cla dét ting
1,6-2 lan, toc d¢ thodt nude giam 4,95-7,83 1an, chu trie dit két tu t6t hon va d6 mgn
dung dich dat giam r5 rét. Trong cac cong thic tréng rau mung toi, t6 hop sir dung vi
khuan DTAI sinh EPS ket hop gid thé hitu co va bentonite gitip tang ham luong
carbohydrate dat 4,9-5,3 14n, tang kha nang giit nuéc 2-2.5 1an va nang suét rau 2,36 lan
s0 v&i doi chirg cat san ho, dong théi duy tri chi sé SPAD cao hon 1,26-1,60 14n, ké ca
trong diéu kién stress man.

Dic bigt, thir nghiém quy mo df?mg ruéng nhé cho théy cong thirc cai tao két hgp chiing vi
khuan sinh EPS Vi cdc ching phan giai lan, ¢ dinh dam, gia thé hiru co va bentonite ¢6
thé nang nang suat rau lén gflp 4-5 1an so véi cat san ho nguyeén trang, dat twong duong
dat canh téc thuong, Diél! nay cho thay, két qua ludn 4n c6 tiém néng dong gop thiét thyuc
cho viéc tang tr chu ngudn rau xanh, gidm chi phi van chuyén luong thyc, céi thién diéu
kién song va cong tac hau can tai céc dao Truong Sa, qua d6 gian tiép phuc vu nhiém vu
qudc phong — an ninh bién dao bén canh gid tri kinh té — xa héi va moi truong. Ngoai
pham vi Truong Sa, mé hinh vi khuan sinh EPS két hop vat ligu hitu co va khodng con
201 m¢& kha nang tng dung cho céc ving dét cat, dit kho han, nhiém man khéc trong ca
nudc.

6. Uu diém va nhuge diém vé ni dung, két ciu va hinh thirc cia luén 4n.

Lugn én c6 ket cAu va hinh thitc phi hop, chét lwong in 4n dam bao, hinh anh dep tai liéu
tham khao phong pha

Ban tom tit luén an dugc trinh bay theo dL'mg quy diph; str dung van phong, thuét ngir
khoa hoc, it 16i chinh ta. C4c hinh anh, bang biéu, so d6 sir dung duge trinh bay dep va rd
rang

Luén én la cong trinh khoa hoc cong phu, két qua thu duogc tin cdy, ro rang, thuyét'phug.
Bén canh nhitng két qua dat dugc nhu da néu, luan 4n van con mot so han ché nhat
dinh. Cé4c han ché nay khoéng lam giam gia trj chinh cua luan éan, n}}ung la cac hudng
can dugc tiép tuc nghién ctru, hoan thién trong cac cong trinh ti€p theo. Thir nhét
nghién ctru di sdu vao mot chung duy nhét (Bacillus velezensis DTA1), nén tinh dai
dién cho toan bd hé vi sinh vat viing c4t san ho bién dao va kha nang so sanh gifra cic
chiing tiém nang con han ché. Thir hai, c4c thi nghiém ng dung méi dimng lai & quy mo
chau vai va m6t mé hinh ngoai thuc dja nho, trén mét loai cay rau mong toi va trong
thoi gian theo doi ngi’;p, do do6 cﬁn thém céc nghi€n ciru mé rng vé thoi gian, khong
gian va da dang cdy trong dé khang dinh tinh 6n dinh va kha nang nhan rong trong san
xuét. Cudi cung, cn tiép tuc danh gi4 dai han v& an toan sinh hoc, tac dong sinh thai,
d6 6n dinh ché phdm va phan tich hiéu qua khi 4p dung & quy mé lén.

Cén thémg nhét cach viét mot s tir, thuét ngir khoa hoc ODsoo; lrge bo (OD600) trong
cac tén hinh 3.7, 3.9, 3.10, 3.11, 3.13- 3.17

i N§i dung cua ludn an da duoc cc‘mg bd trén tap chi’, ky yéu Hoi nghi Khoa hoc nao
va gia trj cua cdc cong trinh da cong bd (cdp cong bo WoS (SSCI, SCI/E, ESCI ...),




Scopus, quéc té ¢6 phan bién, tap chi Irong nwéc dwoc tinh diém theo Héi dong Gido
sw nha nwdc ... va xép hang SCIMAGO).

Nghién ctru sinh la tic gia chinh cua 4 cong trinh cong b ¢6 lién quan tryuc tiép dén cac
noi dung cua dé tai luan 4n do NCS thye hién, trong d6 ¢6 03 bai cong bd thude danh muc

SCOPUS va 01 bai thue Tap chi quéc gia ¢6 phan bién uy tin trong nganh dugc Hoi
dong gido su nganh sinh hoc tinh diém cu thé céc bai bdo nhur sau:

1. Lé Thi Hug et al., (2024), Tuyén chon chung vi khuin chiu man, c6 kha nang sinh
exopolysaccharide tir cic dao san ho & Khénh Hoa, TNU Journal of Science and
Technology, 229(13), tr. 386 — 393 (ACI, 1 diém)

2. Thi Hue Le et al., (2025), Amending coral soil using exopolysaccharide from salt-
tolerant Bacillus velezensis TSD5 bacteria from an atoll in Vietnam, Journal of Applied
Biology & Biotechnology 13(5), pp. 151-162. (Scopus, Q3, 1,5 diém)

3. Thi Hue Le et al., (2025), Characterization and exopolysaccharide production of
Bacillus velezensis DTA1 from Vietnamese atoll soil, Journal of degraded and mining
lands management, 12(4), pp- 8305 - 8314. (Scopus, Q3, 1,5 diém)

4. Le H.T. et al.,(2025), Genomic insights into salt-tolerant, exopolysaccharide-producing
Bacillus velezensis DTA1 isolated from coral island soil in Vietnam: Implications for soil
remediation, One Ecosystem, 10, pp. e158806. (ESCI/Scopus, Q1, 2 diém)

8. Két luén chung:

Luén én c6 tinh khoa hoc va thyc tién, két qua thu dugc tin cdy, r5 rang, thuyét phuc, dép
ung cac yéu cau doi véi luan 4n tién si. Luén 4n c6 thé dua ra bao vé dé nhan hoc vj tién
sT cong nghé sinh hoc

Bén tom tat ludn 4n phan anh trung thanh néi dung co ban ciia luén 4n.

Kinh dé& nghi Hoi dong chédm luan 4n cho phép cho NCS duge bao vé tai Hoi dbng cp
Truong va nghién ctu sinh Lé Thi Hué xing dang nhén hoc vi Tién si .

Ha Ngi, ngay 1  thdang 12 nédm 2025
Nguwdi viét nhan xét

(Ky va ghi ré ho va tén)
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BAN NHAN XET LUAN AN TIEN SI

Ho va tén ngudi viét nhan xét luan dn: DS Thi Tuyén

Hoc ham, hoc vi: PGS.TS.

Co quan cong tac: Vién Sinh hoc, Vién Han 1am Khoa hoc va Cong nghé¢ Viét
Nam

Ho va tén nghién ciru sinh: Lé Thi Hué

Tén dé tai lugn an: Nghién ctru kha ning gitr 4m va giam mdn cho cat san ho
bang vi khuan chiu mén, sinh EPS (exopolysaccharide) phan 1ap & Truong Sa.

Y KIEN NHAN XET
1. Tinh cin thiét, thoi su, ¥ nghia khoa hoc va thyc tién ciia d@ tai.
Quén dao Trudng Sa, véi vi tri chién luge trong yéu, phai déi mat véi céc diéu
kién tw nhién khac nghiét, bao gom khi hau kho han, thiéq hut nghi€m trong ngudn nudc
ngot, cung voi loai dét céat san ho ngheéo dinh dudng, kiém héa va nhiem mén. Nhirng

r

yéu t6 nay gdy cin trd nghiém trong dén su phét trién ndng nghiép phuc vu doi song

rén ddo. Trong bbi canh bién dbi khi hau va hién tuong xam nhip man gia tang, viéc cai
tao dAt cat san ho thanh dét canh tac bén virmg 1a mot yéu clu birc thiét. Viéc cai tao dat
cat san ho hién dang dit ra mot thach thirc khoa hoc k¥ thuat dang ké. CAu tric vat ly
dic trung cia cat, v6i kich thude hat 16m, tinh rdi rac cao va do x6p 16n, din dén kha
nang gitt nude va gitr dinh dudng kém, bén canh viéc bi nhiém min nghiém trong. Do
d6. che muc tiéu cot 16i cia qué trinh cai tao dat la giam d9 mén, tang cudng kha nang
giit nude, va cai thién do két dinh céc hat cdu thanh trong dat.

Trude thuc té nay, cac giai phap sinh hoc than thién v4i moi trudong dang duge
cht trong nghién ciru. Hién nay, céc giai phéap sinh hoc thén thién moi truong, dac biét
1a img dung vi khuin sinh exopolysaccharide (EPS) dang dugc quan tam nho kha nang
gilr nudc, két dinh dét va hip phu mudi. EPS 1a polysaccharide ngoai bao dugc tiét ra
trong qué trinh sinh trudng cia vi sinh vét, gitp bao vé té bao khoi stress moi truong,
ddng thoi dong vai tro then chét trong hinh thanh mang sinh hoc va tuong tac dat-vi
sinh vat. EPS ¢6 thé ton tai dudi dang homopolysaccharide hoéc heteropolysaccharide,
duoc téng hop thong qua bén con dudng sinh hoc chinh: Wzx/Wzy, ABC transporter,
synthase va sucrase ngoai bao. Qua trinh téng hop EPS c6 méi lién hé chat ché vdi hap
thu va chuyén héa duong, thudng bat dau tir cac con duong chuyén hoa trung tdm nhu

glycolysis hogic pentose phosphate. O Viét Nam, nghién cu vé EPS tir vi khuin ban dia
nhim cai tao dét cat san hd van con han ché. M&i chi xuét hién cac nghién ctru vé kha
ndng sinh tong hgp EPS tir chung B.velezensis VTX20 c6 hoat tinh chéng oxy héa ung
dung trong cong nghiép dugc pham va 'y sinh (Vu va cong su., 2021), EPS loai levan tur
chung Cellulosimicrombium cellulans MP1 tng dung trong xir ly sinh hoc va san xuét
EPS (Vu va cong su., 2021). Tir thue té d6, NCS thuc hién dé tai: "Nghién ciru kha ndng
giit dam va giam mdn cho cdt san hé béng vi khudn chiu mdn, sinh EPS
(exopolysaccharide) phén lap ¢ Truong Sa”. P& tai c6 y nghia khoa hoc va y nghia thuc
i&n, 1am co s& khoa hoc cho cac nghién ciru vé vi khuan bién d4o chiu man sinh tong
hop EPS, tiém ning tng dung tao ché phém sinh hoc cai tao d4t san ho than thién moi
trrong tai Truong sa va ¢ cac ving dAt min ven bién.




2. Sy khong trung 13p cia dé tai nghién ciru so véi cic cong trinh, ludn vin, ludn
4n da cong bod ¢ trong va ngoai nwéc; tinh trung thwe, rd rang va day di trong
trich dan tai liéu tham Khdo.

Deé tai ludn 4n, sb liéu, két qua nghién ctru, ket ludn khong trang lap véi céc luén an
da bao vé trong va ngoai nudce, khong tring 1dp véi cac cong trinh khoa hoc cta céc tac
gia khac da cong bo trong va ngoai nudc.

Céc tai lidu trich dan trung thyc, dAy da va phi hop v6i ndi dung trich dan. Trich dan
tai liéu rd rang, day du, tai liéu mang tinh cép nhat.
3. Sw phu hop giita tén dé tai v6i ndi dung, giita ndi dung véi nganh va ma SO
nganh.

Tén dé tai phi hgp v6i ndi dung ctia dé tai, phu hop v6i nganh va ma s6 nganh Cong
nghé sinh hoc.

4. Pj tin cdy va tinh hién dai cia phwong phap da sir dung dé nghién ciru.

Vat liéu nghién ciru la Cac mAu dit thu thap tir 3 dao: Truong Sa Pong (ki hi¢u
TSD); P4 T4y A (ki hiéu DTA); Truong Sa Lon (ki higu TSL). C6 toa d) rd rang

Cac phuong phép ma luén 4n sir dung: Nhom phuong phép vi sinh: Phan ldp, sang
loc cac ching vi khuén chiu mén, sinh EPS, phuong phap tuyén chon ching vi khuan
chiu min, c6 kha nang sinh téng hop EPS ham lugng cao... Nhém phuong phép héa
sinh, Nhom phuong phéap thir nghiém hoat tinh sinh hoc, phuong phap phan tich, xir ly
sé licu.... Pay déu 1a nhitng phuong phap chuin va hién dai phd hop véi ndi dung
nghién ctru dit ra. Do d6 két qua thu duge c6 ham lugng khoa hoc, so liéu thu dugc
dang tin cdy va c6 do chinh xac cao. Noi thue hién luan an 1a nhimng labo chuén cta céc
Vién nghién ctru ¢o6 tdm c& qubc gia nhu vdy nhimng két qua thu duge cé do tin cdy cao
va dam bao tinh khoa hoc.
5. Két qua nghién ciru méi cia tic gia; nhirng déng gop méi cho sy phat trién khoa

hoc chuyén nganh; déong gop moéi phuc vu san xuét, kinh té, xa hdi, an ninh, quoc

phong va doi sdng. Y nghia khoa hoc, gid tri va dg tin cdy cia nhimg két qua dé.
Két qua nghién ctru cta luan 4n da dua ra dugc 3 doéng gop mai sau:

1. Luén an 12 cong trinh nghién ciru dAu tién vé chung vi khuan béan dia Truong sa
Bacillus velezensis DTA1 tir cép do hé gen dén dac tinh sinh hoc, kha nang chong
chiu stress va tiém nang tmg dung da dang cta chung vi khuén trong cai tao dat
kho han, man, ciing nhu xtr ly 6 nhiém kim loai nang.

2. Phat hién méi v& co ché sinh tong hop EPS ddc déo & chung B. velezensis DTAI
ngudn dudng quyét dinh ham lugng va chu tric EPS; dic biét chi méi truong chi
¢6 sucrose méi kich hoat dong thoi hai con dudong(phu thugc Wzx/Wxy va
levansucrase) tao ra EPS chira 5 loai monosaccharide- vuot troi so voi 2-4 loai &

cac ching Bacillus velezensis da cong bo.

3. Lan diu tién luan an chimg minh chung Bacillus velezensis DTA1 chiu man,
sinh EPS c6 kha nang cai thién tich chét dét (gitr nuéc, két tu dAt) ning cao ning
suét, chat lvong (qua chi sé SPAD) va kha néng chiu man cia rau mung toi, dac
biét khi phdi hop véi gia thé hitu co va bentonite.

Day la nhirng nghién ctru méi va co gia trj khoa hoc cao, la co s& khoa hoc cho cac
nghién ciru vé vi khuin bién dao chiu man sinh téng hop EPS, tiém nang Gng dung tao
ché pham sinh hoc than thién moi truong cai tao dit cat san hd & cac vung ven bién.
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6. Uu diém va nhwoe diém vé ndi dung, két ciu va hinh thirc ciia ludn 4n.

Uu diém

- Luén én 1a mdt cong trinh nghlen ctru rat cong phu, hé théng. Noi dung nghién ciru
phong phi, céc s6 li€u c6 gia tri vé mit khoa hoc, c6 kha ndng (mg dung céc két qua
nghién ctru trong thue té.

- Luén an Quqc trinh bay sang sua bb cuc hop ly, 18 rang, van phong khoa hoc, chit
ché, dé hiéu céc hinh anh in mau dep.

- Céc két qua luén an c6 tinh khoa hoc va thyc tlen cao, NCS da cong bd 4 cong trinh
trong d6 ¢6 03 cdng trinh trong cac tap chi qudc té thude Scopus va 01 bai bdo dugce
dang trong tap chi chuyén nganh trong nuéc ph hop véi ndi dung cia lugn an.

- Noi thyc hién luan 4n la nhng labo chuén cua céac vién, trung tAm nghién ctru ¢ tam
¢& quoc gia nhu vay nhitng két qua thu duge c6 do tin cdy cao va diam béo tinh khoa
hoc

Nhuwoe diém

- Sira mdt s 151 in 4n chinh ta, format tai liéu tham khao (tai liéu s 77, 123) cac chir la
tinh khong viét hoa.

7. Noi dung ludin an da dwoc cong b6 trén tap chi, ky yéu Hoi nghi khoa hoc nao va

gia tri cia cac cong trinh da cong bd (cip cogn b6 WoS (SSCI, SCI/E, ESCLI...)

Scopus, quoc té co phan bién, tap chi trong nwée dwge tinh diém theo Hoi dong
Gido s nha nwéec... va xep hang SCIMAGO)

NCS da cong bd 04 cong trinh trong d6 c6 03 cong trinh trén céc tap chi qubc té
thudc Scopus: 01 tap chi Journal of Applied Biology and Biotechnology (Q3), 01 tap chi
Journal of Degrade and Mining Lands Management (Q3), 01 cong bo trén tap chi One
Ecosystem (Q1) va 01 bai bdo dugc dang trong tap chi trong nude chuyén nganh TNU
Journal of Science and Technology — cac cong bd déu phit hop voi ndi dung clia ludn
&n va c6 chét lugng khoa hoc.

8. Két luén chung cin khﬁng dinh:
Mikec dj dap veng cdc yeu ciu doi voi mpt lugn dn tién sy nganh
Luén an déap Ung diy du yéu cAu ciia cia mot ludn an tién si nganh cé vé ndi dung
va hinh thirc
Bin tém tit lugn dn cé phin dnh trung thanh nji dung co ban cua lugn an khong

Ban Tém tit ludn 4n dat duoc da cho thdy NCS da thyc hién duoc tat ca cac ndi
dung nghién ctru dé ra phit hop véi muyc tiéu cia dé tai.

Ludin dn c6 thé dwa ra bio v¢ cip Hoc viégn dé nhin bang Tién sy dwoc khong?
Noi dung nghién ciru c6 tinh khoa hoc. Ket qua c6 dong goép mdi va co tinh

thuyet phuc. Luén éan phu hop v6i ma sb nganh. D& nghi cho NCS dugc bao vé ludn an
dé NCS nhan dugc hoc vi Tién si.

Ha Néi, ngay 01 thdang 12 nam 2025
Ngudi viét nhan xét

Wio

P& Thi Tuyén




CONG HOA XA HQI CHU NGHIA VIET NAM
Poc lap - Tw do - Hanh phiic

BAN NHAN XET LUAN AN TIEN SI

Ho va tén nguoi viét nhan xét luan an: Hoang Mai Ha
Hoc ham, hoc vi: PGS.TS.

Co quan cong tac: Vién Hoa hoc — Vién Han 1am Khoa hoc va Cong nghé
Viét Nam

Ho va tén nghién ciru sinh: Lé Thi Hué

Tén d tai luén an: Nghién ctru kha ning gilt am va giam man cho cat san
hé bing vi khuin chiu min, sinh EPS (exopolysaccharide) phan lap ¢ Truong
Sa.

Y KIEN NHAN XET
1. Tinh cin thiét, thoi sw, y nghia khoa hoc va thye tién cila dé tai

Luén 4n tip trung vao viéc phéan lap va tuyén chon cac ching vi khuan
ban dia chiu min, c6 kha ning sinh EPS tai khu vuc dao san ho thugc Quan dao
Trudng Sa, nghién ctru dic diém sinh hoc va di truyén, dong thoi danh gié kha
ning giit nuéc va giam man cua EPS. Nghién ctu ciing thir nghiém, danh gia
hiéu qua cai tao d4t cat san ho thanh dit canh tac. Két qua nghién ctru khong chi
c6 y nghia khoa hoc trong viéc khai théc tai nguyén vi sinh vat vung bién dao,
ma con gop phan dé xuat huéng tiép can mdi, bén viing trong cai tao dat ven
bién va cac dao xa bo, phuc vu cho ndng nghiép sinh thai va bao dam an ninh
qudc gia. Nghién ctru sinh da dat van dé va dua ra cach giai quyét van dé hop ly.

2. Sw khong trung ldp cia dé tai nghién ctru so véi cdc cong trinh, luin
vin, luan an da cong bd & trong va ngoai nuéc; tinh trung thye, ré rang va
dAy di trong trich din tai liéu tham khao

Céc két qua nghién ctu cia luén an khong tring ldp voi cdc nghién ciu
cong bd trong cac cdng trinh, luén 4n & trong va ngoai nude cua cac tac gia
khac. Trong luén an, NCS da trich dan 188 tai liéu tham khao. Cac tai liéu tham
khao duoc trich din ddy di, rd rang va c6 lién quan chit ché dén cac phuong
phap nghién ctru va ndi dung khoa hoc can thuc hién.




3. Sw phu hgp gitra tén dé tai voi ndi dung, giira ndi dung véi nganh va
mi s6 nganh

Tén dé tai luén 4n phi hop véi ndi dung nghién ctru. Noi dung nghién ctu
phi hop véi chuyén nganh Cong nghé sinh hoc, ma s6: 9 42 02 01

4. D tin cAy va tinh hién dai cia phwong phap da sir dung dé nghién

ciru

Luan 4n st dung cac phuong phép, thiét bi nghién ctru hién dai va phu
hop bao gdm: cac phuwong phdp vi sinh, cic phuong phap phan loai vi khuan,
phuong phap giai trinh ty hé gen, phuong phap phén tich tin sinh hoc dir liéu
giai trinh tu toan bd hé gen, cac phuong phdp hoéa sinh... Viéc sur dung cac
phuong phéap nghién ctru nay la hop ly, ¢6 d tin cdy va chinh xéc. Nghién ciru
sinh da thé hién nd luc tim t0i, sang tao trong viéc thuc hién cac thi nghiém, thir
nghiém va danh gia két qua. C4c lap luan va giai thich déu dya trén cac két qua
thi nghiém va dugc trinh bay hop ly, chat ché.

5. Két qué nghién ciru méi ciia tac gid; nhitng dong gép mai cho sy phat
trién khoa hoc chuyén nganh; déng gép méi phuc vu cho sin xuit, kinh té,
qudc phong, xd hdi va doi song. y nghia khoa hoc, gia tri va dd tin ciy cia
nhirng két qua dé.

Luan an c6 khéi lugng két qua phong pht véi mot s6 dong gép méi sau:

- Luan 4n la cong trinh nghién ctru dau tién vé ching vi khuin ban dia
Truong Sa Bacillus velezensis DTA1 tu cap do hé gen dén dic tinh sinh hoc, kha
nang chéng chiu stress va tiém ning Gmg dung da dang cta ching vi khuén trong
cai tao dat kho han, man, cling nhu xtr ly 6 nhiém kim loai ning.

- Luén 4n da c6 nhiing phét hién méi vé co ché sinh téng hop EPS doc déo.
§ ching B. velezensis DTA1, ngudn dudng quyét dinh ham lugng va céu trac
EPS; dic biét, chi mdi trudng co6 sucrose mai kich hoat dong thoi hai con duong
(phu thuéc Wzx/Wzy va levansucrase), tao ra EPS chira 5 loai monosaccharide —
vuot trdi so voi 2—4 loai & cac ching B. velezensis da cong bé.

- Luén 4n chimg minh chiing B. velezensis DTA1 chiu mgn, sinh EPS c6
kha ning cai thién tinh chat dat, nang cao ning suat, chét luong va kha ning
chiu man cia rau mung toi, ddc biét khi phdi hop voi gid thé hitu co va

bentonite.



Céc két qua nay c6 y nghia khoa hoc va thuc tién, mé ra huéng di méi
trong cai tao dat ven bién.

6. Uu diém va nhuwoc diém vé ndi dung, két cau va hinh thirc ciia luin
an.

Luan 4n dugc chudn bi céng phu véi sé lwong két qua phong ph, dugc
trinh bay logic va khoa hoc. Tuy nhién, luan an con mot sb thiéu s6t can chinh
stra nhu sau:

+ Luén 4n con mdt s ciu thao luan chua thue sy thuyét phuc, mot so 16i
ngir phap va bién tép.

+ Mt sb hinh dugc trinh bay chua téi uu, dang dé vuot khung nhu hinh
2.5, 33,3.24

+ Nén xem lai két qua déanh gia: “EPS tinh sach dugc c6 d§ sach 97,07%”.
7.  NOi dung cta luidn d4n da dwoc cong bé trén tap chi, ky yéu Hoi nghi
Khoa hoc nao va gia tri ciia cic cong trinh da cong b

Nghién ciru sinh la tac gia dung dau va tac gia lién hé ctia 3 cong trinh
trén cac tap chi quéc té va 01 bai trén tap chi Quéc gia cé uy tin. Nghién ctru
sinh da thé hién vai tro chinh trong céc cong trinh cong bb. Noi dung cac cong
trinh phan 4nh ndi dung chinh ctia ludn an, hoan toan dap ung yéu cau cta luan
an tién sy.

8.  Kétluan chung cin khing dinh:

Luan an dap ung day di cac yéu cu ctia mot luén an Tién si chuyén
nganh Cong nghé sinh hoc theo cac quy dinh ciia B Gido dyc va bBao tao. Ban
tém tit ludn 4n phan anh trung thuc va ddy di cac noi dung di dugce trinh bay
trong ban luén an toan van. Toi nhét tri & NCS. Lé Thi Hué duoc bao vé trude

Hoi dong cham luén 4n tién si cap Hoc vién.

Ha Noi, ngay 2 thang 12 nam 2025

Ngudi viét nhan xét

=
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BAN NHAN XET LUAN AN TIEN Si

Ho va tén ngudi viét nhan xét luan 4n: Pham Thé Hai
Hoc ham, hoc vi: PGS. TS.
Co quan cong tac: Truong Pai hoc Khoa hoc Ty nhién —- PHQGHN

Ho va tén nghién ctru sinh: Lé Thi Hué
Tén dé tai luén an: Nghién ctru kha ning giit 4m va gidm min cho cat san hd
bing vi khudn chiu min, sinh EPS (exopolysaccharide) phén 1ap & Truong Sa.

Y KIEN NHAN XET
1. Tinh can thiét, thoi sy, y nghia khoa hoc va thyc tidn cua dé tai

Quan déo Trudng Sa gir vi tri dic biét quan trong vé dia chién luge, quéc phong va
phat trién kinh té bién cta Viét Nam. Tuy nhién, diéu kién tur nhién tai khu virc ndy dang
ngay cang trd nén khic nghiét do tac dong cta bién ddi khi hau, véi dic trung 1a nhiét do
cao, khan hiém nuéc ngot, bio gié manh va su gia ting x4m nhap man. Pit cat san ho —
loai dat chi yéu trén cac dao — 6 cdu tric rdi rac, kich thude hat 16n, nghéo dinh dudng
va giit 4m kém, dong thoi nhiém man, gy cén tré 16n cho viéc phu xanh va phat trién
nong nghiép tai dao. Trong bdi canh do, viéc tim kiém cac giai phap cai tao dét bién déo
theo huéng bén virng, than thién méi truong 13 yéu cdu cép thiét @& dam bao doi séng,
sinh ké va hd trg phat trién kinh té — xa hoi cho luc lugng cong tac va cu dan ngoai dao.
Cac giai phép sinh hoc, ddc biét 1a sir dung cac chung vi khudn chiu min, ¢6 kha niang
sinh exopolysaccharide (EPS), dang dugc quan tAm trén thé gi6i nho kha ning két tu dt,
gilt nude va hdp phu ion mubi. Tuy nhién, & Viét Nam hdu nhu chua cé cong trinh
nghién ctru chuyén sau nao {mg dung céc ching vi khudn ban dia tir Truong Sa vao céi
tao dét cat san ho. Piéu nay dit ra nhu ciu cép bach phai khai thac hiéu qua ngudn vi sinh
vét dic hitu, phuc vu cai thién moi truong dat va san Xudt nong nghiép noi ddo xa bo. Do
d6, d& tai luan 4n cua tac gia c6 tinh thoi su va cép thiét cao.

Y nghia khoa hoc:

e Luin 4n da cung cip mot tap hop dir liéu khoa hoc twong ddi ddy du vé tiém
ning ung dung sinh hoc cao ctia 1 ching vi khudn ban dia (B. velezensis DTAI), bao
gém: cAu tric bd gen, kha ning chiu man va kim loai ning, dic tinh sinh tng hop EPS,
cling nhu higu qué cai tao cit san hd. Tir d6, ludn 4n da lam rd mdi lién hé gitra dic tinh
di truyén cua vi khudn; cdu tric EPS; va hiéu qua sinh hoc trong mbi trrong dit, 1am tién
dé cho cac nghién ciru ké tiép sau hon vé co ché giir nudc, két tu dat, hip phu mudi va
kim loai nang trong dat.

e Bén canh gia tri hoc thuit, nghién ctru da cung cdp thém tri thirc khoa hoc lién
quan dén vi khuan bién dao chiu min, sinh EPS, qua d6 cung cip cdc minh chimg khoa




hoc cu thé vé tiém nang img dung céc ching nay trong cai tao céc viing dat hoang hoa,
man va kh6 han — mot van dé khoa hoc cAp thiét trong bdi canh BDKH va suy thodi dét
toan cau ngay cang phuc tap.

Y nghia thue tién:

Nghién ctru da xac dinh va cung cdp mét ching vi khuén an toan cip 1 (Bacillus
velezensis DTA1) c¢6 kha nang sinh EPS hiéu qua va thich nghi cao véi méi trurong bién
dao khiic nghiét. Pay 1a tién d& dé phit trién céc ché phdm vi sinh than thién mdi truong,
ng dung trong cdi tao dat cat san ho tai Trudng Sa va céc ving dit min ven bién khac.
Viée str dung EPS tir chiing vi khuin nay gitp han ché su phu thudc vao cac vit liéu giir
nudce va hoa chét cai tao dit, huéng dén céc giai phap sinh hoc bén virng thich Ung véi
diéu kién tai nguyén tai chd & cic dao xa by. Pdng thoi, giai phap nay cho thdy trién
vong nang cao hiéu qua san xuét ndng nghiép, dam bao an ninh sinh ké tai céc dao tién
tiéu cla dat nude.

2. Dé tai luan an, sd liéu, két qua nghién ctru khéng trung 1dp véi cac ludn vin, luan an da
bao v¢€ trong va ngoai nudc va vdi cac cong trinh khoa hoc cia cac tac gid khac da cong
bo trong va ngoai nudc.

3. Tén d& tai phi hop v6i ndi dung, ndi dung phit hop véi nganh va ma sé nganh dao tao.

4. Céac phuong phap nghién ctru 1a co ban vé vi sinh vét hoc va hoa sinh hoc. Dé tai con
c6 mdt sé phuong phép hién dai trong phan tich genome va phan tich EPS.

Thiét ké thi nghiém duoc trinh bay tuong minh va cic phuong phap nghién ciru vé co ban
14 chudn muec, hién dai, c6 su I3p lai va c6 phan tich théng ké; nén cac két qua thu dugc
c6 do tin cdy cao.

5. Péng gép mai cia két qua nghién ciru cia luan an:

- La cong trinh diu tién nghién ctru va cong bd vé mot ching vi khuin ban dia DTAL
phan 1ap tai Truong Sa c6 kha ning chiu min va sinh EPS vurgt tri véi tiém ning tmg
dung cao dé giir 4m cho cat san ho.

- C6 nhiéu kham pha vé& hé gen va cac con dudng trao ddi chit doc ddo gitip téng hop
EPS vuot trdi & chiing vi khuin DTAL.

- ba dénh gia dugc kha néang giup giir nudc va chiu min cua ché phdm chira DTA1 dbi
v6i cly mung toi khi trong trén cét san ho.

¥ nghia khoa hoc, gia tri thic tién:

Céc két qua trén c6 nhidu tinh méi, c6 nhiéu déng gép cho cac nghién ciru vé vi khudn

EPS va kha ning giit 4m, chiu min dé tng dung cai tao dit khoé man trong méi trudng
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kh#ic nghiét cia bién ddo qué hwong. Nhu vy, cdc két qua c6 ca y nghia khoa hoc va gia
tri tng dung thuc tién cao.

6. Uu nhuogc diém:
- Phin Téng quan:

+ Phin Téng quan chua lam rd dugc tinh méi cia nghién ciru. Cu thé, theo phén tong
quan thi da c6 mot s6 nghién ciru tuong tu & trong nude, vy can chi ra khoing trong va
nghién ciru nay gitip lp day khoang trbng d6 nhu thé nao.

+ Cin chinh sira céch trinh bay phin Téng quan dé van phong khoa hoc hon (vi dy, tranh
viét 1 doan chi c6 1 cau —trang 7)

- Phin Phuong phap nghién ctu:

+ Trang 36: Phén trinh bay vé RSM cin 1am o 3 bién doc 1ap duge sir dung & ddy 1a 3
bién gi, va c6 dii dé giai quyét bai toin «4i uu hoa” cac yéu tb mdi trudng anh hudng dén
sinh tong hop EPS.

+ Cin can nhic: Hién nay viéc dung trinh tu gen 16S rRNA dé phan loai vi khuén dén
loai, ddc biét 1a Bacillus, 1a hau nhu khéng thé vi trinh tu nay gitra cac loai Bacillus c6 do
triing 1dp rét cao (thuong >99%). Cin sir dung thém céc gene khéc dé bd trg.

- Phin Két qua va thao luan:

+ Téi c6 mot thic méc 1a tai sao két qua giai trinh tw bd gen cua DTA1 khong duge t6t
ma tai sao tac gia khong giai trinh tyu lai. Hién nay viéc nay khé don gian, dic biét chi Vol
1 ching.

+ Vi khuén sinh EPS sé& tao ra d6 nhét cao khi nudi lac. Téc gia can 1am o da khéc phuc
vén @& nay nhu thé nao trong phf’in két qua thi nghiém nudi lic (trang 86).

+ Téac gia trinh bay ring khong thuc hién phén tich NMR va phén tich X-ray nhung véi
cac két qua da co, tac gia it nhét ciing nén dua ra dugc ciu truc du doan tuong d6i cia
EPSDTAI

+ Nghién ctru méi chi dugce trién khai dén quy mé chu vai, trong khi d6 téc gia ¢6 dé
cip 1a c6 mot s& két qua thir nghiém bude diu & quy mé thyc té (dong rudng nho, nha
mang) & Trudmg Sa. Theo ti, rat nén dua két qua ndy thanh mdt két qua chinh cia ludn
an (khong phai dé trong phu luc) dé tang tinh thuyét phuc vé muc dd kha quan cia viéc
{mg dung san phim ctia nghién ciru.

+ Cubi phin Két qua va thao ludn, nén co phin thao lugn chung vé tiém nang cia san
phédm cong nghé da phat trién dugc, chi rd cac phwong 4n Ung dung tiép theo co thé 1a
nhu thé nao.

- Phin K&t luén: can viét gon lai, c6 dong hon, lam ndi bét céc két qua chinh (thong di€p

chinh).




7. Céc cong trinh da cong b cia tic gia co ban phan anh ding két qua ciia luan an. Céc
cong trinh dugc dang trén 2 tap chi qudc té (danh muc Scopus), va 2 tap chi trong nudc.
Nhur vdy 1a co ban dat yéu cau theo quy dinh.

8. Két luan:

_ M d6 dép tmg cac yéu cu ddi véi mot ludn an tién si nganh: Pap tng

- Ban tém tt lufn 4n c6 phan anh trung thanh ndi dung co ban cia luén 4n
khong: Co

- Luén 4n ¢6 thé dua ra bao vé cap Hoc vién d& nhén bang Tién si dugc hay

khong: C6, nhung can thuc hién céc chinh sira theo gop y néu trén.

Ha Noi, ngay?Sthang 11 nim 2025
Ngudi nhan xét
(Ky va ghi ro ho tén)

P

Pham Thé Hai




BAN NHAN XET LUAN AN TIEN SI

- Ho va tén ngudi viét nhan xét: Pinh Hong Duyén

- Hoc ham, hoc vi: Tién si

- Co quan cong tac: B6 mén Vi sinh vét, Khoa Tai nguyén va Méi truong, Hoc vién

Nong nghiép Viét Nam.

- Ho va tén nghién clru sinh: Lé Thi Hué

- Tén dé tai luan an: “Nghién cieu kha ndng giit am va giam mgn cho cdt san hé bang
vi khuan chiu mégn, sinh EPS (Exopolysaccharide) phén ldp ¢ Truong Sa”.

Y KIEN NHAN XET

1. Tinh cin thiét thoi su, ¥ nghia khoa hoc va thue tién ciia dé tai

Quan dao Truong Sa nim tai vi tri trung tim Bién Pong, giir vai trd trong yéu vé
dia chién luoc, quéc phong va an ninh quéc gia. Didu kién séng trén dao kho khan, thiéu
nuée ngot, chiu anh huong ctia gio bao,... Cac dao ndi Truong Sa cha yéu hinh thanh
trén nén san hd duge nang lén, cat san ho quan dao Truong Sa kho cin, nghéo dinh
dudng, lai nhiém min, gay khé khan I1én cho hoat déng trong trot va phu xanh dao.

Viéc cai tao dat cat san ho thanh dét nong nghiép c6 kha nang canh tac bén viing
trén céc dao 1a yéu cau cap thiét va c6 y nghia thuc tién sdu sac. Trong céc bién phap,
phuong phap cai tao d4t kho han, min thi bién phép sinh hoc sir dung vi khuén sinh EPS
két hop voi céc bién phap khéc vira than thién v6i moi truong, mang lai hiéu qua bén
vitng va co thé trién khai tai cac khu vuc dao ven bién han ché tiép can vat tu nong
nghiép thong thuong.
2. Su khong trung 1ip cia dé tai nghién ctru so v6i cic cong trinh, lufn vin, ludn
4n @3 cong bd & trong va ngoai nudc; tinh trung thue, rd rang va day di trong
trich din tai liéu tham khio.

Cac sb lidu, cac két qua nghién ctru cia ludn 4n 1a cac két qua nghién ctru mai vé
vi khuin chiu man sinh EPS ¢ Truong Sa, do d6 khéng trang lap véi cc luan an da bao
vé trong nudc va nude ngoai.

Trich dén tai liéu tham khao day du, rd rang.
3. Sy phui hop gitra tén dé tai vi ndi dung, giira ndi dung véi nganh va ma s6 nganh

No6i dung luan an phu hop voi tén dé tai va phu hop véi ma s6 chuyén nganh.
4. Dj tin cdy va tinh hién dai cia phwong phap da sir dung dé nghién ciru.

Céc phuong phap nghién ctru 1a phuong phép thong dung trong phong thi nghi€ém
va ca cac phuong phéap hién dai dwgc cong nhén nén cac két qua cé do tin cdy cao.
5. Két qué nghién ciru méi ciia tic gid; nhirng dong g6p mobi cho su phat trién khoa
hoc chuyén nganh; déng gép méi phuc vu cho sin xuit, kinh té, quéc phong, xi
héi va doi séng. ¥ nghia khoa hoc, gid tri va dd tin cdy ciia nhirmng ket qui do.

Luan én 14n dau tién cong bé vé chung vi khuén ban dia B. velezensis DTA1 phan
lap tir Truong Sa ti cap do hé gen dén dic tinh sinh hoc, cung cép dir liéu khoa hoc vé
mdi quan hé gilta dc tinh di truyén véi con dudng sinh tdng hop EPS va kha nang chéng
chiu tress. Tir d6 cho thiy tiém ning tmg dung cdc chung VSV nay trong cai tao, phuc
hdi dat.

Chung VSV DTAI tuyén chon dugc cua cua ludn an cho t{hf;.y €6 kha nédng sinh
EPS va thich nghi cao véi méi trudong bién dao khac nghiét, ché pham VSV ¢6 chira




chung VSV nay Khi st dung trén dAt cat san ho (thir nghiém trdng rau mdng toi) cho

thy tang kha nang gitr nudc, ting kha nang két tu, giam man va cai thién tinh chat ly
hod hoc cua dat.

6. Uu diém va nhwge diém vé ndi dung, két chu va hinh thirc ciia luin 4n.
6.1. Uu diém

Luan én trinh bay theo dung quy dinh vé hinh thirc két cau cta ludn 4n, van phong
khoa hoc, hinh anh ro rang, it 16i chinh ta.

Két qua cia luan 4n trinh bay day du ngh1er1 ciru tir bude phan 1ap. tuyén chon
dén nghlen ctru dic diém sinh hoc va di truyen ctia ching VSV dén kiém nghiém trong
thyc thé. Cac két qua khi duge trinh bay déu c6 giai thich, phan tich, so sanh vdi cic
cong bd trong nude va quéc té. Két qua nghién ciru khong chi ¢ y nghia khoa hoc trong
vigc khai théc va img dung tai nguyén VSV bién dao phuc vu cho néng nghiép sinh thai
va dam bao an ninh quoc gla
6.2. Nhugc diém va gop ¥
- Vé hinh thirc va két cau ciia lu@n van

Dau gach ngang (-) lac thi & dang dau ngén, lc thi & dang déu dai (—) => Nén
thdng nhat dé nhin luén van dep hon.

Cén ra sodt lai, van con 13i chinh ta, cau tir:

+ Trang 16: spp. Khong in nghiéng.

~ +Trang 60. Dau chdm cin dat ngay cudi cau, khong duoc thém mét khoang
trong.

+ Bang 3.14, trang 89, chd glucose 5, dung dau phay & phan thap phan.

+ Chinh stra ¢& chit chu thich truc ngang, truc doc tai hinh 3.33, 3.34, 3.36.

- Vé nji dung cita lu@n vin
- M6 dau:

Cau: "Nghién ctu cling thur nghlem danh gia hiéu qua cai tao dat.... cia chung
vi khuan sinh EPS tuyén chon" => Xem vi trf diu phay trude chir Hoc vién NN VN ¢6
hop ly khong?

- Phuong phap nghién cieu

+ Chua c6 phuong phap lam dé cho két qua cot mat do VSV tai bang 3.1. (trang
523

+ Tai TN1 muc 2.2.7.3 dung dat cat san ho hay cat san h6?

+Tai TN muc 2.2.7.4. Cac thi nghiém trudc, tac gia dung 50g dat thi tac gia cho
vao 10ml nudc cét hodc dich nuéi VSV; sir dung mat d6 cudi cung VSV la 10° CFU/ml?
Sang thi nghlem nay, tac gia str dung 800-850g dt thi tac gia lai chi c6 6 5ml nude cét
hodc dich nuéi VSV; sir dung mét do cudi cung tinh ra trong dat 1a 6x10° CFU/g => Tac
gia ly giai tai sao vay? Mat d trong dich huyen phu khi cho vao dat phai dat bao nhiéu?

Tai sao tac gia chon twdi 50mL nuoc/]an tudi 3 ngay/lan. Tac gia c6 quan tam
den d6 4m cudi ciing ctia dit tréng cdy rau mong toi khong? Vi thiét ké ctia tc gia thi
d6 4m khoang bao nhiéu %?

Phin Phan tich kha ning giit nudc cia dat thoi diém thu hoach rau. => Tai sao
dat sau thu hoach rau lai tuéi nuée, tugi nude theo quy dinh trude do 1a nhu thé nao, la

50mL nuGe/lan, tudi 3 ngay/lan a? Y

- Keét qua nghién ciru



Bang 3.4. (trang 63) c6 két qua khao sat As, nhung phin phuong phép trang 35,
- khéng thay ghi khao sat As?

Theo PP trang 35, khao sat tir nong do 1-128, sau dé néu ching VK nao phat
trién & 128 thi tiép tuc khao sit & nong do 150 => Vay bang thir 3 & bang 3.4 ma co két
qua cua Cd, Hg, Cr, Co, As nén bd sung ca Pb, Zn, Fe vao.

+ Hinh anh tai 3.35, néu c6 hinh anh thé hién du 7 thi nghi¢ém dung canh nhau s&
khach quan hon. Hién tai TN6, TN7 khéac hinh vé1 bd TN tir 1 dén 5.

- Két ludn

Cén nhéc dung tir stress & cum tir chiu dugc stress méan, kim loai nang, vi thi

nghiém trang 35 va két qua trang 58— ciing chi dung tir chju mén, chiu kim loai ning.

7. N§i dung cia luin dn da dwgce cong b trén tap chi, ky yéu Hgi nghi Khoa hoe
nao va gia tri cua cac cong trinh da cong bb (cAp cong b WoS (SSCl SCIE, ESCI
...), Scopus, quoc té co phan bién, tap chi trong nwéc duge tinh diém theo Hoi dong
Glao sw nha nuéc ... va xép hang SCIMAGO).
Tac gia co 04 bai bao khoa hoc (01 bai tiéng Viét, 03 bai tiéng Anh), cac bai bao
déu dang trén cac TaE) chi c6 chi s6 ISSN, c6 gia tri khoa hoc.
8. Két ludn chung can khang d;nh
- Mure dp ddp veng cdc yéu cau dbi voi mjt ludn dn tién st nganh.
Lu4n an cua NCS déap tmg cac yéu cau vé ndi dung va hinh thire d6i véi mot luan
an tién si theo Quy dinh.
- Bin tom tit lu@n dn cé phin anh trung thanh ni dung co ban ciia lugn dn khong.
Ban tém tat luan 4n phan anh trung thanh n6i dung co ban cua ludn an.
- Lugn dn co thé dwa ra bdo vé cip Hoc vién dé nhén bang Tién si r duwogc hay H:ong
Dong y cho NCS bao v¢ luén an trudce Hoi dong chim luan 4n tién si cap Hoc
vién dé nhin bang Tién si.

Ha Néi, ngay 4 thang 12 ndm 2025
Nguoi viét nhan xét
(Ky va ghi rd ho va tén)

e

Pinh Hong Duyén



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Dic lap - Ty do - Hanh phic
HOQC VIEN KHOA HQC VA CONG NGHE

Ha Noi, ngay 22 thang 12 ndm 2025

QUYET NGHI
CUA HOI PONG PANH GIA LUAN AN TIEN SI CAP HQC VIEN

Tén nghién ciru sinh: Lé Thi Hué
Vé d¢ tai: “Nghién citu kha ning giit am va giam man cho cdt san hé bang vi khudn chiu
mdn, sinh EPS (exopolysaccharide) phdn Idp ¢ Truong Sa”
Nganh: Céng nghé sinh hoc. Miasé: 9420201,
Ngudi huéng dan:
1. GS.TS. Lé Mai Huong- Vién Hba hoc, Vién Han 1am KHCNVN
2. TS. Vii Duy Nhan- Phén vi¢n Cong nghé sinh hoc, Trung tdm Nhiét déi - Viét Nga
S6 thanh vién Hoi déng danh gi4 ludn 4n tién si cAp Hoc vién c6 mit: 07/07
H¢i dong danh gia ludn an tién s7 cdp Hoc vién ctia NCS. Lé Thi Hué da hop tir 14
gio 00 ngay 22 thang 12 nam 2025 tai Hoc vién Khoa hoc va Cong nghé, s6 18 dudng
Hoang Qudc Viét, Nghia D6, Ha Noi.
Sau khi nghe nghién ctru sinh Lé Thi Hué trinh bay ndi dung luén 4n trong thoi glan
30 phut, Hoi ddng da nghe cac phéan bién phét biéu nhan xét ludn 4n va nghe céc ¥ kién

nhén xét luédn 4n cta cic thanh vién khac trong Hoi dong. Hoéi dong da tién hanh thao luan/|
chung tai Héi truomg, sau d6 Hoi dong da hop riéng va nhét tri quyét nghi nhu sau:

1. Két qua bé phiéu ddnh gia luin 4n ciia Hoi dong:

Tan thanh: 07/07 phiéu
Khoéng tan thanh: 0/07 phiéu
Xuit sic: 06/07 phiéu

2. Nhirng két ludn khoa hoc co bin, nhimg diém méi, dong gép mdéi ciia ludn an
Nghién ctru sinh da thyc hién dugc ddy d cac ndi dung nghién ctru. Luén 4n c6 ndi
dung, y nghia khoa hoc tét va c6 gia trj thuc tién cao. Két qua nhan dwoc c6 tinh méi va
tinh séng tao.
Nhitng diém méi ciia lu@n dn:
- Luén an la cong trinh déu tién & Viét Nam nghién ciru vé chiing vi khuén ban dia
Bacillus velezensis DTA1 ¢6 kha nang chiu han, chiu min & cép do gen dén dic tinh
sinh hoc.
- Lufn 4n da chimg minh dugc tiém ning ing dung cua chung Bacillus velezensis
DTALI dé cai tao nén cat san ho.
3. Co sé khoa hoc, d9 tin cdy ciia nhitng luin diém va nhirng két luin néu trong luian
an

Luan an dugc xdy dung trén co s khoa hoc vé vai trd ciia vi khuédn chiu mén sinh
exopolysaccharide (EPS) trong cai thién c4c tinh chét bét li cia dat cat san ho — loai dét



¢6 cdu truc roi rac, kha nang gilt nudc va dinh dudng kém, df’")ng thoi bi nhiém man, dic
biét trong bdi canh bién ddi khi hau va tinh trang khan hiém nude ngot tai cac dao xa bo.
EPS do vi khuan tiét ra ¢6 kha nang giit nudc, két dinh céc hat dét, hinh thanh biofilm va
hap phu ion Na*, qua d6 gop phan cai thién cdu tric dit, giam stress min va tao diéu kién
thuan loi cho sinh trudng va phat trién cta thyc vat. Mic du cac nghién ctru quéc té da
chirg minh hiéu qua cta vi khudn chiu man sinh EPS trong céc méi truong khé han, man,
nhung tai Viét Nam, viéc khai thac va ing dung ngudn vi sinh vat ban dia cho cai tao dét
cat san ho kiém man & quan dao Truong Sa van con han ché. Trén co s& do, luan an tap
trung khai thac tiém nang di truyén cua cac ching vi khuan ban dia nham dé xuat giai phap
sinh hoc than thién mdi trudng, hudng t6i cai tao dat va phat trién nong nghiép bén ving
trén céc dao tién tiéu ciia Té qudc.

Pé tai nghién ctru khong tring ldp véi cac dé tai nghién ctru hay cac cong trinh da
cong bd trong va ngoai nude. Co su phu hop giira tén dé tai va noi dung nghién ciru; noi
dung nghién ciru phit hop véi chuyén nganh va ma sé chuyén nganh.

Céc phuong phap ma ludn an st dung: Nhém phuong phép vi sinh: Phén lap, sang
loc céc chung vi khudn chiu mén, sinh EPS, phuong phép tuyén chon chung vi khuén chiu
man, c6 kha nang sinh téng hop EPS ham lugng cao... Nhém phuong phéap hoa sinh, nhom
phuong phéap thir nghiém hoat tinh sinh hoc, phuong phép phén tich, xir 1y s6 lidu.... Day
déu la nhitng phuong phap chuén va hién dai phi hgp véi ndi dung nghién ctru dit ra. Do
do két qua thu dugc c¢6 ham lugng khoa hoc, so liéu thu duoc dang tin cay va c6 d¢ chinh
xdc cao... Cac trang thiét bi, hoa chat sir dung déu cua cac hdng uy tin trén thé giéi nén
dam bao do tin cdy cao cho céic két qua dat duge. Cong trinh duoc tién hanh tai nhirng
labo chuén ctia cac Vién nghién ciru ¢ tdm ¢ quéc gia, 1a cac noi c6 diéu kién phong thi
nghiém, co s& vat chit tét, trang thiét bi hién dai va dam béao cho nghién ctru. Két qua
nghién ctru dugc thir nghiém thyc té. Chinh vi vy cac két qua thu dugc, cac két luan néu
trong luan 4n 1a dang tin cdy, cé dd chinh xac cao.

4.Y nghia vé Iy ludn, thye tién va nhirng dé nghi sir dung cic két qua nghién ciru ciia
ludn an

Céc két qua cua ludn 4n c6 y nghia khoa hoc va gia trj thuc tién cao. Lén ddu tién
nghién ctru hé vi sinh vat ban dia tir Truong Sa véi muc tiéu cai thién tinh chét cat san ho,
lam séng t6 dic diém sinh hoc, sinh thdi, kha ning chiu man va diéu kién tbi wu cho sinh
tong hop EPS cta céc chiing vi khudn ban dia, gép phan bé sung dit liéu vé da dang vi sinh
vit bién déo va co ché thich nghi ctia chiing trong méi truong khac nghiét.

Két qua cua ludn an ¢6 tiém ning dé phat trién ché pham sinh hoc méi ing dung trong
gilr &m va giam man cho cat san ho.

5. Nhirng thiéu s6t vé ndi dung va hinh thirc ciia luin 4n

Luén 4n c6 chat lugng t6t, bd cuc chit ché va logic gilta cdc ndi dung nghién ciru
duoc Hoi dong dénh gia cao.

Tuy nhién ludn én con mot sb 18i nhé cén hoan thién theo gép y ciia Hoi dong da ghi
trong bién ban budi bao vé ludn an nhu 13i trinh bay, can théng nhét cach viét tén khoa hoc
va thuat ngfr, bd sung nguén tham khéo cho mét sd hinh anh.

6. Mirc 49 dap ing cic yéu ciu ciia luin 4n
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Céc ndi dung cua luan an dugce thue hién mot cach bai ban, khoa hoc.

Cac phuong phap sir dung déu la cac phuong phap chuén, hién dai, phu hop véi muc
tiéu va ndi dung nghién ciu.

Cac thi nghiém duoc bé tri logic, chat ché va duge lap lai theo dung tiéu chuan, dam
bao d¢ tin cay cao.

Cac két qua cua ludn an duge cong b6 trén ba tap chi quéc té thude Scopus duge phan
bién nén dam bao chat lugng va dd tin cdy cao.

Luan 4n ddp tng hoan toan yéu cau cua luin 4n tién si nganh Cong nghé sinh hoc.
7. Nhiing diém cin b sung, sira chira (néu cé) trwée khi ndp ludn dn cho Thw vién
Quoc gia Viét Nam

Luén 4n can duge hoan thién theo céc gop ¥ ctia Hoi dong da ghi trong Bién ban budi
bao vé€ ludn an.
8. Két luan:

e Ludn an dap (mg ddy du cdc yéu cau cia mot ludn an Tién si nganh Cong nghé¢ sinh
hoc.

e Ban tém tit cua luin 4n trung thanh ndi dung co ban cta ludn an.

e Nghién ciru sinh Lé Thi Hué ximg dang nhan hoc vi Tién si Sinh hoc.

Can cir két qua bo phiéu, Hoi dong déanh gid lugn 4n tién sT cép Hoc vién nhat tri dé
nghi cong nhdn hoc vi Tién sT Sinh hoc cho nghién ctru sinh L.é Thi Hué.

THU KY HQI PONG CHU TICH HQI PONG

PGS.TS. D6 Thi Tuyén GS. TS. Trwong Nam Hai

XAC NHAN CUA CO SO PAO TAO

Vi Pinh Lim



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NA!
KHOA HQC VA CONG NGHE VN Déc 14p - Ty do - Hanh phiic
HQC VIEN KHOA HQC VA CONG NGHE

Ha Ng¢i, ngay 22 thang 12 nam 2025
BIEN BAN HOI PONG DANH GIA LUAN AN TIEN SI CAP HQC VIEN

Tén nghién ctru sinh: L.¢ Thi Hu¢
Vé dé tai: “Nghién ciru kha nang giv am va giam mdn cho cdt san hé bc%ng vi khudn
chiu man, sinh EPS (exopolysaccharide) phdn ldp o Truong Sa”
Nganh: Cong nghé sinh hoc. Miasb: 9420201,
Ngudi huong dan:
1. GS.TS. Lé Mai Huong- Vién Hoéa hoc, Vién Han 1am KHCNVN
2. TS. Vi Duy Nhan- Phan vién Cong nghé sinh hoc, Trung tdm Nhiét ddi - Viét
Nga
Quyét dinh thanh lap Hoi dong so: 1251/QD-HVKHCN ngay 19/11/2025 ciia Gidm
déc Hoc vién Khoa hoc va Cong nghé.
Thoi gian hop: 14h00, Thir hai, ngay 22 thang 12 nam 2025
Dia diém: Hoi trurong ting 17. Hoce vién Khoa hoc va Cong nghé, s6 18 duong Hoang
Qudc Viét, Nghia Do, Ha Noi.

NOI DUNG

1. Tir 14gio 00 dén 14 gio 20:

- Dai dién co s& dao tao tuyén bd 1y do, doc Quyét dinh thanh 1ap Hoi ddng danh gia
luan an cap Hoc vién. D& nghi Chu tich Hoi dong diéu khién budi hop.

- Chu tich Hoi ddng diéu khién budi hop:

+ Tuyén bd sb thanh vién Hoi dong c6 mit: 7/7 (c6 danh séch kém theo).

+ 86 khach moi tham du budi bao vé: 5 ngudi.

+ Thu ky hoi ddng doc 1y lich khoa hoc va két qua hoc tap clia nghién ciru sinh.

2. Tir 14 gio 20 dén 15 gio:

- Nghién ctru sinh I.¢ Thi Hu¢ trinh bay ni dung luén an.

3. Tirl5 gio dén 16 gio 30:

- Phan bién 1: Doc nhdn x¢t ludn an (kem theo toan van nhan xét).

- Phan bién 2: Doc nhdn xét ludan an (kém theo toan van nhan xét).

Cic cAu hoi ciia thanh vién Hoi dong va ciu tra 1o ciia nghién ctru sinh: (ghi rd ho
tén, hoc vi, chirc danh khoa hoc cua nguoi hoi)

1.  PGS. TS. Trwong Quic Phong: Phin bién 1



- Dénh gia cao ndi dung cta ludn an. Noi dung va két qua phong phi, bé cuc chat
ch&, rd rang. Phuong phéap nghién ciru hién dai, khoa hoc va phu hop véi ndi dung luén
an.

- Luén 4n c6 ba két qua chinh, cac két qua déu c6 gié tri khoa hoc va y nghia thuc
tién cao, mang tinh hién dai va dép (g dugc xu thé hién nay cua thé gioi.

- Luén an khong trung lip voi cac cong bd va luan van, luan 4n da cong bd.

- Céc cong bd ¢6 ndi dung phi hgp véi ndi dung ludn an va cd chét lugng cao, cu
thé 12 3 bai bao qudc té.

- Luén an dugc viét tot, logic, it 16i chinh ta.

Gap y:

- Mot sb thudt ngir chua chudn xdc: Bing vén chuyén gin ATP, méi truong dich
dinh dudng giau chit, phan tmg chudi polymerase, protein xuét polysaccharide qua
mang ngoai, dudng nucleotide....

- Cac hinh can chinh dinh dang cho chudn vé kich thuée chi.

- Céc hinh anh két qua cin dugc cha thich day di, ro rang dé ngudi doc c6 thé
nidm dugc toan bd thong tin tir hinh dnh nay.

- Anh kich thuéc vi khuén trong Bang 3.2 khong du chét lugng lam minh ching.

- Két qua thu duge vé kha nang chiu min va kim loai ning (trang 59) can dugc
ban lun véi diéu kién thuc tién vé do min va mic do nhiém kim loai ning trong thyc
tién cat san ho, hodc dat nhiém man.

Cau hoi:

1. Bién ludn trang 60 vé kha ning chiu stress man va kim loai néng, téc gia c6 lam
thuc nghiém vé vai tro ctia EPS khong?

2. Bang 3.6. Cén so sénh va bi¢n ludn két qua thu dugc so véi bd gen tham chiéu, ly
giai tai sao kich thudc b gen duoc lap rap nho hon bd gen tham chiéu nhung sé gen
cdu trac lai nhiéu hon 103 gen?

3. Trong nghién clru cé phén tich cum gen lién quan dén chuyén hoa, trao ddi chat voi
nhom duong khong dugce sir dung bai vi khuén Bacillus velezensis DTA1 nay khong?
4. Trong nghién ctru nay (No6i dung 3.5.1) c6 thyc hién thi nghiém dénh gia giam
mudi trong dich nudi cay vi khudn Bacillus velezensis DTA1 khong?

NCS tra loi:

NCS xin tiép thu va sé chinh stra lai trong ludn an.

1. Bén canh viéc phan tich h¢ gen chdéng chiu stress, vai trd cua EPS da duoc ching
minh bang thuc nghié¢m. Cu thé, EPS cua chung DTAL ¢6 thé zeta am va nhiéu nhom
chite tich dién am. cho thdy khé ning lién két cation mudi va kim loai ning; két qua
EDS xac nhan su hap phu mudi va kim loai cua EPS trong diéu kién stress chimg to
EPS ¢6 kha nang giam mén (giam ndng do mudi va kim loai hoa tan trong nuée). Dic
biét, thi nghiém dit bd sung EPSDTAI1 (muc 3.5.1.3, trang 103) da chimng minh tryue




tiép kha ning lam giam dé min cia nude tu do trong dét so vi mau khong bd sung
EPS, qua d6 khing dinh vai tro ctua EPS gitip giam d6 man trong dat. Do dénh gia kha
nang chiu stress kim loai ning chi 1a danh gia phu nén luan 4n vin chua c6 lam thyc
nghiém. NCS xin tiép thu va s& tién hanh & cac nghién ctru tiép theo.

2. NCS xin tiép thu va xin giai trinh: Sy sai khéc giira kich thudc bd gen va sb lugng
ORF cua hai ching chii yéu xuit phat tir yéu té k¥ thuat lip rap va cha giai. B6 gen
FZB42 da dugc lip rap hoan chinh, trong khi b gen DTA1 vin con phan ménh (13
contig), dan dén hién tugng mot ) gen bi chia ciit trén cdc contig khéac nhau hoac ORF
& ria contig khéng day du chiéu dai nhung van dugc cong cu tu dong du doan va cha
giai. Ngoai ra, cdc sai 1¢ch nho trong lap rap (chén/mét nucleotide) c6 thé gay léch
khung doc, lam mot gen bi nhén dién thanh nhiéu ORF ngé‘m. Do d6, mac du core
genome trung khép 100%, so lugng ORF ciia DTAL ¢6 thé cao hon FZB42 ma khong
phan anh khac biét sinh hoc thuc suy.

3. Co6, Nghién ctru da thuc hién viéc phén tich va liét ké cac enzyme lién quan dén cac
con dwong chuyén hoa va sinh tong hgp dudng-nucleotide cta ching Bacillus
velezensis DTA1; cac két qua dugc trinh bay tai Bang 3.9.

4. Do EPS chi ¢6 tic dung hip phu mubi ma khong lam mét han mudi di nén vige
danh gia giam mudi trong dich nubi cay vi khudn NCS chua tim thiy phuwong phap phu
hop dé danh gid. NCS c6 tham khao cac cong bd khéc ¢6 phuong phap tach EPS trong
diéu kién man ra dé danh gia hip phu mudi thoi. Trong ludn 4n nay c6 tach EPS tir moi
trrdng nudi cdy man va phan tich EDS cho thdy c¢6 1 lugng Na, Cl gén vao EPS chiing
td ndng do NaCl trong dich nuoi cay ¢6 giam.

2. PGS.TS Pham Bich Ngoc: Phan bién 2

Ludn 4n c6 két cdu va hinh thirc phu hop., chét lugng in 4n dam bao, hinh anh dep tai
liéu tham khao phong phu.

Ban tom tit luan an dugce trinh bay theo ding quy dinh; st dung vén phong, thudt ngir
khoa hoc, it 18i chinh ta. Cac hinh anh, bang biéu, so d6 sir dung dugc trinh bay dep va
rd rang.

Luén an la cong trinh khoa hoc cong phu, két qua thu dugc tin cdy, rd rang, thuyét
phuc.

Gap y:

Thir nhét, nghién ctru di sdu vao mdt ching duy nhét (Bacillus velezensis DTA1), nén
tinh dai dién cho toan b hé vi sinh vat vung cat san ho bién dao va kha ning so sanh
gifra cac chung tiém ning con han ché. Thu hai, céc thi nghiém img dung méi dung lai
& quy mo chdu vai va mt md hinh ngoai thuc dia nho, trén mt loai cdy rau mong toi
va trong thoi gian theo doi ngan, do do can thém cac nghién cttu mé rong vé thoi gian,
khong gian va da dang cay trdng dé khing dinh tinh 6n dinh va kha ning nhén rong
trong san xuat. Thir ba, bén canh khai thac cic gen lién quan dén con dudng sinh tong




hgp duong, exopolysacharide va chong chiu stress, ludn 4n chua di su vao khai thac
cac thong tin khac dé giai thich cho hiéu qua sinh ly. Diéu nay lam giam gi4 tri cua
nghién ctru vi giai trinh tu hé gen ¢6 uu thé lién két kiéu gen—kiéu hinh. Trong trudng
hop nay, cic két qua sinh 1y (vi du duy tri/ting SPAD duéi diéu kién stress man) sé
thuyét phuc hon néu tac gia khai thac va doi chiéu su hién dién ctia cdc nhém gen kich
thich sinh truong thuc vat (PGPB). ching han: (i) gen lién quan tbng hop
phytohormone IAA (ii) gen ACC deaminase giup giam ethylene do stress, (iii) nhom
gen hoa tan phosphate (iv) gen tong hop siderophore va thu nhin siit, cuing voi (v) cdc
gen lién quan chuyén hoa/dong hoa nito va van chuyén dinh dudng.

Ngoai ra luén an con mét sb it 15i in 4n, tén La tinh, nén viét théng nhat OD600, ra
sodt lai Tai liéu tham khao su dung. Bang 2.2 Yéu cau chét luong DNA nén luge bo,
day 1a yéu cau chit lugng DNA tir hang va nén trinh bay dudi dang viét

Nghién ctru cdn 1am ro xudt x@ gid thé hitu co sir dung, thanh phan (xo dira, trau,
compost...) vi mdi loai cling ¢6 dic tinh git nudc, dinh dudng va tuong tac vi sinh
khac nhau.

NCS tra loi:

NCS xin tiép thu, s& chinh stra va bd sung vao ludn an, cling nhu sé rit kinh nghiém
cho cdc nghién ctru phat trién sau.

3. PGS.TS. Hoang Mai Ha: Uy vién

Luan 4n c6 khdi lwong két qua phong pht, duge chudn bi cong phu, trinh bay
logic va khoa hoc
Gap y:

- Lufn 4n con mot sb cdu thao ludn chua thuc sy thuyét phue, mot sé 16i ngir phap
va bién tap.

. Mét sb hinh duge trinh bay chua téi uu, dang dé vugt khung nhu hinh 2.5, 3.3,
3.24.

- Nén xem lai két qua danh gia: “EPS tinh sach dugc c6 do sach 97,07%.

NCS tra loi:

-NCS xin tiép thu va sé chinh stra trong luén an.

4. TS.Pinh Hong Duyén: Uy vién

Nhin xét chung:

Pénh gia cao ludn an. L.udn dn trinh bay theo ding quy dinh vé hinh thire két cdu
ctia ludn 4n, vin phong khoa hoc, hinh anh ro rang, it 16i chinh ta.

Két qua cia ludn an trinh bay diy da nghién ctru tir bude phan 1ap, tuyén chon
dén nghién ciru dic diém sinh hoc va di truyén ctia chiing VSV dén kiém nghi¢m trong
thuc té. Céac két qua khi dugc trinh bay déu co giai thich, phan tich, so sanh véi cac
cong bd trong nude va qubc té. Két qua nghién ciru cling khéng chi ¢6 y nghia khoa




hoc trong viéc khai thac va ung dung tai nguyén VSV bién dao phuc vu cho nong
nghiép sinh thai va dam bao an ninh quc gia.
V& hinh thirc va két ciu ciia luin vin:
Déu gach ngang (—) luc thi ¢ dang dau ngén. lac thi & dang déu dai (—) = nén théng
nhat dé nhin luan van dep hon.
Can ra soat lai, van con 16i chinh ta, cau tir:

- Trang 16: “spp.” khong in nghiéng.

- Trang 60: Déu chiam cin dat ngay cudi cau, khong dugc thém mot khoang
trong.

- Bang 3.14, trang 89: chd glucose 5. dung ddu phdy & phan thap phan.

Chinh stra ¢& ch@t cha thich truc ngang, truc doc tai hinh 3.33, 3.34, 3.36.
Cau hoi:
Liéu thoi gian tdi NCS c¢6 quan tdm tdi mix ching vi sinh vét ¢6 l¢i khdc nhau nhu
phan giai lan, cellulose, sinh IAA.,...
NCS tra loi:
-NCS xin tiép thu va s& chinh stra trong ludn an.
- Y kién ciia ¢6 rét hay va nhom nghién ctru da nghi téi. Dé tang hiéu qua cai tao dét
c4t san hd & Tram thir nghiém bién Dam Béy, nhém nghién ctru da sir dung mix cac
ching vi khuén sinh EPS, nim men sinh nhay, vi sinh vét hitu ich (sinh IAA, phén giai
lan,...) dé ting hiéu qua cong gop cai tao dat.
5. PGS.TS. Pham Thé Hii: Uy vién
Cau hoi:
1. Toi 6 mot thdc mic la tai sao két qua giai trinh tur bd gen ciia DTA1 khong dugc tot
ma tai sao tac gia khong giai trinh tu lai. Hién nay viéc nay kha don gian, déc biét chi
vdi mot chung.
2. Vi khudn sinh EPS s¢ tao ra d§ nhot cao khi nudi lac. Téc gia can lam rd da khéc
phuc vén dé nay nhu thé nao trong phan két qua thi nghiém nuoéi lic (trang 86).
3. Tac gia trinh bay ring khong thuc hi¢n phan tich NMR va phan tich X-ray, nhung
v6i céc két qua da co, tac gia it nhét cling nén dwa ra dugc cAu trac du doan tuong ddi
cua EPSDTALI
4. Nghién ctru méi chi dugc trién khai dén quy md chu vai, trong khi d6 tac gia c6 dé
cap 1a 6 mot sb két qua thir nghiém budce diu & quy md thuc té (dong rugng nho, nha
mang) & Truong Sa. Theo 16i, rdt nén dua két qua nay thanh mot két qua chinh cia
luén an (khong phai dé trong phu luc) dé tang tinh thuyét phuc vé mirc do kha quan
ctia viée (g dung san phim cta nghién ciru.
NCS tra loi:
1. Két qua giai trinh tu by gen cua chung DTAL dat d6 bao phu trung binh 317x, duoc
lép rap thanh 13 contig (Bang 3.6, trang 61) va c6 do toan ven cao (BUSCO 99,63%



vai bo dit liéu Bacillales), bao dam dd tin cdy cho céc phan tich gen chirc nang; do do
khong can thiét phai giai trinh ty lai. Noi dung nay da dugc lam rd tai muc 3.2.2 (trang
63).

2. Nhu da trinh bay ¢ phan cudi muc 3.4.5 (trang 98), do EPS cua ching DTAI ¢6
kich thudc 1ém, cdu tric phic tap (>5 loai monosaccharide) nén viéc phén tich bang
NMR va X-ray gip nhiéu kho khin do tin hiéu nhiéu va mau kho két tinh nén khong
dua vao ludn an theo khuyén nghi cta cac thiy cé ¢ Hoi ddng co sd. Muc tiéu cla
phan 3.4 chi yéu 1a dé chimg minh khd nang ua nudc va hap phu kim loai cia EPS
nén phin nay trong ludn an da xac dinh dugc khéi lugng phan i, thanh phan dudng
don va cac nhém chire lién quan dén kha ning wa nudc va hap phu kim loai, va céc két
qua nay da dap ung duoc muc tiCu nghién cru ma khong qua can thiét c6 mé hinh céu
tric khong gian chi tiét. Tuy vay NCS xin tiép thu va sé& luu y cho céc nghién ctru sau
nay.

3. Céc thir nghiém ngodi thuc dia méi thir nghiém tai Nha lugi & Pam Bay c6 su két
hop nhiéu ché pham vi sinh nén khong phan anh riéng hiéu qua cta Bacillus velezensis
DTA1; theo théng nhét cta Hoi ddng khoa hoc co s&, luan 4n chi trinh bay két qua dén
quy md chdu vai — noi diéu kién dugc kiém soét t6t va da chirmg minh rd kha nang gift
nude, giam min va cai thién cau tric dit ctia chung sinh EPS. Do d6 NCS xin dung lai
& quy md chdu vai.

6. PGS.TS D3 Thi Tuyén: Uy vién thu ky

- Ludn én da dugc hoan thién nghiém tic theo cac gop y ¢ Hoi dong cip co s

- De tai Luén 4n c6 khéi luong cong viée rét 16n, la mét nghién ciru da nganh
mang dén gia tri khoa hoc va y nghia thuc tién rd rang. Dé tai ¢ tinh mai tai Viét
Nam. ' _ i o )

- Danh gid cao két qua cong bo cia Ludn dn gébm 3 bai bao quoc t& ¢o chat lugng
cao, trong dé NCS déu la tac gia dau va tac gia lién hé.

Gop y: o o ‘

- Luén én con mét s6 16i in an, 16i chinh t& cén ra sodt va hoan thién. Sua lai tai
liéu tham khao (tai liéu so6 77, 123) cac chir latin khong viét hoa.

NCS tra loi:

-NCS xin tiép thu va s& chinh sira trong ludn an.

7. GS.TS. Trwong Nam Hii: Chu tich Hi dong

Ludn an c6 bd cuc hop hop ly. cac hinh va bang vé co ban rd rang, c6 chu thich dé‘ly
du. Vian phong sang sua, ro rang, dé doc va dé hiéu.

Gop y:

- Phan tdng quan nén lugc bét thong tin trong céc ndi dung 1.1-1.3 (12 trang) lién
quan dén tdng quan vé dit khé han. tinh hinh dat kho han, man & Viét Nam va tong
quan vé cac phuong phap cai tao dit kh6 han, man vi ddy khong phai 12 ndi dung
nghién ctru chinh cta ludn an. Nén bd sung thém thong tin lién quan dén hé gen va chu
giai chirc nang cua céc gen lién quan dén sinh téng hop EPS cua ching B. velezensis



FZB42 dugc sit dung lam hé gen tham chiéu trong qué trinh dinh vi va phén tich cac
gen chtrc nang cua h¢ gen chung B. velezensis DTAL.

- Hinh anh dién di mau DNA DTAI trén gel agarose trong Bang 3.5 nén dé thanh hinh
riéng vai dy du chi thich.

- S& thuyét phuc hon néu ludn an c6 thé bd sung thém trong phan Phu luc mot s6 thong
tin vé chat luong dir liéu giai trinh tu hé gen cua ching B. velezensis DTA1, cing vdi
céc s6 lidu trung gian danh gia chat luong lip rap (nhu QUAST, ...).

Cau hoi:

1. Theo két qua trinh bay (Bang 3.6), core genome cla hai chung Bacillus
velezensis FZB42 va DTAI cho thiy mitc do twong dong hoan toan (100%). Tuy
nhién, kich thudc bd gen ciia DTAT (3.901.259 bp) lai nho hon FZB42 (3.918.596 bp)
khoang 0,44%, trong khi s luong ORF cua DTAI (3.783 ORF) lai vuot FZB42
(3.680 ORF) t&i 103 ORFE. Day la mot khac biét dang cha y. NCS can 1am rd hon co
ché hodc nguyén nhan din dén su sai khac giita quy mo bd gen va s6 lugng ORF & hai
chung c6 core genome trung khop hoan toan nhu vay?

2. Thi nghiém & quy md chdu vai véi s6 lugng 3 cdy/1 mau la qua it. Gia thé st
dung ngudn gde thanh phin nhu thé nao? Co6 vi sinh vat khac sinh EPS hay khéng
man, gitt nudc khong?

NCS tra loi:

NCS xin tiép thu cac ¥ kién dong gop ctia thiy CTHD va sé& chinh sira trong lun an.
Phan cau tra 1o cia NCS:

1.  Cau héi cia thay CTIID trang voi cdu hoi cua PGS. TS. Truong Quéc Phong
nén NCS da giai trinh ¢ cau hoi cua PGS. TS. Truong Qudc Phong.

2. Thanh phén gia thé hitu co trong ludn 4n da trinh bay & trang 46, NCS xin tiép
thu s& bd sung ngudn gdc céc thanh phén gia thé vao ludn an. Do trude khi thi nghié¢m
quy mé chdu vai, tit ca cac thanh phin gid thé déu duge khu trung & 121°C trong 20
phiit nén c6 thé loai bo vai trd cta cac vi sinh vat khéc ngoai chiing DTAI.

Két ludn:

Ludn an c6 dong gép méi la cong trinh dau tién & Viét Nam nghién ctru vé ching
vi khudn ban dia Bacillus velezensis DTA1 c6 kha ndng chiu han, chiu min & cip do
gen dén dic tinh sinh hoc. Ludn én da chimg minh dugc tiém ning tmg dung cua
ching Bacillus velezensis DTA1 dé cai tao nén cat san ho.

Luan an duge viét ro rang, phan dnh ding két qua dat duoc cua dé tai, ¢6 3 cong
trinh cong bd quéc té, dap tng diy di yéu cau ctia mot ludn 4n Tién si. Luan an co
cong bé xudt sdc vé sd lugng va chit lugng. Ban t6m tit (Tiéng Anh va tiéng Viét) dap
ung yéu cau. Do vay, ludn an dugc dua ra bao v¢é va NCS duoc bao vé tai Hoi df‘)ng
cham luén an Tién si cip Hoc vién Khoa hoc va Cong nghé dé nhan bing Tién si sinh

hoc.




Nhién xét ciia Tap thé huéng din: GS.TS. L.¢ Mai Huong

8. Tir 16 gio 30 dén 16 giv 40 : Nghi giai lao

9.  Tir 16gio 40 dén 16 giv 50 : Hop hdi dong riéng

- Théng qua két ludn cua 1161 dong (c6 van ban kém theo).

- Ghi phiéu nhan x¢t luan an.

Két qua kiém phiéu 07/07 thanh vién tan thanh va dé nghi Hoc vién ra quyét dinh cong
nhén hoc vi Tién si Sinh hoc cho nghién ctru sinh Lé Thi Hug.

10. Tir16 gio' 50 dén 17 gio 00

E Chu tich Hoi dong doc két ludn cta hdi dong dénh gia luén an.

- Hoi dong két thuc lac 17 gio 00 phat, Thir Hai, ngay 22 thang 12 nam 2025.
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VIEN HANLAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Pic 1ap - Ty do - Hanh phic
HQC VIEN KHOA HQOC VA CONG NGHE el : i

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN SI |
CAP HOQC VIEN

Ngay 22 thang 12 nam 2025, Hoc vién Khoa hoc va Cong nghé da to chie danh
gia luan an tién si c{ip Hoc vién cho nghién ciru sinh Lé Thi Hu¢ theo Quyél dinh s6
1251/QD-HVKHCN ngay 19 thang 11 nam 2025 ctia Giam déc Hoc vién Khoa hoc va
Cong nghé.

beé tai: Nghién ctru kha nang gitr am va giam man cho cat san ho bang vi khuan

L

chiu mén, sinh EPS (exopolysaccharide) phan lap ¢ Truong Sa.

Nganh: Codng nghé sinh hoc. Ma s6: 9 42 02 01
Nguoi huéng dan khoa hoc: 1. GS.TS. Lé Mai Huong:

2. TS. Vi Duy Nhan
Theo Bién ban cua Hoi dong, NCS phai bo sung va chinh stra ludn an cae diém
sau day:

Noi dung da dwoe chinh sira, bo sung ||/
STT | Noi dung dé nghi chinh sira, bo sung | (Ghi ro s6 rang/chicong muc... da dioe
chinh swa)

1 | PGS. TS. Truong Quéc Phong: Phin bién 1
- Mot s thudt ngir chua chudn xac: | - NCS da tiép thu va chinh sua o phin

Bang van chuyén gin ATP. méi | Danh muc cac ky hiéu va chir viét (it |
truong dich dinh dudng giau chat, | (trang xi-xii): ABC (ATP-binding

phan (mg chudi polymerase. protein | cassette) tén Tiéng Vict la HE van
xudt polysaccharide qua mang ngoai. | chuyén phu thuoc  ATP:  PCR

dudng nucleotide.... (Polymerase-chain-reaction) tén 'l'iéng
Viét la Chudi phan ung khuéch dai
DNA: TB (Terrific broth) tén Tiéng
Viet la Moi truong canh dudng tang

cuong: OPX  (Outer membrane |
polysaccharide export) tén Ticng Vigt
la Xuat polysaccharide qua mang

ngoai. “duong nucleotide™ duge thay |

> TR L v g R |
bang “duong gan nucleotide”™ ¢ muc |

1.4.3.2, trang 14 va xuyén sudt luan an.

Luu y: Cic chiv ky xdc nhdn can gan véi ni dung trén ciing mot trang giday. Hoc vién sé khong xdic
- A A Py o S Fe AW
nhdn néu phan chiv ky tich roi véi ndi dung




- Cac hinh can chinh dinh dang cho
chuén vé kich thude chir.

Céc hinh da duoc chinh vé dung dinh
dang va chuan cd chir ¢ Hinh 1.1. 1.3,
3.3 va cac Hinh trong luan an.

- Cic hinh anh két qua can duoc chi
thich day du. rd rang dé nguoi doc ¢o
thé nim dugc toan bd thong tin tir
hinh anh nay.

N(:gll(.p thu da cllinh_i; céc I'lh‘]h___{i_'l}
(trang 62); Hinh 3.19 (trang 82): Hinh
3.20 (trang 86) cho day du. ro rang
hon.

- Anh kich thuéc vi khuan trong
Bang 3.2 khong du chat lugng lam
minh chirng.

NCS da swa lai cac anh & Bang 3.2 |
trang 47 dé rd kich thude vi khuén hon.

- Két qua thu duoc vé kha nang chiu
mén va kim loai ning (trang 59) can
duoc ban luan voi diéu kién thuc tién
vé do man va mie do nhiém kim loai
ning trong thuc tién cat san ho. hodc
dat nhiém man.

NCS da bién luan thém vé kha ning

chiu man, kim loai cua chung DTA1 so |

|
voi thue tien vung bién dao Truong Sa

o muc 3.1.4.2 trang 52 va 53.

- Cau hoi danh cho NCS:

1. Bién ludn trang 60 v¢ kha ning
chiu stress man va kim loai ndng, tac
gia ¢6 lam thuc nghiém vé vai tro cua
EPS khong?

NCS tra loi:
1. Bén canh vi¢éc phan tich h¢ gen

chong chiu stress, vai tro cua EPS da |

duge ching minh bz"mg thyc nghi¢m.
Cu thé, EPS cua ching DTAI ¢6 thé

zeta am va nhi¢u nhom chace tich dién |

am. cho thay kha nang lién két cation
mudi va kim loai nang: két qua EDS
xac nhén su hﬁp phu mudi va kim loai |
ctia EPS trong diéu kién stress ching 1o
IEPS ¢6 kha niing giam man (giam nong
do mudi va cation hoa tan trong nudc).
Pic biét, thi nghi¢m dit bd sung

EPSDTAI (muc 3.5.1.3. trang 97-98)
da chimg minh tryc tiép kha ning lam

giam do min cua nude ty do trong dét
s0 vdi mau khong bo sung EPS, qua do
khang dinh vai tro cua EPS gilp giam
dd man trong dit. Do danh gia kha

nang chiu stress kim loai nang chi la |

danh gia phu nén ludn an van chua co
lam thuc nghiém truc tiép. NCS xin

ticp thu va s¢ tién hanh ¢ cac nghién
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2. Bang 3.6. Céan so sanh va bicn
luan két qua thu dugc so vai bo gen
tham chiéu, 1y giai tai sao kich thudc
bo gen duge ldp rap nho hon bo gen
tham chiéu nhung s6 gen céu tric lai
nhi¢u hon 103 gen?

3. Trong nghién ctru ¢6 phan tich
cum gen lién quan dén chuyén hoa.
trao doi chat véi nhom duong khong

Cduge sa dung boi vi khuan Bacillus

velezensis DTA1 nay khong?

4. 'Trong nghién ciu nay (N§i dung
3.5.1) ¢6 thuc hi¢n thi nghiém danh
gia giam mudi trong dich nudi cdy vi
khuan Bacillus velezensis DTAI
khong?

clru tiép theo.

2. NCS xin tran trong tiép thu v kién
ctia Hoi dong. Trong phan Thao luan ¢
muc 3.2.2 trang 56-57. NCS da bo sung
ndi dung nhim lam 1o co ché va
nguyén nhan dan dén sy sai khéc gitra
quy mé bd gen va so lrgng khung doc

mo (ORF) ¢ hai chung miéc du co core
genome trung khop hoan toan: Su sai
khac gitta kich thude bd gen va s
lugng ORF cua hai ching chu yéu xuét .
phat tir yéu té ky thuat lip rap va chu |
giai. BO gen FZB42 da dugc lip rap
hoan chinh, trong khi by gen DTAI

van con phan manh (13 contig). dan

dén hi¢n tugng mat ) gen bj chia cat
trén cac contig khac nhau hoac ORF ¢
ria contig khong day du chiéu dai
nhung van duge cong cu tu dong du
doan va chu giai. Ngoai ra. cac sai léch
nho trong lip rap (chén/mat nucleotide) |
¢6 thé gay léch khung doc, lam mot gen
bi nhdn dién thanh nhiéu ORF ngfm.
Do do. mac du core genome trung khép
100%. s6 lugng ORF cua DTA1 ¢6 thé

cao hon FZB42 ma khong phan anh |

khac biét sinh hoc thuc su.

3. €6, Nghién clru da thuc hién viéce
phan tich va li¢t ké cac enzyme lién
quan dén cic con duomg chuyén hoa va
sinh tong hop duong-nucleotide cua
chung Bacillus velezensis DTA1: cac
két qua dugc trinh bay tai Bang 3.9
trang 60-62.

4. Do EPS chi ¢6 tac dung hiap phu |
mudi ma khong lam mat hian mudi di

nén vi¢e danh gia giam muoi trong dich
nuoi cay vi khuan NCS chua tim thay ‘
phuong phiap phu hop dé danh gia. |

.
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NCS ¢6 tham khao céc cong bo khac ¢o
phuong phap tach EPS trong dié¢u kién
mén ra dé danh gia hap phu mudi théi.
Trong ludn an nay co tach EPS tr moi
truomg nudi cdy man va phan tich EDS
cho thiy ¢o 1 luong Na. Cl gin vao
IEPS ching 16 nong do NaCl trong dich
nubi cdy co giam (danh gia gian tiép).

PGS.TS Pham Bich Ngoc: Phin bién

2

- Thi nhit, nghién ctru di sdu vao mot
ching duy nhat (Bacillus velezensis
DTAT). nén tinh dai dién cho toan bo
h¢ vi sinh vat vang cat san hd bién
dao va kha nang so sanh gilra cac
chung tiém nang con han ché. Tha
hai, cac thi nghiém ung dung moi
ding lai 0 quy mod chédu vai va mot
mo hinh ngoai thuc dia nho. trén mot
loai cdy rau mong toi va trong thoi
gian theo ddi ngan. do do can thém
cdc nghién ctru mo rong vé thoi gian,
khong gian va da dang cdy trong dé
khing dinh tinh 6n dinh va kha nang
nhan rong trong san xuat. Thir ba, bén
canh khai thiac cac gen lién quan dén
con duong sinh tong hop duong,
exopolysacharide va chfmg chiu
stress. luan an chua di sau vao khai
thac cac thong tin khac dé giai thich
cho hiéu qua sinh 1y. Diéu nay lam
giam gia tri cua nghién cuu vi giai
trinh ty h¢ gen ¢6 wu thé lién két kiéu
gen-kiéu hinh. Trong truong hop nay.
céc két qua sinh 1y (vi du duy tri/tang
SPAD dudi diéu kién stress man) sé
thuyét phuc hon néu tac gia khai thac
va doi chiéu su hién dién cua cac
nhom gen Kich thich sinh truong thuc
vat (PGPB), chéng han: (1) gen lién

- NCS xin ti¢p thu nhimg y kién quy
bau cua ¢O va s& dua thém nhtng han
ché nay vao phan cudi cua chuong 3.
trang 112-113, ciing nhu dé dinh hudng
trong cac nghién ciru tiép sau.

L= ut
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quan tong hop phytohormone IAA (ii)
gen ACC deaminase giup giam
ethylene do stress, (iii) nhom gen hoa
tan phosphate (iv) gen tong hop
siderophore va thu nhan sit. cing voi
(v) cac gen lién quan chuyén
hoa/dong hoa nito va van chuyén dinh
dudng.

- Ngoai ra ludn an con mot so it 16i in
4n. tén La tinh, nén viét thong nhét
ODegoo. ra soat lai Tai liéu tham khao
st dung. Bang 2.2 Yéu cdu chat lugng
DNA nén luge bo, diy la yéu cau chat
luong DNA tir hang va nén trinh bay
dudi dang viét.

- Nghién ciru can lam ro xudt xir gia
thé hiru co sir dung. thanh phin (xo
dira. trdu. compost...) vi mdi loai
ciing c¢O dac tinh gitr nudc, dinh
dudng va tuong tac vi sinh khac nhau.

- NCS xin tiép thu va da ra soat lai 15i
chinh ta. tén La tinh. tai licu tham khao.
théng nhit ODgo va luge bo bot .
“OD600™ ¢ cac Hinh trong luan an.
NCS xin tiép thu bo Bang 2.2 & ludn an
¢l va trinh bay dudi dang vict ¢ muc
2.2.4.1 trang 33.

-NCS xin tiép thu va da bo sung xudt

su gid thé hitu co: ba bun mia (Cong ty

CP Mia dudong Tuy Hoa): triu hun

(VinaTap). phan bo (Sha Vi¢t Nam) o
muc 2.1.2. trang 26. Thanh phin gia thé
hiru co da c¢6 trong ludn 4n & phan
2.2.7.1. trang 40: gid th¢ hiru co gom: |
ba bun mia : trdu hun : phan bo theo ty :
1¢ 40 : 30 : 30, w/w/w. dé am < 30%.

3 | PGS.TS. Hoang Mai Ha: Uy vién
Ludn 4n con mdt sé cau thao luan | NCS xin tiép thu va dia chinh sua ]fi-:
chua thuce su thuyét phuc. mot s0 161 | chinh ta. nglr phap. cau trong toan luin
nglr phap va bién tap. an.
- Mot s6 hinh duge trinh bay chua tdi | -Cac hinh da duoc chinh vé dung dinh
wu, dang dé vuot khung nhu hinh 2.5, | dang khung & Hinh 1.1, 1.3. 1.4. 2.5,
3.3, 3.24. 3.3,3.24.
- Nén xem lai két qua danh gid: “EPS |- NCS da kiém tra lai thong tin da
tinh sach dugc ¢6 do sach 97.07%™. chuan. hiéu suét tinh sach 97.07% &
day dugc tinh dua theo cac tai liéu da
cong bd do sach EPS duwoc tinh trén
ham lugng carbohydrate theo phuong |
phéap cua Duboi. dua vao duong chuan
D-glucose.
4 | TS. Pinh Hong Duyén: Uy vién
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- Dau gach ngang (—)“l-l.'IC thi o dang
dau ngan, luc thi ¢ dang dau dai (—)
= nén thong nhat dé nhin ludn vin
dep hon.

-Can ra soat lai. van con 15i chinh ta.
cau tu: Trang 16: “spp.” khong in
nghiéng: Trang 60: Dau cham can dat
ngay cudi cau, khong duge thém mot
khoang tréng: Bang 3.14. trang 89:
chd glucose 3. dung dau phay & phin
thip phan: Chinh sta c¢& chr cha
thich truc ngang, truc doc tai hinh
3.33.3.34, 3.36.

-NCS xin ti¢p thu va da chinh sua trong
ludn an thong nhat dé (-).

- NCS da ra soat va chinh lai cac 10i

chinh ta theo gop v cua UV: “spp.”

khong dé in nghiéng: bo khoang trong

trude dau chim cudi cau: Bang 3.14,

trang 82: chd glucose 5. dung déu phay

& phan thap phan; NCS da chinh lai ¢ :
chir & cac Hinh 3.33. 3.34. 3.36 cho

nho lai. ¢ian d6i hon.

- Céu hoi:
Li¢u thoi gian tdi NCS ¢ quan tam
toi mix chung vi sinh vat ¢o loi khéc
nhau nhu phan giai lan. cellulose.
sinh [AA....

-NCS tri loi ciu hoi cia UV: Y kién
cta ¢o rat hay va nhom nghién ctru da
nghi t6i. D¢ tang hiéu qua cai tao dat
cat san ho ¢ Tram tha nghiém bién
Ddm Bay. nhom nghién ciru da sur dung
mix céc chung vi khuan sinh EPS. nidm
men sinh nhdy. vi sinh vat hitu ich
(sinh TAA. phan giai lan. ...) dé ting
hi¢u qua cong gop cai tao dat.

PGS.TS. Pham Thé Hai: Uy vién

Cau hoi:

1. Toi co mdt thic mac la tai sao két
qua giai trinh tu b gen cia DTAI
khong duge tét ma tai sao tac gia
khong giai trinh ty lai. Hién nay viéce
nay kha don gian. dac biét chi véi mot

chung.

2. Vi khudn sinh EPS sé& tao ra do
nhdt cao khi nuéi lac. Téac gia can lam

rd da khiac phuc van d¢ nay nhu thé

| nao trong phan két qua thi nghiém

nudi lic (trang 86).

l. Két qua giai trinh tv b gen cua |
chung DTAT1 dat d§ bao phu trung binh
317x. duge lip rap thanh 13 contig
(Bang 3.6. trang 54-55) va ¢6 do toan
ven cao (BUSCO 94.7% voi lineage
Bacilli). bao dam d¢ tin cdy cho cac
phan tich gen chuce nang; do dé khong
can thiét phai giai trinh tu lai. Noi dung
nay da duogc lam rd tai muc 3.2.2 (trang
56). |
2. Vi khuan sinh EPS sé tao ra do nhot
trong khi nuéi lic tuy nhién nhom |
Nghién ctru ¢6 do do nhét & cac mau va |
dd nhdt khong qua cao dé lam anh

| huong dang ké 16i qua trinh tach chiét
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3. Tac gia trinh bay riang khong thuc
hi¢n phan tich NMR va phan tich X-
ray. nhung véi cac két qua da co, tac
gia it nhét cling nén dua ra duoc ciu
trac  du

EPSDTAL.

doan twong do6i  cua

4. Nghién ctru méi chi duge trién khai
dén quy mé chau vai, trong khi do tac
gia ¢6 dé cap la c6 mot sé két qua thu
nghiém bude diu ¢ quy mé thue té

(dong ruong nho, nha mang) &
Truong Sa. Theo toi. rat nén dua két
qua nay thanh mot két qua chinh cua
luan an (khong phai dé trong phu luc)
dé tang tinh thuyét phuc vé muc do
kha quan cua vi¢e img dung san pham
cua nghién cuu.

EPS nén nhoém nghién ciru khong c¢o

khic phuc gi thém.

3. Nhu da trinh bay ¢ phan cudi muc
3.4.5 (trang 92), do EPS cua chung
DTA1 ¢6 kich thude lén, cau tric phire

tap (=5 loai monosaccharide) nén viéc |

phan tich bang NMR va X-ray gap
nhi¢u kho khian do tin hi¢u nhiéu va
mau kho két tinh nén khong dua vao

ludn dn theo khuyén nghi cia cac thay |

co o Hoi dé}ng co sO. Muc tiéu cua
phan 3.4 chu yéu la dé ching minh kha
nang gilt nude va hip phu kim loai cua
EPS nén phan nay trong ludn an da xac
dinh duoc khdi lugng phan wr, thanh
phan duong don va cac nhom chie lién
quan dén kha nang ua nudc va hap phu
kim loai. va cac két qua nay da dap ung

dugc muc tiéu nghién ciru ma khong

qué cin thiét ¢6 moé hinh ciu tric
khong gian chi tiét. Tuy vay NCS xin
tiép thu va sé luu y cho cac nghién ctru
sau nay.

4. Cac thr nghiém ngoai thuc dia mai
thtr nghiém tai Nha ludi ¢ Dam Bay co
su két hop nhiéu ché pham vi sinh nén
khong phan anh riéng hiéu qua cua
Bacillus velezensis DTAL: theo thong
nhat cta Hoi déng khoa hoc co so. luan

an chi trinh bay két qua dén quy mo |

chdu vai — noi diéu kién duoc kiém
soat 1ot va da chirng minh rd kha nang
gilr nude. giam man va cai thién ciu
tric dat cua chung sinh EPS. Do do
NCS xin dirng lai ¢ quy mo chau vai.

PGS.TS D6 Thi Tuyén: Uy vién thu k

4

Y

Ludn an con mot so 161 in an. 161

chinh ta can ra soat va hoan thién.

Stra lai tai licu tham khao (tai liéu sb

NCS xin tiép thu va da ra soat lai 10i
chinh ta va swta lai tai liéu tham khao
cho chuan trong luan an.




77.123) céc chir latin khong viét hoa.

GS.TS. Truwong Nam Hai: Chu tich Hoi dong

- Phan téng quan nén lugce bot thong
tin trong cac ndi dung 1.1-1.3 (12
trang) lién quan dén tong quan vé dat
kho han. tinh hinh dat khé han. min ¢
Viét Nam va téng quan v¢é cac
phuong phép cai tao dit kho han. man
vi day khong phai la ndi dung nghién
cru chinh cua luan an. Nén bd sung
thém thong tin lién quan dén hé gen
va cha giai chire nang cua cac gen
lién quan dén sinh tong hop EPS cua
chung B. velezensis FZB42 dugc su
dung lam h¢ gen tham chiéu trong qué
trinh dinh vi va phan tich cac gen
chirc nang cua h¢ gen chung B.

velezensis DTAL.

-NCS tran trong tiép thu y kién cua
thay CTHD va da thu gon tong quan
muyc 1.2-1.3 con 6 trang va da bo sung
thém muc 1.5.4. Gioi thiéu so luge vé
genome chung tham chiéu Bacillus

velezensis I'/1342 ¢ trang 23.

- Hinh anh dién di mau DNA DTAI
trén gel agarose trong Bang 3.5 nén
dé thanh hinh riéng véi ddy du chi
thich.

NCS xin lllp thu va da tach Hinh anh
di¢n di thanh hinh riéng khoi Bang 3.5
va bo sung day du chua thich (Phu luc
6A).

- S& thuyét phuc hon néu ludn an co
thé b6 sung thém trong phan Phu luc
mot s6 thong tin vé chat luong dir licu
giai trinh tw h¢ gen cua chung B.
velezensis DTA1, cling voi cac s6 ligu
trung gian danh gia chat lugng lip rap
(nhu QUAST, ...).

NCS xin trén trong tiép thu ¥ kién dong

26p cua thiy. Theo dé. NCS da bd sung
cac thong tin trung gian nham dénh gia
chat lugng lap rap bo gen, gin vGi chét
luong dir liéu giai trinh tu h¢ gen cua
chung Bacillus velezensis DTA1. Cu
thé., cac dic diém chung cua bo gen lip
rap dugce trinh bay tai Bang 3.6 trang
54-55: dong thoi, két qua phan tich
b:ﬁlig cac cong cu QUAST va BUSCO

da dugc dua vao Phu luc 6B.




Cau hoi:

. Theo két qua trinh bay (Bang
3.6). core genome cua hai
Bacillus velezensis F7ZB42 va DTAI

cho thay muc do twong dong hoan

chung

toan (100%). Tuy nhién. kich thudc
bd gen cua DTAL (3.901.259 bp) lai
FZB42 (3.918.596 bp)
khoang 0.44%. trong khi sé luong
ORF cua DTAT (3.783 ORF) lai vuot
FZB42 (3.680 ORF) téi 103 ORF.
Dédy la mot khac biét dang chu y.

nho hon

NCS can lam rd hon co ché hoic
nguyén nhan dan dén su sai khac gitra
quy mé bo gen va sé luong ORF & hai
chung co core genome trung khop
hoan toan nhu vay?

2. Thi nghiém ¢ quy moé chdu vai
vGi sO lugng 3 cay/l mau la qua it.
Gia thé st dung ngudén gdc thanh
phan nhu thé nao? C6 vi sinh vat khac

sinh EPS hay khang man. gitt nudce

khong?

NCS xin tiép thu cac y kién déng gop
ctia thay CTHD va sé chinh stra trong
luan an. Phan cau tra 1oi ciia NCS:

1. Cau hoi cua thiy CTHD tring voi
cau hoi cua PGS. TS. Truong Qudc
Phong nén NCS da giai trinh ¢ phén tra
loi cau hoi cua PGS. TS. Truong Qudc |

Phong.

2. Thanh phan gia th¢ htru co da co

trong luan an ¢ phan 2.2.7.1. trang 40:

gia thé hiru co gom: ba bun mia : trdu |
hun : phan bo theo ty 1¢ 40 : 30 : 30. |
w/w/w, do am < 30%. NCS xin tiép thu
va da bo sung nguoén goc cac thanh
phan gia thé vao luan 4n: ba bun mia
(Cong ty CP Mia duong Tuy Hoa): trau

hun (VinaTap). phan bo (Sha Viét

Nam) ¢ muc 2.1.2. trang 26. Do trudc |
khi thir nghiém quy moé chau vai. tat ca |
cac thanh phin gia thé déu dugce khu
tring & 121°C trong 20 phut nén co thé
loai bo vai tré cua cac vi sinh vat khac

ngoai chung DTAL.

Két luan cua Hoi dong

Ludn é4n c¢6 dong gop mai la cong

trinh dau tién & Viét Nam nghién ciru

v¢ chung vi khuan ban dia Bacillus

NCS da chinh stra lai tinh mai theo két
ludn cua o1 dong ¢ trang 3 cua luan

an:
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velezensis DTAL ¢6 kha nang chiu | 1 Luan an la cong trinh déu tién ¢ Viét

han, chiu man ¢ cap d¢ gen dén dac | Nam nghién ctru vé chung vi khuan ban
tinh sinh hoc. Luan an di chine minh | dia Bacillus velezensis DTA1 c¢d Kha
nang chiu han, chiu man ¢ cap do gen

duoc tiém ning tng dung cla ching F e o
dén dac tinh sinh hoc.

Bacillus velezensis DTA1 dé cai tao o , "
2. Luan an da ching minh tiém nang
ung dung cua Bacillus velezensis
DTAT trong cai tao nén cat san ho

nén cat san ho.

Nghién ctru sinh chan thanh cam on QUi thay. ¢6 trong Hoi dong danh gia ludn
an tién si cap Hoc vién da gop ¥ va tao co hdi cho NCS hoan thién ludn én cua minh.
Xin trin trong cam on./.

Ha Ngi, ngay Zﬁ thang 12 nam 2025

TAP THE HUONG DAN NGHIEN CUU SINH
Nguoi huéng dan 1 Nguwoi hwong din 2 ML
GS.TS. Lé Mai Huong TS. Vii Duy Nhan Lé Thi Hué
XACNHAN CUA  CHU TICH HOI PONG THU KY
HOC VIEN KHCN
KT. GIAM bOC

30 GIAM POC

ot

Nguyén Thj Trung )
GS.TS. Truong Nam Hai PGS. TS. D6 Thi Tuyén

10




