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MO DAU

Chiém 78% thanh phan khi quyén cta trai dét, nito ton tai dudi nhiéu dang
trong nhiéu moi trudng khac nhau. Tuy nhién nito & dang khi (N) tro s& khong thé
1a thanh phan déng vai trd vao cac chu trinh chuyén hoa sinh hoc bén trong sinh vt
song. Nito thudng ton tai & dang hop chit hiru co va vo co trong dat, hai ion amoni
(NH4*) va nitrat (NOs) 1a ngudn dudng chat thiét yéu cho moi chu ky séng cua thuc
vat, 12 yéu t6 nén tang tham gia xdy dung cic phan tir quan trong nhu axit nucleic,
protein, enzyme, diép luc cling nhu cac hop chit hitu co khac. Nito 14 thanh phan
dinh dudng quan trong déng vai tro mat thiét & cac quy trinh tao ning luong, bao gdm
h6 hip va quang hop cta ciy trong [1]. Tir thuc té trén, co thé thiy ngudn nito 6n
dinh chinh 13 nhan t6 quan trong lién quan dén san luong va hiéu qua dinh dudng cho

ciy trong.

Su gia ting quy mo thdm canh nham muc tiéu tdi wu hoa san lugng di thuc
day viéc lam dung céc loai phan bon c6 ngudn gbe héa hoc ciing nhu céac loai thude
bao vé thuc vat hoéa hoc. Diéu nay din dén dat tréng ngay cang kho can va khoé cai
tao ciing nhu khong c6 1oi cho sy bén vitng cua sirc khoe dat ma con gdy ra moi de
doa dén do phi nhiéu ctua dat. Viét Nam 1a mot quéc gia dién tich tré)ng trot nong
nghiép cao, viéc lam dung phan bén v6 co dé cung tmg nito da dan dén nhimg hé luy
da chiéu. V& mat sinh thai, tinh trang ndy gay thoai hoa cau truc dat, lam thay d6i can
béng hé vi sinh vat din dén suy giam do phi nhiéu ty nhién. Bén canh do, viéc du
thira hoa chat con tiém an nguy co nhidm doc néng san, cd nguy co anh hudng dén
strc khoe cong dong. Dang quan ngai 1a lugng phat thai nito oxit (N20) phat sinh tir
hoat dong nay dang lam trim trong thém hiéu tmg nha kinh. Hé qua tt yéu 1a sy gia
tang ganh nang chi phi dau vao, gdy anh hudng tryc tiép dén loi nhuan va kinh té cia
nguoi dan.

Su ton du cac mudi khoang hoa tan hién dién trong dat va cau trac mo cay la
hé qua tryc tiép cua viéc bon phan hoa hoc sai dinh murc. Viée cung tng dudng chat
vuot qua kha nang hép thy cta hé ré di giy ra tinh trang 6 nhiém cuc bo va bién d6i
thanh phﬁn hoa 1y cia thuc vat. Tinh trang nay tiém an hiém hoa 16n d6i v6i hé sinh
thai va suc khoe cong déng, do sy hinh thanh cac dan xudt nito doc hai. Cu thé, ham
lugng nitrat (NO3") va nitrit (NO7") phat sinh tir cadc phan img khr nito trong ndng san
c6 nguy co gdy anh huong cho céc loai thiy sinh. Pong thoi, thong qua cac ngudn
nude bi nhiém ban, nhitng doc chat nay con gian tiép de doa dén su an toan cua dong
vat trén can va con ngudi [2]. Nham giai quyét nhitng van dé ton dong trong viéc sir

dung phan bon héda hoc néu trén, trong nhiéu nghién ctru gan day, cac nghién ctru da



tap trung phat trién nhitng chién lugc thay thé vira bao dam loi ich kinh té, vira an
toan cho hé sinh thai. Viéc khai thac céc dic tinh wu viét ciia quan thé vi sinh vét ban
dia trong dat da tro thanh hudng di trong tAm dé phuc hoi strc khoe thd nhudng va 6n
dinh san luong noéng nghiép. Thuc té nay doi hoi sy hinh thanh cua nhiing giai phap

bén viing, c6 kha ndng can bang gitra bao v¢ moi truong va kinh té trong dai han.

Su bién d6i nito trong khong khi (N2) thanh dang ion amoni (NH4") thong qua
hoat tinh chuyén hoa ciia hé vi sinh ban dia chuyén biét 1a mot cach trién khai giai
phap sinh hoc mang tinh dot pha. Qua trinh sinh chuyén hoa nay gitp chuyén hoa
ngudn tai nguyén nito déi dao nhung kho hap thy trong khong khi thanh dang dudng
chat ma hé ré thuc vat c6 thé dé dang hap thu dé sinh truong. Pay 1a dang dam hoa
tan ma hé ré thuc vt c6 thé st dung va dong hoa mot cach dé dang, thay thé cho céac
ngudn phan bon vo co. Enzyme nitrogenase xtc tac chuyén héa N, thanh dam trong
cdc nhom vi khuin dic biét nhu Azospirillum, Azotobacter, Klebsiella,
Gluconacetobacter... St dung cac chung vi khuan c¢6 dinh dam trong san xuat phan
bon vi sinh mang lai loi ich kép: vira cit gidm su 1€ thudc vao phan bon vé co, vira
bdi ddp dudng chit tu nhién cho dit. Cach tiép can ndy dong vai trd mau chdt trong
viéc duy tri sy cin bang sinh hoc ctia méi trudng canh tac, ddng thoi cing ¢ ngudng
chiu dung cua hé théng trudc nhitng tac dong ti€u cuc tir cac tac nhan hoa hoc.

Tir co s& néu trén, dé tai nghién ctru duoc dé xuat 1a: “Phdn ldp va dinh gid
ddc diém sinh hoc ciia chiing vi khudn cé khd ndng sinh NH;*”. Luin vin dugc
thuc hién tai phong Cong nghé sinh hoc Enzyme - Vién Sinh hoc, Vién Han lam Khoa
hoc va Cong nghé Viét Nam, dudi sy huéng dan cua TS. Nguyén Sy Lé Thanh. Véi

cac muc ti€u sau:

> Phan lap va dinh danh duogc chung vi khuan c6 kha niang sinh NH4" tir trong

mau dat va ré laa.

» Nghién cttu dugc mot s6 dac diém sinh hoc cua chung vi khuan cé lién quan
dén kha nang sinh NH4".



CHUONG 1. TONG QUAN NGHIEN CUU
1.1. VI KHUAN CO KHA NANG SINH NH4"

1.1.1. Cac chiing vi khuén c¢6 kha ning sinh NH4* va nhu cau dinh dudng vé nito

cua cay trong

Mic du nhu cau vé nito cta dai da s6 ciy trong 1a cuc ky cao, nhung viée bd
sung ngudn nay tir qua trinh phong héa khoang chit ty nhién 1a diéu khong thé. Day
1a diém khac biét cot 151 gitra nito va cac yéu t6 vi luong/da lugng khac. Do d6, ham
luong nito ton tai dudi dang khoang vat trong dat thudng chiém ty 16 rat nho va khong
du dap tng nhu cau sinh trudng cua thyuc vét [3]. Trong canh tac thuc tién, cac loai
phan dam tong hop thuong duoc tng dung nhu mot giai phap cha dao dé bo sung
ham luong nito thiét yéu cho cay trong. Viée cung tmg phan dam con gin lién voi
cac nguy co tham hoa sinh thai, tir lwong khi thai carbon trong san xuét dén hién
tuong ro ri nitrat. Qua trinh nay khién céac hop chit doc hai xam nhdp vao mach nudc
ngam va luu vuc song ngodi, gay ra tinh trang phu dudng hoa va 6 nhiém ngudn cap
nude. Bén canh d6, viée san xuit phan bon hoa hoc doi hoi cac ngudn tai nguyén nhu
than d4 va cac san pham dau mo. Viée duy tri ngudng bén phan v6 co qua mirc nhim
thac diy ning suat thuong mai di truc tiép gy ra sy suy thoai dic tinh 1y hoa cua
dat. He qua la su can kiét nguén dinh dudng ty than va lam ran nat nén tang canh tac
bén vitng von co cua hé sinh thai nong nghiép. Ptng trude nhitng thach thic nay,
viéc thiét 1ap mot chién lugc dinh dudng mdi, ddm bao sy can bﬁng gitra hi¢u qua
kinh té va bao vé moi trudng, tré thanh yéu cu cip thiét. Trong bdi canh dé, co ché
c¢b dinh nito sinh hoc ndi 1én nhu mot giai phap thay thé day tiém ning, cho phép tan
dung cac ching vi sinh vat c6 kha ning chuyén hoa N, khi quyén thanh ngudn dam
cho cay trong co6 thé hap thu [4]. Thong qua viéc dua cac quan thé vi sinh hitu ich vao
canh tac, phan bon sinh hoc gop phan téi uvu hoa 1y tinh dat, cai thién do thong thoang
va dy trit dudng chat cho thyc vat. Trong chu trinh chuyén hoa, cic nhom vi sinh nay
dam nhiém vai tro c6 dinh dam tu do va bai tiét cac hoat chat diéu hoa sinh trudng
nham kich hoat tiém ning phat trién ctia ciy, thuc hién qua trinh tao khodng, hoa tan
lan (phdt phat) va kali von ton tai & dang kho tiéu, tir d6 ting cudong cac chat dinh
dudng cho hé ré [5]. Viéc mé rong cong sinh cb dinh dam sang cac cdy trong quan
trong nhu ngti ce tir 1au da 1a mot muc tiéu 1au dai trong linh vuc ¢ dinh dam sinh
hoc. Thuc hién nghién ctru quﬁn thé vi khuan noi sinh c6 nang luc ¢ dinh dam - du
1a ton tai ty nhién hay thong qua cai bién sinh hoc - tir cac ngudn gen laa da dang (laa
hoang va lta canh tac) dang mé ra nhimng tiém ning méi. Xuat phat tir vi thé dac biét

cua cay lua tai khu vuc kinh t€ nong nghiép quoc gia, luén van da dat ra yéu cau cap



bach ciia viéc tim kiém va phan lap cac chung vi khuan nay nham tao ra lya chon thay
thé hiéu qua cho phan bén hoa hoc, gop gia ting san luong san xuat laa gao. Viée xac
dinh va tmg dung céc vi sinh vt ¢ dinh dam tiém nang la chia khoa dé nang cao chi
sd sinh trudng thyuc vat. Giai phap nay wu tién st dung cac vat liéu c6 ngudn gbc tu
nhién, gitp bao v€ moi truong va cai thién chét lugng nong sdn mot cach on dinh.
Mit khac, mot s dong vi khuan vung ré thuc day sinh truong (PGPR) con s hiru
nang lyc ndi sinh cac phytohormone, déng vai trd nhu nhimng hoat chat kich hoat qué
trinh phat trién cta thuc vat, c6 mot sd uu diém, bao gSm phan bd rong rai, kha ndng
xam chiém manh m&, d& phan 14p va nudi cdy, va kha ning ngin chin cac bénh trong

dat dé duy tri strc khoe cua cdy trong [6].

Do sy hién dién cua lién két cong hoa tri ba siéu bén, nito tir khong khi (N2)
thuong s€ ¢ trang thai kém hoat dong. Tuy nhién, nhd su can thi€p ciia enzyme
nitrogenase c6 ngudn gdc vi sinh, rio can nay s& bi pha v&. Enzyme tién hanh khir
nito bang cach bd sung ba nguyén tir hydro vao mdi nguyén tir N, bién ddi dang khi
tro thanh ion amoni (NH4") ma r& cdy dé dang hap thu. Dua vao phuong thirc thiét
lap lién két voi bo ré, cac chung vi sinh vat ké trén duoc chia 1am ba loai hinh co ban,
phan anh muc do gfln két sinh hoc khac nhau. Vi sinh vat tu do, sb luong 16n séng
trong dat c6 kha ning cb dinh dam yéu goém céc loai Azotobacter, Beijerinckia. Vi
khuan cong sinh: Vi khuan Rhizobium hodc Bradyrhizobium xam chiém hé thong ré
ctia cdy chu va khién r& hinh thanh cac ndt sdn dé lam noi trd ngu cho vi khudn. Vi
khuan néi sinh: nhw Azospirillum, Herbaspirillum, Gluconacetobacter, cic quan thé
vi khuan nay giup cung cAp dam doi dao théng qua qua trinh sinh chuyén héa nito
dién ra ngay tai ving ré cta thuc vat chu [7]. bé xéac dinh céc dong vi khuén ¢b dinh
dam tiém nang, can danh gia dua trén sy hdi tu cua: hi¢u suit dé)ng hoa nito tu do,
dap mg trudc cac ap lyc ngoai canh va tinh twong thich sinh hoc tuyét d6i. Dién hinh
nhu chung B. amyloliquefaciens, ngoai kha nang cung cap dudng chat, no con bao vé
cdy trong bang cach tiéu diét cac tic nhan giy bénh tir dat. Thuc té cho thiy, ning
suét cay trong dugc cai thién rd hon thong qua kha nang ctia vi khuan nay trong viéc
thiét 1ap mot hang rao phong ngu, han ché su xam nhidm cua cac loai nAm va vi khuan
c6 hai [8].

Trong cac moi trudng tu nhién véi sy khac nhau rd rang vé ham lugng oxy
phan tir, nguoi ta tim thdy nhém vi khuan ¢ dinh dam di dudng ton tai dudi dang tu
do. Nang luc thich nghi véi cac vi méi truong da dang ctia nhom vi sinh nay bat
ngudn tir sy khac biét trong phuong thirc hd hap. Nham ngan chin sy e ché cia O2
ddi véi phuc hé enzym, vi khuén thuc hién chién luoc ngan khoang hoa. Chéng han,

viéc hinh thanh cac té bao di hinh doéng vai tro nhu mot mang chin vat ly, kiém soat



ndng do oxy & ngudng thap nhét, ddm bao chu trinh chuyén hoa nito dién ra lién tuc
[9]. Viéc tu cung cdp ning luong 1a dic diém cbt 161 cua cac sinh vat ¢d dinh dam
song tu do, gitip ching tich lily nito cho dit ma khong can su giup d& tir cac sinh vat
khac. Ngudn ning lugng nay chu yéu dén tir sy phan hity vat chét hitu co hoic thong
qua con dudng héa tu dudng vo co & mot s6 ching chuyén biét. Tuy nhién, mot thach
thire 16n ddi voi qua trinh ¢b dinh nito 14 tac dong tc ché cia oxy ddi véi
nitrogenase. Vi vy, qué trinh sinh téng hop dam & nhoém nay chi dién ra hiéu qua
khi méi truong dat trang thai ky khi hodc ndong d6 oxy cuc thap (vi hiéu khi). Do su
khan hiém cac ngudn cacbon va ning luong thich hop cho cac sinh vat nay, nén dong

gop cua chiing vao toe do cb dinh nito toan cau thudng dugce coi 1a nho [10].

Su hiép luc gitta cdy chii va vi khuan cong sinh duoc duy tri thong qua co ché
trao d6i vat chat hé thong. Cu thé, cac dan xuét carbohydrate tir qua trinh quang hop
dugc chuyén dich xudng ré, trd thanh ngudn co chit chuyén hoa thiét yéu, giap vi
sinh vat duy tri cac hoat dong chtrc ning va tong hop dam sinh hoc. Nguoc lai, vi sinh
vat thuc hién viéc chuyén hoa nito khi quyén thanh dang kha dung dé hd tro su sinh
trudng cta cdy. Trén quy mo toan cau, hinh thirc cong sinh gitta cac loai ciy ho Pau
v6i cac chi vi khuan nhu Rhizobium va Bradyrhizobium dugc dénh gia 1a hé théng
quan trong nhét. Cac dai dién vu ta trong mé hinh nay tip trung vao nhom ciy lay
dau nhu ddu nanh va lac, két hop véi cac loai thirc dn gia stic nhu ¢6 linh ling, c6 ba
14. Ngoai ra, danh muc con bao gém cac dong dau dd thyc phém nhu dau tam va dau
mat den [10].

Trong hé sinh thai néng nghiép, mdi lién két gitta vi khuan Azospirillum va
cac cdy ngil coc chu luc (laa, ngd, lia mi, laa mach) dong gop gia tri cbt 151 trong
viéc tai thiét va cung (mg ngudn dudng chat hitu co nguyén ban cho hé sinh thai cay
trong. Thay vi thiét 1ap mdi quan hé cong sinh bat budc, cac chung nay tao ra su twong
tac mat thiét tai vung ré. Tai day, ching thuc hién nhiém vu chuyén hoa nito tu do
thanh cac dang hop chat dam kha dung, gitp hé ré dé dang hap thy va dong hoa. Kha
ning tich liiy nito tai chd cta chung gitip giam bt ap lyc trong viée bon phan hoa

hoc cho cay trong thudc ho co nay [11].

Nang suit va suc khoe thuc vat duoc cai thién dang ké nho hoat dong cua
nhém vi khuan ving ré thong qua ba co ché chinh: diéu tiét hiéu qua viéc thu nhan
chat dinh dudng tir dat, giai phong hoat chat diéu tiét sinh truong va thiét 1ap hang
rao sinh hoc xAm nhiém vao hé théng ré ciia mam bénh. Nhiing vi sinh vat nay khong
chi hd trg ciy phét trién manh mé ma con cting c6 kha niang mién dich ciia hé thong

thuc vat [12]. Viéc thu hoi va lam sach chiing tir mau dat, phén tich cac thanh phan



ciu thanh ning suat cta cac ching vi sinh vat nhu P. tropica S39-2 va C. palmae
JS23T 1a mot phan trong nd lyc tim kiém cac yéu to hoat hoa va phat trién sinh khoi
tor nhom Burkholderia. Cong trinh hudng t61 viéc dinh lugng su cai thién cac thong
sO sinh 1y trén ba ddi tugng ciy trong chién lugc. Két qua thu duoc sé 1a co so khoa
hoc dé xéc 1ap vai tro diéu tiét cta vat liéu sinh hoc trong viéc gia tang gia tri kinh té
néng nghiép gdom dau co (Elaeis guineensis), bach dan (Eucalyptus urophylla) va dau
meo (Jatropha curcas). Chung P. tropica S39-2 cho thiy hoat tinh ¢ dinh dam manh
nhd cd enzyme nitrogenase, dugc xac nhan qua phan tich kha nang khur acetylene
(ARA assay). Ching nay khong nhimg hd trg cung cip ngudn nito ty nhién ma con
thic day sinh trudng rd rét cta ca ba loai cdy trong ké trén. Nguoc lai, chung C.
palmae JS23™ khong c6 thé ¢d dinh dam hoic tong hop auxin (IAA). Hoat dong cua
enzyme ACC deaminase néng do cao 1a dic diém ndi bat cua ching vi khuan JS23T,
1a yéu tdi giup cay trong phat trién va vuot qua cc rao can sinh ly. Bang cach 1am
giam sy tich lily ethylene noi sinh, JS237 gitip cay duy tri da ting truéng 6n dinh hiéu
qua trong diéu kién bat loi. Hiéu qua thuc té ciia chung nay da dugc xac nhan thong
qua su phat trién vuot troi ctia bach dan va cay dau co, du ddi véi J. curcas, tac dong

cua n6 van con kha han ché [13].

Su thiéu huyt nitrogen 14 nguyén nhan tryc tiép lam thu hep khoang 10%-20%
quy mo canh tac hitu hiéu din dén nhiing khé khin trong viée xac dinh dic diém di
truyén clia cac chung vi khuan sinh amoni dang dugc sir dung thuong xuyén hon, va
tiém nang cua vi khuén ¢6 dinh dam trong viéc loai bé tinh trang thiéu nito & cay
trdng, 1am giau dinh dudng cho dét, ting san lugng ndéng nghiép va thuc day chuyén

dbi cong nghé, dic biét 1a trong ndng nghiép xanh dang ngay cang duoc quan tim.

Nito giit vai trd 1a nguyén t6 dinh dudng c6t 161, tham gia truc tiép vao ciu tao
ctia cac phan tir protein thong qua céc lién két axit amin, 13 thanh phan thiét yéu trong
hoat dong xuc tac enzym va van chuyén electron. Sy hién dién cua nitrogen trong
phuc hé sic té 1a giup dong hoa carbon cia cay trong. O goc do sinh 1y, nito khong
chi gitp 14 cdy c6 mau xanh dic trung ma con kich thich sy phét trién manh mé cia
hé théng sinh dudng tir 1, than dén 14. Viéc cung tng ddy du ngudn nito gitp rat
ngan chu ky phét trién, ting gia tri nong san, dong thoi gia ting thanh phan dinh

dudng cho céc loai cay lam thic an chan nuoi [14].

Su thiéu hut nguén cung nito kim ham su phat trién ctia cac co quan sinh dudng
nhu 14, than va canh do su han ché trong phan hoa chdi. Mot dic diém nhan dién quan
trong 14 cac 14 gia s& bi anh hudng dau tién, sau d6 méi dén cac bd phan non do co
ché tai phan phdi dudng chat trong cdy. Tuy nhién, viéc lam dung phan dam dong

thoi gay ra nhing tac dong bat loi nhu: ciy phat trién mat can ddi, nudc trong té bao



tich trir qua nhiéu, din dén tinh trang qua kém ca vé chét luong ciing nhu sb luong,
gdy thiét hai vé gié tri kinh té. Cay chi hap thu dam & dang hiru ich, hau hét cay hap
thu dam ¢ dang nitrat, nhung lai khong c6 tac dung trén mot s6 loai dat nhu dét ngap
nuée, trong khi NHs* lai thich hop va 6n dinh nhat d6i v6i lta. Sy sinh truéng va phat
trién binh thudng cua cay trong doi hoi luong dam tdi wu. Bon qua it dam 1am giam
nang suit ciy trong, trong khi viéc bon qua nhiéu dam dan dén tac dong xau dén cay
trdng va van dé nay lién tuc dugc cha trong trong san xuét ciy trong. Nito co thé 1a

mot phan ctia cau truc cay hoac tham gia vao cac qua trinh song [15].
1.1.2. Dic diém kiéu gen, kiéu hinh ciia vi khuin ving ré

Nitrogen 1a nguyén td dinh hinh cAu trac cta cc polymer sinh hoc, dic biét 1a
chudi polypeptide va vat chét di truyén. Nho phirc hé enzyme nitrogenase, cac vi
khuén, vi sinh vat thuc hién viéc khtr N, khi quyén thanh dang Ammoni (NH4") kha
dung, cung cép nguén dam kha dung cho toan bg h¢ sinh thai dat. Qua trinh nay duoc
cac nha khoa hoc danh gia 1a co ché sinh hoa quan trong thtr hai trén hanh tinh, chi
sau quang hop. Su chuyén hoa nay dién ra qua hai con duong chinh: cong sinh (dién
hinh 1a cac chi Rhizobium, Bradyrhizobium trén cay ho Pau) va tu do (4zotobacter,
Azospirillum),.. d6ng gop truc tiép vao viée tdi wu héa san luong cac dong ngii coe

trong diém nhu lua, ngd va laa mi [16].

Hé enzyme nitrogenase, gdm hai thanh phan protein riéng biét (dinitrogenase
reductase va dinitrogenase) dugc ma hoa bdi mot hé thong gene nif gdm cac gene cAu
trac (nifH, nifD, nifK) va cac gen diéu hoa (nifd, nifL) [17]. Dinitrogenase, con duoc
goi la protein FeMo, 1a mt mot tetramer a2b2 dugc ma hoa boi cac gen nifD va nifK,
trong khi dinitrogenase reductase hay protein Fe 1a mdt homodimer dugc ma hoa bdi
gen nifH. Dinitrogenase chtra hai cum kim loai hiém gip, mot trong s6 d6 1a dong
yéu t6 sit molypden (FeMo-co), duoc coi 14 vi tri khir dinitrogen [18]. Su tuong dong
vé cdu trac va trinh tu dai phan tir cua hai loai enzyme nay cho théy mét co ché van
hanh duoc bao t6n nghiém ngit. Pic tinh nay cho phép qua trinh ¢6 dinh dam sinh
hoc dién ra v&i bién do 6n dinh xuyén sudt cac ching vi khuan tir cong sinh dén tu
do [19]. Chinh nh¢ tinh bao ton cao, cac trinh ty gene nhu nifH, nifD hodc nifK da trd
thanh nhiing chi thi phan tir tiéu biéu dugc tng dung rong rii trong viéc dinh danh
kha ning cb dinh nito. Viéc phan tich cac ving gene nay khong chi gitp xac dinh
tiém nang sinh hoc ctia vi khuan ma con cho phép phan tich vé mé hinh phan b cia
cac quén thé vi sinh vat ¢ dinh dam trong cac h¢ sinh thai ty nhién. Sy biéu hién cta
cac gen cd dinh nito (nif, ma hoa cho cac polypeptide nitrogenase) va fix (ma hoa cho
cac dong yéu t nitrogenase) duoc kich hoat bdi mot chudi tin hiéu, bao gdm cac chat

diéu hoa cam nhan oxy thap nhu NifA [20, 21]. Bén canh cic yéu to di truyén, sy



biéu hién cua hé théng gene ¢ dinh nito chiu su chi phéi manh m¢€ bd1 ham luong
nito khoang kha dung trong moi truong. Pac biét, qua trinh nay doi hoi sy cung Uing
day du cua cac ion sat Fe, do tit ca cic bién thé nitrogenase hién nay déu ciu tao tir
cac trung tim hoat dong chtra sat. Ngoai ra, tiy thudc vao chung vi sinh vat, cic
enzyme nay con can su hién dién cua céc kim loai chuyén tiép khac nhu molypden
(Mo) hoic vanadi (V) dé hinh thanh cac dong yéu t6 (cofactors) thiét yéu cho hoat
dong xuc tac.

Vai tro cia cum gene nif trong viéc ma hoa hé enzyme nitrogenase dugc ching
minh dua trén nhimg thtr nghiém tuong dong. Nghién ctru d6t bién transposon va gen
nifH cho thay cum gen nif va mot sd gen khac nhu g/tB (mi hoa mét tiéu don vi cua
glutamate synthase) chi phéi truc tiép kha ning ting truong cua B. vietnamiensis
trong diéu kién khong c6 ngudn dam ngoai sinh. Viéc do tim DNA cum gen nif trén
cac blot DNA hé gen ctia cic ching dot bién khiém khuyét kha ning c6 dinh
nito cho thdy mot trong cac chung nay di bi x6a hoan toan cum gen nif [22].
Két qua nay khang dinh vai tro thiét yéu ciia cum gen nif trong qué trinh ¢
dinh nito. Pong thoi, cic thi nghiém ciing chimg minh rang Klebsiella
pneumoniae 342 (Kp342) c6 kha ning ¢ dinh nito hiéu qua va cung cap ngudn
nito dang ké cho cdy laa mi. Khi lta mi dugc cdy K. pneumoniae 342 vao ré, cac
triéu chimg thiéu nito & cdy giam rd rét, ham lwong N tong va nito trong mo ting so
v6i ciy khong duogc ciy vi khun. Sau sau tudn sinh trudng trong nha kinh ma khéng
bon phan dam, cay khong dugc cdy vi khuan va ciy duoc cay K. pneumoniae 342 dot
bién nifH déu bi coi coc va vang ta, cho thay cac du hiéu nghiém trong cua su thiéu
hut dam [22]

Su hién dién cua cac chung Bacillus, Pseudomonas va Azospirillum tai ving
ré gitip san sinh hormone ty nhién. Bang cach tan dung tryptophan tir nguon dich tiét
clia cdy, cac vi sinh vat nay tong hop nén IAA, mot loai auxin quan trong anh hudng
dén kién trac ré. IAA do vi khuan tiét ra tic dong 1én su phan chia té bao ré, lam gia
taing mat do r& bén va hé thong 16ng hut. Qua trinh bién ddi hinh thai nay khong chi
lam ting cudng stic chong chiu ma gitp cay thu dinh dudng thong qua viéc gia ting
khong gian tiép xuc giita & va cac keo dat [23]. Su phdi hop giita cac kich thich t6
cytokinin va gibberellin do vi khuén tiét ra gitip t6i vu hoa sy phat trién phoi hat va
tang cuong hoat ddng phan bao tai cac md non. Cac cong bd khoa hoc gan day khang
dinh rang gibberellin ngoai sinh tir vi khuan gitip cay trong vuot qua cac gi6i han sinh
1y han ché vé diéu kién nhiét do va anh sang. Thém vao d6, nang luc diéu phdi mic

do ethylene ndi sinh cua nhom PGPB thong qua enzyme ACC deaminase dong vai



tro nhu moét hé théng dém sinh hoc, bao v¢ cay tréng khoi cac ton thuong do stress
gdy ra. Thay vi tryc tiép san xuat hormone ting truong, cac vi khuan nay lam giam
néng do ethylene "stress" trong cdy bang cach phan hay tién chat ACC (1-
aminocyclopropane-1-carboxylic acid) [24]. Co ché ndy duogc coi 1a dot pha trong
nghién ctru vé stress phi sinh hoc,va di dugc ching minh trén ciy trong duy tri ning

suat dudi tdc dong ctuia han han, Ao man cao va 6 nhiém kim loai ndng [25].

Viéc x4c dinh cac locus gen lién quan dén sinh téng hop phytohormone va cac
hé théng van chuyén khoang di cho thay IAA 1a phytohormone déng vai trd trung
tam trong co ché thuc day sinh truéng thuc vat cta vi khuan. Pay 13 loai auxin quan
trong nhat duoc vi khuan tong hop, chil yéu dua trén ngudn co chat tryptophan. Sy
hién dién ctia nam 16 trinh chuyén hoa tryptophan véi cac hé enzyme va operon diéu
tiét riéng biét di tao nén nang luc kich tmg sinh trudng da dang cho cac ching PGPB.
Con duong indole-3-acetamide (IAM), con duong indole-3-pyruvic acid (IPyA), con
duong tryptamine (TAM), con duong indole-3-acetonitrile (IAN), con duong
tryptophan side-chain oxidase (TSO). Trong d6é con duong indole-3-pyruvate (IPyA)
dugc xem 1a pho bién nhét & vi khuan thuc day sinh trudng (PGPB) [26]. Gene ipdC
ma hoa enzyme indole-3-pyruvate decarboxylase dong vai tro trung tdm cua con
duong IpyA [27] nha nghién ctu dd st dung ky thudt dot bién chén (insertional
mutagenesis) dé lam mat chirc ning gene ipdc, tao ra ching P. putida bi thiéu hut kha

ning san sinh IAA déng vai tro 14 yéu t6 ting trudng.

Bén canh IAA, m6t sb vi khuan sinh trudng ving ré con c6 kha ning sinh tong
hop gibberellin (GA). Cum gene lién quan dén sinh tong hop GA, bao goém cps, ks va
cac gene cytochrome P450 nhu cypli2, cypll4, cypll7, di dugc mo tad 10 &
Bradyrhizobium japonicum. Caic gen ndy tham gia chuyén hoa tién chat
geranylgeranyl diphosphate thanh cac dang GA hoat tinh sinh hoc, gop phan diéu hoa
kéo dai than va phat trién hat [28].

Bén canh kha ning san xuit phytohormone, hé thong thu nhén sit thong
qua siderophore 1a mot dic diém sinh thai quan trong ciia PGPB. Cac phan tir
siderophore so hitu i lyc cyc cao voi Fe**, gitip vi khuan chiém uu thé trong viéc
khai thac nguon sit tai ving ré, dong thoi gian tiép wrc ché quan thé mam bénh thong
qua nguyén 1y loai trir canh tranh dinh dudng. Nén tang di truyén ciia qua trinh nay
bao gdm cac cum gene tiéu biéu nhu pvd (tong hop pyoverdine), entA—F
(enterobactin) va iucABCD (aerobactin). Nhiing con dudng sinh tong hop nay da
duogc xac dinh va mo ta chi tiét & cac chi vi khuan dat cha chdt nhu Pseudomonas,

Bacillus va Enterobacter [29].
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Vi khuan Bacillus sp. hd tro thyc vat thong qua viéc phan giai cac dai phan tir
chtra N va P thanh nhiing gbc tu do ma bd ré c6 thé ddng hoa truc tiép. Thong qua
viéc tiét enzyme phosphatase va cac axit hitu co, nhém vi khuan nay thiic day qua
trinh axit hoa méi trudng cuc bo, tir d6 chuyén hoa hiéu qua cac phirc hop phosphate
v6 co thanh dang ion tu do ma cay trong dé dang dong hoa. Trong chu trinh nito, cac
chung Bacillus khong chi giai phong ammonia tir nguén hiru co sdn c6 ma con c6 thé
so hitu gene nifH dé tong hop phirc hé nitrogenase (EC 1.18.6.1) nham cb dinh N»
khi quyén. Nhitng hoat dong sinh hoc nay khong chi tdi wu héa ning suit ma con
dong vai tro anh hudng tich cuc trong viéc lam cham qua trinh gia héa ¢ thuc vat
[30]. Céac ching Bacillus spp. giup ting cuong kha ning hap thu va tich lity cac dudng
chat thiét yéu bao gSm dam, 1an va kali, tir d6 hd tro cay tréng chéng chiu vo1 cac
diéu kién stress phi sinh hoc tdt hon. Ngoai ra, Bacillus con san sinh IAA va ACC
deaminase dé tryc tiép diéu chinh qua trinh phat trién cta cdy. Vi hé hoat tinh da
muc tiéu (phan giai lan, tiét IAA, siderophore va ammoniac), ching B. licheniformis
A2 d6ng vai tro 13 tac nhan giam thiéu stress va kich ung sinh khéi cdy trong hiéu
qua [31]. Kha ning kiém soat dich hai tu nhién gép phan giam phu thudc vao hoa
chit bao vé thuc vat. Bén canh kha nang uc ché con trung ti€u biéu cua B.
thuringiensis, cac ching B. cereus, B. subtilis va B. amyloliquefaciens ciing thé hién
hoat tinh sinh hoc manh mé trong viéc ngan chan sy bung phat ctua cac dbi tac nhan
gay hai cho cdy trong. Chiing trc ché mam bénh thong qua viéc hinh thanh mang sinh
hoc quanh ré va tiét ra cac doc to sinh hoc nhu surfactin, iturin, macrolactin,
bacillomycin va fengycin [32]. Du kha ning cai thién sinh khéi va san luong thyuc vat
ctia chi Bacillus d3 dugc ghi nhan rong rai, viéc giai ma chi tiét cac con dudng tin
hiéu phan tir va phan tmg sinh 1y ndi bao van 13 rao can ky thuat dang ké trong cac

thuc nghiém hién nay do s6 lugng cong bd chuyén sau con han cheé.

Céc dai dién thudc phic hop Burkholderia cepacia (Bce) dinh cu tai ving ré
da duoc khang dinh vé ning luc thic diy sinh trudng trong hé thong canh tac bén
vitng. Pién hinh 1a loai Burkholderia vietnamiensis véi kha niang c6 dinh nito N» ddc
trung; di ban dau dugc phat hién trén cdy lGa, cac nghién ciru sau d6 da xac nhan sy
hién dién cta ching trong ré mia va ngd. Pang chu y, viéc sir dung chiing TVV75 da
mang lai hiéu qua vuot troi khi gitp san lugng hat lta cudi vu gia ting tir 13% dén
22% [33]. Kha ning tong hop Auxin vuot trdi ciia cac ching Burkholderia sp. (nhu
B. cepacia RRE25) 1a tic nhan then chdt gitip t6i uu hoa cau tric hinh thai thyc vat.
Viéc cai thién ham lugng sdc tb quang hop di dan dén sy bt pha vé hiéu suét déng
hoa carbon, biéu hién tryc tiép qua su gia ting dang ké trong lugng chét kho. Diéu

nay gitp ciy lua xac lap dugc wu thé sinh trudng ngay tir nhing giai doan dau cua
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chu ky sdng [34]. Ngoai céac loi ich vé sinh truong, phirc hop Bec con so hitu kha
nang tiét da dang cac hop chat khang nam va cac chat chuyén hoa ddi khang, déng

vai tro truc tiép trong viéc trc ché quan thé vi sinh vat gay hai ton du trong dat [35].

Nhu vay c6 thé khang dinh PGPB 14 chia khoa cho nén néng nghiép xanh. Ghi
nhan su chénh 1éch két qua gitra phong thi nghiém va ngoai dong rudng cua PGPB la
hé qua cua cac bién s6 moi truong phuc tap va sy doi khang cua h¢ vi sinh vt tai chd.
Céc tac nhan PGPB ngoai lai thuong khé tao dugc mbi twong tac bén viing voi ciy
cht hodc mat di cac chirc nang sinh hoc quan trong do khong thich nghi dugc véi
diéu kién thd nhudng moi. Béi canh nay dit ra ap luc thyuc tién khi nhu cau an ninh
lwong thuc thé gidi dang chiu strc ép cao tir su gia ting din sb va nhing thay d6i khac
nghiét ctia khi hau cung tinh trang thoai héa dat (nhiém doc kim loai, min héa) ngay
cang trim trong. Vi vy, nghién ctru hién nay quan tim dén viéc t6i vu hoa hiéu qua
ctia vi khudn ving ré nang cao ting trudng thuc vat thong qua k¥ thuét di truyén dé

tao ra PGPB duoc cai tién pht hop cho muc dich nong nghiép.

Céc nghién ctru vé kha nang sinh NH4" trén thé gidi ca vi sinh vat. Nam 2017,
Nghién ctru cia Muthukumarasamy va cong sy di xac lap ning luc thic diy sinh
khéi mia dudng thong qua co ché tdi vu hoa hip dung dinh dudng cta cac chung vi
khuan. Nghién ctru tp trung vao viéc tuyén chon va giam dinh cac chung vi khuan
da chtic nang, s¢ hiru déng thoi cac ddc tinh wu viét nhu: ¢6 dinh dam sinh hoc,
chuyén hoa 1an kho tan va giai phong kali tir khoang vat [36]. Trong nghién ctru thuc
hién nam 2018, Kyaw va cong su da tap trung vao viéc phan lap va dinh tinh cac dong
vi sinh vat da ning c6 kha ning dong thoi ¢b dinh dam va phan giai cellulose nham
san xuat phan bon sinh hoc. Dya vao chi s6 phén giai cellulose dic trung, nghién ctru
da chon loc duoc 20 ching vu ta tir cic mau dat khao sat. Sau qua trinh thtr nghiém,
6 chung uu viét nhét duoc phéi tron véi phan hiru co lam vat liéu mang dé bon cho
laa. Dit liéu phan anh t6 hop phan bon sinh hoc ndy vugt trdi hon phan bén héa hoc
thong thuong trong viéc cai thién sinh khéi, nang suat hat va ham luong nito tong s6
trong dat [37]. Nghién ctru cua Richard et al. (2018) da tap trung khai thac cac dong
vi khuén cu tréi tai bo 1 cdy ngd v6i kha nang giai phong NH; va ¢b dinh dam tu do.
Bang cach phan tich cac dic tinh kiéu hinh va di truyén, nhom téc gia da lam sang to
vai trd cua cac ching nay nhu nhiing tac nhan kich thich tang trudng tu nhién, mé ra
trién vong mg dung trong canh tac ngd bén ving [38]. Nghién ciru ctia Nohwar et al.
(2019) da 1am sang to vai trd ctia cac vi khuan noi cong sinh chiu man phan 1ap tir ré
cay dién dién (Sesbania sesban). Nhom tac gia hudng t6i viée tuyén chon céac (mg

vién vi sinh vat khong chi chong chiu tot voi dd min cua dat ma con hd trg dic luc
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cho chu trinh nito. Cac ché pham vi sinh da dic tinh dugc phan 1ap giup hoa giai rao

can thiéu hut dam trong diéu kién ap lyc man [39].

Trong nghién ctru cong bd nim 2019, Yu, Jing va cong su di thiét ké thanh
cong chung dot bién Pseudomonas protegens CHAO-AretS-Nif, tich hop dong thoi
hai dic tinh wu viét: kiém soat nAm bénh va ¢ dinh nito sinh hoc (N2). Qua céc thir
nghiém trén d6i trong thuc vat moé hinh Arabidopsis thaliana, ching nay cho thiy
kha ning kich thich sinh trudng rd rét. Pong thoi, nhom tac gia ciing da chuan hoa
cac thong sd nudi cdy nham hudng toi viéc thuong mai hoa va san xuit & quy mod
cong nghiép, gop phan cit giam du luong chat bao vé thuc vat [40].

B 150

H LT i

é\§\§'\,§\ ‘l«g& b‘&")*t ‘("%‘l“
SO

g

Relative Nitrogenase Activity
(Acetylene Reduction Assay, %)
g

- N W s

rosette diameter (cm) <y

Hinh 1.1: Két qua phan tich hoat tinh sinh hoc cua ching d6t bién (zrich tir [40])

Nghién ctru cia Wang et al. (2020) da danh diu mot diém sang khi stir dung
chung P. protegens CHAO-AretS-nif 1am ngudn cung cip dam sinh hoc cho cay toi.
Bang viéc thir nghiém trong nhiéu diéu kién dong rudng, nhoém tac gia da chimg minh
duogc nang luc cua vi khuén trong viéc bu dép thiéu hut dinh dudng va su 6n dinh san
luong cay trong ngay ca khi lugng phan dam dau vao bi han ché. Két qua trén minh
chimg kha ning thay thé mot phan phan bon hoa hoc cua hé vi sinh vat ma khong gay
suy giam hiéu suat thu hoach [41].

Panh gia cua Aasfar et al. (2021) vé chi vi khuan Azotobacter d3 xéac 1ap ning
luc dong hoa Na vuot trdi clia cac chung vi khuan nay, cung cdp giai phap sinh hoc
gitip nang cao stc khoe dat. Dit liéu thu dwoc chi ra ddy 14 ngudn b sung dinh dudng
phu hop cho thuc vat, hd trg thiét 1ap mdt hé sinh thai ndng nghiép bén viing thong
qua viéc 6n dinh san lugng néng nghiép va lam giam céc tac dong tidu cuc tir viéc
thiéu hut khoang chét trong dat [7]. Su hién dién cua cac vi khuén noi sinh ¢d dinh
dam trong cdy san (Zhang X va cs., 2022) Khong chi phan anh sy da dang cua hé vi
sinh vat noi sinh, két qua nay con cho thay tiém nang thay thé hoa chat nong nghiép
bang cac ché pham sinh hoc an toan [42].
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1.1.3. Cac nghién ciru trong nudéc

Véi quy dat nong nghiép khoang 11,6 — 11,8 triéu ha (trong d6 dét trong cay
hang nam chiém ~ 6,7 triéu ha va dit lta xép xi 3,9 triéu ha theo sb liéu nam 2025),
thach thirc 10n ¢ Viét Nam 1a mdi nam c6 t&i 10.000—15.000 ha tai co cau st dung
chirc nang kinh t& méi khac ngoai nong nghiép. Hé qua cua tién trinh mé rong khong
gian d6 thi &p lyc thdm canh cyc 16n trén dién tich dét canh tac dang bi thu hep. Diéu
nay dan dén tinh trang cudng do sir dung phan bon héa hoc tai nudc ta cao gip khoang
3 1an mtc trung binh toan cau. Viéc lam dung phan bén vo co khong kiém soat khong
chi gy suy thoai méi trudong dat, nudc ma con anh hudng truc tiép dén an toan nong
san va stc khoe con ngudi, thuc diy Chinh phu phai chuyén dich manh mé sang 16

trinh ndng nghiép hiru co va bon phan thong minh [43].

Cac dinh huong nghién ctru & Viét Nam hi¢n nay tap trung trong tdm vao viéc
khai thac ngudn vi sinh vat ban dia tir viing 1& cdy trong, nham tuyén chon cac ching
c¢6 kha ning thich nghi cao v6i dic diém tho nhudng va khi hau dic trung cua ting
ving mién. Dién hinh, nghién ctru cia Hoang Minh Tam (2020) tai ving mia Tay
Ninh d3 phén 1ap thanh cong 140 chung vi khuan sé hitu dong thoi dic tinh c¢b dinh
nito va hoa tan phosphate kho tan. Trong sb do6, 41 chung dugc ghi nhan c6 ning luc
sinh téng hop TAA vuot troi. Két qua dinh danh di truyén phan anh sy da dién vé mit
cdu trac quan thé, bao gdm cac chi chu dao nhu Stenotrophomonas, Bacillus,

Chitinophaga, Burkholderia, Serratia va Acinetobacter [44].

Khao sat cia Nguyén Qudc Khuong (2021) trén dbi tugng cay dinh ling tai
khu vuc An Giang d3 dan dén viéc phan 1ap duoc 30 chung vi khudn thiy phan yéu
t6 1an tiém nang. Ghi nhan thuc té cho thiy cho thiy chung Bacillus subtilis AC10L2
khong chi dan dau vé kha nang chuyén hoa 1an ma con thich nghi linh hoat véi diéu
kién pH thép. Viéc s¢ hitu thém cac dac tinh sinh hoc quy gia nhu ¢d dinh dam va
san sinh auxin (IAA) khién chung AC10L2 tré thanh chung duoc wu tién cho viéc

san xuat phan bon vi sinh chuyén biét cho cac ving dét chua [45].

Nghién ctru cia Nguyén Khoi Nghia (2025) trén ddi twong dat trong nhan tai
khu vuc Vinh Long da xac dinh duoc hai dai dién vi sinh vat vu viét ky hi¢u 1a VL2.3
va VL13.3. Cac dong vi khuan nay c6 hoat tinh sinh hoc kép: vira c6 kha ning giai
phoéng 1an tir cac hop chat khoang, vira c6 ning luc tong hop enzyme phytase voi hoat
d6 cao. Day 1a co so tot dé phat trién cac ché pham vi sinh gitp toi wu hoéa chu trinh

lan trong cac vuon cdy an trai thdm canh lau ndm [46].

Nguyén Yén Chi (2025) da hé thong héa nguon gen vi sinh vat ban dia tir laa
hoang tai PBSCL, qua d6 xac lap 12 ching PGPB wu ti c¢6 kha nang hd tro cy trong
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vuot troi. Tir 4 mau dat tai Tién Giang va Vinh Long (thu thap ving ré), nghién ctru
da lya chon dugc cac chung c6 hoat tinh sinh hoc manh mé. Pac biét, cac dong Bb1.3,
BD2.3.2 va BD2.4 ching minh kha ning hd tro dinh dudng kép thong qua chu trinh
nito va phét pho, két hop ciing ning luc san sinh auxin (IAA). Két qua dinh danh cho
thdy chung co6 hoat tinh cao nhit, BP1.3, chinh 1a mét dai dién cta chi

Stenotrophomonas [47].

Viéc khai thac hé vi sinh vat tir gidng laa ban dia Huyét Rong da gitp phat
hién chung B. vietnamiensis TVV75 boi Tran Van V va cs. Puoc phan lap tir diéu
kién khic nghiét cua dat min chua sunfat, chung nay khong chi thé hién ning luc cb
dinh nito vuot trdi thong qua chi sé nitrogenase cao ma con nhd phd ddi khang rong,
dong phan 1ap nay duogc xac 1ap 1 phuong an tbi wu, gitp ngin chin sy xdm nhiém
ctia cac loai ndm hai muc tiéu. Sy tich hop cac co ché san xuét chit van chuyén st
(siderophore) va hormone ting trudng (IAA) khién TVV75 tré thanh tmg vién tiém
ning dé nang cao stc chdng chiu va ning suét ciy trong. Két qua danh gia ching
minh viéc cdy TVV75 dam bao ning suit twong dwong voi ning suat thu duoc ¢ dbi
chtng khong cy vi sinh vat voi lugng phian dam nhiéu hon tir 25 dén 30 kg [33].
Tuong tu, Ngbé Thanh Phong va cdng su (2024) cling chirng minh hi¢u qua cua dong
vi khuan Burkholderia vietnamiensis BV2 c6 thé cung cap khoang 50% dam sinh hoc

so voi luong dam héa hoc d6i v6i nhu cau sinh trudng, phat trién & cdy lua [48].

Mic du cé tiém nang 1én, cac chung PGPB tu nhién van boc 16 han ché vé
hoat tinh sinh hoc chwa cao va thiéu tinh 6n dinh khi img dung ngoai déng rudng.
Trong diéu kién khi hau bién dong va qui dit san xuét bi thu hep. Nhu cau giam hoa
chat noéng nghiép 1am ndi bat vai trd cua cac giai phap sinh hoc bén viing, doi hoi
phai nang cao hiéu suit ctia cac chiing nay. Viét Nam c6 ngudn chung PGPB ban dia
rat phong phu, nhung nghién ctru chinh sira gen hodc cai bién di truyén c6 dinh huéng
& PGPB tai Viét Nam cOn rat han ché

Nghién ctru cia Nguyén Hitu Hiép et al. (2019) di danh dau budc chuyén sang
phan tich di truyén chic ning khi sang loc thanh cong 78 dong vi khuén tir cac chiing
ngd. Thong qua phuong phap khuéch dai gen bang ki thuat PCR, nhém tac gia da st
dung cac doan moi chuyén biét dé nhan dién gene nifH. Pay 13 quy trinh quan trong
gitip khang dinh tiém ning cb dinh nito cta vi khuan ngay tir cap do bo gen, thay vi
chi dya vao céc biéu hién sinh héa truyén thong. Két qua co 13 chiung Azospirillum
lipoferum va 2 chung Burkholderia vietnamiensis mang gene nifH, ching minh su
hién dién cu thé gene chirc ning nay trong vi khuan ban dia [49]. Giang et al. (2013)
da phan lap dugc chung vi khuan thudc chi Bacillus c¢6 kha ning san xuat phytase

ngoai bio - enzyme quan trong trong phan giai phét pho hitu co -tir moi truong dat
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canh tadc, mdc du vay, trong tam phan tich van uu tién cac hoat tinh enzyme cdt 16
ctia chung vi khuan [50]. Lé Thi X4 va cs (2018) d3 khao sat hé vi sinh vat ban dja ¢
dét canh tic khac nhau bao gém buoi, lua, rau, mia, ngd, cam, chudi, tre, hanh 14,
ddng co, v.v. trong tinh Séc Trang. Két qua cho thay tat ca cac chung duoc khao sat
déu co kha ning hoa tan P, sinh tong hop IAA dang ké va déu c6 chira gene nifH, va
8 trong s 15 ching chita gene nifH c6 kha ning ¢6 dinh N [51].

Trong mot nghién ctru thuc hi¢én ndm 2012 tai Pai hoc Can Tho nghién ctru da
phan 1ap thanh cong 28 dong vi khuan c6 niang luc hoa tan khoang vat tir cic san
pham phong hoa granit (d4 hoa cuong) trén méi trudng chon loc. Két qua ghi nhan
toan b cac chung nay déu cé ning luc sinh tong hop amoni (NH4") trong mai truong
Burk‘s, voi 5 dong thé hién hiéu suat vuot tréi. Thir nghiém chung nap hdn hop ba
dong vi khuan tiém ning nhét trén ddi twong hanh 14 (Allium fistulosum) va mong toi
(Basella alba L.) di cho thiy nhiing tac dong tich cuc rd rét, giup cai thién dang ké
chiéu cao, ning suét thuc té cua ciy trong nong nghiép [14]. Nghién ctru cia Nguyén
Quéc Khuong et al. (2019) di tap trung vao viéc phan 1ap cac tic nhan thuc day sinh
truong thuc vat (PGPR) cu tra trong dat vung ré bip lai. Viéc xac 1ap cac dong vi
khuén c6 kha nang khoang hoa lan va ¢ dinh dam tao tién dé cho chién lugc canh
tac bap bén vitng. Cach tiép can nay gitp han ché hé luy tir viéc str dung hoa chit hoa

hoc ma van dam bao san lugng cy trong [52].

Nghién ctru cia Nguyén Thanh Puoc et al. (2022) tap trung vao viéc tir 38
mau thé nhudng dai dién cho ving dat phu sa PBSCL, nghién ctru da chiét xuit va
xac lap duoc 120 chung PGPB c6 nang luc ¢d dinh nito sinh hoc cao trén dbi tuong
ciy ngd. Dua vao két qua thu dugc trong viée tuyén chon cac Gmg vién vi sinh vat uu
viét dé ché tao phan bén sinh hoc chuyén dung cho cac ving trong ngd trong diém
phia Nam. Bang cach giai trinh ty va phan tich gen 16S rRNA 6 dong vi khuan ¢
kha nang cd dinh dam tot nhat dugc dinh danh c6 3 chi bao gff)m Bacillus,
Pseudomonas va Klebsiella [15]. Nghién ctru cia Ngo6 Thanh Phong va cs. (2024) tai
Vinh Long d3 minh chting nang luc thuc day sinh trudong cua ching B. vietnamiensis
BV?2 trén gidng laa IR50404. Két qua thi chi ra dong vi sinh vat nay boc 10 kha ning
cung cip dudng chat tuong dwong v6i 50% dinh muc phan dam hoa hoc. Viée chung
nap BV2 khong chi dam bao chi tiéu sinh truong & cay laa ma con duy tri ning sut
6n dinh, mo ra trién vong cit giam dang ké lugng phan bon vo co trong canh tac lua
tai dia phuong [48]. Trong nghién ciru thyc hién nim 2024, Giang Cam T va cong
su da tap trung khai thac mang ludi sinh hoc ving ré xoai tai khu vuc ving dat chiu
tac dong man ciia huyén Can Gio, TP. H6 Chi Minh. Bang cach sir dung méi truong
Luria Bertani (LB) c6 b6 sung 4% NaCl, nhom tac gia da tuyén chon thanh cong 23
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dong vi khuan c6 kha ning thich nghi v6i ap luc tham thau cao. Két qua ghi nhan hai
ching X4.1 va X1.1 s¢ hiru hoat tinh ¢d dinh nito vuot troi véi ham lugng amoni tich
litly dat tir 3,29 dén 3,42 mg/L sau 6 ngay nudi cdy. Thir nghiém in vitro trén hat lta
cho thiy cac chung X4.1 va X8.2 thuc ddy manh mé& su phat trién chiéu cao than va
chiéu dai ré. Can cr vao két qua ving gene ma hoa 16S rRNA, cac ching uu viét ndy
dugc dinh danh 1a Pantoea sp. (X4.1) va Bacillus subtilis (X8.2) [53].

1.2. Dinh danh vi sinh vit
1.2.1. Theo phwong phdp truyén théng

Phuong phap dinh danh dya trén kiéu hinh (phenotype) 1a cach tiép can cb
dién dé phan loai vi sinh vat thong qua cac tiéu chi vé dic diém vé hinh thai, sinh 1y
va sinh hoa. Cac chuyén gia thuong bit ddu bang viéc phan tich cac dic diém hinh
thai té bao va hinh thai khuan lac trén cac moi trudng nudi ciy chuyén biét. Cac yéu
td dinh tinh bao gém kha nang di dong, su hién di€n cua cac cAu tric bé mit (long
nhung, roi), ciing nhu nang lyc biét hoa thanh bao tir hoic tao mang nhay. Nhimg dic
diém nay cung cp nhitng dit liéu dinh danh ban ddu quan trong trude khi tién hanh

cac phan tich chuyén sau hon ¢ cip d6 phan tu.
1.2.2. Duwa vao vit ligu di truyén

Dinh danh dua trén chi thi di truyén hién dugc xem 1a mdt ki thuat véi do nhay
va do dic hiéu tdi uu, quy trinh chuin hoéa va thoi gian thuc hién t61 wu. Mac du doi
hoi hé théng trang thiét bi chuyén dung va chi phi héa chat dang ké, ky thuat nay da
tré thanh tiéu chudn vang trong vi sinh vét hoc. Trong tim cua phuong phap 1a viée
khai thac gene 16S rRNA mot 'thudce do tién hoa' Iy twong & sinh vat nhan so nhd sy
dan xen gitta cac ving bao ton nghiém ngit va cac ving bién doi dic trung cho timg
loai. Sau khi trinh tu 16S rDNA duogc giai ma, viéc dinh danh dugc thuc hién thong
qua cong cu BLAST dé ddi chiéu véi co so dir lidu qubc té (GenBank). Qua trinh nay
khong chi gitip xac dinh danh tinh loai ma con cho phép thiét 1ap cay phat sinh loai,

lam rd moi quan h¢ tién hoa va vi tri phan loai cua chung nghién ctru.
1.2.3. Dwa trén cdc dac diém hoa sinh - proteomic

Theo Croxatto, va cs nam 2012 [54] phuong phéap dinh danh dya trén MALDI-
TOF MS minh chirng cho sy dot pha trong pham vi nghién ctru proteomics, tap trung
khai thac cac dic tinh protein ddc thu ctia té bao vi khuan. Bang cach phan tich cac
protein ribosome c6 khéi lugng phan tir thip dén trung binh, k¥ thuat nay thiét 1ap
mot 'ddu van tay protein' (protein fingerprinting) ddc hiéu cho timg chung. Khac véi
cach tiép can duya trén kiéu hinh truyén thong hay kiéu gen (DNA/RNA), MALDI-
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TOF MS phén anh truc tiép trang thai biéu hién protein thuc té. Trong thuc nghiém,
mau vi khudn thuan khiét dugc tron voi chit nén (matrix), thuong 13 acid hitu co, va
chiéu tia laser. Matrix hap thu nang luong tir laser, gitp céc protein trong té bao dugc
giai phong va ion hoa ma khong bi pha hiy cau tric, qua trinh nay goi 14 ion hoa
mém. Céc ion protein nay dugc gia toc trong 6ng Time-of-Flight, di chuyén tiy thudc
vao ty 1 phan tich phd m/z dé sang loc cac hop chit hitu co c¢6 hoat tinh sinh hoc tir
dich chiét vi khuan va dugc ghi nhan boi detector, tao thanh pho khdi. Mdi loai vi
khuan c6 mau phé dic trung, cho phép phan biét giita cac loai va nhiéu truong hop
con ¢ muc chung.

Co s dir liéu nay phai bao gdbm du sb luong chung phan lap cua mdi loai, ddi
v6i cac ching hiém, méi, bién di dé gip tinh trang khong dinh danh duoc, dinh danh

duoc hodc khong dinh danh dugc dén chi.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. POI TUQNG NGHIEN CUU

2.1.1. Miu nghién ciru

Chin mau dit va ré lua duoc thu thap tu nhiéu dia diém khac nhau trén rudng

lua tai khu vuc ruong lua thude vung ven Céan Tho.

Hinh 2.1: MAu ré lta va dat duoc thu thap

2.1.2. Hoa chit, thiét bi

Cac éng Eppendorf 2 ml; 1,5 ml; 0,5 ml; cac 6ng falcon 15 ml, 50 ml; pipet

cac loai 10 pl, 100 ul, 1000 pl; dia petri, cc dong, dng dong, chai dung hoa chat;

mot sO dung cu khac nhu gia, r6 céac loai. Cac loai hda chat st dung pha méi trudong,

thuc hién thi nghiém dugc mua tir cdc hang nodi ti€éng nhu Sigma, Merk... cua cac

nudc nhu My, Puc, Canada, Trung Quéc. ..

Cdc thiét bi dwoc sir dung:

Tén thiét bi

Hang san xuat

Box cdy vi sinh clean beach
Céan phan tich AB 240

Lo vi séng

May do pH

May lac nudi cay

May li tam lanh Miikro 22R

May ly tam

Viét Nam

Sartorius (Thuy S¥)
Samsung (Korea)
Metrohm (Thuy S¥)
Certomat HK (Germany)
Hettich (Germany)

Sorvall Legend XTR (Japan)
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Noi khir tring ES315 Tomy (Japan)

MGéi trieong nuéi ciy

MT1: Méi trudng LB 16ng dung dé nudi ciy va hoat hoa ching vi khuan, thanh
phan moi truong bao gdbm (g/L) (Bertani, 1951): 1% bacto-tryptone, 0.5% yeast
extract, 1% NaCl, 0.1% glucose pH diéu chinh pH vé 7.0 véi IN NaOH.

MT2: Méi trudng LB thach agar (c6 bo sung thém bot agar)
MT3: Moi truong 1dng va moi truong thach PDA.

MT4: Méi trudng LGI dung dé phan 1ap, nudi ciy va nghién ctru cac dic tinh
ctia vi khuan. Thanh phan méi truong LGI (g/1) bao gdm: Sucrose 5%, KaHPO4 0,2%,
KH2SO4 0.6%, MgS04.7H2O 0,2%, CaCl..H2O 0,02%, NaxMoOs 0.002%,
bromthymol blue (5g L trong 0.2 N KOH), FeClz 0.01%, agar 2%, 4 ml vitamin
(vitamin H + vitamin B6) [55].

Moi truong Burk (MTS) dugc img dung lam moi trudng chon loc dac thu trong
quy trinh phan 1ap va ting sinh cac nhom vi khuan ¢ dinh nito ty do tir dat. Cong
thirc méi trudng (g/L) bao gdm: 1% glucose (ngudn carbon), KH2PO4 0,08%, K2HPO4
0,02%, MgS04-7H:20 0,02%, CaSO4 0,01%, FeSO4 0,0005%, agar 2%. Pic diém cot
16i ctia moi trudng nay 1a su ving mit hoan toan cua cac ngudn dam vo co, do d6 chi
nhimg vi sinh vat s& hiru hé thdng enzyme nitrogenase c6 kha niang chuyén hoa nito
khi quyén méi c6 thé ton tai va hinh thanh khuan lac [56, 57].

MT6: Moi truong NFB (Nitrogen-free Bromothymol Blue) dugc thiét 1ap nhu
mot hé thong méi truong ban 1ong chuyén biét dé tuyén chon cac vi khuan c¢b dinh
dam vung ré. Vi ham luong agar thap (0,15-0,2%), moi trudng tao ra gradient oxy
1y twong cho cac nhém vi sinh vat vi hiéu khi. Thanh phan méi truong (g/L) bao gom:
malic acid 5,0 g; NaCl1 0,1 g; K:zHPO4 0,5 g; MgS04.7H20 0,2 g; KH2PO4 0,4 g; FeCls
0,01 g; CaCl» 0,02 g; NaxMoO4 0,002 g va chi thi bromothymol blue 0,005. Su hién
dién ctua molybden (Mo) 1a yéu t6 vi lugng then chdt cdu thanh nén trung tdm hoat

dong cua enzyme nitrogenase [58].

Moi truong CMC (MT7) duge thiét 1ap nham danh gia kha nang sinh enzyme
cellulase ctia cac ching vi sinh vét théng qua qua trinh thity phan dan xuat cellulose
tan. Thanh phan méi trudng (g/L) bao gdm: carboxymethyl cellulose (CMC) 10,0 g;
MgS04.7H20 0,5 g; KoHPO4 1,0 g; (NH4)2SO04 1,0 g; NaCl 0,5 g; CaCl2 0,1 g va agar
20,0 g. Trong cong thic nay, CMC dong vai tro 13 ngudn carbon va co chat duy nhat

dé kich hoat sy biéu hién gen ma hoa cellulase. Gia tri pH duoc diéu chinh tbi vu
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trong khoang 6,8-7,0 nham tao diéu kién thuan lgi nhat cho su sinh trudng cua vi

khuan ving ré [59].
MT8: Mai trudng Sita giy (Skim Milk Agar) dugc st dung nhu mot gia thé

dic hiéu dé danh gia nang lyc bai tiét enzyme protease ngoai bao cua vi sinh vat.
Nguyén Iy ctia phuong phap dua vao su thiy phan co chit casein - thanh phan protein
chinh tao nén do duc cua sira. Khi vi khudn tong hop protease, cac lién két peptide
trong casein bi bé giy, tao thanh cac doan peptide ngan va acid amin hoa tan, din dén
su hinh thanh vong vo sic bao quanh khuan lac. Thanh phan méi truong (g/L) bao
gdm: Sira gay 100,0 g, NaCl 5,0 g, peptone 5,0 g va agar (15,0-20,0) g. Gié tri pH
duoc duy tri 6n dinh & mrc 6,8—7,0 dé tdi wu hoa hoat tinh enzyme [60].

MT9: Moi truong tinh bot (Starch Agar) dugc st dung nhu mot gia thé dic
hiéu dé danh gia kha ning tiét enzyme amylase ngoai bao cta vi sinh vat. Nguyén
Iy ctia phuong phap dua trén kha ning thuy phan céc lién két alpha-1,4 va alpha-1,6-
glycoside trong phan tir tinh bot. Khi vi khuan tong hop amylase, tinh bot s& bi phan
cit thanh cac dudng don va dextrin hoa tan, tao ra mot ving phén giai (halo zone)
quanh khuan lac, ¢6 thé quan sat rd sau khi nhudém véi dung dich iodine. Thanh phan
moi trudng (g/L) bao gdm: Tinh bot hoa tan (10,0), peptone 5,0 g, beef extract (3,0),
NaCl (5,0) va agar (15,0-20,0) v6i pH t6i wu dat 6,8—7.0 [61].

2.2. PHUONG PHAP
2.2.1. Phan lap chiing vi khuén c6 hoat tinh sinh NH4" tir mAu dét va ré la

Déi twong nghién ctru bao gdm mau dat ving ré va ré lta phuc vu muc tiéu
phan lap vi khuén ¢6 dinh dam dugc thu thap tai nhiéu sinh canh khac nhau thudc
khu vuc ngoai vi thanh phé Can Tho. Cac mau sau khi duoc thu thap bﬁng dung cu
v tring s& dugc dé trong tai nhua va ghi rd ma mau, dia diém, thoi gian 1dy mau,
tranh phoi nang tryc tiép. Pé lanh trong thiing x6p va van chuyén vé phong thi nghiém

sau 36 gid va sau do duoc bao quan & 4°C trong ti Iuu trit mau.

Tiép dén mau duoc tién hanh xur 1y bang phuong phap co hoc cic budc thi
nghiém dugc tién hanh nhu sau, dé ting tinh dong nhat va tang hiéu qua pha loing
chia 1am 9 mau dat, 3g dat mdi mau thém vao 27 ml H,O. Lic hdn hop ndy trong may
lac 200 vong/phiit trong 2 gio. Dich chiét sau khi thu hoi dugc tién hanh pha loing
dung dich theo cap sé mit 107, 10® va 10”°. Tai mdi ndong d6, miu dugc chia 1am hai
16 trinh phan lap song song. O 19 trinh thir nhat, 50 pl dich huyén phu dugc chuyén
vao binh tam gidc chira 3 ml moéi truong LGI ban 16ng, sau d6 thuc hién nuoi céy lac
v6i toc d6 200 vong/phut. O 16 trinh thir hai, mot luong twong duong (50 pL) duoc
phan phéi va céy trai déu trén bé mat dia thach LGI dic. Toan bd cac don vi thi
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nghiém dugc duy tri trong ti 4m & nhiét do 32°C trong thoi gian 4 ngay dé theo doi
sy hinh thanh khuan lac va vong phan giai dic trung. Sau thoi gian 1, 1y 50 ul 16p
vang sinh trudng tir moi truong ban 10ng, cdy trai 1én dia thach chira méi truong PDA
nham ting sinh ching. Tiép tuc 1 & 32°C trong 4 ngay. Cac khuan lac hinh thanh trén
dia thach LGI dugc tach riéng va chuyén vao cac binh chira 3 mL mdi trudng LGI
ban 10ng, sau d6 1 ¢ 32°C. Tiép theo, ldy 50 pL dich nudi ciy, cdy trai 1én dia thach
chtra méi truomg LGI didc va tiép tuc G ¢ 32°C trong 4 ngay. Sau thoi gian U nhiét,
qua trinh danh gia cam quan dugc thyc hién nham phén loai cac nhom vi khuan dua
trén biéu hién hinh thai trén moi truong thach. Viée sang loc tap trung vao cc ching
c6 kiéu hinh 6n dinh va mang nhimg dic diém nhan dién tiéu biéu cta cac nhom vi
sinh vat muc tiéu. Cac ching duoc lya chon sé& trai qua budc thuan khiét ching dé
dam bao do tin cay vé mat di truyén va sinh hoa trudc khi dua vao cac thir nghiém
khao sat hoat tinh tiép theo.

2.2.2. Phan tich dinh lwong kha ning sinh NH4" ciia chiing vi khuan phan lap

Téng sb 14 ching vi khuan sau khi phan 1ap duoc tién hanh danh gia dinh
lwong kha ning giai phong NH4™ thong qua phan Gmg mau dic trung v6i thube thir
Nessler. V& mit hoa hoc, thude thir nay 13 mot phtrc chit coa thay ngan (II) iodide
(Hgl,) hoic kali iodide (KI) trong méi trudng kiém manh (NaOH hoic KH). Sy hién
dién cta ammonia trong dich nuéi cdy s& twong tac v6i thude thir Nessler dé hinh
thanh phtrc chit mau vang cam dic trung. Cudng do mau cua phirc chat nay ti 16
thuan véi ndng d6 amoni va dugc xac dinh chinh xac bang phuong phap do quang
phé hip thu (spectrophotometry) tai dai budc song 410-425 nm. Mau sic ddm dan tir
vang sang vang cam/nau d6 cing voi su ting ndng d6 amoniac [62]. Phan Gmg tong

thé duoc thé hién trong phuong trinh.
3KOH + NH3+2 KoHgls  — HgO-Hg(NH2)I + 7 KI + 2H>0

Phuong phap Nessler c6 thé phat hién nong d6 amoniac ¢ gidi han phat hién
twong duong voi phuong phép indophenol xanh (0,025 - 5,0 mg L -1 NH 3 -N), nhung
v6i quy trinh nhanh hon [62]. Do d0 nhay cuia phuong phép nay véi thoi gian phan
g, viéc do mau mau bang may quang phd duoc khuyén nghi thuc hién khoang 10—
30 phut sau khi tron dung dich mau véi thude thir Nessler dé c6 két qua chinh xéc.
Tuy nhién phuong phap Nessler st dung hoa chét chira thay ngan, doc hai va c6 hai.
Do d6, thudc thir va cac mau lién quan can duge xtt 1y, bao quan va thai bo diing cach.

Tién hanh x4y dung duong chuan véi chat gbe 1a NH4Cl, thanh phan thude thir
gdém (50 g K-Na Tartarate, 100 ml H>0), thudc thir Nessler gom c6 (10 g Hgl, 7g
K1, 16 g NaOH, 10 ml H>O) véi tong thé tich phan tmg 1a 100 ml. Nham thiét 1ap moi
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quan h¢ gitra cuong do mau va néng do amoni, tr d6 x4c dinh chinh xéac lugng NH.*
do céc ching vi khuan sinh ra, dam bao tinh so sanh va do tin cay cua két qua. Mudi
bbn ching vi khuan duoc tién hanh nuéi ting sinh trong méi trudng LGI 16ng sau khi
phan 1ap. Sau thdi gian nudi ciy, dung dich huyén phu vi khuan duogc tién hanh ly
tam lanh tai 6000 vong/phut trong 5 phut ¢ nhiét d6 4°C nhiam tach chiét phan dich
ndi. Tiép theo, dich trong dugc phéi tron vo1 dung dich dém K-Na va thube thir
Nessler, d¢ phan tng 6n dinh trong vong 5 phiit. Thanh phan trong dng phan tmg gdm
¢6 (1ml mau + 200ul K-Na + 200ul thudc thir Nessler).

Gi4 tr1 mat do quang (OD) cua hdn hop dugc ghi nhan tai budc song 415 nm.
Duya trén gia tri hép thu quang hoc thu dugc, ham lugng NH4" sinh ra bdi cac chiing

vi khuan dugc ndi suy tir phwong trinh dudng chuan tuong tng y = ax + b.

Két qua nay 1a co s¢ dinh luong quan trong dé sang loc va lya chon nhitng

chung c6 hiéu suit ¢ dinh dam vuot trdi nhat trong tong s6 14 dong phan lap.
2.2.3. Pinh danh vi khuin sinh NH4"

Quy trinh dinh danh loai dugc thyc hién dya trén nén tang phan tich trinh tu
gen dic trung. Ban dau, DNA tong sé duoc tach chiét tir sinh khéi vi khuan c6 hoat
tinh sinh hoc, tuan thi nghiém ngit phuong phép thuc nghiém cta Gevers et al. Tiép
dén, ving gene 16S rRNA dugc khuéch dai chon loc bang phan tmg chudi polymerase
(PCR). Cac doan DNA sau khi doc trinh tu sé duoc ddi chiu véi co so dit lidu quéc
té GenBbank dé xac dinh vi tri phan loai chinh xac ctia chung vi sinh vat nghién ctu.
[63].

Trinh ty gen ma hoa 16S rRNA sau khi giai mi duoc tién hanh dbi chiéu véi
cac trinh tu mau (reference sequences) luu tri trén hé théng dit liéu NCBI. Dya trén
céc chi s6 vé do bao phii (query cover) va do twong dong (identity percentages), dinh
tinh vé loai ctia vi khuan dugc xac dinh mot cach khach quan. Phuong phap tiép can
dua trén dir liéu phan tir nay gitp loai bd céc sai st cam quan tir hinh théi, ddm bao

tinh chinh x4c tuyét ddi trong viéc nhan dién cac chung vi khuan phan lap.

Phan ung PCR nham khuéch dai gen 16S rRNA duoc tién hanh st dung cap
moi phdo rong 9F (5-GAGTTTGATCCTGGCTCAG-3') va 926R (5'-
CCGTCAATTCCTTTRAGTTT-3"). Hon hop phan tng (tong thé tich 25 pL) gom:
dung dich dém PCR néng do 1x, MgClz 2,5 mM, dNTPs 0,2 mM, mbi mdi & n6ng
do 0,4 uM, 1 U enzyme Taq DNA polymerase va 50—100 ng DNA khuon.

Diéu kién chu trinh nhiét duoc thiét 1ap nhu sau: bién tinh DNA ¢ 95°C trong
5 phit; Sau d6 13 30 chu ky, bién tinh & 95°C trong 30 gidy, giai doan bét cip ¢ 55°C
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trong 30 gidy va kéo dai & 72°C trong 1 phit; cudi cung 1a budc kéo dai sgi DNA
thuc hién & 72°C trong 7 phut.

2.2.4. Phuong phap dién di DNA trén gel agarose

Dién di 1a phuong phap phan tich vat 1y dé kiém tra d¢ tinh sach va kich thudc
cua cac san phém khuéch dai. Tan dung déc tinh tich dién 4m tu nhién ctia DNA, k¥
thuat nay gitp cac doan nucleic acid xuyén qua céc 16 hong cua thach agarose vé phia
cuc duong. Két qua 1a cac doan DNA duoc sip xép thanh cac vach dic trung, cho
phép xac dinh chinh xac sy hién dién cua gen muc ti€éu (nhu 16S rRNA) béng cach
dbi chiéu véi thang chuan (DNA Ladder).

Trong thi nghiém nay, gel agarose 0,8% duoc chuan bi bang cach hoa tan
agarose trong nudc va dun soi. Sau khi dung dich agarose dat nhi¢t d§ 50—60°C, n6
dugc d6 vao khay gel di gin sin ring lugc. Khi gel dong cimg (khoang 30 phut),
rang lugc dugc thao ra, va gel duoc dat vao bé dién di. Tiép theo, dém TAE 1X duoc

d6 vao bé sao cho ngap bé mat gel khoang 2 mm.

Mau DNA dugc chuan bj bang cach tréon 5 pL DNA véi 1 pL loading dye, sau
d6 nap vao cac giéng trén gel. Qua trinh dién di duoc tién hanh & 100V vé6i dong dién
60—-80 mA. Khi vét mau bromophenol blue di chuyén dén vi tri thich hop (khoang 30
phut), qué trinh dién di dugc dimg lai. Dé quan sat DNA, gel dugc nhudém bang
ethidium bromide (EtBr, 10 pg/mL) trong 10 phut, sau d6 rira sach bing nuédc. Dudi
anh sang UV, cac doan DNA hién 1én dudi dang cac vach sang. Hinh anh dién di

dugc ghi lai bang hé thdng Bio-Rad sir dung tia UV ¢6 budc song 320 nm.
2.2.5. Tinh sach san phim PCR
St dung bo kit Gene JET Gel Extraction Kit (Thermo Fisher Scientific) dé tinh

sach san pham PCR va bao quan ¢ -20°C. Sau budc nay, san pham dugc gin vao
vector pJET1.2/blunt (Thermo Scientific), sau d6 chuyén vao té bao E. coli DH10B
bang k¥ thuat séc nhiét. Cac khuan lac sau khi bién nap dugc nudi cdy trén moi truong
LB ¢6 bb sung ampicillin. Plasmid dugc thu nhan bang b kit tach chiét (miniprep)
va kiém tra sy gan chén thong qua xir 1y v&i cac enzyme cit gigi han Xhol va Xbal.

Plasmid mang gen dich tiép tuc dugc gui giai trinh tu tai co sé dich vu bang
hé thong phan tich di truyén ABI PRISM 3100 Avant (Applied Biosystems). Trinh
ty thu duge dugc xir 1y bang phan mém BioEdit, sau d6 d6i chiéu voi co sé dir lidu
GenBank thong qua cong cu BLASTn (NCBI) nham xac dinh loai vi khuan duya trén
mirc d6 twong dong trinh ty.
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Giai trinh tu nucleotide duoc thuc hién trén hé théng may giai trinh tu ty dong
tai Vién Sinh hoc — Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam. Sau khi thu
nhan, dit liéu trinh tu thd duge xir Iy va chuan hoa bang phan mém MEGA X dé tinh
toan hé sb trong dong va xdy dung cay phat sinh chung loai (phylogenetic tree). Bén
canh do, thuat toan BLAST trén co s¢ dir liéu NCBI dugc ing dung lam cong cu doi
chiéu chu dao nham xac dinh mirc do tuong dong di truyén giira cac ching phan 1ap

V61 céc trinh ty mau qudc teé.

2.2.6. Xac dinh cac yéu t6 don 1é ciia méi treong nudi ciy anh hwéng dén kha

niing sinh NH4* ciia chiing vi khuén
2.2.6.1. Yéu té méi truwong va thoi gian nuéi cdy

Ba loai méi truong nuoi céy dugc lua chon dé phan lap va tang sinh chung vi
khuén duoc lua chon 1an lugt 1a méi truong Burk, Nfb va LGI. Chung vi khuén sau
khi duoc phan l4p s& dugc nhit bang tim di dwoc khir trung hap sdy sau d6 cay chung
vao l1an luot cac lo thuy tinh chra 3 loai moi truong voi mdi 6ng ¢6 thé tich 14 30 ml
dich nudi. Tiép dén boc cc dng bang gidy bac da duoc khir tring va nudi cay u lic &
30°C trong 48h. Sau d6 tiép gidng ching cta ting loai méi trong vao cac ba binh tam
giac theo ti 1¢ 1:10 va nudi trong ba moi truong ¢ nhiét doé 30°C va do hoat tinh sinh
NH4* ctia chung tai cic mbc thoi gian 1an luot 13 12 gio, 24 gid, 36 gio, 48 giv, 60
gid va 72 gid dé lya chon duoc méce thoi gian va méi truong nudi cy ma & d6 hoat
tinh sinh NH4" 1 cao nhét.

2.2.6.2. Anh hwéng ciia yéu t6 nhiét 4o, pH

Sau khi x4c dinh dugc méi truong co ban va thoi gian sinh trudng thich hop,
chung vi khuén tiém ning duoc nudi cdy khao sat tai 7 mbc pH khac nhau (5,0; 5,5;
6,0; 6,5; 7,0; 7,5; 8,0) két hop véi cac diém nhiét d6 dao dong tir 25°C dén 37°C.
Biang cach theo ddi bién dong ham lugng NH4* tich lily trong cic binh nudi cay,
nghién ctu dinh vi dugc diém giao thoa gitta pH va nhi¢t d0 ma tai do hoat tinh

enzyme nitrogenase dat hiéu suat cao nhat.
2.2.6.3. Dinh tinh hoat tinh enzyme amylase, protease, cellulase

Kha ning tiét enzyme ngoai bao (amylase, protease va cellulase) ciia cac
chung vi sinh vat dugc khao sat budc dau thong qua phuong phap khuéch tan trén dia
thach duoc duc 10.

Céc loai co chat dugc chuan bi twong Ung vdi ting enzyme muc tiéu: dia
thach chtra tinh bot dung dé phat hién amylase, dia thach co bo sung casein nham

danh gia protease, va moi trudong chira carboxymethyl cellulose (CMC) dé kiém tra
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hoat tinh cellulase. Sau khi khtr trung, ba loai moi truong co chit duoc do vao dia
petri va dé nguoi cho dong dac. Bé mit thach sau d6 duoc tao cic giéng nho vo trung
duong kinh khoang 8 mm. Dich enzyme tho (thu dugc sau khi ly tdm) dugc cho vao
cac giéng véi thé tich 100 pL. Cac dia duoc 0 & nhiét do thich hop 37°C trong 48 gioy
dé enzyme khuéch tan va tac dong 1én co chat. Sau thoi gian 1, sy phan giai co chit
dugc quan sat thong qua ving trong hodc ving bién d6i mau xung quanh giéng: Véi
amylase, sau thoi gian U phu Lugol chtra iod 1én bé mat thach, khu vuc khong XUt
hién mau xanh tim cho théy tinh bot da bi thuy phan. V&1 protease, sy xuat hién vong
sang quanh giéng trén moi truong chira casein phan anh qua trinh phéan giai protein.
Vi cellulase, dia thach dugc nhudm béng Congo red r0i rira béng dung dich NaCl;

vung mét mau biéu thi cellulose d3 bi phan hay.
2.2.7. Pinh lwgng yéu t6 sinh trwéng IAA

Kha ning san sinh indole-3-acetic acid (IAA) cua cac dong vi khuan duogc
dinh luong thong qua phép do mau dya trén nguyén 1y cua Gordon va Weber (1951).
Quy trinh bao gdém viéc thiét 1ap hé sb twrong quan tir duong chuan IAA gbe va nudi
cdy vi sinh vt trong moi trudng co sy dién cia tryptophan. Sau thdi gian 1, dich chiét
nudi cdy duoc cho phan tmg véi thude thir (thuong 14 Salkowski) dé tao phirc mau
héng dic trung. Cudng do hap thu quang hoc ctia hdn hop phan tng 1a chi sb truc
tiép phan anh hiéu suit tong hop IAA, gitip sang loc cac chung cé tiém ning thac day
tang truong thuc vat manh mé [64] kha nang san xuét TAA cua vi khuan duoc danh

gi4 thong qua quy trinh nudi ciy hai giai doan.

O giai doan thtr nhét, cac chung vi khuan duoc hoat héa trong méi truong LGI 1ong

chtra trong dng penicillin va nuéi & 35°C trong 24 gior dé thu nhan dich gidng.

O giai doan tht hai, dich giéng dugc cay chuyén vao cac binh tam giac chira moi
truong LGI khong bd sung ngudn nito va dugc bod sung L-tryptophan & cac nong do
khac nhau gém 0, 100, 200, 500 va 700 mg/L. Cac binh dugc nudi lac & 35°C trong
24 gid nham khao sat anh hudng ctia nong do tién chat tryptophan dén kha ning sinh

tong hop axit indole-3-acetic (IAA) ctia cac ching vi khuan.

Sau thoi gian nudi cdy, lay 5 mL dich nuéi cdy va ly tim & 8.000 vong/phut trong 5
phut dé loai bo sinh khéi té bao. Phan dich ndi khong chira té bao dugc sir dung dé
dinh lugng IAA. Cu thé, ldy 1 mL dich ndi cho phan tng véi thude thir Fe-HC1O4
theo ty 18 1:2 hodc véi thude thir Fe-H2SO. theo ty 18 1:4.

Pé xay dung duong chuan, dung dich IAA gbc c¢6 nong do 100 mg/L dugc pha loing
thanh day chuan tir 0 dén 5 mg/L. Sau khi tron vé6i thude thir, cac mau duogc U trong
t6i khoang 15 phut. Sy xuat hién mau hong ching t6 c¢6 sy hién dién ciia IAA trong
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mau. Cudng d6 mau dugc xac dinh bang cach do d hap thu quang & budc séng 530
nm bang may quang phd. Ham luong IAA tich lily trong dich nuéi cdy duogc xac dinh
dua trén duong chuan IAA. Két qua thu dugc cho phép dénh gia anh hudng cia cac
ndéng do tryptophan khac nhau va xac dinh ndng d6 tryptophan t4i wu cho qué trinh
sinh tong hop IAA cua timg ching vi khuan [65].

2.2.8. Panh gia mirc d9 biéu hién gen sinh NH4" ciia chiing vi khuin

Nghién ctru st dung ki thuat RT-PCR dé khao sat sy bién thién trong biéu
hién gen cua vi khuén phuc vu muc ti€u ¢ dinh dam. Qua trinh bat dau véi viéc thu
hoi té bao vi khuan tir méi trudng 1ong bang ly tim so cdp. Tiép dén, RNA tong sd
dugc chiét tach can than nhim phan anh chinh xac trang thai phién ma tai thoi diém
khao sat. Cac phan tir RNA nay sau d6 duoc chuyén d6i thanh DNA b sung (cDNA)
trudce khi dua vao phan ung PCR dinh lugng. Phuong phép nay cho phép nhéan dién
mirc d6 hoat dong ctia cic cum gen chirc ning (nhu hé gen nif) trong viée chuyén hoa
nito tu do thanh NH4".

Quy trinh tach chiét RNA téng s6 dugce thuc hién bé'mg bo kit PHUSA Total
RNA Extraction (Phu Sa Genomics, Viét Nam) theo huéng dan cta nha san xuét.
Pau tién, 1 mL dich nudi céy vi khuén duge thu hoach br?mg cach ly tam ¢ tbe do
12.500 vong/phut trong 5 phat. Té bao sau d6 dugc huyén phu trong 500 pL dung
dich ly giai PSAR1 va 1 tai nhiét d6 phong trong 10 phut dé pha v& mang té bao. Sau
khi bd sung céc tac nhan két tua protein (PSAR2 va PSAR3), hdn hop dugc ly tAim
dé phan tach pha. Phan dich ndi chira RNA (400 pL) duoc thu hdi cin than va tién
hanh két tia bang dung dich PSAR4. Khdi két tia RNA sau d6 dugc 1am sach bang
dung dich rira PSARS trudc khi hoa tan hoan toan trong 50 pL dung dich dém PSARS6.
Cudi cung, do tinh sach va ham lugng RNA dugc danh gia thong qua chi sb
(A260/A280) va ky thuat dién di trén gel agarose [66]. Ham luong cDNA dugc tong
hop tir 5 pL RNA tong s6 thong qua hé phan tng phién ma nguoc tiéu chuan. Thanh
phan chi tiét cho mdi phan ung 20 pL bao gom: 4 pL dém GoScript™ 5X, 1,2 uL
MgCls (25 mM), 0,5 pL hdn hop nucleoside triphosphate (ANTPs 10 mM) va 1 uL
moi Hexamer (50 mM). Hoat tinh xtc tac duge dam bao boi 1 pL enzyme GoScript™
Reverse Transcriptase. Toan bd qua trinh pha ché dugc thuc hién trong diéu kién vo
tring v&i nude khong chira DNase/RNase, tao mdi truong téi uu cho viéc chuyén doi
RNA thanh cDNA phuc vu cho cac phan tich dinh lugng gen sau nay. Cai dat chu ky
nhiét trén may PCR 42°C/60 phit, bat hoat enzyme & 75°C/10 phut. Cudi cung tién
hanh phan tich biéu hién gen, gen mi hoa enzyme glutamine synthetase lién quan dén

qué trinh dong hoa NH.*, bang phuong phap PCR v6i cDNA va kiém tra trén gel
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agarose 0.8%. Hai cap mdi duogc st dung dé phan tich biéu hién gen co trinh tu dac
hiéu cho phan tng 1an luot 1a: Cap mdi 1: nifH-F (5’-cagaagatcctgattgtaggg-3’) va
nifH-R  (5’-gttggccgegtacatggecate-3). Cap mdi 2: nifA-F  (5-
cgcaccgegtectcgegeteg-3’) va nifA-R (5’-atgccgaattecccatgecaage-3’). Quy trinh nhiét
duogc set 35 chu ki voi nhiét do gan mdi 1a 55°C. Sau khi hoan thanh san pham sé&

dugc tién hanh dién di trén gel agarose 0,8% dé danh gia muc d6 biéu hién gen.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Phin lap cic chiing vi khuin tir cAic miu dat va ré hia & Can Tho
3.1.1. Tao b swu tdp chiing vi khudn tiv cic méu dit va ré liia & Cin Tho

Téng 38 chung vi khuan di dugc phan lap tir mau dat va ré lta dugc thu thap
tr nhiéu dia diém khac nhau trén rudng laa tai khu vyc rudong lta thudc vung ven
thanh phé Can Tho. Cac mau duge lua chon nham dam bao su da dang Ve nguén géc
va diéu kién sinh trudng tu nhién tai cac vi tri khac nhau trén ruong lta tur do tang

kha nang phét hién cac chung vi khuan c6 dic tinh hitu ich.

Sau khi thu thép, cac mau dit lta duoc hoa va nudi tang sinh trong moi trudng
LGI léng. Trai qua 24 gid ting sinh, dich méi truong dugc pha lodng theo hé s thich
hop va duogc trai déu trén mit dia thach chira moi truong LGI agar va moi truong
PDA agar. U mau trong ti 4m 32°C trong 4 ngay, cac khuan lai dugc 1am thuan va
kiém tra hinh thai chung. Két qua cho thiy cac khuén lac thu duoc c¢6 hinh dang hinh
tron, bé mat 10i, tron nhén va c6 do bong nhat dinh. Théng tin chi tiét vé két qua nay

duogc thé hién trong Bang 3.1.

Bang 3.1. Hinh thai khudn sau qua trinh phén 14p tai cic méi trudng khac nhau.

Mau Ki hiéu PDA LGI Hinh thai khuén lac cta chung
(chung phan lap) agar agar
1.1 + - Tron, tring nga, bong, 16i, tron bong
1.2 + - Tron, tring sita, bong, 1i tron lang
bL1 1.3 + - Tron, tring sita, bong, tron bong
1.4 (107) - + Tron, trang duc, bong, 16i, tron bong
1.5(10) - + Tron, tring sita, bong, tron lang
2.1 + - Tron, tring sita, bong, tron lang
2.2 + - Tron, tring sita, 10i, tron bong
bL2 2.3 + - Tron, nhan, tring sita, bia nguyén
2.4 + - Tron, bong, tron lang c6 mang boc
3.1 + - Tron, bong, trang sita, bong
3.2 + - Tron, trang nga, bong, tron bong
33 + - Tron, trang sita, bong, 16i tron lang
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bL3 3.4 (107) Tron, tring sita, bong, 16i tron bong
3.5(107) Tron, tring duc, bong, 16i tron bong
bL4 4.1 Tron, tring sita, bong, phang tron
4.2 Tron, tring sita, bong, tron lang
5.1 Tron, tréng sita, 10i, tron bong
5.2 Tron, nhin, trang sira, bia nguyén
bL3 5.3 Tron, béng, tring sita, tron lang
5.4 (10%) Tron, béng, tring sita, bong
6.1 Tron, trang nga, bong, 10i, tron bong
6.2 Tron, tring sita, bong, 151, tron lang
BL6 6.3 Tron, tring sita, bong, 16i tron bong
6.4 Tron, tréng duc, bong, 161, tron bong
6.5 (107) Tron, tring sita, bong, tron lang
7.1 Tron, tring sita, phing,tron lang
7.2 Tron, trrfmg stta, 10i, tron bong
bL7 7.3 Tron, nhan, tring sita, bia nguyén
7.4 Tron, boéng, c6 mang bao boc
bLS8 8.1 Tron, béng, tring sita, bong
8.2 (107) Tron, trang nga, bong, 16i tron bong
9.1 Tron, tréng stra, bong, 161, tron lang
9.2 Tron, tréng stra, bong, 161, tron bong
bLY 9.3 Tron, tréng duc, bong, 161, tron bong
9.4 Tron, tring sita, bong, tron lang
9.5 Tron, tring sita, bong, tron lang
bL10 CP100 Tron, tréng sira, 10i, tron bong
b100 Tron, nhin, trang sira, bia nguyén

PL: mau dat Wia
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Qua trinh lam thuan chung duoc thuc hién nghiém ngit trén moi trudng LGI
thach bang phuong phap cdy vach dé thu duoc cac dong thuan chung. Ky thuat nay
doéng vai tro then chdt trong viéc tach biét cac vi khuan muc tiéu khoi quén thé tap
nhiém, tao tién dé ving chic cho cac thir nghiém sinh hoa va di truyén. Riéng truong
hop ching 2.4 do c6 hinh thai khuan lac chua biét hoa o rang, mot chu ky nudi céy
lap lai da duoc trién khai dé xac dinh chinh x4c kiéu hinh. Dya trén két qua khao st
hinh théi chi tiét caa 38 ching, chung t6i d4 sang loc ra 14 chung dai dién mang céc

dic trung kiéu hinh vu t nhat dé dua vao noi dung thuc nghiém tiép theo (Hinh 3.1).

Chung 4.1 va4.2 -,, 3 Chung2.4.1

Ching D100

.

Hinh 3.1: Hinh anh khuan lac dugc chon sau phan lap trén dia LGI thach

Céc chung thuan duogc kiém tra dua trén nhiéu tiéu chi khac nhau dé xac dinh
chinh x4c dic diém sinh hoc va phan loai chung. Trudc tién, dac diém hinh thai khuan
lac dugc quan sat trén moi trudong thach LGI dé xéac dinh cac yéu t6 nhu hinh dang,

kich thuéc, mau sic va bé mat khuan lac.
3.1.2. Pdanh gid khd ning sinh NH,* ciia 14 chiing vi khudn

Sau khi phan 1ap, 38 ching vi khuan duoc kiém tra kha nang sinh NH4*. NH4Cl
pha lodng vé ndng do 0.1mg/L véi dai ndng do thu duoc tir 0.001-0.04 (mg N/L) dé xay
dung duong chuan c6 phuong trinh: y = 95.704x — 0.0461 c¢6 gia tri R2 = 0.9985. Sau
24 gid nudi cdy lac & moi trudng LGI 1ong & nhiét dd 35°C, ham lugng sinh NH4* clia
cac chung vi khuan dya trén duong chuan duoc trinh bay chi tiét dudi bang sau (Bang
3.2).
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Bang 3.2. Panh gi4 kha ning sinh NH4* ctia chung vi khuan d4 phan lap

Chiing Néng d6 OD Ham lwong sinh NH4"
7.8.2 0.12 0.174
2.1.2 0.187 0.244
2.4.2 0.023 0.072

4.1 0.01 0.059
7.8.1 0.247 0.306
6.3 0.161 0.216
9.1 0.048 0.098
532 0.113 0.166
2.1.1 0.158 0.213
5.1.3 0.005 0.043
1.3 0.097 0.331
24.1 0.414 0.481

CP100 0.409 0.476

b100 0.360 0.424

Viéc dinh luong nong d6 NH4* giai phong tir cac chiing vi sinh vt nhim sang
loc nhirng dong c6 hiéu suat cb dinh dam tdi wu. Két qua thuc nghiém nay déng vai
tro 1a co s& khoa hoc ¢t 18i cho 16 trinh phat trién cac ché pham phan bon hitu co vi
sinh c6 tinh (mg dung cao va bén viing véi moi trudng. Qua phan tich, cac ching
2.4.1, 1.3, CP100 va B100 c6 téng hop NH4" vuot troi, ndi bat hoan toan trong quﬁn
thé 14 ching tiéu biéu va 38 chung duoc phan 1ap ban dau.

3.1.3. Pdnh gid khd ning sdan sinh enzyme ciia chiing vi khudn

Phuong phap khuyéch tan trén dia thach da duoc ap dung dé khao sat hoat tinh
enzyme ngoai bio cua cac dong vi khuan tiém ning. Bén chung c6 kha ning sinh
NH4" cao (2.4.1, 1.3, CP100 va P100) duoc cay vao cac 16 thach trén moi truong
chira co chat twong tmg. Hiéu suat phan giai duoc xac dinh chinh x4c thong qua viéc
quan sat va do dac cac quang sang phan giai xuat hién xung quanh vi tri nap mau sau

thoi gian u to1 uu.
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Hinh 3.2: Kha ning sinh protease cta cac chung vi khuan phan 1ap

Kha nang sinh protease ngoai bao cia chung Bacillus phan lap dugc xac dinh
rd nét qua hién twong xuit hién vong sang bao quanh vi tri giéng trén moi trudng
chuyén biét (Hinh 3.2) sau 12 gid 0 & 37°C trén dia sita gdy. Két qua nay chi ra ring
chung vi khuan c6 kha ning tham gia tich cuc vao qua trinh phan hiy xac ba hitu co
gidu protein trong dat lta. Bang cach can thiép vao chu trinh nito sinh hoc, ching
Bacillus gitp duy tri ngudn cung amoni 6n dinh, hd tro qua trinh dinh dudng khoang

cua cay trong mot cach bén virng va an toan.

Hinh 3.3: Kha ning phan giai tinh bot va cellulose cua cic ching vi khuan phan lap

Ddi v6i cac co chat 1a tinh bot va CMC, cac chung vi khuén phan 1ap khong
thé hién kha nang phan giai dic trung sau chu ky nudi cdy 12 gio (Hinh 3.2). Viéc
khong xuét hién cac quang sang trong sudt xung quanh khuan lac minh chimg cho su

thiéu hut cac hé enzyme ngoai biao tuong tng 1a amylase va cellulase. Diéu nay chi
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ra tinh biét hoa trong hoat tinh sinh hoa cua chung, khi chung tap trung vao kha nang
¢ dinh dam va phan giai protein hon 13 chuyén héa cac ngudn carbon phtic tap nay.
3.1.4. Dinh danh cdc chiing co hoat tinh sinh NH ;*

Viéc st dung gen 16S rRNA trong dinh danh vi khuan duoc lya chon vi day

12 mot chi thi di truyén c6 kha ning phan 4nh quan hé tién hoa gitta cac ching mot
cach dang tin cdy. Gen ndy ton tai 6n dinh trong toan bo gidi vi khuan do lién quan
tryc tiép dén cdu trac va chirc ning cla ribosome - mot thanh phan khong thé thiéu
trong té bao.

Diém dang chi y 14 trinh tu cia gen khong hoan toan dong nhat ma dugc cau
tric boi cac doan ¢6 mirc dd bién ddi khac nhau. Su xen k& gifra vung on dinh va
vung bién thién tao diéu kién vira dé so sanh & pham vi rong, vira dt d6 phén giai dé
nhan dién sy khac biét gitra cac nhom gﬁn nhau.

Dua trén nén tang dir liu gen dd s6 hién nay, vi¢c xac dinh vi tri phan loai
cua céac chung vi khuén bﬁng trinh ty 16S rRNA mang lai d0 tin cay vuot troi. Phuong
phap ddi chiéu mirc d6 trong ddng trinh tu nucleotide cho phép nhéan dién chung &
cép do phan tu, loai bo cac rao can vé tinh bién di cua dic diém sinh hoa duéi tac
dong cua moi truong. Dy 14 cong cu hitu hiéu dé t6i vu hoa quy trinh phan loai, dam
bao tinh ddng nhat va kha ning tai 1ap cua cac két qua nghién ctru.

Véi nhitng dic diém trén, phan tich 16S rRNA tré thanh mét lua chon pht hop
trong dinh danh vi khuén, dic biét trong cac nghién ctru yéu cau do chinh xac cao va
kha ning so sanh véi dir liéu da cong bo.

Sau khi danh gi so bd vé hinh thai va dinh luong ning luc téng hop amoni,
cac chung vi khuén s hitu hoat tinh vuot trdi d3 duoc lua chon dé tién hanh dinh
danh phan tu. Viéc khai thac trinh ty gen 16S rRNA 1a mot vung gen bdo thu va co
tinh dac trung loai cao da gilip xac dinh chinh xac danh tinh ctia ching.

Thong qua qua trinh kiém tra chat luong bang dién di gel agarose nong do
0,8%, mau DNA thu dugc cho théy cac bang vach sdc nét chirng to6 d0 sach cao. Phan
g PCR muc tiéu, str dung to hop moi 9F/926R, da khuéch dai thanh cong ving gen
mong mudn. Sy hién dién cta san phém PCR véi kich thudc wdc tinh 917 bp trén ban
gel 1a minh chting cho tinh dic hiéu ciia phan tmg, tao tién dé cho quy trinh giai trinh
tu va dinh danh phan tu.

Két qua phan tich plasmid ti t6 hop bang phuong phap cat gidi han véi Xhol
va Xbal cho thay cac dong vi khuan bién nap déu mang doan gen muyc tiéu. Kich
thudc cac doan DNA sau khi cat hoan toan phu hop véi du doan 1y thuyét, bao gdm
khung vector pJET1.2 (3000 bp) va doan chén 16S rRNA (917 bp). Su tuong thich
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vé kich thudc va do sac nét cua cac bang dién di cho thay qua trinh gan chen dat hi¢u
qua cao, dam bao d¢ tin cay cho viéc luu gilr va nhan ban trinh tu gen ctia cac chung
nghién cuu.

1 234 1 2 3 4 M M 1 2 34

1000 bp
750 bp

A B C

Hinh 3.4: Dién di d6 phén tich DNA tong s cua ching phan 1ap (A); San phim
PCR cua gen 16S RNA (C); 1, 2, 3, 4: chung 2.4.1, 1.3, CP100, B100: M: Marker.
Trinh ty nucleotide ving gen 16S rRNA cua céc chung 2.4.1, 1.3, CP100 va

D100 d3 duoc tién hanh so sanh vé6i kho dit liéu di truyén toan cau thong qua cong
cu BLAST (NCBI). Két qua phén tich cho thdy su tuong thich di truyén dic biét cao
& chung 2.4.1, voi muc do twong ddng vugt ngudng 97% khi so sanh véi céc trinh tyr
chuan cia loai Bacillus zanthoxyli. Cac ma sd truy cap tham chiéu trén GenBank bao
gom: NR 164882.1, NR 115953.1, NR_133978.1, NR_118382.1, NR 113800.1,
NR_024691.1, NR_115603.1, NR 178610.1, NR 178383.1 vaNR_118442.1. Chi sb
nay khang dinh vi tri phan loai ctia ching 2.4.1 thudc chi Bacillus va ¢6 quan hé ho
hang rat gan véi loai B. zanthoxyli (Bang 3.3)
Bang 3.3. Mic d6 trong dong ciia ctia doan gen 16S rRNA tir chung 2.4.1 so véi

cac chung trén GenBank

STT Céc loai vi khuan tir ngan hang dir liéu Mi s6 ngan Mtrc 46 tuong
gene cua NCBI hang gene dong (%)

1 | Bacillus zanthoxyli strain 1433 NR 164882.1 99,63

2 | Priestia aryabhattai BSW22 NR 115953.1 99,63
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3 | Priestia gingshengii strain G19 NR 133978.1 99,02
4 | Priestia flexa strain SBMP3 NR 118382.1 98,66
5 | Priestia flexa strain NBRC 15715 NR 113800.1 98,29
6 | Priestia flexa strain IFO 15715 NR 024691.1 98,29
7 | Peribacillus simplex NBRC 15720 NR 115603.1 98,39
8 | Priestia veravalensis strain SGD-V-76 | NR 178610.1 97,92
9 | Bacillus pseudoflexus strain RC1 NR 178383.1 97,92
10 | Priestia aryabhattai BEW?22 NR 118442.1 99,61

Tir két qua trén ta thiy chung 2.4.1 c6 do twong dong 99% voi Bacillus
zanthoxyli strain 1433; Priestia aryabhattai BSW22; Priestia gingshengii strain G19;
va twong dong 98% so v6i cac chiung Priestia flexa strain SBMP3; Priestia flexa
strain NBRC 15715; Peribacillus simplex NBRC 15720; Priestia flexa strain 1FO
15715; Priestia veravalensis strain SGD-V-76; Bacillus pseudoflexus strain RC1. Do
vay, chung 2.4.1 1a chung thudc loai Bacillus zanthoxyli va dugc dat tén la Bacillus

zanthoxyli 2.41.
Priestia veravalensis strain SGD-V-76
Priestia flexa strain IFO 15715
"""" Priestia flexa strain NBRC 157151
Bacillus pseudoflexus strain RC13.1
Priestia flexa strain SBMP3
Peribacillus simplex NBRC 157203
e SERECEEEEEEE R E Priestia aryabhattai BSW221
Bacillus zanthoxyli strain 1433

T mmnane s 2.4.1
Priestia qgingshengii strain G19

23

2 0
Nucleotide Substitutions (x100)

Hinh 3.5: Cay phat sinh chung loai ciia chtng vi khuan 2.4.1 va cac chiing tham
chiéu tir ngan hang gen.

Két qua phan tich trinh ty gen 16S rRNA cua ching 1.3 théng qua cong cu
so sanh BLAST da xac 1ap mbi quan h¢ di truyén mat thiét véi cac dai dién thudc chi
Bacillus. Bac biét, trinh tu nucleotide cua chung nghién ctru boc 10 mire do déng nhat
vuot ngudng 99% khi so sanh véi cac trinh ty chuan cua loai Bacillus zanthoxyli trén
hé thong GenBank (dién hinh 14 cac ma sb truy cap: NR_164882.1, NR 115953.1,
NR 133978.1, NR 118382.1, NR 113800.1, NR 024691.1, NR 178610.1,
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NR_115603.1, NR_178383.1 va NR_118442.1). Chi s6 twong dong xap xi tuyét ddi
nay cho phép khang dinh ching 1.3 1a mét dai dién tiéu biéu cua loai B. zanthoxyli
(Bang 3.4).

Bang 3.4. Miic d6 trong dong ctia ctia doan gen 16S rRNA tir chung 1.3 so vdi cac

chung trén GenBank

STT Céc loai vi khudn tir ngan hang dit liéu M3 s6 ngan MI'I(f do tuong
gene cua NCBI hang gene dong (%)
1 | Bacillus zanthoxyli strain 1433 NR 164882.1 99,44
2 | Priestia aryabhattai BEW22 NR 115953.1 99,44
3 | Priestia gqingshengii strain G19 NR 133978.1 98,88
4 | Priestia flexa strain SBMP3 NR 118382.1 98,33
5 | Priestia flexa strain NBRC 15715 NR 113800.1 97,91
6 | Priestia flexa strain IFO15715 NR 024691.1 97,91
7 | Priestia veravalensis SGD-V-76 NR 178610.1 97,63
8 | Peribacillus simplex NBRC 15720 NR 115603.1 97,49
9 | Bacillus pseudoflexus strain RC1 NR 178383.1 97,49
10 | Priestia aryabhattai BEW?22 NR 118442.1 99,40

Két qua ¢ Bang 3.4 cho thdy chung 1.3 c¢6 muc do tuwong dong 99% véi
Bacillus zanthoxyli 1433; Priestia aryabhattai BSW?22; Priestia qingshengii strain
G19; va tuong dong 98% so véi cac chung Priestia flexa strain SBMP3; Priestia
flexa strain NBRC 15715; Peribacillus simplex NBRC 15720; Priestia flexa strain
[FO 15715; Priestia veravalensis strain SGD-V-76; Bacillus pseudoflexus strain
RC1. Do vay, ching 1.3 ¢ thé 1a mot ching thudc loai Priestia aryabhattai 1.3.

[ Priestia veravalensis SGD-V-76
[~ Priestia flexa strain IFO15715
""" Priestia flexa strain NBRC 15715
— Bacillus pseudoflexus strain RC1
Priestia flexa strain SBMP3

Peribacillus simplex NBRC 15720
bR EELEL R Priestia aryabhattai BSW22

Bacillus zanthoxyli strain 1433
"""""""""""""""""" 1.3
"""""""""""""""""""""" Priestia qingshengii strain G19

3.1

Nucleotide Substitutions (x100)

Hinh 3.6: Cay phat sinh ching loai ctia chung vi khuan 1.3 va céc chung tham

chiéu tir ngan hang gen
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Trinh ty nucleotide ving gen 16S rRNA ctia ching CP100 d duoc tién hanh
dbi soat voi kho dit liéu di truyén qudc té thong qua cong cu BLAST (NCBI). Két
qua phan tich ghi nhan mutrc 6 dong nhat vuot ngudng 99% khi so sanh voi cac trinh
tu chudn cia chi Burkholderia sp. hién ¢ trén GenBank. Cac ma sb truy cap tham
chiéfu dién hinh bao gébm: NR 029209.1, NR 042632.1, NR 136496.1,
NR 174230.1, NR_178850.1, NR 102890.1, NR 104978.1, NR 113645.1,
NR_114491.1 va NR_025013.1. Cac thong s chi tiét vé do twong dong duoc tong
hop cu thé tai Bang 3.5

Bang 3.5. Mirc d6 trong dong ctia ctia doan gen 16S rRNA tir chung CP100 so v6i
cac chung trén GenBank

STT Céc vi khuan tir co s dir liéu gene M3 s6 ngan Murc d6 tuong
NCBI hang gene dong (%)
1 | Burkholderia .sp 717 NR 029209.1 99,73
2 | B. latens R-5630 NR 042632.1 99,59
3 | B.territorii LMG 28158 NR 136496.1 99,46
4 | B. aenigmatica LMG 13014 NR 174230.1 99,46
5 | B. paludis strain MSh1 NR 178850.1 99,46
6 | B. lata 383 NR 102890.1 99,46
7 | B. contaminans J2956 NR 104978.1 99,46
8 | Burkholderia .sp NBRC 14074 NR 113645.1 99,32
9 | Burkholderia .sp 25416 NR 114491.1 99,46
10 | B. cenocepacia 16656 NR 025013.1 99,32
4[ B. paludis strain MSh1
B. contaminans J2956
B. lata 383
|_ T B. aenigmatica LMG 13014
L Burkholderia .sp 25416
|‘ """"""""""" Burkholderia .sp NBRC 14074
L """"""""""""" Burkholderia .sp 717
"""""""""""""""""""" B.territorii LMG 28158
1 I | B. cenocepacia 16656
B. latens R-5630
T TTTTTTTTTTTTmmTmmmmmmmmm s CP100
0.5 |
0

Hinh 3.7: Cay phit sinh chiing loi cia chung vi khuan CP100 va cac ching tham

chiéu tir ngan hang gen
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Tir két qua trén ta thiy ching CP100 c6 d6 tuong dong trén 99,6% véi
Burkholderia .sp717; B. latens R-5630; va tuong dong 99.46% v&i B. territorii LMG
28158; B. aenigmatica LMG 13014; B. paludis strain MSh1; Burkholderia lata 383;
B. contaminans J2956; Burkholderia .sp 25416; tuong ddng 99.32% v&i ching B.
cenocepacia LMG 16656 va ching Burkholderia .sp NBRC 14074. Do vay c6 thé
day la mdt chung thudc loai Burkholderia sp. Chung CP100 Pugc dit tén la
Burkholderia sp. CP100.

Két qua so sanh trinh tu nucleotide ving gen 16S rRNA ctia chung D100 voi
co s& dir lidu qudc té thong qua cong cu BLAST d3 xac 14p mdi quan hé di truyén
mat thiét v6i chi Burkholderia. Hinh anh phén tich (Hinh 3.4) cho thiy chung D100
boc 10 mic do déng nhat vuot ngudng 99% khi so sanh véi céc trinh tu chuan trén
GenBank, dién hinh 13 cic mi sd truy cip: NR 029209.1, NR 042632.1,
NR _136496.1, NR 174230.1, NR_178850.1, NR 102890.1, NR 104978.1,
NR_113645.1, NR_114491.1 va NR_118872.1. Chi s6 tuong dong xap xi tuyét doi
nay khang dinh vi tri phan loai cta ching D100 thudc nhém vi khuan ¢ dinh dam
tiém ning.

Bang 3.6. Mirc d6 trong dong cta ctia doan gen 16S rRNA tir chung D100 so v6i

cac chung trén GenBank

ST Céc vi khuan tir co so dit liéu gene Ma s6 ngan Miic dg tuong
T NCBI hang gene dong (%)
1 | Burkholderia cepacia strain 717 NR 029209.1 99,76
2 | Burkholderia latens strain R-5630 NR 042632.1 99,63
3 | Burkholderia territorii LMG 28158 NR 136496.1 99,51
4 | Burkholderia aenigmatica LMG 13014 NR 174230.1 99,51
5 | Burkholderia paludis MSh1 NR 178850.1 99,51
6 | Burkholderia lata 383 NR 102890.1 99,51
7 | Burkholderia contaminans 12956 NR 104978.1 99,51
8 | Burkholderia .sp NBRC 14074 NR 113645.1 99,39
9 | Burkholderia .sp ATCC 25416 NR 114491.1 99,51
10 | Burkholderia vietnamiensis TVV75 16S | NR _118872.1 99,51

Tir két qua trén ta thdy chung D100 c6 do twong dong trén 99,6% véi
Burkholderia .sp 717; B. latens R-5630; va tuong dong 99.51% voi B. territorii .
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LMG 28158; B. aenigmatica 1IMG 13014; B. paludis MShl; B. lata 383; B.
contaminans J2956; Burkholderia .sp 25416; Burkholderia vietnamiensis TVVTS
16S, twong ddng 99.39% vé&i ching Burkholderia .sp NBRC 14074. Do vy ta co
thé két luan day 1a mot chung thudc loai Burkholderia .sp. Chung D100 duoc dit tén
la Burkholderia .sp D100.

—E Burkholderia paludis MSh1

Burkholderia contaminans 12956

Burkholderia lata 383
e Burkholderia aenigmatica LMG 13014
Burkholderia .sp NBRC 1740
| Burkholderia .sp ATCC 25416

""""""""""""""""" Burkholderia territorii LMG 28158

Burkholderia cepacia strain 717
[ Burkholderia latens strain R-5630
Burkholderia vietmamiensis TVV75 16S

b100

Nucleotide Substitutions (x100)

Hinh 3.8: Cay phat sinh chung loai ctia chung vi khuin D100 va cac ching tham

chiéu tir ngan hang gen

3.2. Nghién ciru dic diém cia diéu kién nudi ciy dén kha niing sinh NH4" ciia
chiing vi khuén 2.4.1

3.2.1. Khdo sdt moi trwong va thoi gian thich hop dén khd nang sinh NH*

Kha nang sinh NH4" cua vi khuén khong ¢ dinh ma phu thudc vao diéu kién
nudi cdy va thoi diém danh gia. Thanh phan méi truong dong vai trd nhu mot tin hiéu
diéu khién, quyét dinh viéc phan phdi dong ning lugng giita qua trinh ting sinh sinh
khéi va qua trinh chuyén héa nito. Su gia ting nong do NHa4" chi dat muc t6i da khi
cac nhu cau vé dinh dudng va sinh thai dugc dap tng dong bo. O cac diéu kién khong
t6i wu, chién luoc vu tién duy tri sy séng s& gdy ra sy sut giam trong viéc bai tiét cac
san pham trung gian cta chu trinh nito, phan anh tinh linh hoat trong thich nghi sinh
t6n cta vi khuan.

Bén canh d6, thoi gian nudi cay quyét dinh trang thai hoat dong cua té bao. O
nhiing giai doan khac nhau, cuong d6 chuyén hoa khong giong nhau, dan dén sy khéac
biét vé lwong NH4* tao ra. Vi vay, viéc theo ddi theo thdi gian gitp xac dinh dugc
thoi diém ma qua trinh ndy dién ra ro rét nhat.

Do d6, khao sat dong thoi ca moi truong va thoi gian 14 can thiét dé tim ra dicu

kién t01 wu, qua d6 danh gia chinh xac kha nang sinh NH4" cia vi khuan.
v b
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Dit liéu khao sat kha nang sinh NH4" ctia chung 2.4.1 trong diéu kién nudi cay
tai 35°C trén cac moi truong LGI, Burk va NFB dugc téng hop tai Hinh 3.9, 3.10 va
3.11.

Moi truong LGI (Liquid Glucose Ivo) cha yéu dugc str dung dé phan lap va
chon loc céac vi khuan cb dinh nito tir cac miu moi trudng. Moi truong nay duogc thiét
ké dic biét khong chira bét ky nguén nito két hop nao, tao ra diéu kién chon loc ma
chi nhitng vi sinh vét c6 kha ning ¢ dinh nito trong khong khi méi c6 thé phat trién.
Nho d6, nd e ché hiéu qua su phat trién cua cac vi khuan khong ¢6 dinh nito, déng
thot thuac déy su sinh trudng cua cac loai vi khuan muc tiéu c¢6 kha nang ¢ dinh nito,
chang han nhu nhiing loai lién quan dén ré cay.

Ngoai ra, méi trudng LGI con cung cp cac ngudn cacbon va khoang chét thiét
yéu, dam bao rﬁng su thiéu hut nito chinh 1a yéu t6 chon loc quan trong. Vi vay, moi
truong nay duoc tng dung rong rii trong cac nghién ctru vi sinh dé thu nhén cac
chung vi khuan c6 dinh nito thuan khiét va hd trg nghién ctru vé cac vi khuan thiic

day sinh trudng thuc vat, gop phan vao nén nong nghiép bén viing.
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Hinh 3.9: Kha ning sinh NH4* ctia chiing vi khuan 2.4.1 trén méi truong LGI

Véi méi truong Burk 12 méi truong duge st dung rong rii dé phan 1ap va

nghién ctru cac vi sinh vét ¢ dinh nito nho thanh phan khong chira nito, tao ra ap luc
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chon loc manh mé cho su phat trién cua céc vi sinh vat ¢d dinh nito (diazotroph).
Bang cach loai bo cac ngudn nito két hop, méi trudng nay han ché sy phat trién cia
cac vi khuan khong cd dinh nito, chi cho phép nhiing sinh vat c6 kha ning chuyén
hoa nito trong khi quyén thanh dang c6 thé sir dung sinh hoc phat trién.

Pong thoi, moi trudng van cung cap cac khoang chit thiét yéu va ngudn
cacbon phu hop, hd trg hoat dong trao ddi chat trong khi duy tri su thiéu hut nito nhu
yéu td chon loc chinh. Pic diém nay khién moi truong Burk dac biét hitu ich trong
viéc thu nhan cac ching vi khuan ¢ dinh nito séng tu do, ciing nhu trong nghién ctru
cac dic tinh sinh 1y cua chung va tiém ning tmg dung trong viéc cai thién do phi

nhiéu cta dat va phat trién nong nghiép xanh.
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Hinh 3.10: Kha ning sinh NHa* ctia chiing vi khuan 2.4.1 trén méi truong BURK.

MBoi trudng NFB (Nitrogen-Free Bromothymol blue) thuong duoc st dung dé
phan 1ap va sang loc céc vi khuan ¢b dinh nito trong diéu kién chon loc dugc tao ra
do khong c¢6 ngudn nito két hop. Trong mdi truong nay, chi nhitng vi sinh vat ¢ kha
ning str dung nito trong khi quyén méi c6 thé duy tri sy phat trién, trong khi cac quan
thé khong c6 dinh nito bi (rc ché déng ké.
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Méi trudng cung cdp mdt ngudn cacbon thich hgp va cac nguyén té khoang
thiét yéu nham hd tro hoat dong cia té bao, déng thdi dam bao rang sy san cé cla
nito van 13 yéu td han ché chinh. Viéc bo sung bromothymol blue 1am chét chi thi pH
cho phép theo déi truc quan cac qué trinh trao d6i chat, vi sy thay d6i mau sic phan
anh nhiing bién ddi lién quan dén hoat dong cta vi khuan.

Nho nhiing dac diém nay, moi truong NFB duge xem 1a mot cong cu hi¢u qua
dé 1am giau, phat hién va nghién ctru cac vi khudn cb dinh nito, dic biét 1a nhimg vi
khuan lién quan dén ré cay, ciing nhu dé danh gia tiém ning dong gop cua ching dbi
v6i cac hé thong nong nghiép bén vimg.
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Hinh 3.11: Kha ning sinh NH4* ctia chiing vi khuan 2.4.1 trén moi truong NFB.

Trong ba moi truong dugce khao sat, LGI cho kha nang tao NH4" cao nhét, tiép
dén 1a Burk, trong khi NFB cho gia tri thap nhat. Két qua nay cho thdy thanh phan
dinh dudng ctia moi trudng nudi cay co tac dong dang ké dén hoat dong ¢ dinh nito
ctia vi khuan.

Qua quan sat biéu do, co thé thay rd su tuong tac giita dic tinh sinh 1y cua vi
khuén va thanh phan hoa Iy ctia méi trudng nudi cay. Két qua ndy phan anh niang luc
chuyén héa nito biét hoa cua chung 2.4.1 dudi tac dong cua cac ngudn carbon va
khoang vi lugng khéac nhau c6 trong ba loai moéi truong khao sat.
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Dit liéu cho thay ndng 6 NH4* trong ca ba mdi truong déu ting dan theo thoi
gian, dat dinh sau 48 gid nudi ciy roi giam xudng. Diéu nay goi ¥ rang mdc 48 gio 1a
thoi diém toi wu dé thu nhan NH4* tir ching vi khuan 2.4.1.

Qua quan sat biéu d6, c6 thé thay rd su tuong tac giita dic tinh sinh 1y cua vi
khuan va thanh phan héa 1y cia méi trudng nudi cdy. Két qua nay phan anh ning luc
chuyén hoa nito biét hoa ctia chung 2.4.1 dudi tac dong cua cac ngudn carbon va
khoang vi lugng khac nhau c6 trong ba loai moi truong khao sat.

Dit liéu cho thay ndng 6 NH4* trong ca ba mdi truong déu ting dan theo thoi
gian, dat dinh sau 48 gid nudi ciy roi giam xudng. Diéu nay goi ¥ rang mdc 48 gio 1a
thoi diém t6i wu dé thu nhan NH4* tir chung vi khuan 2.4.1.

Trong ba moéi truong dugce khao sat, LGI cho kha nang tao NH4" cao nhét, tiép
dén 1a Burk, trong khi NFB cho gia trj thap nhat. Két qua nay cho thdy thanh phan
dinh dudng ctia moi truong nudi cay co tac dong dang ké dén hoat dong ¢ dinh nito

cua vi khuan.

Theo Ito et al., 2024, su gia tang ham lugng NH4* trong khoang 0 - 48 gio
nhiéu kha ning gin véi hoat tinh cao ctia enzyme nitrogenase trong pha sinh trudng,
khi cac gen nif dugc biéu hién manh dé xtc tac qua trinh chuyén hoa N thanh NH4*
[67]. Dong thoi, mot s6 nghién ciru gan day Mus et al., 2022; Barron et al., 2024 ciing
chi ra rang kha ning giai phong NH4" ra moi truong phu thude vao co ché diéu hoa
di truyén, dic biét 1a hé NifH - NifA va trang thai dinh dudng cta té bao [68, 69]. Sau
moc 48 gioy, ham lugng NH4* ¢6 xu hudng giam, c6 thé do co ché diéu hoa ngugc khi
NH,* tich lily trong méi trudng. Nghién ctru ciia Xu et al. 2024 [70] cho thy su hién
dién cta ngudn nito d& hip thu c6 thé lam giam hoat tinh nitrogenase théng qua diéu
hoa chuyén héa ndi bao. Bén canh d6 Zhang et al., 2023 su bo sung NH4* vao mdi
truong da duoc ching minh c6 thé nhanh chéng wc ché biéu hién cac gen nif lién
quan dén cd dinh nito [71]. Piéu nay giai thich cho xu hudng giam ham luong NH4*

sau khi dat cuc dai trong thi nghiém.
3.2.2. Khdo sdt nhi¢t @6 va pH thich hop dé sinh NH

Kha ning sinh NH4* ctia vi khuan chiu anh huéng dang ké tir cac yéu té moi
truong, trong d6 pH va nhiét d6 13 hai thong s6 co ban can dugce xem xét. pH khong
chi chi phdi trang thai ctia cac chat trong méi trudng ma con tac dong truc tiép dén
hoat dong cila cac hé enzyme lién quan dén chuyén hoa nito. Khi pH nam trong
khoang phu hop, cac phan tmg dién ra thuan loi hon; nguoc lai, sy 1éch khoi khoang

nay c6 thé lam gidm hiéu qua chuyén hoa.
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Nhiét do khong chi chi phéi téc d6 phan g ma con quyét dinh trang thai hoat
dong cua hé théng van chuyén ndi bao. O muc nhiét d6 tdi vu cho tung chung, cac
hoat dong enzymatic lién quan dén qué trinh chuyén héa dién ra on dinh, dam bao
tinh lién tuc cua chu trinh séng. Nguoc lai, nhiing bién dong nhiét ngoai dai thich
nghi s€ gay ra cac ap luc sinh ly, lam cham tde do phan ing hodc gay uc ché chon loc
cac enzyme nhay cam v6i nhiét, tir d6 1am giam hiéu qua téng thé cia cac qua trinh

sinh hoc.

Do d6, viéc khao sat ddng thoi pH va nhiét 6 giup xac dinh dugc didu kién
ma vi khudn vira thich nghi tét vira thé hién rd kha nang sinh NH4*, tir d6 1am co so

cho viéc t01 vu hda qua trinh nuoi cay va ung dung sau nay

Pé x4c dinh cac thong sb nudi cy tdi uu, chung vi khuan 2.4.1 da duoc khao
sat trong méi truong LGI dang 1ong dudi sy tac dong da yéu td cua nhiét do va do
pH. Thi nghiém duogc thiét 1ap tai ba ngudng nhiét do khac nhau (25°C, 30°C va
37°C) nham danh gia bién dong vé ning luc tong hop NH4* sau 48 gid nudi t. Cac
dir 1iéu thuc nghiém thu dugc, minh ching cho sy tuong tac gitra diéu kién 1y hoa va

hoat tinh sinh hoc cta chung, dugc téng hop chi tiét tai Hinh 3.10.

Két qua Hinh 3.12 chi ra ring nhiét d6 tac dong twong ddi 1én dén kha ning
sinh NH4" cua chung 2.4.1. Cu thé, & 30°C, ham luong NH4* do dugc dat mic cao
nhit sau 48 gio nudi cdy, trong khi & 25°C va 37°C gia trj ndy thip hon. Piéu nay
cho thiy 30°C 1a diéu kién nhiét d6 phit hop nhit cho sinh truéng cling nhu hoat dong

c0 dinh nito ctia chung nghién ctru.
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Hinh 3.12: Kha nang sinh NH4" ctia ching 2.4.1 tai ba méc nhiét d6

Viéc gia ting ham lugng NH4* ¢ 30°C c6 thé lién quan dén hoat cta enzyme
nitrogenase trong khoang nhiét o khong cao dd khao sat, khi cu trac protein duoc
duy tri 6n dinh va cic qua trinh trao d6i chat dién ra pht hop. Nguoc lai, & 25°C, toc
d6 sinh truong va hoat tinh enzyme giam, din dén kha nang tao NH4* thap hon. Trong
khi do, & 37°C, enzyme c6 thé bi suy giam hoat tinh hodc bién tinh mot phﬁn, lam

giam hiéu qua cua qua trinh c6 dinh nito.

Su phu hop giita két qua nghién ctru nay va céc bao céo chuyén nganh cho
théy mot dic diém chung cua nhém vi khuén ¢ dinh dam tu do 13 wu tién phat trién
trong khoang nhiét do tir 28°C dén 32°C. Pang chu y, Zhang va cong su (2026) da
chimg minh rang ap luc nhiét ngoai dai téi wu gay ra nhing tic dong tiéu cuc truc
tiép dén phtrc hé nitrogenase. Khi nhiét d6 ting cao qua mirc, kha niang khir N, thanh
NH4" bi kim ham 6 rét, phan anh co ché tu bao vé hodc su dinh tré trong qué trinh
chuyén héa ning luong cua té bao vi khuan [71] ghi nhan hoat tinh nitrogenase giam
dang ké khi nhiét 46 vuot qua ngudng tdi uu, trong khi Mus et al. (2022) [72] su bién
dong nhiét do khong chi tac dong dén sinh trudng ma con chi phéi truc tiép dén phat
biéu di truyén ciia cac locus gen nif. Moi trudng nhiét d6 khong t6i wu gy ra nhiing
sai léch trong quy trinh téng hop cac protein cdu thanh phuc hé nitrogenase, tir d6

lam suy giam nang luc khir No. Két qua nay khang dinh rang hiéu suat c6 dinh dam
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14 mot ham sb phu thudc vao su tuong tac gitra nhiét do va kha nang kich hoat bd gen

chuyén biét cua vi sinh vat.
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Hinh 3.13: Kha ning sinh NH4* ctia chiing 2.4.1 tai cac diém pH

Téng hop céc dir liéu thuc nghiém néu trén, co thé xac dinh 30°C 1a ngudng
nhiét d6 t6i wu, thiic ddy manh mé& qué trinh sinh tong hop NH4* ctia chiing vi khuan
2.4.1. Két qua nay khong chi khing dinh dic tinh sinh 1y cta chung ma con thiét 1ap
thong sb k¥ thuat nén tang dé trién khai cac khao sat chuyén sau vé sy tuong tac gitra
do pH va cac thanh phﬁn dinh dudng khac. Viéc chuén héa muc nhiét nay la budc
dém quan trong dé tdi wru hoa hiéu suat cd dinh nito trong cac hé thong nudi cay quy

mo 16n hon

Thi nghiém danh gia tac dong cta pH (Hinh 3.13) trén nén nhiét 30°C ghi nhan
ching vi khuan 2.4.1 duy tri kha ning sinh NH4* twong d6i 6n dinh trong toan bo dai
khao sat. Mac di ham lugng NH4* ghi nhén tai pH 7,5 ¢6 phan vu thé hon sau chu ky
48 gioy, nhung céc sai biét nay khong dat mirc ¥ nghia thong ké (p > 0,05). Diéu nay
chi ra rang hé thong enzyme nitrogenase va cac con duong chuyén héa lién quan ctia
ching 2.4.1 ¢6 d6 bén viing cao trude sy bién thién ctia ndng d6 ion H, cho thay tiém

nang ung dung cta chung trén nhicu loai nén dat c6 do chua hodc kiém khéc nhau.
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Két qua nay dong thoi phan anh kha ning thich nghi cua vi khuan 2.4.1 trong
dai pH kha rong (5,0-8,0), trong d6 ving pH trung tinh dén hoi kiém (khoang 7,0—
7,5) c¢6 xu hudéng thuén lgi hon cho sinh truédng va hoat dong ¢ dinh nito. Piéu nay
c6 thé lién quan dén sy 6n dinh cua enzyme nitrogenase ciing nhu hé enzyme noi bao
khi pH & gan muc trung tinh. Nhan dinh trén pht hop véi cac nghién ciru gan day,
khi cho thiy hoat tinh ¢ dinh nito cta nhiéu vi khuan tu do twong d6i 6n dinh trong
vung pH trung tinh [73] ghi nhan ring nitrogenase duy tri hoat tinh tot trong khoang
pH 6,5-7.5 va chi suy gidm rd khi pH vugt ra ngoai giéi han nay. Tuong tu, Mus et
al. (2022) [72] ciing chi ra rang pH chu yéu tac dong gian tiép thong qua trang thai
sinh trudng cua té bao, thay vi anh hudng truc tiép manh dén co ché ¢ dinh nito. Tur
d6 co thé thay, mic du pH 7.5 cho gid tri NH4* cao nhat, nhung trong pham vi khao
sat, pH khong phai 1a yéu td quyét dinh dbi véi kha ning sinh NH4* cia chung vi
khuén 2.4.1. Diéu ndy c¢6 y nghia thuc tién khi tmg dung chung vi khuéan, do khong

yéu cau kiém soat pH qua nghiém ngit.
3.2.3. Anh huwéng ciia nhén t6 magie dén khd ning sinh NH

Tac dong ctia Magie d6i voi ching vi khuan nghién ctru duoc chu trong khao
sat boi day 1a thanh phan cbt 16i duy tri sy 6n dinh cta cac dai phan tir sinh hoc. Ion
Mg?" d6ng vai trd nhu mot 'cau ndi' tinh dién giup 6n dinh ciu trac nucleic acid va
mang té bao trude cac ap luc moi truong. Bén canh chirc ning ciu tric, Magie con 1a
nhan t6 diéu tiét tc do cua cac phan tng trao doi chit, dam béao céac 16 trinh chuyén
hoa carbon va nito dién ra nhip nhang, tryc tiép anh hudéng dén hiéu suét giai phong

amoni cua chung.

Trong qua trinh sinh NH4*, vi khuan can duy tri su can bang ndi bao va dam
bao cac phan ing chuyén hoa hoat dong hiéu qua. Magie tham gia vao viéc hd trg cac
hé enzyme va diéu hoa dong chuyén hoa, do d6 su thay d6i nong do6 Mg c6 thé 1am

bién doi mirc do tao NH4".

Viéc khao sat yéu to nay gitp xac dinh khoang nong do ma tai dé vi khuan
vira duy tri trang thai sinh 1y 6n dinh vira thé hién rd kha ning chuyén héa nito. Tir
d6, c6 thé 1am 13 vai tro cia Mg trong qua trinh ndy va lua chon diéu kién phu hop

cho nuoi cay va ung dung thyc tién.

Anh huéng cta ndong d6 Magie dén dong thai sinh NH4" cua ching 2.4.1 sau
48 gid nudi U tai 37°C va pH 7,5 dugc tong hop & Hinh 3.14. Viée str dung k¥ thuat
nudi lac gitp toi wu hoa qua trinh trao doi khi, tir d6 1am rd hon vai tro cia yéu t6 vi

luong nay trong viée thuc diy cac qua trinh sinh hoc ndi bao. Dit liéu tai Hinh 3.14
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phan anh ngudng dap ung cua vi khuan doi voi Magie, phuc vu cho viéc hoan thi¢n

cong thurc moi trudng nuoi cay chuyén biét.
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Hinh 3.14: Kha ning sinh NH4" ciia ching 2.4.1 anh hudng boi yéu téi magie

Két qua cho thiy ndong d6 Mg c6 anh hudng dang ké dén kha ning sinh NH4*
cua chung vi khuén 2.4.1. Cu thé, tai muc bd sung 0,2 g, ham lugng NH4" dat cao

nhat, trong khi khi giam hodc ting vuot mirc ndy, kha ning tao NHa* déu suy giam.

Magie 1 nguyén t6 vi luong thiét yéu, tham gia vao nhiéu qua trinh sinh hoc
nhu 6n dinh cau triic ribosome, hoat hda enzyme va duy tri can bang ion ndi bao. D6i
v6i vi khuan cb dinh nito, Mg?* dong vai trd hd tro gian tiép cho hoat dong ctia
enzyme nitrogenase thong qua viéc tham gia vao cac qua trinh chuyén hoéa ning lugng
va van chuyén dién tir. Hiéu qua c¢d dinh nito phy thudc chit ché vao hé thong cung
cap nang luong va dong dién tir cho nitrogenase, trong d6 cac ion kim loai gitt vai tro

quan trong [74].

Ngoai ra, cic nghién ctru Mohr et al., (2022) vé sinh hoc vi khudn ¢6 dinh dam
cling chi ra rang sy sin c6 ciia cac nguyén to khodng, bao gdbm cac ion kim loai, anh
hudng truc tiép dén hiéu suat cd dinh nito thong qua viéc diéu hoa enzyme va cofactor
ndi bao [75]. Cac két qua trén da 1am sang to co ché dap tmg cta vi khuan d6i véi

noéng d6 Magie trong moi trudng nudi ciy. Tai mirc bo sung ti wu (0,2 g/L), Mg?*
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dong vai tro 12 nhan t6 giéi han dugc dép Gng day du, gitp thuc day dong bo cac hoat
dong sinh trudong va chuyén hoa ning luong, tir d6 t6i da hoa hiéu suét giai phong
NH.4*. Nghién ctru cho thdy ndng d6 Magie déng vai tro nhu mot 'van diéu tiét' dbi
v6i chu trinh chuyén héa nito cta chung vi khuan. Khi ham lugng Magie qué thap,
cac phan tng phu thuoc ATP bi gidi han, lam t€ 1i¢t kha nang khir N> cua té bao. Tuy
nhién, vi¢c lam dung néng do ion qua cao lai tao ra dgc tinh nhét dinh, gay r6i loan
ap suit tham thau va kim ham hoat tinh cta cac protein van chuyén. Hé qua 1a qua
trinh tong hop amoni bi gian doan, minh chimg cho viéc vi khuan chi dat hiéu suat
sinh hoc cao nhat trong mét 'ctra s6' ndng do khoang xac dinh. Xu hudéng nay phu
hop v61 nhan dinh ctia Leroux et al., (2024) cho ré“mg hiéu suét ¢d dinh nito chiu anh
hudng manh bai trang thai can bang dinh dudng va diéu kién méi trudong vi sinh [76].
Tir d6 6 thé xac dinh rang ham luong Mg 0,2 g 1a diéu kién thich hop dé téi wu hoa
kha ning sinh NHs* ctia chiing vi khuan 2.4.1 trong diéu kién thi nghiém.

3.3. Pic diém sinh hoc ciia chiing vi khuén cé kha ning sinh NH4"
3.3.1. Kha nang sinh IAA cua chung 2.4.1

Nghién ctru danh gia ning luc téng hop indole-3-acetic acid (IAA) cia chung
2.4.1 nham xac 14p gia trj tiém ning cua vi khuan nay trong viéc thuc day sinh trudng
thue vét. La mot phytohormone thudc nhém auxin, IAA déng vai trd then chdt trong
viéc diéu phdi qué trinh kéo dai té bao, phan nhanh ré va tdi wu héa dién tich hap thu
dudng chat. Do d6, kha ning bai tiét IAA khong chi 13 mot chi sb dinh danh sinh hoc
ma con phan anh co ché kich thich sinh hoc gian tiép, gitp cay trong phat trién hé ré

khée manh va tang cuong kha nang chong chiu véi cac diéu ki¢n bat 11 tir moi trudng.

Bén canh kha ning chuyén héa nito, viéc xac dinh thém kha ning sinh IAA
gitip nhin nhan chung vi khuan theo hudéng toan dién hon, khong chi dimng & mot chirc
nang riéng 1é. Piéu nay dic biét quan trong trong bdi canh ung dung vi sinh vat vao
noéng nghiép, noi cac dic tinh bo trg thuong mang lai hiéu qua rd rét hon khi két hop

véi nhau.
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Hinh 3.15: Kha nang sinh IAA cua ching 2.4.1

Khao sat kha ning tiét Auxin (IAA) cta ching 2.4.1 mang ¥ nghia chién luoc
trong viéc xac 1ap cac chi sb sinh thai hoc ctia dong vi sinh vat nay. Thong tin thu
duogc khong chi 1am phong pha thém hé thong dic diém di truyén va chuyén hoa, ma
con truc tiép dinh vi gia tri thuong mai va tiém nang ung dung thuc té. Viéc ching
minh dugc kha ning sinh IAA 6n dinh s& bién ching 2.4.1 thanh mot Gng vién tiém
ning cho céc giai phap canh tac xanh, hd trg hé r& phat trién ti wu trong nhiing diéu

kién tho nhudng khac nhau.

Pic tinh kich thich sinh truong ciia dong khuan Bacillus 2.4.1 duoc lam rd
thong qua ning lyc bai tiét phytohormone IAA. Két qua thuc nghiém ghi nhan mot
mdi twong quan thuan giita ndng do tién chat L-tryptophan va hiéu suat tong hop IAA
trong moi trudng nudi céy. Dang cha y, & nghiém thirc khong c6 sy hién dién cua L-
tryptophan, hoat tinh sinh TAA ctia té bao bi han ché tbi da, dan dén néng do san phém
cudi cling rét thap. Sy gia ting dot ngdt ham lugng IAA khi c6 bd sung co chit khing
dinh rang L-tryptophan dong vai tro 1 'nguyén liéu' then chét kich hoat bd may
enzyme chuyén héa cua ching 2.4.1; trong khi d6, & ndong do 100-500 mg/L, ham
luong IAA ting manh va dat gia tri 786 mg/L ¢ nong do L-tryptophan 700 mg/L
(Hinh 3.15). Tuy nhién, murc ting tir 500 1én 700 mg/L 1a khong 16n, cho thdy xu
hudng bao hoa.
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Két qua nay chimg to L-tryptophan dong vai trd 1a tién chat quan trong trong
con duong sinh tong hop IAA ¢ vi khuan. Nhiéu nghién ctru Spaepen va
Vanderleyden, (2011) da chi ra rang phan 16n vi khuan sinh IAA thong qua cac con
duong phu thudc tryptophan, trong d6 L-tryptophan dugc chuyén hoa thanh IAA qua
cac trung gian nhu indole-3-pyruvate hoac indole-3-acetamide [23]. Cac nghién clru
gan day Ameen et al.,, 2021; Duca et al., 2014 ciing khang dinh viéc bd sung
tryptophan vao moi truong nudi cy c6 thé 1am ting dang ké kha ning sinh IAA cia
vi khuan ving ré& (rhizobacteria) [77, 78]. Viéc ham luong IAA ting manh dén
ngudng 500 mg/L va sau do6 tang cham cé thé do su gi61 han cia hé enzyme hodc co
ché diéu hoa noi bao khi ndng do co chat cao. Xu huéng nay da dugc ghi nhan trong
nhiéu nghién ctru Patten ef al., (2002), khi sy tich liiy IAA hodc cac chit trung gian
c6 thé gy trc ché nguoc dén qua trinh sinh téng hop [27]. Tong hop cac dir liéu thuc
nghiém, c6 thé khing dinh ching vi khuan 2.4.1 s& hitu co ché sinh tong hop IAA
phu thudc chit ch& vao su hién dién cta L-tryptophan. Trong cac dai nong d6 khao
sat, mirc bo sung 500 mg/L dugc xac dinh 14 ngudng co chat tdi wu, thic ddy hiéu
sudt tao Auxin dat gi4 tri cao nhat. Két qua nay khong chi lam rd dic tinh sinh hoa
ctia chiing ma con cung cip thong sb ky thudt nén tang dé chun hoa quy trinh san

xuét cac ché pham kich thich sinh truéng thuc vat tir dong khuan nay.
3.3.2. Biéu hién ciia gen ciia chiing cé khd ning sinh NH/

Dé hiéu 15 kha nang tao NHy4" cua vi khuén, can lua chon nhitng dau hiéu di
truyén c6 thé phan anh dugc ca qua trinh dién ra bén trong té bao. Trong sb d6, nifH
va nif4 dugc st dung vi chung cho phép quan sat hai khia canh khac nhau cta cung

mot hé théng.

Su bién dong trong biéu hién cia nifH thuong di kém véi thay doi trong mirc
do chuyén hoéa nito, nén co thé xem day 1a mot chi bao cho cuong do hoat dong thuc
té ctia qua trinh sinh NH4*. Khi gen nay ting biéu hién, kha ning tao san pham cudi

cling ¢6 xu hudng thay doi twong tng.

Trong khi d6, nif4 lai phan anh trang thai “sin sang hoat dong” ciia hé thong.
Thay vi gan vi mot budc cu thé, nd cho thiy vi khuan dang bat hay tit cac co ché

lién quan dén c6 dinh nito trong nhiing diéu kién nhat dinh.

Khi dit hai gen nay trong ciing mot phan tich, c6 thé nhin thiy dong thoi ca
mirc d6 van hanh va cach hé thong dugc kiém soat. Diéu nay gitp viéc danh gia
khong chi dimg ¢ két qua quan sat ma con gan véi cach ma vi khuan diéu chinh hoat

dong cta minh dé tao ra NH4".
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Nhiam danh gia muc do biéu hién ctua cum gen lién quan dén qua trinh ¢ dinh
nito, bao gdm gen ciu tric ma hoa enzyme nitrogenase (nifH, 436 bp) va gen diéu
hoa sinh tong hop (nif4, 1310 bp), quy trinh phan tich phan tir da duogc thiét 1ap chat
ché. Sau budc tach chiét RNA tong sd bang bo kit chuyén dung, qué trinh tong hop
cDNA duoc thyc hién thong qua phan tng phién ma nguoc véi mdi Oligo(dT) (hodc
polyA).

M 1 2 3

Hinh 3.16: Pién di RNA tong s6. 1: Bacillus zanthoxyli 2.4.1; 2:
Burkholderia sp. CP100; 3: Burkholderia sp. P100.

Tiép theo, cac doan cDNA muc tiéu dugc khuéch dai bang phan ing PCR véi
cac cap moi dic hiéu cho nifH va nifd. San pham sau khuéch dai duoc kiém tra do
tinh sach va kich thudc thong qua k¥ thuat dién di trén gel agarose 0,8% dé xac dinh

su hién dién cua cac bang vach tuong tng.

Két qua Hinh 14 cho thdy, cho thiy ca ba chung (Bacillus zanthoxyli 2.4.1,
Burkholderia sp. CP100 va Burkholderia sp. D100) déu biéu hién hai gen nifd va

nifH.



53

Hinh 3.17: DBién di RNA tdng s (A); gen nifH (B); gen nifH (C); M: Marker 1:
Bacillus zanthoxyli 2.4.1; 2: Burkholderia sp. CP100; 3: Burkholderia sp. P100.

Trong d0, nif4 1a gen diéu hoa trung tAm, dong vai trd hoat hoa phién ma cac
gen trong cum nif, trong khi nifH mi héa tiéu don vi enzyme nitrogenase truc tiép
tham gia vao qua trinh khtr N; thanh NH4*. Viéc ghi nhén céc san phdm phién m3 cta
cum gen nif (bao gdm ca gen diéu hoa va gen ciu tric) cho phép két luan vé trang
thai hoat dong tich cuc cua phic hé nitrogenase trong té bao. Hién tuong biéu hién
hiép ddng cua nifd va nifH phi hop voi cac hoc thuyét di truyén hoc vi sinh vat,
khang dinh rang su kich hoat gen diéu hoa cap cao (nifd) 1a tién dé tat yéu dé khoi
dong qua trinh tong hop céc tiéu don vi ctia enzyme nitrogenase. Diéu nay cho thay
chung 2.4.1 ¢6 kha ning dap tng tot v6i cac tin hidu méi trudng thuan loi dé tdi uu
hoa hiéu suat ¢b dinh dam [79]. Pong thoi, nghién ctru cta [38] ciing chi ra rang biéu
hién ctia cac gen nif, dac biét 1a nifH, 1a gen quan trong cho hoat dong cia nitrogenase
va qua trinh ¢6 dinh nito. Tir d6 ¢ thé nhan dinh rang ca ba chung vi khuan déu co
kha nang tham gia vao qua trinh c¢6 dinh nito trong diéu kién khao sat, tao co s& cho
viéc khai thac va ung dung cac chung nay trong céc giai doan khao sat sau nay.
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CHUONG 4. KET LUAN VA KIEN NGHI
4.1. KET LUAN

Pi phan lap duoc 14 ching vi khuan tir mau dat va ré laa tai thanh phd Can
Tho va ving lan can. C6 bén chiing vi sinh vat ¢6 kha ning sinh NH4" cao, cho thay

tiém ning tmg dung trong linh virc phan bén sir dung trong ndng nghiép.

Bon chiing vi khuan ¢ kha niang sinh NH4* di dugc xac dinh danh tinh bang
phuong phédp so sanh trinh tu gen 16S rRNA va duogc dat tén nhu sau: Bacillus
zanthoxyli 2.4.1, Priestia aryabhattai 1.3, Burkholderia .sp CP100 va Burkholderia
.sp B100. Trong d6 chung Bacillus zanthoxyli 2.4.1 con c6 kha ndng san sinh [AA,

1a chét kich thich sinh trudng thuc vat.

D3 khao sat dic diém sinh hoc chung Bacillus zanthoxyli strain 2.4.1 v6i thoi
gian 1a 48 gio, nhiét d6 30°C va pH khoang 5 - 8 cho kha nang sinh NH4" ctia chiing
vi khuan Bacillus zanthoxyli strain 2.4.1 13 t6t nhat. Chung nay ciing c6 kha ning
sinh chét kich thich sinh truéong IAA véi ham lugng dat 786 mg/L.

Cac chung Bacillus zanthoxyli 2.4.1, Burkholderia sp. CP100 va Burkholderia
.sp D100 déu biéu hién cum gen quan trong trong qua trinh sinh NH4* 13 nifH va nifA.
4.2. KIEN NGHI

Tién hanh cac nghién ctru sdu hon vé dic diém sinh 1y, sinh hoa va di truyén
ctia chung vi khudn d3 phan lap, dic biét 13 co ché chuyén héa nito va kha ning tao
NH," trong céac diéu kién méi trudng khac nhau.

Thuc hién cac thi nghiém & quy mo6 nha Iudi, mé hinh ban cong nghiép hoac
ngoai dong rudng dé danh gia tinh 6n dinh, hiéu quéa sinh NH4" va kha ning thich

nghi cua ching vi khuan trong diéu kién thyc té.
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PHU LUC
Bang 1: Kha ning sinh NH4* cuia chung vi khuan 2.4.1
Nong d¢ L tryptophan Nong do OD Ham lrgng sinh ra IAA
(mg L-1) (OD=530nm)
0 0.0015 0.003

100 0.094 13.2708

200 0.156 26.1875

500 0.387 74.3125

700 0.408 78.6875

Trinh ty nucleotide ctia phan doan 16S rRNA cua chung 2.4.1 926R:
ACTGATTAGAAGCTTGCTTCTATGACGTTTAGCGGCGGACGGGTGAGTAACACGTG

GGCAACCTGCCTGTAAGACTGGGATAACTTCGGAAACCGAAGCTAATACCGGATAG
GATCTTCTCCTTCATGGGAGATGATTGAAAGATGGGTTTCGGCTATCACTTACAGA
TGGGCCCGCGGTGCATTAGCTAGTTGGGTAGGTAACGGCTCACCAAGGCAACGATG
CATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACT
CCTACGGGAGGCAGCAGTAGGAATCTTCCGCAATGGACGAAAGTCTGACGAGCAAC
GCCGCGGTGAGTGATGAAGGCTTTCGGGTCGTAGAAACTCTGTTGTTTAGGGAAGA
ACAAAGTACRGTAGTAACTGCTYGTACCTTGACGGTACCTAACCAGAAAGCCACGG
CTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATT
ATTGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAGCCCACGGCT
TCCACGTGTAGCGGTGAATGCGTAGAGATGTGGAGGACACCAGTGCGAAGGCGGCT
TTTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGAGCAAACGGATTAGATAC
CCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTCCGCCCTTT
AGTGCTGCAGCTAACGCTATTAAAGCAGG
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Trinh ty nucleotide ctia phan doan 16S rRNA cua chung 1.3_16S:
GTTCGAGCGAACTGATTAGAAGCTTGCTTCTATGACGTTAGCGGCGGACGGGTGAG

TAACACGTGGGCAACCTGCCTGTAAGACTGGGATAACTTCGGGAAACCGAAGCTAA
TACCGGATAGGATCTTCTCCTTCATGGGAGATGATTGAAAGATGGTTTCGGCTATC
ACTTACAGATGGGCCCGCGGTGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAG
GCAACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACG
GCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCT
GACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTT
AGGGAAGAACAAGTACRAGAGTAACTGCTYGTACCTTGACGGTACCTAACCAGAAA
GCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATC
CGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGA
AAAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGT
GCGAAGGCGGCTTTTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGAGCAAA
CGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGG

GTTCCGCCCTTTAGTGCTGCAGCTAACGCTATTAAAGCAGG
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Trinh ty nucleotide ctia phan doan 16S rRNA cua chung D100 _16S.ab1:
TGCCAAGTCGAACGGCAGCACGGGTGCTTGCACCTGGTGGCGAGTGGCGAACGGGT

GAGTAATACATCGGAACATGTCCTGTAGTGGGGGATAGCCCGGCGAAAGCCGGATT
AATACCGCATACGATCCACGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCTATAG
GGTTGGCCGATGGCTGATTAGCTAGTTGGTGGGGTGAAGGCCTACCAAGGCGACGA
TCAGTAGCTGGTCTGAGAGGACGACCAGCCACTGGGACTGAGACACGGCCCAGACT
CCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCA
ATGCCGCGTGTGTGAAGAAGGCTTCGGGTTGTAAAGCACTTTTGTCCGGAAGAAAT
CCTTGGCTCTAATACAGTCGGGGGATGACGGTACCGGAAGAATAAGCACCGGCTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTG
GGCGTAAAGCGTGCGCAGGCGGTTTGCTAAGACCGATGTGAAATCCCGGGCTCAAC
CTGGGAACTGCATTGGTGACTGGCAGGCTAGAGTATGGCAGAGGGGGGTAGAATTC
CACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAATACCGATGGCGAAGGCAGC
CCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACGGATTAGA
TACCCTGGTAGTCCACGCCCTAAGATGTCAACTAGTTGTTGGGGATTCATTTCCTT
AGTAACGTAGCTAACGCGTGAAGTGACCCGC
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Trinh ty nucleotide ciia phan doan 16S rRNA cua chung CP100_16F.abl:
TGCAAGTCGAACGGCAGCACGGGTGCTTGCACCTGGTGGCGAGTGGCGAACGGGTG

AGTAATACATCGGAACATGTCCTGTAGTGGGGGATAGCCCGGCGAAAGCCGGATTA
ATACCGCATACGATCCACGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCTATAGG
GTTGGCCGATGGCTGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGAT
CAGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGAC
TCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGC
AATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTTGTCCGGAAAGA
AATCCTTGGCTCTAATACAGTCGGGGGATGACGGTACCGGAAGAATAAGCACCGGC
TAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTA
CTGGCGTAAAGCGTGCGCAGGCGGTTTGCTAAGACCGATGTGAAATCCCGGGCTCA
ACCTGGGAACTGCATTGGTGACTGGCAGGCTAGAGTATGGCAGAGGGGGGTAGAAT
TCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAATACCGATGGCGAAGGCA
GCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACGGATTA
GATACCCTG
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