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LOI CAM DOAN
T6i xin cam doan dé tai nghién ctru trong luin vin nay 1a coéng trinh
nghién ctru cua to1 dua trén nhitng tai li¢u, s6 liéu do chinh t6i ty tim hiéu va
nghién ctru. Chinh vi vy, cac két qua nghién ctru dam béo trung thuc va khach
quan nhit. Dong thoi, két qua nay chwa ting xut hién trong bat cir mot nghién
clru nao. Cac sd lidu, két qua néu trong luan van la trung thuc néu sai t6i hoan

toan chiu trach nhi€m trudc phap luat.
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LOI CAM ON
Dé hoan thanh luan vin ndy, du tién t6i xin giri 161 cam on dén ban Lanh
dao, phong Pao tao, cac phong churc nang cua Hoc vién Khoa hoc va Cong
nghé - Vién Han 1am Khoa hoc va Cong nghé Viét Nam dé luan van duogc hoan
thanh.

T6i xin bay t6 long biét on siu sic nhat va sy cam on danh cho TS. Huynh
Hoang Nhu Khanh, TS. Cao Thi Thay Hang va TS. Tran Nguyén Ha Vy da
tryc tiép hudng dan, tan tinh giup 45, truyén dat kién thirc va kinh nghiém quy
béu, cling nhu dong vién t6i trong sudt qua trinh thyc hién luan vin tot nghiép
nay.

Xin dugce cam on sy hd tro vé kinh phi cua dé tai khoa hoc cong nghé
thudc cac huéng KHCN wu tién (ma s6 VAST06.01/23-24) cua Vién Han 1am
Khoa hoc va Cong nghé Viét Nam do TS. Tran Nguyén Ha Vy chii nhiém. Cam
on cic can bo nghién ctru ciia Phong Cong nghé Sinh hoc bién, Phong Hoa
phan tich va Phat trién cong nghé thudc Vién Hai duong hoc — Vién Han 1am
Khoa hoc va Cong ngh¢ Viét Nam da gitip d& nhiét tinh va tao thuén loi cho

toi trong sudt qua trinh nghién ctru.

Cudi cuing, toi Xin cam on gia dinh, nguoi than va ban bé di hd tro, dong
vién khich 1& dé t6i vuot qua moi khé khin trong qua trinh hoc tip ciing nhu

thuc hién dé tai nay.

Xin chan thanh cam on!
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MO PAU

Rong bién tir 1au dd duoc con ngudi khai thac nhu mot ngudn nguyén
liéu quan trong phuc vu cho nhiéu nganh cong nghiép nhu thuc pham, dugc
pham, my pham va dét may. Hién nay trén thé gidi c6 khoang 10.000 loai rong
bién da dugc xac dinh, chia thanh ba nhom chinh dya trén thanh phan sic o
quang hop: rong luc (Chlorophyta), rong nau (Phacophyta) va rong dé
(Rhodophyta). V&i dudng bd bién dai hon 3.200 km va diéu kién khi hau nhiét
déi thuan loi, sé hitu hé sinh thai bién phong phu va da dang, Viét Nam da ghi
nhan hon 878 loai thuc vat bién, trong do6 c6 khoang 196 loai rong luc. Céc loai
nay chii yéu phan bd tai cac ving bién c6 hé sinh thai phat trién manh nhu vinh
Bic Bo, ving bién mién Trung va ving Nam Trung Bo. Pic biét, chi Ulva
chiém ty 18 16n voi khoang 69 loai, trong d6 Ulva lactuca va Ulva reticulata 13
hai loai pho bién nhat [1].

Rong luc chtra nhiéu hop chit sinh hoc quan trong dac bi¢t la
polysaccharide sulfate hoa nhu ulvan. Pay 1a hop chat chu yéu duoc chiét xuat
tur cac loai rong luc thude bd Ulvales, dac biét 1a cac chi Ulva va Enteromorpha.
Véi ham luong cao trong thanh té bao, ulvan dugc biét dén nho cac hoat tinh
sinh hoc phong phti nhu chdng oxy hoda, chong viém, khang khuan, diéu hoa
mién dich va tiém nang tng dung trong diéu tri bénh 1y lién quan dén stress oxy

hoa va ro1 loan chuyén hoa lipid.

Mic du ulvan c6 nhiéu tiém nang tng dung nhung viéc khai thac va tng
dung hop chat sinh hoc nay con nhiéu thach thirc do cac dic tinh vat Iy va hoa
hoc nhu kha niang hoa tan kém va khéi luong phan tir 16n, 1am han ché kha ning
hép thu va tinh 6n dinh trong cac hé thdng sinh hoc. Pé khic phuc nhitng han
ché nay, viéc chuyén héa ulvan thanh dang oligosaccharide thong qua qua trinh
cat mach polysaccharide da dugc nghién ctru. Cac oligosaccharide ulvan khong
chi c6 trong luong phan tir thip hon ma con gitt duoc cau tric sinh hoc dic

trung, lam tang kha ndng hoa tan va nang cao hiéu qua sinh hoc.

Trong s6 cic phuong phap cit mach hién nay, phuong phéap st dung
enzyme dugc danh gia 1a uu viét hon so vdi cac phuong phap hoa hoc va vt ly
truyén thong. Pic biét, enzyme ulvan lyase c6 kha ning xtc tic phan giai chon
loc cac lién két glycoside trong céu trac ulvan, giGp thu nhan cac

oligosaccharide co6 cau triic dac hi¢u va gilr nguyén cac nhom chire quan trong.
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Tuy nhién, viéc thu nhan ulvan lyase tir ngudn ti nhién gip nhiéu khé khan do
san lwong thap va chi phi cao. Giai phap hiéu qua dugc nhiéu nghién ctru ap

dung 14 san xuit enzyme thong qua biéu hién tai td hop [2].

Hé théng biéu hién protein trén vi khuan Escherichia coli dugc st dung
phd bién trong san xuit enzyme tai t6 hop nho vao cac vu diém nhu toc do sinh
truéng nhanh, dé nuéi cdy, hé théng di truyén don gian, va chi phi thip. Ngoai
ra, E. coli con cho phép thu nhan enzyme véi hi¢u suét cao va tinh 6n dinh tdt,
tao diéu kién thuan loi cho céac nghién ctru chuyén sau vé dic tinh xuc tac, ciu

triic phan tir va Gmg dung thuc té trong cong nghiép.

Xuat phat tir nhiing co s& khoa hoc va thuc tién néu trén, dé tai "Xac
dinh diéu Kién biéu hién va thu nhan ulvan lyase tai t6 hop trén Escherichia
coli" dugc thuc hién v6i muc tiéu 1a xac dinh cac diéu kién thich hop dé biéu
hién va thu nhan enzyme ulvan lyase tai t6 hop trén chung Escherichia coli
BL21(DE3).

Pé dat dugc muc tiéu trén, dé tai tip trung vao ba ndi dung nghién ctu
chinh:

1. Xac dinh diéu kién biéu hién ulvan lyase tai t6 hop trén Escherichia

coli.
2. Nghién ctru thu nhin ulvan lyase tai t6 hop.

3. Panh gia hoat tinh enzyme va kha nang bé ngan mach ulvan cua ulvan

lyase thu nhan dugc.

Két qua nghién ctru cung cip co s khoa hoc cho viéc san xuat ulvan
lyase tai to hgp quy mo phong thi nghiém, huéng dén img dung trong san xuét
oligosaccharide ulvan ¢ hoat tinh sinh hoc cao. Piéu nay gop phan phat trién
cac san phém tur rong bién ¢ Viét Nam, dic biét trong linh vyc duogc liéu bién,

thue phdm chirc nang va sinh hoc phan tu.
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CHUONG 1. TONG QUAN TAI LIEU
1.1. TONG QUAN VE RONG LUC VA ULVAN TU RONG LUC
1.1.1. Gi6i thiéu chung vé rong luc (Chlorophyta)

Rong luc (Chlorophyta) 1a mot nhom tao luc thude gioi thuc vat, cé mau
xanh dic trung do chira diép luc a va b, giup thuc hién qua trinh quang hop dé
sinh dudng. Rong luc c6 mit phd bién trong cac méi trudng nude ngot va nudc
man trén khrflp thé gioi, da dang vé hinh dang, kich thudc, tir cac loai nhé bé
don bao (Chlorella, Dunaliella) d&én céac tao 16n dang day (Cladophora spp.)
hodc tAm nhu tao bién (Ulva spp.).

Vé mat ciu trac, thanh té bao rong luc dugc céu tao boi cellulose & phia
trong va pectin & ngoai. Chat nguyén sinh tao thanh mot 16p mong & sat thanh
v té bao, & gitra té bao 1a mot khong bao 16n chira day dich bao. Thé sic t co
dang phién, dai vanh méng ngua, hinh sao nhiéu canh, hinh xoan 16 xo, mat
lu6i, hang hat nho, v.v. Sic t6 cha yéu 1a chlorophyl a, chlorophyl b lam cho
rong c6 mau xanh, B-caroten va 10 loai xanthophyll, trong thé sic t6 con co cac
hat tao bot hinh tron nho. Hat té bao thudng nam ¢ giira khoang tai dich bao,
hay sat bén thanh 16p nguyén sinh (Hinh 1.1). Rong luc ¢6 ba kiéu sinh san la:
sinh san dinh dudng, sinh san vo tinh va sinh san hitu tinh [3,4].

/ Thé lipid

Nhan

Luc lap hinh cbc
— Mang té bao
= Thanh té bao

Thé pyrenoid bi cit ngang
boi thylakoid hai 16p

2-3 ym
Hinh 1.1 C4u trtc té bao rong luc Ulva spp. véi cac bao quan chinh

nhu nhan, luc lap, thé pyrenoid, thé lipid, mang té bao [3]
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Rong luc c¢6 kha ning phan bd rong rdi va xuét hién ¢ nhiéu moi truong
khac nhau nhu nudc ngot, nudc man, nude lg, va ca trong cac moi truong dat
am. Dic biét, & vung bién, rong luc thuong phat trién manh & khu vuc ven boy
va cac viing cira sdng, noi co diéu kién anh sang va ngudn dinh dudng dodi dao.
Trong hé sinh thai, rong luc dong vai tro 13 nha san xuét so cip quan trong.
Thong qua qua trinh quang hop, chiing tao ra mot luong 16n oxy, dong thoi 1a
nguén dinh dudng quan trong cho nhiéu sinh vat khéc, tir cac dong vat phu du
dén ca va dong vat than mém. Su hién dién cia rong luc ciing gop phan cai
thién chat luong nude bang cach hap thu carbon dioxide va cac hop chat dinh
dudng du thira, dong thoi giir vai trd trong can bang sinh thai va bao vé moi

truong séng tu nhién [5].

Viét Nam c6 hé sinh thai bién phong phu, 14 mot trong nhiing quéc gia
co su da dang sinh hoc bién cao nhat tai khu vuc Bién bong. Theo théng ké
cap nhat, rong luc (Chlorophyta) chiém 196 loai trong tong s6 878 loai thuc vat
bién dugc ghi nhan tai Viét Nam. Nhitng loai nay dugc tim thay pho bién tai
cac hé sinh thai ven bién nhu ran san ho, dam pha, va cac bai cat ngap nudc [5].
Ving ven bién mién Nam Trung Bo dugc ghi nhan c6 sy da dang loai rong bién
cao nhét, dic biét 1a tai cac khu vuc c6 mat do ran san hd 16n nhu vinh Nha
Trang, dao Phti Quy va quan dao Truong Sa. Pay 1a nhitng khu vuc ¢6 diéu
kién moi truong thuan loi nhu anh sang, nhiét do va nguén dinh dudng phong
phu, gitp cac loai rong bién, dic biét 1a rong luc, phat trién manh. Trir luong
rong luc tai Viét Nam duoc danh gid 1a co tiém nang khai thac 1én nhung hi¢n

nay van chua duoc khai thac mot cach hiéu qua.

Vé mit da dang loai, cac chi rong luc phé bién nhét tai Viét Nam bao

gom:

o Chi Ulva (Ulva lactuca, Ulva pertusa, Ulva intestinalis, Ulva fasciata,

Ulva vietnamensis — loai mo1 dugc phat hién tai Vi¢t Nam).

o Chi Cladophora (Cladophora gracilis, Cladophora socialis,
Cladophora vagabunda).

« Chi Caulerpa (Caulerpa lentillifera — rong nho bién, Caulerpa

sertularioides, Caulerpa racemosa).

o Chi Codium (Codium fragile, Codium intricatum).



o Chi Chaetomorpha (Chaetomorpha linum).

bac biét, cac loai thudc chi Ulva khong chi dong vai trod quan trong trong
hé sinh thai bién ma con mang lai tiém ning kinh té 16n khi duoc khai thac
trong cac linh vuc nhu thuc phém, duoc phém vamy phém. Ulva thuong duoc
biét dén vai tén goi rau diép bién, 1a mot chi tao luc dn duoc, phan bd rong rai
& cac vung ven bién trén toan thé gidi. Trong sd cac loai phd bién, U. lactuca
duoc coi 1a dai dién tiéu biéu nho vao gia tri dinh dudng va kha nang sinh
truéng manh mé trong nhiéu diéu kién moi truong khiac nhau (Hinh 1.2)

(www.biolib.cz/en).

Hinh 1.2 Hinh anh rong luc Ulva sp.

Bén canh gia tri dinh dudng, mot trong nhing dic diém dang cha y nht
ctiia cac loai thudc chi Ulva 13 kha ning tong hop va tich liy ulvan — mot
polysaccharide sulfate hoa chiém ty 1& cao trong thanh té bao cua rong luc.
Ulvan khong chi déng vai trd quan trong trong cau tric va chirc ning sinh hoc
clia rong ma con 1a hop chat mang lai nhiéu tiém niang ung dung trong thuc
pham chirc ning va duoc pham nhd cac hoat tinh sinh hoc phong phu. Day
chinh 13 co s& quan trong dé cac nghién ctru tip trung vao viéc khai thac va
chuyén héa ulvan nham phat trién cac san pham co6 gia trj cao tir ngudn tai

nguyén rong luc.



1.1.2. Ulvan — sulfate polysaccharide tir rong luc
1.1.2.1. Thanh phan héa hoc va dic diém céu triic ciia ulvan

Ulvan duoc tim théy & thanh té bao rong luc, chiém tir 9% dén 36% khoi
lwong kho cua rong Ulva. Ulvan cé céu triic phire tap hon céc polysaccharide
tao khac do thanh phan monosaccharide, lién két glycosid va cac cdu tir & vi tri
phan nhanh cua chung. Thanh phan chi yéu 13 cac duong rhamnose, xylose,
glucuronic axit, iduronic axit va mot lugng nho galactose. Thanh phan va ham

lwong ciia cac gde duong ndy c6 sy thay doi khac nhau giira céc loai rong [6].

CAu triic ctia ulvan bao gom cac lién két 1ap lai ctia cac disaccharide nhur
axit ulvanobiuronic va ulvanobiose. Céc loai Ulva khac nhau cho ulvan véi cau
truc cua dang chudi disaccharide 13p lai 1a khac nhau [7]. Cac disaccharide dugc
phan thanh 2 dang chinh 14 dang A (A3s) véi B-D-GlcA ndi véi L-Rha3S tao
thanh dimer qua lién két glycoside (1—4) (B-D-GlcA-(1—4)-L-Rha3S) va
dang B (B3s) v&i su ¢6 mit ctia o-L-IdoA ndi voi a-L-Rha3S ciing qua lién két
glycoside ¢ vi tri (1—4) (Hinh 1.3).

oY

n
*Na~00C oM
0 H,C 0
H,C OH o
""roHo o3 P
*Na"00C =0 *Na~ 0,80
OH

OH
OH *Na~0,S0
o
ol OH

3-sulfate ulvanobiuronate type A 3-sulfate ulvanobiuronate type B
Hinh 1.3 Cau trac héa hoc cua ulvan dang A va dang B [7]

Lahaye va cong su [7] dd nghién ciru ciu triic hoa hoc ciia ulvan tir loai
rong luc U. lactuca, két qua chi ra rang polysaccharide duoc tao thanh bai phan
16n 14 chudi lién két glycoside & Rha dang (1—4) va (1—2,4) va Rha bi sulfate
héa & vi tri carbon C-3, lién két glycoside & GlcA 1a B-(1—4)-, lién két
glycoside ¢ Xyl 1a (1—4)- va (1—3)- va xylose bi sulfate hoa & vi tri carbon
C-2. Gan day, nhiing s6 liéu nghién ctru khéng dinh lai su c6 mat cua 2-sulfate
Xyl trong phan tir ulvan va chting minh 1 hau hét cac nhom sulfate trong phan

tr ulvan tur rong luc Ulva déu & vj tri carbon C-3 hodc C-2 cua Rha-(1—4)-.
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1.1.2.2. Tinh chét Iy héa ciia ulvan

Ulvan 1a mot polysaccharide sulfate hoa c6 kha ndng hoa tan trong nude
nong & nhiét do tur 80°C dén 90°C. P hoa tan cta ulvan chiu anh huong boi
pH va ham lugng ion, v&i kha nang hoa tan giam trong moi truong axit hodc
khi c6 mit cac cation hoa tri I1. DO nhét va do bén cta gel ulvan cling phu thudc
vao pH va loai cation trong dung dich. O pH trung tinh hoic thap, ulvan c6 xu
huéng hinh thanh cac cau trac hinh cau, lam giam d6 nhét; trong khi d6, pH

cao (~13) 1am mo rong cu tric, ting cudng twong tac giira cac phan tir [8].

Ulvan la polymer mang dién &m do chtra cAc nhém carboxylic va sulfate,
vOi tinh chat phu thudc vao pH va né)ng do ion. Trong dung dich, ulvan c6 kha
nang tao gel thong qua lién két véi ion Ca?* va tao thanh ciu triic borate ester,
tuong tu nhu co ché gel hoa cua alginate [9].

1.1.2.3. Hoat tinh sinh hoc cua ulvan

Ulvan 1a mot hop chat tiém ning v6i nhiéu hoat tinh sinh hoc quan trong
nhu chong oxy héa, chéng viém, chong ung thu, khang khuan, khang vi-rit,
diéu hoa mién dich, chdng ting lipid mau, chéng dong méau va ung dung trong
ky thuat mo.

Hoat tinh chong oxy héa: Ulvan c6 kha niang chong oxy hoa manh, lién
quan dén ham lugng sulfate va trong luong phan tir cia nd. Nhiéu loai rong nhu
U. lactuca, U. australis, U. rigida, va U. ohnoi da dugc bdo cdo co6 hoat tinh
chéng oxy héa dang ké [10, 11, 12]. Cac phuong phép danh gia bao gdm kha
nang bét gbc tu do DPPH, hoat tinh khtr sat (FRAP), kha ning bat gdc hydroxyl
va trc ché qua trinh peroxy héa lipid [13]. Ulvan gitp giam stress oxy hoa thong
qua tang cudong hoat dong clia enzyme chong oxy hoa nhu catalase (CAT),
superoxide dismutase (SOD) va glutathione peroxidase (GPx) [14].

Hoat tinh chong viém: Ulvan thé hién kha niang chong viém thong qua
tac dong dén hé théng mién dich va (rc ché cytokine tién viém nhu TNF-a, IL-
6, va IFN-y. Trong cac nghién clru in vivo, ulvan giap gidm viém gan va hoai
tir t& bao gan & chudt bi gdy viém bang D-Gal (500 mg/kg). Ulvan con co tac
dung 1am giam hiéu qua san xuat cytokine tién viém trong céc té bao than kinh

dém nguyén phat bi nhiém nhiéu chiing virus viém ndo Nhat Ban (JEV) [15].
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Hoat tinh giy ddc té bao va chong ung thu: Ulvan tir U. lactuca, U.
australis, U. rigida, va U. ohnoi d3 duoc chimg minh c6 hoat tinh chéng ung
thu théng qua viéc tc ché sy phat trién ctia cac dong té bao ung thu nhu HepG2
(ung thu gan), MCF7 (ung thu vi1), Caco-2 (ung thu dai trang) va HeLa (ung
thu ¢o tir cung) [16, 17]. Ulvan gitp kich hoat qua trinh apoptosis trong té bao

ung thu thong qua con duong caspase-8 va caspase-9 [18].

Hoat tinh khang khuén: Ulvan c6 kha ning trc ché mot s6 vi khuan gay
bénh nhu Staphylococcus sp., Streptococcus sp., Bordetella sp., nhung co6 hi¢u
qua thap hon véi Bacillus subtilis, Proteus sp., Salmonella sp., va Bacillus
cereus [19, 20]. Cac nghién ctru ciing chi ra rang sy khac biét trong phuong
phap chiét xuat, dung mai str dung va diéu kién sinh trudng cia rong c6 thé anh

huong dén hiéu qua khang khuan cta ulvan [21].

Hoat tinh khang vi-rat: Ulvan c6 kha nang khang vi-rat thong qua viéc
ngan chan su hép thu va xam nhap cua vi-rat vao té bao chu. N6 di duoc thir
nghiém véi vi-rat cam A/PR/8/34 (HIN1) va vi-rat viém nao Nhat Ban (JEV).
Céc polysaccharide sulfate hoa trong ulvan c6 thé trc ché sy nhan 1én caa vi-rat

va giam viém than kinh do JEV gay ra [15].

Hoat tinh chong dong mau: Ulvan tir U. fasciata va U. lactuca d dugc
chtng minh c6 hoat tinh chéng déng mau thong qua viéc kéo dai thoi gian dong
mau trong cac xét nghiém APTT, PT va TT [22]. Hoat tinh nay phu thudc vao

ham lugng sulfate va nhom carboxyl trong ulvan.

Mic du ulvan c6 nhiéu hoat tinh sinh hoc tiém nang, viéc ung dung no
van gip mot sd han ché. Mot trong nhitng thach thirc chinh 1a trong lugng phan
tir 16n cta ulvan, lam giam kha niang tham nhap vao té bao va anh huong dén
tinh kha dung khi str dung trong cac tmg dung duoc pham. Hon nita, kha ning
hoa tan trong nudc cua ulvan thay ddi tuy thudc vao phuong phéap chiét xut,

anh hudéng dén hiéu qua sinh hoc cta no.

Pi c¢6 nhiéu nghién ctru tip trung vao viée diéu ché oligosaccharide co
ngudn goc tir ulvan nham cai thién tinh sinh kha dung va hoat tinh sinh hoc.
Hién nay, cdc phuong phap thuy phan hoa hoc va phan giai enzyme da dugc
phat trién. Dic biét, phuong phap sir dung enzyme ulvan lyase ndi bat véi cac

ru diém nhu diéu kién phan tmg nhe nhang, tinh dic hiéu cao va kha nang duy



9

tri cau truc nguyén ban cua ulvan. Pi¢u nay gop phan tao ra oligosaccharide

ulvan c6 tiém niang ung dung vuot trdi [23].

1.2. TONG QUAN VE ULVAN LYASE
1.2.1. Ngudn goc va phan loai ulvan lyase
1.2.1.1. Nguén géc ciia ulvan lyase

Ulvan lyase 1a mgt enzyme thudc nhom polysaccharide lyase (PL), co
kha ning xtc tic qua trinh phan cat ulvan — mot polysaccharide cau tao chu yéu
tor rhamnose 3-sulfate (Rha3S), axit D-glucuronic (GlcA) hoac axit L-iduronic
(IduA). Ulvan lyase hoat dong theo co ché loai bo lién két B (B-elimination),
tao ra cac oligosaccharide voi nhom axit uronic khong bdo hoa & dau khong
khur.

Ulvan lyase cht yéu duoc phan 1ap va tinh sach tir dong vét bién va vi
khuan bién. Mot sé nghién ciru da xac dinh vi khuan c6 kha nang phan giai
ulvan tir h¢ vi sinh vat dudong rudt cua dong vat bién. Chéng han, Olivier Coste
va cong su [23] da sang loc va xac dinh cac vi khuan c6 hoat tinh ulvan lyase
tir rudt cua loai giap xac bién Gammarus insensibilis. Trong khi d6, Chuan He
va cong su [24] da phan 13p cac chung vi khudn c6 kha ning phan cét ulvan

thanh oligosaccharide tir phan ctia dong vat bién nho.

Mic di mot sd ulvan lyase co ngudn gdc tir dong vat bién, nhung phan
16n enzyme nay dugc phéan lap tir vi khuan bién. Moran va William [25] da thu
dugc bdén enzyme c6 kha nang phan giai ulvan tir ba ching vi khuan thudc bo
Alteromonadales, bao gdém Alteromonas LOR, Alteromonas LTR va
Pseudoalteromonas PLSV. Dua trén nghién ctru nay, Elizabeth Foran va cong
su [25] da tiép tuc phan 1ap va tinh sach mot loai ulvan lyase méi tir
Alteromonas LOR thong qua co ché Polysaccharide Utilization Loci (PUL).

Céc vi khuan sinh ulvan lyase di dugc xac dinh bao gdm céc chi chi yéu
nhu Alteromonas, Formosa agariphila, Glaciecola, Pseudoalteromonas,
Catenovulum maritimum va Nonlabens ulvanivorans. Nhitng vi khuan nay
dong vai trd quan trong trong qué trinh phan huy ulvan va 1a ngudn chinh dé

san xuat ulvan lyase phuc vu nghién ctru va (mg dung cong nghiép.
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1.2.1.2. Phdn loai ulvan lyase

Dua trén dac tinh xuc tac, ulvan lyase dugc chia thanh hai nhém chinh:
Glucuronic ulvan lyase (EC 4.2.2.-): Phan cit lién két giita Rha3S va GlcA
va Iduronic ulvan lyase (EC 4.2.2.-): Phén cit lién két gitra Rha3S va IduA.
Cac nghién ctru hién tai chua ghi nhan su tdn tai ctia ulvan lyase c6 kha nang
phan cat ulvanobiose loai U (U3s), chita B-D-xylose-(1 — 4)-a-L-rhamnose-3-
sulfate, hodc ulvanobiose loai U’ (U2's3s), chira B-D-xylose-2-sulfate-(1 — 4)-
o-L-rhamnose-3-sulfate. Diéu nay dit ra nhitng thach thirc va co hoi trong
nghién ciru nham tim kiém cac enzyme mdi c¢6 kha niang phan giai hoan toan

ulvan [26]. Dya trén phan tich trinh ty axit amin, ulvan lyase dugc xép vao nam

ho enzyme trong co s¢ dit licu CAZy (Hinh 1.4).

PL24
94

PL25

_— —I..’._[:. | KETS61 oAb aha ot NERAS

ol =t L L
PL40

—
0.2

Hinh 1.4 Cay phat sinh phén loai cua ulvan lyase tir cac ho polysaccharide
lyase khac nhau [25]

PL24: Pugc tim thdy & cac loai Alteromonas sp. (KUL17, KUL42,
LOR 107, LOR 61), Glaciecola sp. (KULI10), Pseudoalteromonas sp.
(PLSV_3875, PLSV_3925).

PL25: Buoc phat hién trong Alteromonas sp. (A321, LOR), Nonlabens
ulvanivorans (NLR), Pseudoalteromonas sp. (PLSV).
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PL28: Xuat hién trong Formosa agariphila KMM 3901 va mot sb vi
khuan bién khac.

PL37 va PL40: Duoc tim thiy trong Formosa agariphila KMM 3901,

nhung it phd bién hon.
1.2.2. Phuwong phap thu nhan ulvan lyase

Ulvan lyase 12 mot enzyme quan trong c6 kha ning phan cat
polysaccharide sulfate hoa ulvan thanh cac oligosaccharide c6 nhiéu hoat tinh
sinh hoc. Hién nay, viéc thu nhan ulvan lyase co thé duoc thuc hién theo hai
phuong phép chinh: (1): Phan lap va tinh sach tir vi khuan phéan giai ulvan ty
nhién, (2): Biéu hién tai t6 hop enzyme bang cong nghé DNA tai t6 hop.

1.2.2.1. Phan lap va tinh sach ulvan lyase tir vi khudn tw nhién

Vi khuin c6 kha ning sinh ulvan lyase chi yéu thudc cac chi
Alteromonas, Pseudoalteromonas, Catenovulum, Glaciecola, Formosa va
Nonlabens. Cac chung nay thuong dugc tim thiy trong méi trudng bién, dic
biét 13 trong hé vi sinh vt dudng rudt cua dong vat bién hodc méi trudng nude

bién giau tao luc.

Quy trinh phén 14p va tinh sach ulvan lyase tir vi khuan tu nhién bao gdm

cac budc chinh sau:

- Phan 1ap vi khuin: Mau nudc bién, tram tich hodc rudt dong vat bién
duoc thu thiap va nudi cay trén mdi truong chon loc ¢6 chira ulvan
lam ngudn carbon duy nhit dé sang loc vi khuan c6 kha nang phan
giai ulvan.

- Tuyén chon chung vi khuan sinh ulvan lyase: Cac ching c6 kha ning
phan huy ulvan dugc xac dinh dua trén vung phan giai trén moi

truong nudi cdy hodc do hoat tinh enzyme trong dich nuéi cy long.

- Tinh sach enzyme: Ulvan lyase duoc thu nhan tir dich nuéi ciy bang
cac phuong phap tia amoni sulfate, sic ky trao d6i ion, sic ky loc gel
hodc sic ky ai lyc dé dat do tinh sach cao.

- Xac dinh dac tinh enzyme: Enzyme sau khi tinh sach dugc kiém tra
vé hoat tinh, pH t6i wu, nhiét d6 toi wu va do bén nhiét dé danh gia
kha ndng g dung trong cong nghiép.
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Mic di phuong phap nay gitp thu nhan enzyme tir ngudn tu nhién,
nhung n6 gip mot s6 han ché nhu hiéu suat thap, quy trinh tinh sach phirc tap,
va khé duy tri nguén enzyme 6n dinh. Do d6, phuong phap biéu hién tai t6 hop

ngay cang duogc tmg dung phd bién hon.
1.2.2.2. Biéu hién tdi té hop enzyme bing cong nghé DNA tdi té hop

Tat ca cac ulvan lyase di duoc ding ky trén co so dit liéu CAZy

(Carbohydrate-Active EnZymes; www.cazy.org) déu thudc nhom enzyme tai

t6 hop, nhan manh vai trd quan trong cta cong nghé nay trong nghién ctru va
tmg dung enzyme phan giai polysaccharide. Pé dam bao qua trinh thu nhan
ulvan lyase v&i hiéu suat cao, viéc t6i uu hoa cac diéu kién biéu hién 1a can
thiét nham cai thién mirc do tong hop protein, dd 6n dinh cta enzyme va tinh

sach dé dang.
Céc yéu to chinh anh hudng dén hiéu suat biéu hién ulvan lyase bao gdom:
- M&di truong nudi cay va nong dd chat cam mg: Anh hudng truc
tiép dén murc do tong hop protein va kha ning hoa tan ciia enzyme.
- Thoi gian cam @ng: Quyét dinh hiéu suit biéu hién tdi da ctia enzyme
ma khong gy anh hudng dén sinh truong cia vi khuan chu.
- Nhiét @ bicu hién: Anh huong dén ciu tric bac ba cta enzyme, do
hoa tan va kha nang hoat dong sinh hoc cta ulvan lyase.
Céc yéu t6 nay dugc trinh bay chi tiét trong Bang 1.1, cung cap co s dé
t61 uu hoa diéu kién biéu hién ulvan lyase tai to hop nhdm phuc vu nghién ctru
va ung dung cong nghiép.

Bang 1.1 Mot s6 yéu to anh huéng dén qua trinh biéu hién va thu nhan ulvan

lyase tai to hop
klfj l:;ni; Chiing bién | Piu Kién | Thu
GeneBank N g Hns biéu hién/ | nhin | TLTK
gene ulvan nap RO S
cam ung | protein
lyase
PL24
BAY00694.1 | Alteromonas sp. | E. coli I mM Dich [24]
KUL17 BL21(DE3) | IPTG,20 | noi bao
°C,4h
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BAY00695.1 | Alteromonas sp. | E. coli I mM Dich [24]
KUL42 BL21(DE3) | IPTG, 20 | ndi bao
°C,4h
AMA19991.1 | Alteromonas sp. | E. 0.5 mM Dich [25,
LOR 107 coli BL21 IPTG, 16 | n0ibao |27]
(DE3) °C, 18 h
WP 0320961 | Alteromonas sp. | E. 0.5 mM Dich [25]
65.1 LOR 61 coli BL21 IPTG, 16 | ndi bao
(DE3) °C, 18 h
BAY00693.1 | Glaciecola sp. | E. coli BL2 Dich [25]
KUL10 1 (DE3) ndi bao
AMA19992.1 | Pseudoalteromo | E. 0.2 mM Dich [25,
nas coli BL.21 IPTG, 16— | ndibao | 28]
sp.PLSV 3875 | (DE3) 18 h, 16 °C
PL25
QFRO04505.1 | Alteromonas sp. | E. 1 mM Dich [29]
A321 coli BL21 IPTG, 28 | ndi bao
(DE3) °C, 18 h
WP 0331869 | Pseudoalteromo | E. coli IPTG, 16— | Dich [30]
95.1 nas sp. BL21 18°C noi bao
PLSV 3936
WP 0520101 | Alteromonadale | E. coli IPTG, Dich [30]
78.1 s sp. LOR 29 16°C-25°C | ndi bao
WP 0365804 | Nonlabens E. coli IPTG, Dich [31]
76.1 ulvanivorans 16°C-25°C | ndi bao
NLR 492
PL28
CDF79931.1 | Formosa E. coli Dich [32]
agariphila ndi bao
KMM 3901
KEZ94336.1 | Nonlabens E. coli. 0.5 mM Dich [33]
ulvanivorans BL21 IPTG, 16 no1 bao
NLR48 (DE3) h, 18 °C
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WP 1396985 | Tamlana E. coli IPTG Dich [34]

91 fucoidanivorans | BL21 ndi bao
CW2-9 (DE3)

PL37

CDF79930.1 | Formosa E.coli BL2 | 0.2mM Dich [35]
agariphila 1 (DE3) IPTG, 16 h, | ndi bao
KMM 3901 16 °C

PL40

CDF79911.1 | Formosa E. coli IPTG, 16- | Dich [36]
agariphila 20°C ndi bao
KMM 3901

Phuong phap biéu hién tai t6 hop mang lai nhiéu vu diém nhu hiéu suét
thu hdi cao, quy trinh tinh sach don gian, kha nang kiém soat qua trinh san xuat,
va tao ra enzyme c6 do bén cling nhu hoat tinh 6n dinh. Trong do, hé théng E.
coli 13 Iyra chon phd bién nhat nhd vao cac dic diém nhu tde do sinh trudng
nhanh, dé nudi cdy, chi phi thap va c6 sin nhiéu vector biéu hién thuong mai,

gitip t6i vu héa quy trinh san xuat ulvan lyase & quy md cong nghiép.
1.2.3. Pic tinh xuc tac cua ulvan lyase

Ulvan lyase 1a enzyme thuoc nhom polysaccharide lyase, c6 kha nang
phan cit lién két glycosid giita rhamnose-3-sulfate (Rha3S) va axit glucuronic
(GlcA) hoic axit iduronic (IdoA) trong cau tric ulvan thong qua co ché loai bo
. Cac dac tinh xuc tac ciia enzyme nay chiu d&nh hudéng béi nhiét do, pH, ion

kim loai, va ddc di€ém cau tric ctua trung tam hoat dong.

1.2.3.1. Anh huwéng ciia pH va nhiét dp dén hoat dpng ciia ulvan

lyase

Nhiét do va pH la hai yéu td quan trong quyét dinh hoat tinh va do 6n
dinh cta ulvan lyase. Enzyme nay thé hién hoat tinh t6i wu trong khoang pH
7,5 — 9,0, pht hop véi diéu kién kiém nhe ctia méi trudng bién va hé vi sinh
duong rudt cua sinh vat bién, noi chira nhiéu vi khuan sinh enzyme nay [37].
Day 1a bang chimg cho thiy qua trinh tién hoa da giup vi khuan bién thich nghi
v6i diéu kién moi trudng cd dd pH cao hon so véi vi khuan tir cac hé sinh thai
khéc.
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Nhiét d6 tdi wu cua ulvan lyase dao dong tir 30°C dén 50°C, phu thude
vao ngudn goc enzyme. Mot s6 nghién ciru da xac dinh nhiét d6 toi wu cua cac
enzyme nay tir cac ho polysaccharide lyase khidc nhau. Cu thé, enzyme
Alteromonas sp. LOR 107 (ho PL24) c¢6 nhiét d6 t6i wu 1a 40°C [25], trong khi
Pseudoalteromonas sp. PLSV 3875 hoat ddng manh nhét ¢ 35°C [28]. Enzyme
tir PLSV 3875 ¢6 d6 6n dinh cao hon so voi LOR_107, vi n6 van duy tri 100%
hoat dong sau 24 gio ¢ 30°C, trong khi LOR 107 chi con 10% hoat dong trong
cung diéu kién. Trong nhom PL25, enzyme tir Alteromonas sp. A321 cb nhiét
d6 toi uu cao hon, dat 50°C [29], trong khi enzyme FaPL37 tir Formosa
agariphila KMM 3901 thuoc ho PL37 hoat dong t6i wu & 40°C [35]. Enzyme
tir Alteromonadales sp. LOR_29 ¢6 hoat tinh cao nhit & 45°C [38].

Mot sb enzyme ulvan lyase co thé chiju nhiét cao hon nhung c6 do on
dinh nhiét kém. Vi du, enzyme NLR42 tir Nonlabens ulvanivorans c6 nhiét do
t6i uu 1a 50°C, nhung mét hon 75% hoat tinh trong vong 5 phit, cho thay kha
nang chiu nhiét thap. Nguoc lai, khi o & 30°C trong 2 gid, enzyme ndy khong
coO su suy giam dang ké vé hoat tinh, cho théy n6 nhay cam vdéi nhiét do cao

nhung 6n dinh hon & nhiét d6 trung binh [39].
1.2.3.2. Anh huwéng ciia ion kim logi va chit hoat dpng bé mat

Su ¢6 mit cua ion kim loai va chat hoat dong bé mit c6 thé kich hoat
hodc trc ché hoat ddng ctia ulvan lyase, anh huong tryc tiép dén kha ning xtc
tac ctia enzyme. Mot s6 ion kim loai ¢6 tac dung ting cuong hoat tinh enzyme,
trong khi cac ion kim loai khéac c6 thé 1am giam hoic bat hoat hoan toan enzyme
nay.

Mot sb ion kim loai ¢6 vai tro kich hoat ulvan lyase, gitip gia ting dang
ké hoat tinh enzyme. Chang han, enzyme PL24 tir Pseudoalteromonas sp.
PLSV 3875 ting hoat tinh 1én 45% khi c6 Ca®" va 60% khi c6 Co*", cho thay
cac ion nay déng vai trd quan trong trong viéc On dinh ciu tric enzyme va tdi
uu hoa hoat dong xuc tac [40]. Tuong tu, enzyme ALT3695 tur Alteromonas sp.
A321 ciing cho thay su gia ting hoat tinh khi c6 mat Ca®", Mg?" va Ba*', ching
td cac ion nay co thé tham gia vao co ché hoat dong hoac cAu tric cua enzyme,

cai thién hi€u suat phan cat ulvan.
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Nguoc lai, mot s6 ion kim loai lai co tac dong tic ché hoat dong cua ulvan
lyase. Enzyme PL24 tir Pseudoalteromonas sp. PLSV 3875 bi wc ché khi c6
Mn?, Zn?*, ddng thoi hoat tinh ciing giam khi c6 mit EDTA, cho thiy enzyme
nay co thé phu thudc vao cac ion kim loai dé duy tri cdu trac va chirc ning xtc
tac [40]. Enzyme ALT3695 tir Alteromonas sp. A321 bi giam hoat tinh déng ké
khi ¢6 mat Fe?*, Cu®*, Co*" ¢ ndng do thap va bi bat hoat hoan toan khi tiép xtic
v6i Cd*, Hg?* va Fe**, cho thiy su nhay cam ciia enzyme ddi véi cac ion kim
loai nang. Ngoai ra, enzyme FaPL28 tur Formosa agariphila KMM 3901 c6
hoat tinh tang 70% khi c6 NaCl & néng d6 100-200 mM, nhung lai giam khi
noéng @6 NaCl qua cao, cho thiy nong do ion trong méi truong phan (mg can

dugc kiém soat dé to1 uwu hoa hoat tinh enzyme.

Nhiing nghién ctru nay cho thay ulvan lyase c6 su khac biét dang ké vé
nhiét d6 hoat dong va do 6n dinh nhiét tiiy theo ngudn gdc enzyme. Piéu nay
dong vai tro quan trong trong viéc lya chon enzyme phu hop cho céc ting dung
cong nghiép, dic biét 1a khi can t6i vu hoa diéu kién hoat dong trong cac quy

trinh san xudt oligosaccharide ulvan hozc phén tich cu trac polysaccharide.

Nhiing két qua nay nhan manh vai trd quan trong ctua Ca>" trong viéc
kich hoat ulvan lyase, dong thoi chi ra rang cic ion ning nhu Cd**, Hg?* va Fe**
c6 thé bat hoat enzyme hoan toan. Hiéu ré anh huong cua cac ion kim loai dén
ulvan lyase gitip t6i wu hoa diéu kién xtc tic va cai thién hiéu suit enzyme

trong cac ing dung cong nghiép.
1.3. TIEM NANG UNG DUNG CUA ULVAN LYASE

Ulvan lyase ngay cang thu hit sy quan tdm rong rii nhd vao tiém ning
g dung da dang trong nhiéu linh vuc khac nhau. Enzyme nay khong chi dong
vai trd quan trong trong qua trinh san xuét oligosaccharide ulvan, ma con gop
phan phan tich cdu tric ulvan cling nhu hd trg chiét xuat cac hop chit c6 gia tri
tur rong luc.

1.3.1. San xuit oligosaccharide ulvan

Mot trong nhing tng dung quan trong nhat ctia ulvan lyase 13 san xuat
oligosaccharide ulvan thong qua qué trinh phan cat ulvan thanh cic doan

oligosaccharide c6 hoat tinh sinh hoc cao. Cac nghién ctru da chi ra rang

oligosaccharide ulvan c6 thé mang lai nhiéu loi ich sinh hoc quan trong:
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Khang virus: Chi va cong su phat hién rang oligosaccharide ulvan duoc
phan giai bang ulvan lyase thuc ho PL25 c6 kha nang tc ché su 1ay nhiém va
nhan Ién cua vi-rit viém miéng mun nude (vesicular stomatitis virus - VSV) &
ndng d6 100 pg/mL [41].

Chéng viém va kich thich ting sinh té bao: Kidgell va cong su cho thiy
ulvan c6 khéi luong phén tir thap c6 thé thuc day sy ting sinh té bao va trc ché

phan mg viém, tao tiém ning tng dung trong y dugc [42].

Chébng oxy hoa, chong ung thu va diéu hoa mién dich: Oligosaccharide
ulvan con duoc ghi nhan c6 kha ning chéng oxy héa, rc ché sy phat trién cla
té bao ung thu, va tang cudng diéu hoa mién dich, md ra co hdi ing dung trong

diéu tri bénh va san xuét thuc pham chirc ning [43, 44].

Hoat tinh sinh hoc ctia oligosaccharide ulvan phu thudc vao ciu tric hoa
hoc, trong d6 khoi luong phan tir va mirc do sulfate hoa dong vai trd quan trong

trong viéc xac dinh cac dac tinh sinh hoc cia hop chét nay [45, 46].

So véi phuong phap héa hoc va vat 1y, viéc san xuat oligosaccharide
ulvan bang enzym ulvan lyase c6 nhiéu uu diém nhu diéu kién phan tng nhe,
hiéu suét cao, thu dugc san phém dac hiéu va khong tao san phrflm phu c6 hai.
Do d6, phuong phap thily phan enzym sé 13 xu hudng tiém ning trong san xuat
oligosaccharide ulvan phuc vu cho y duoc, thyc pham chtic ning va my pham

trong tuong lai.
1.3.2. Ung dung trong phén tich cdu tric ulvan

Bén canh vai tro trong san xuat oligosaccharide, ulvan lyase con duogc st
dung dé phan tich cau truc ulvan, giup lam sang té moi quan h¢ gitra thanh phan

hoa hoc va hoat tinh sinh hoc cua polysaccharide nay.

Chi va cong su [47] d4 st dung ulvan lyase thudc ho PL25 dé kham pha
cdu trGc tinh vi cua ulvan, cung cdp thong tin quan trong vé su phan b
monosaccharide va lién két hoa hoc trong phén tir. Ulvan lyase ciing c6 thé hd
trg qua trinh chiét xuét protein tir rong luc, giup gia tang hiéu suat thu nhan

protein co gia tri tu U. lactuca [48].

Ngoai ra, oligosaccharide ulvan sau khi dugc phan cat béi ulvan lyase co

thé tiép tuc dugc thuy phan thanh monosaccharide boi cac enzyme thudc ho
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GH 105, tao diéu kién thuén lgi cho viéc nghién ctru sau hon vé san phém phan

giai cua ulvan [49].

1.3.3. Tiém niing &ng dung trong cong nghiép thwe phim, dugc

phim va my phim

Nho vao kha nang tao ra oligosaccharide ulvan c6 tinh sinh hoc cao,
ulvan lyase mé ra nhiéu co hdi Gmg dung trong cong nghiép thuc pham, dugc
pham va my pham. Oligosaccharide ulvan sau khi dugc phéan giai c6 kich thudc

nhé hon, dé hip thu hon va mang lai nhiéu loi ich sinh 1y quan trong nhu:

Ung dung trong thuc pham: Oligosaccharide ulvan c6 thé dugc bo sung
vao thuc pham chirc ning dé hd trg stc khoe tiéu hoa, ting cudng mién dich va
cai thién chuyén hoa lipid.

Ung dung trong duoc pham: Oligosaccharide ulvan c6 tiém ning hd tro
diéu tri cac bénh lién quan dén stress oxy hoa, r6i loan mién dich va viém

nhiém, dic biét 1a trong linh vuc diéu tri bénh tim mach va ung thu.

Ung dung trong my pham: Nho vao dic tinh giit 4m, chéng oxy hoa va
bao vé té bao, oligosaccharide ulvan c6 thé duoc s dung trong cac san phém

cham soc da va chong lao hoa.

Mic du ulvan lyase c6 nhiéu tiém ning tng dung, nhung hau hét cac
enzyme hién nay van chua dap ung duoc yéu cau clia san xuat cong nghiép do
thiéu thong tin vé trinh tu gen, do 6n dinh va hoat tinh enzyme con thép. Do
do, trong tuong lai, viéc tdi wu hoa dic tinh enzyme, hoan thi¢n dir liéu trinh tu
gen va cai tién cong nghé san xuat ulvan lyase tai to hop sé& 1a nhimg hudng
nghién ctru quan trong nham nang cao mg dung clia enzyme nay trong nhiéu

linh vuec.
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CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU
2.1.1. P6i twong nghién ctru

Chung vi khuan E. coli BL21 (DE3) tai t6 hop c6 Plasmid pET-28a (+)
mang gene P30 PL28 ma hod ulvan lyase ma s6 (WP_038530530) va c6 ngudn
gbc tir vi khuan bién Formosa agariphila KMM 39017,

Chung E. coli BL21 (DE3)/pET-28a(+)-faly dugc dat tén dua trén ba
thanh phan chinh: E. coli BL21 (DE3) la chung vi khuan biéu hién; pET-28a(+)
1a vector biéu hién chtra promoter T7; faly 13 tén ma gene. Chiing vi khuan nay
da dugc tao dong thanh cong trong khuon kho thuc hién cua dé tai ma sd
VAST06.01/23-24. Chung nay dugc dat tén 1a E. coli BL21(DE3)/pET-28a(+)-
faly va ulvan lyase biéu hién béi ching vi khuan nay duoc dat tén 1a Faly.

2.1.2. Vit liéu nghién ciru

Ulvan tir 02 loai rong luc U. lactuca va U. papenfussii 43 dugc diéu ché
va tinh sach, do nhom nghién ciru ctia phong Hoa phén tich va Phét trién cong
ngh¢, Vién Hai duong hoc cung cap.

MGéi truong vi sinh, hoa chat duge cung cp boi hang Merk, Sigma (Phu
luc 1).

Moi truong nudi cdy: LB (Lysogeny Broth), AT (Autoinduction
Medium) (Phu luc 2).

Dung cu phan tich va thiét bi: May ly tdm lanh, thiét bi dién di SDS-
PAGE, Western blot, may do UV-VIS, hé thong sic ky HisTrap HP Ni?*.

2.2. PHUONG PHAP NGHIEN CUU

Pé tai dugc thuc hién theo so d6 nghién ciru tong quat nhu sau:
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Hinh 2.1 So do nghién ctru tong quat cta dé tai

3. Nghién ctru thu nhén ulvan lyase
Faly

2.2.1. Phuwong phap kiém tra su hién dién va kha ning biéu hién ciia

gene mi héa ulvan lyase trong chiing vi khuan tai t6 hop

2.2.1.1. Kiém tra sw hién di¢n ciia gene P30 PL28 trong chiing vi
khudn tdi té hop

Trong nghién clru nay, ching t61 st dung chung E. coli BL21(DE3) téi
t6 hop mang plasmid pET-28a (+) chtra gene P30 PL28 (Faly), mi hoa enzyme
ulvan lyase. Gene P30 PL28 c6 chiéu dai 1.324 bp, dugc thiét ké dé biéu hién

trong hé thong vi khuan E. coli v6i su diéu hoa boi promoter T7.

Trude khi tién hanh cac thi nghiém biéu hién protein, chung t6i kiém tra
su hién dién cta gene P30 PL28 trong plasmid tai to hop cta ching E. coli
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BL21(DE3) nham xé4c nhan thanh cong cta qua trinh tao dong. Vi khuan Faly
dugc nudi cdy trén moi truong thach LB bd sung kanamycin (100 pg/mL) dé
chon loc cac dong mang plasmid. Cac khuan lac phat trién riéng ré trén dia
thach dugc lua chon dé thuc hién PCR khuéch dai gene P30 PL28. Phan ung

PCR dugc thuc hién vo1 cdp moi dic hi¢u nhu sau:

« Moi xudi (Forward primer): 5'-
AATAGCGCCGTCGACCATCATCATCATCATCAT-3’

« Moi nguoc (Reverse primer): 5'-
CATGGTTAATTCCTCCTGTTAGCCCAAAAA-3’

San pham PCR duoc phan tich bang dién di trén gel agarose 1% dé kiém
tra kich thudc (~1.324 bp), sau d6 duogc tinh sach va gt giai trinh tu dé xac
nhan chinh x&c su hién dién va toan ven cua gene P30 PL28 so vdi trinh tu

tham chiéu trén co sé& dit liéu GenBank.
2.2.1.2. Phwong phdp biéu hién enzyme tdi t6 hop

Sau khi x4c nhan gen muc ti€éu da dugc tao dong thanh cong, qué trinh

biéu hién protein dugc tién hanh theo cac budce sau:

Chung E. coli BL21 (DE3)/pET-28a(+)-faly dugc nudi cdy trong 5 ml
méi trudng LB 1ong c6 bd sung 100 pg/mL kanamycin va 0,05% (w/v)
arabinose & 37°C, véi téc d6 lac 180 vong/phut trong diéu kién @ qua dém. Sau
d6, dich nuéi cdy duoc chuyén sang méi trudng LB mdéi theo ty 18 1:20 (v/v)
va tiép tuc nudi lic & 37°C véi cung tée d6 cho dén khi ODggo dat tir 0,6 dén
0,8. Khi mat do té bao dat ngudng mong mudn, qua trinh cdm Ung dugc thuc
hién bang cach bo sung 2 mM IPTG (Isopropyl p-D-1-thiogalactopyranoside).
Hdn hop tiép tuc dugc nudi lic & 20°C véi toc dd 180 vong/phut trong 1 gid.
Sau thoi gian cam tng, sinh khéi vi khuan dugc thu nhan bang cach ly tim &
7.000 vong/phit trong 15 phut & 4°C. Sy biéu hién cua ulvan lyase duoc danh
gia bang dién di hdn hop sinh khdi té bao theo SDS-PAGE va Western Blot
[50].

Két thic qua trinh biéu hién, tién hanh ly tdm dich 1én men (7.000
vong/phut, 15 phut, 4°C) dé thu nhan sinh khdi té bao. Huyén phu sinh khdi té
bao trong dich dém 20 mM Tris-HCI, 250 mM NaCl, 20 mM imidazole, pH

7,4, sau d6 bo sung thém lyzozyme 0,2 mg/ml dé hd trg qua trinh pha v té bao.
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Céac té bao duoc pha v& bang song siéu am (UP400S Hielscher, Teltow,
Germany) chu ky 0,5 va cuong d6 100% trong 2 phit, sau d6 dé & nhiét do
phong 15 phut. Dich ndi bao duge thu nhin bang cach ly tim thu dich ndi
(19.000 vong/phit, 4°C, 20 phut), dich ndi duoc loc qua mang loc 0,22 pm dé
loai x4c té bao. Phan dich ndi bao thu nhan duoc tién hanh do ham lugng protein

theo phwong phap Bradford véi chat chuan 1a albumin huyét thanh bo [50].

Phén dich 1én men (canh trudng), dich ngoai bao (phan dich bén ngoai
té bao) va dich ndi bao (phan dich bén trong té bao) déu dugc thu nhan xac dinh
vi tri thu nhan enzyme bang SDS-PAGE va Western Blot.

2.2.2. Phwong phap nghién ciru mdt s6 yéu to anh hwéng dén dicu

kién bi¢u hién ulvan lyase tai td6 hop

Hai moi trudong khac nhau gém LB (yeast extract 0,5%, peptone 1,0%,
NaCL 1,0%, pH 7,5) va moi trudong ty cdm g AT (0,6% w/w Na,HPO4; 0,3%
w/w KH,POy; 2,0% w/w tryptone; 0,5% w/w yeast extract; 0,5% w/w NaCl,;
0,06% v/v glycerol; 0,05% w/v glucose va 0,04% w/v a-lactose, pH 7,5) duoc
khao sat cho sy biéu hién gene ma héa ulvan lyase. Pdi v6i méi truong LB
dugc thuc hién theo cac thong s6 cua diéu kién chuan néu trén; ddi voi moi
truong AT, qua trinh cdy chuyén tir ong 5 ml sang méi trudng biéu hién AT
duoc thyuc hién & 20°C, 180 vong/pht. Song song véi qua trinh khao sat diéu
kién moi trudng biéu hién, tién hanh kiém tra sy biéu hién ulvan lyase theo thoi
gian voi cac moc thoi gian 1a 5 gio, 10 gid, 15 gio va 20 gio. Mbi trudng va
tho1 gian biéu hién sy phu hop dugc lya chon cho céac thi nghiém tiép theo. Su
biéu hién cta ulvan lyase bang dién di hdn hop sinh khdi té bao theo SDS-
PAGE va Western Blot.

Pdi voi moi truong biéu hién dugce lua chon, néng do chat cam ung duoc
khao sat 12 IPTG tir 0,5 - 3,0 mM, nhiét d6 biéu hién dugc danh gia tai cac diém
14°C; 16°C; 18°C; 20°C; 25°C va 30°C. Su biéu hién cua ulvan lyase dugc danh
gia thong qua két qua dién di hd hop sinh khdi té bao theo phuong phap SDS-
PAGE va Western Blot.

2.2.3. Tinh sach protein ulvan lyase bang phwong phap siic ky 4i luc

Enzyme duoc tinh sach bang hé théng cot Ni%* Sepharose HisTrap HP
(GE Healthcare, Uppsala, Thuy Dién), v6i chit rira giai 1a imidazole ndng do



23

20 - 500 mM (khong lién tuc) trong dich dém 20 mM Tris-HCI, NaCl 250 mM,
pH 7,4. Phan doan c¢6 ham lugng protein cao dugc thu nhéan va kiém tra do sach
thong qua k¥ thuat SDS-PAGE.

Sau khi qua c0t, phan doan chtra enzyme muc ti€u dugc loai imidazole
bang cot PD10 (GE Healthcare, USA) trong dém UB4 20mM, pH 8.0 va 250
mM NaCl, dua trén quy trinh cta nha san xuat. Enzyme tinh sach duogc xac
dinh ndng do protein, chia nho vao cac éng eppendorf va gitt & -80°C cho thi

nghiém tiép theo.
2.2.4. Phwong phap thir nghiém hoat tinh ulvan lyase tai to hop

2.2.4.1. Thir nghi¢m hoat tinh enzyme bang phuwong phdp dién di
C-PAGE (Carbohydrate-Polyacrylamide Gel Electrophoresis)

Hdn hop phan tng chira dung dich enzyme c6 ndng d6 0,05 g/l trong moi
trudong dém UB4 20 mM, pH 8,0, 250 mM NaCl va 10 mM CaCl, (dém A), va
1% w/v ulvan (co chat ulvan chiét xuat tir hai loai rong 1a U. lactuca va U.
papenfussii) trong dém A. Cac mau dugc u & 35°C trong vong 24 gid. Hon hop
phan tng (5 pl) dugc pha tron vo1 5 pl dém tai (20 % glycerol va 0,02% phenol
do). Sau do, st dung 5 pl mau dé thuc hién dién di trén gel polyacrylamide 20%
(w/v) day 1 mm v61 dém chay 1a Tris-borate 100 mM, pH 8,3 trong 1 gid. Quéa
trinh nhuém gel duoc thyc hién qua hai bude: dau tién 1a véi dung dich chta
0,05 % alcian blue 8GX (Panreac, Barcelona, Tay Ban Nha) trong 2% axit
acetic trong 45 phut, sau d6 1a véi dung dich 0,01% O-toluidine blue (Sigma-
Aldrich, Steinheim, Dirc) trong 50% ethanol va 1% axit acetic. Mau chuan (d6i
chtng duong) 1a san pham phan tng ctia FFA2 trén ulvan tir rong nau Fucus
evanescens do Khoa Cong ngh¢ k¥ thuat Sinh hoc va Y sinh hoc, Truong Pai
hoc Khoa hoc K¥ thuat Pan Mach cung cr?'lp.

2.2.4.2. Xdc dinh hoat tinh enzyme bang phwong phdp UV-VIS

Hoat tinh ulvan lyase duoc x4c dinh bang su gia ting cac san pham khong
bao hoa (lién két doi trong hdn hop phan tmg), khi do d6 hap thy & budc song
235 nm [51] trong diéu kién xac dinh. Céc thi nghiém duoc thuc hién trong hon
hop phan tng 200 pl, chtra 0,025 mg/ml enzyme va 2 mg/ml ulvan trong dung
dich dém UB4 20 mM, pH 8,0 va 250 mM NacCl, phan Umg dugc thuc hién &
30 °C trong 30 phut, van tdc ban dau (pham vi tuyén tinh trong thoi gian chay)
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dugc quy doi thanh mM/s bang cach sir dung hé sd extinction 6150 M~! cm™
[52].

Mot don vi (U) hoat tinh cia ulvan lyase dugc dinh nghia 1a lugng protein
can thiét dé tao ra 1 umol glucuronyl (hé sb hap thy, 4800 M'-cm™) mdi phut
[32].

2.2.5. Cac ky thuit dung chung
2.2.5.1. Phwong phap dién di protein SDS-PAGE

bién di duoc thuc hién trén gel acrylamide 12% vdéi1 dém tai Laemmli
(4x), dién di dugc thuc hién voi1 40 pg protein tho va 5 pg protein tinh sach
cung voi 5 mM DTT. Pién di tong protein ndi bao bang cach st dung sinh khoi
té bao ctia 300 pl dich nudi cdy, sau d6 thém 100 pl dém tai 4xLaemmli, st
dung 10 pl miu dé dién di trén gel acrylamide 12%. Thang protein chuan st
dung c6 khéi lugng phan tir 10-250 kDa (Bio-Rad Laboratories, Hercules, CA,
USA).

2.2.5.2. Phwong phdp chuyén mang lai khding thé mién dich
Western Blot

Téng luong protein dugc dién di trén gel acrylamide 12%. Sau qua trinh
dién di, ban gel chita protein di phan chia dugc chuyén sang mang lai PVDF
(GE Healthcare No. 1060022) va qué trinh chuyén mang duoc thuc hién trong
dung dich chay 1a Tris-glycine pH 8,3 ¢ dién ap 100V trong 45 phut. Pau tién,
mang lai duoc chian bang skim milk 2% trong dung dich TBS (Tris-based
sodium chloride pH 7,6) c6 chtra 0,1% Tween-20 (dung dich TBS_T) trong 60
phut. Sau d6, mang lai duoc i trong dung dich TBS_T v&i khang thé don dong
duogc két hop vo1 peroxidase anti-polyhistidine (Sigma-Aldrich, Steinheim,
Puc) véi ty 18 pha lodng 1:10.000 trong tong thé tich 30 ml trong 1 gid. Mang
lai dugc rua trong dung dich TBS T 3 lan trong 10 phat va TBS véi 0,1%
Tween-20 trong 20 phit. Cac khang thé lién két duoc phat hién bang nhuém
mau st dung AEC Kit (Sigma-Aldrich, Steinheim, Dtrc) theo huéng dan cta

nha san xuat.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. KET QUA KIEM TRA SU HIEN DIEN CUA GENE MA HOA
ULVAN LYASE TRONG CHUNG VI KHUAN TAI TO HQP

Két qua dién di san phadm PCR trén gel agarose 1% cho thdy bang DNA
¢6 kich thuéc khoang 1.324 bp, tuong tng véi kich thude du kién cua gene
P30 PL28 mi hoa enzyme ulvan lyase duoc thiét ké trong vector tai t6 hop
(Hinh 3.1). biéu nay xac nhan gene muc tiéu da duoc khuéch dai thanh cong
tir vi khuén tai t hop.

Dé kiém tra d6 chinh xac ctia qua trinh tao dong, san phim PCR dugc
tinh sach va tién hanh giai trinh ty bang phuong phap Sanger. Két qua giai trinh
tu duoc dbi chiéu vai trinh tu gene tham chiéu trén co s& dir liéu GenBank bﬁng
cong cu BLASTn. Phan tich chudi nucleotide cho thdy murc d6 twong dong dat
trén 99,9%, khong phat hién dot bién nao anh huong khung ma hoa (open
reading frame - ORF) hodc ciu tric gene. Két qua nay khang dinh gene
P30 PL28 da dugc nhan ban chinh xéac va da tich hop thanh cong vao vector
biéu hién cua chung vi khuan E. coli BL21(DE3).

Chu thich:

1. Thang chudn kich thudc
DNA (GeneRulerTM 1 kb
DNA Ladder, Thermo
Sientific, My).

2. Sdan pham PCR ciia doan
gene ulvan lyase cua vi
khuan Faly.

Hinh 3.1 Hinh anh dién di agarose 1% san pham PCR khuéch dai gene ma

héa ulvan lyase tir chiing vi khuan E. coli tai to hop
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Ttr @6, c6 thé két luan rang chung E. coli tai to hop mang gene ma hoa
ulvan lyase P30 PL28 c6 hé biéu hién 6n dinh va sin sang cho cac budc khao
sat diéu kién biéu hién trong cac thi nghiém tiép theo. Viéc tdi uu hoa cac yéu
t& nhu moi truong nudi céy, néng do IPTG va nhiét do cam tng s€ dugc thuc
hién nham dat hiéu suét biéu hién enzyme cao nhét. Luu y réng budc xac nhan
tao dong chi moi dam bao sy hi€n dién cua gene, chua chiing minh dugc su
biéu hién thanh cong ctia enzyme. Do do, cac budc danh gia tiép theo 13 can

thiét dé khéng dinh sy biéu hién va hoat tinh enzyme [29].

Viéc xac nhan vi tri thu nhan ulvan lyase tai to hop khong chi giup dam
bao qué trinh biéu hién enzyme thanh cong ma con hd tro trong viéc tinh sach,
va dinh huéng tmg dung thyc tién ctia enzyme nay. Do d6, sau khi két thuc qua
trinh biéu hién theo nhu mé ta & phan phuong phap nghién ctru muc 2.2.1.2,
cac nghiém thurc bao gém: sinh khoi té bao (whole cell), dich n61 bao va dich
ngoai bao dugc thu nhan dé tién hanh thi nghiém. Két qua khao sat vi tri thu

nhan ulvan lyase sau qué trinh biéu hién duoc thé hién & Hinh 3.2.

Chu thich:

1. Sinh khéi E.coli.
2. Dich noi bao.

3. Dich ngogi bao.

25

Hinh 3.2 Phan tich biéu hién ulvan lyase tai to

hop bang SDS-PAGE (A) va Western blot (B).
Tu két qua di¢n di trén SDS-PAGE va Western blot cho théy, dich
enzyme tho duoc bién hién va thu nhan 13 phan dich noi bao cia cac té bao vi
khuan E. coli BL21 (DE3) mang gen ulvan lyase ti to hop. Két qua cho thay

xuat hién vach tin hiéu mau dé tai vi tri twong mg véi protein ¢6 khoi lugong
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phan tir 48 kDa, phu hop véi kich thuéc khoang 1.324 bp ciia qua trinh kiém
tra DNA tao dong. Phan dich ngoai bao 1a phﬁn dich noi sau khi ly tdm thu sinh
khéi té bao tir canh truong 1én men khong thé hién két qua biéu hién trén cac
ban gel SDS-PAGE va Western blot. Cho dén nay, hiu nhu cac ulvan lyase tai
td hop déu duge thu nhan tr dich ndi bao [29]. Nhu vay, két qua trong nghién
ctru ndy déu twong dong vai cac cong bd trude do, ciing nhu phu hop véi qua
trinh tong hop trong hé thdng biéu hién E. coli BL21(DE3).

Két qua dién di SDS-PAGE va Western blot cho thdy enzyme ulvan lyase
tai t0 hop Faly dugc biéu hién chu yéu trong dich ndi bao cua E. coli
BL21(DE3) sau khi cam tng boi IPTG. Viéc phé vd té bao bang song siéu 4m
va ly tam thu nhan dich noi bao cho thay luong protein muc tiéu déang ké, trong
khi dich ngoai bao va dich 1én men khong phat hién tin hiéu r6 rang. Diéu nay
xac nhan réng enzyme Faly dugc san xuét voi hiéu suit cao va chu yéu duoc
thu nhan tir pha noi bao, phan anh kha niang biéu hién hiéu qua cta hé thong tai
t6 hop.

Phén tich két qua Western blot str dung khang thé khang polyhistidine
(His-tag) cho théy mot bang tin hi¢u rd nét xudt hién tai vi tri khoang 43 kDa,
pht hop vé6i khoi lugng phan tir du kién ciia enzyme ulvan lyase tai to hop Faly.
Béang tuong tng dugc phat hién 10 rét trong dich ndi bao, trong khi khong quan
sat dugc tin hiéu dic hiéu & mau dich ngoai bao va dich 1én men. Diéu nay cho
thiy enzyme Faly dugc biéu hién hiéu qua nhung khong bai tiét ra méi trudng

nudi cay, ma chu yéu dugc gitlr lai trong t€ bao chat.

Su twong quan giita két qua SDS-PAGE va Western blot cang khang
dinh tinh dac hi€u cua tin hiéu phat hién duoc 1a do protein Faly gén His-tag.
Ngoai ra, két qua nay ciing goi ¥ rang qua trinh biéu hién khong bi anh hudng
dén ciu trac gan thé His, giup thuan loi cho qua trinh tinh sach bang sic ky ai

luc sau nay.
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3.2. NGHIEN CUU KHAO SAT MOT SO YEU TO ANH
HUONG PEN SU BIEU HIEN CUA ULVAN LYASE TAI TO HQP
FALY

3.2.1. K&ét qua nghién ctru anh hwéng ciia méi trudng 1én men va

thoi gian 1én men dén sy biéu hién ciia ulvan lyase tai té hop Faly

Viéc so sanh giira hai loai méi truong — tu cam tmg va LB cam tng bing
IPTG — 14 budc quan trong nham t6i wu hoa diéu kién biéu hién enzyme ulvan
lyase tai to hop. Mdi truong tu cam tmg c6 uu diém ndi bat 13 giam chi phi van
hanh va loai bé nhu cau bo sung chat cam tmg bén ngoai, gitp don gian hoa
quy trinh san xuét va giam sai s6 thao tac. Nguoc lai, méi truong LB két hop
IPTG cho phép diéu khién chinh xac thoi diém va mirc d6 biéu hién gene muc
tiéu, nho d6 dé dang danh gia anh huéng cia ting yéu to dén sinh truéng vi
khuan va hiéu suat tong hop enzyme. Két qua khao sat hai moi truong cho phép
danh gid hiéu suat biéu hién enzyme, anh hudng dén téc do sinh trudng cua
chung vi khuan E. coli tai to hop, ciing nhu kha ning Gmg dung trén quy md
l6m. Tu cac phan tich nay, diéu kién biéu hién phu hop nhét ¢6 thé duoc lya
chon nhim dam bao hiéu suét san xuat enzyme cao, 6n dinh va c6 tinh kha thi

vé mat kinh té.

Két qua khao sat hai loai moi truong nudi ciy, bao gdm moi truong tu cam
mg) va moi trudng cam tng LB cam tng boi IPTG, cing véi su thay doi thoi
gian 1én men, cho théy su khac biét ro rét trong mirc do biéu hién cta ulvan
lyase tai to hop. Trong mdi truong tu cam tmg AT, v6i ham luong nito va
carbon (glucose/glycerol) cao, lugng ulvan lyase Faly thu dugc trong 300 uL
sinh khéi 1én men thap hon so vi méi truong LB ¢ bo sung IPTG (Hinh 3.3).
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Chu thich:
20 15 10 6 5 10 1 2000  St- Thang protein chuan,
= AT - Moi truong tw cdam
100
- - e ung; 10 h,15 h, 20 h - thoi
- > = _|:l; gian lén men,
2 2 LB - Moi truong lén men E.

coli dwoc cam ung boi
- IPTG; 5 h,10 h,15 h, 20 h -
thoi gian lén men,
C — Khéng cam g biéu

Hinh 3.3 Anh huong ctia méi trudng 1én men .
hién (ITPG OmM).

va thoi gian 1én men dén sy bi€u hién ulvan

lyase tai t6 hop Faly

Sy khac biét ndy c6 thé bat ngudn tir dic diém diéu hoa biéu hién trong
hé thong pET-28a(+) st dung promoter T7, von phy thudc vao su hoat hoa boi
IPTG thong qua co ché giai phong chat trc ché Lacl. Khi IPTG duoc bd sung,
noé ge“'m vao Lacl, 1am méat kha nang Uc ché promoter lac, tir d6 kich hoat hoat
dong cua RNA polymerase T7 va dan dén qua trinh phién m3 manh mé& cua
gene muc tiéu. Trong khi d6, moi trudng tu cam tng kich hoat biéu hién thong
qua co ché cam mg cham bai lactose, nén toc do tong hop protein cé thé cham
hon va khong kiém soat duoc nhu IPTG. Nhitng két qua thu duoc phu hop véi
cac nghién ctru trude ddy vé biéu hién ulvan lyase tai to hop trén hé théng E.
coli BL21(DE3) [26]. Do d6, dé dat hiéu suat biéu hién ulvan lyase Faly cao
nhat, moi truong LB cam tng bang IPTG phu hop hon so véi mdi trudng tu

cam ung AT.

Trong céc thi nghi¢m tiép theo, moéi truong LB duoc lya chon dé biéu
hién protein Faly ulvan lyase tai to hop do kha ning tong hop protein cao va 6n
dinh nhat. Méi truong LB 12 mdi trudong nudi cdy phd bién, d& chuan bi, cung
cap day du cac peptide, axit amin thiét yéu va mudi khoang natri can thiét cho
su phat trién cta E. coli, tir 6 tao diéu kién thuan loi cho qua trinh biéu hién
protein tai to hop. Piéu ndy gop phan nang cao kha ning tng dung cua ulvan

lyase Faly trong cong nghé sinh hoc va san xuét enzyme.
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Qua trinh khao sat thoi gian biéu hién cho thay enzyme ulvan lyase Faly
bat dau duoc tong hop sau khoang 5 gio nudi cdy va tiép tuc ting dan theo thoi
gian. Sau 10-15 gid cam tng, luong protein dat mirc cao nhét, biéu hién manh
va khong thay d6i dang ké khi kéo dai thoi gian 1én dén 20 gid. Do d6, thoi
diém tbi wu dé thu nhan enzyme 14 sau 15 gi cam Gmg, gitp dam bao hiéu suét

bi€u hi¢n cao va 6n dinh, dong thoi toi uu hda quy trinh san xuat.

Faly c6 thoi gian biéu hién nhanh hon mot sd enzyme, dac biét so voi
cac ulvan lyase can 1618 gior dé dat mirc biéu hién téi da. Thoi gian biéu hién
cta Faly (10-15 gid) nam trong khoang trung binh khi so sanh véi cac ulvan
lyase thuoc ho PL24, va PL25 [29]; tuy nhién, lai nhanh hon tir 1-4 gi6 khi so
sanh trong cung ho ulvan lyase PL28 [33]. Pay la co sé khoa hoc cho viéc dinh
huéng tng dung Faly trong céac linh vuc cong nghiép san xuat oligosaccharide
ulvan c6 gia tri sinh hoc cao, hodc cac ing dung khac trong thuc phém, y duoc
va moi trudng.

Két qua nghién ctru cho thdy mai trudng nudi cay va thoi gian 1én men
c6 anh hudng dang ké dén muc d6 biéu hién ulvan lyase tai té hop Faly. Moi
truong LB va moi truong ty cam tmg AT déu hd tro biéu hién enzyme, nhung
LB két hop véi cam tmg IPTG cho hiéu suat cao hon. Thoi gian 1én men tdi uu
dugc xac dinh 1a 15 gio, ddm bao luong enzyme biéu hién dat muc toi da ma

khong gay suy giam chét luong protein.

Dua trén két qua nay, nghién ctru tiép theo sé& tap trung vao khao sat anh
hudng ciia ndng do IPTG nham xac dinh diéu kién cam tng t6i wu cho qua trinh

biéu hién ulvan lyase Faly.

3.2.2. K&ét qua nghién ctru anh hwéng ciia ndng do6 IPTG dén sw
biéu hién ciia ulvan lyase tai t6 hop Faly

Qua trinh tong hop protein tai t6 hop duge diéu khién boi promoter T7
trén vector pET-28a (+), trong d6 su biéu hién ctia gene muc tiéu duoc kich
hoat béi IPTG. Nong do IPTG déng vai trd quan trong trong viéc diéu chinh
muc d6 biéu hién protein, vi néu néng do qua cao, no6 co thé gay uc ché sinh
trudng té bao, trong khi néu qua thap, luong protein tong hop s& khong dat muc
t61 wu. Dé xac dinh ndng do IPTG thich hop nhit, chung toi da tién hanh thur
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nghiém vai cac muc n6ng do khac nhau: 0,5 mM, 1 mM, 1,5 mM, 2 mM, 2,5
mM va 3 mM, két qua duoc thé hién trong Hinh 3.4.
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Hinh 3.4 Két qua khao sat anh hudng cta ndng do
IPTG dén su biéu hién cta ulvan lyase tai to hop Faly

Két qua cho thiy, tai ndong d6 2 mM IPTG, mirc biéu hién cua enzyme
Faly cao nhat. Khi tiép tuc tang néng do IPTG Ién 2,5mM va 3 mM, muc do
biéu hién khong c6 su cai thién dang ké, cho thay hé théng da dat dén ngudng
bao hoa. Nguoc lai, & néng do thép hon (0,5-1,5 mM), bang protein ~48 kDa

xuat hién & muc do yéu hon rd rét.

Su bao hoa trong biéu hién protein tai néng dd 2 mM IPTG c6 thé duge
giai thich bé1 gidi han nang luc phién ma cua RNA polymerase T7 hoac kha
nang gap cudn va on dinh cua protein trong té bao chii. Viéc str dung IPTG
vuot qua ngudng toi vu khong nhitng khong mang lai loi ich vé hiéu suat biéu
hién ma con lam tang chi phi san xuat va nguy co giy stress té bao.

Do do, néng do IPTG 2 mM duoc lya chon 1a diéu kién tdi wu cho cac
thi nghiém tiép theo, dam bao can bang gitta hiéu suat tong hop enzyme va kha
nang sinh trudng 6n dinh cta E. coli tai t6 hop.

3.2.3. K&ét qua nghién ctru anh hwéng ciia nhiét dd dén sy bicu hién
ciia ulvan lyase tai to hop Faly

Nhiét do 1a mot yéu tb quan trong anh hudng dén hiéu suét va trang thai

hoa tan cta protein tai to hop trong hé thong E. coli. Mot phan do nhiét d6 tac
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dong dén tdc do phién ma, dich ma va kha nang gép cudn chinh xac cua chudi
polypeptide, dong thoi ciing anh huong dén tinh 6n dinh ciia plasmid trong té
bao chu. O nhiét do cao, nguy co mat plasmid ting do ap luc sinh Iy 1én té bao,
dan dén gidm hi¢u suét biéu hién. Ngoai ra, nhiét do cling &nh huéng dén su On

dinh cia mRNA, tir d6 tac dong dén qua trinh dich ma va tong hop protein.

Pé t6i uu hoa diéu kién thu nhan enzyme Faly v6i san luong cao va ty
1¢ hoa tan tdt, dong thoi han ché protein noi sinh, chiing toi da khao sat hiéu
suat biéu hién enzyme ¢ cac muc nhi¢t do khac nhau: 14°C, 16°C, 18°C, 20°C,
25°C va 30°C. Mtrc d6 biéu hién dugc danh gid qua SDS-PAGE va hoat tinh
enzyme duogc xac dinh tir cic mau twong tng. Két qua thu dugce dugce trinh bay
trong Hinh 3.5.
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Hinh 3.5 Anh hudng cuia nhiét do dén su biéu hién (A) va hoat tinh cia

enzyme Faly tai to hop (B)

Két qua thi nghiém cho thay, khi nhiét d6 ting, mirc d6 biéu hién cia ca
protein tai t6 hop va cac protein ndi sinh ctia E. coli déu ting theo. Tuy nhién,
hoat tinh ctia enzyme ulvan lyase b1 &nh huéng dang ké boi nhiét dd biéu hién.
Khi kiém tra hoat tinh enzyme tir cac diéu kién nudi cdy khac nhau, chung toi

nhan thdy enzyme c6 hoat tinh cao nhat khi dugc biéu hién & 20°C.

Két qua nghién ctru cho théy nhiét do co6 tdc dong quan trong dén su biéu
hién ctia ulvan lyase tai to hop Faly. O nhiét do cao (30°C), mirc do biéu hién
enzyme giam dang ké, trong khi & nhiét do thap hon (16-20°C), enzyme duoc
biéu hién manh mé& hon va chu yéu ¢ dang hoa tan. Nhiét do t6i wu duoc xéac
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dinh 12 20°C, dam bao sy biéu hién 6n dinh va han ché sy két ty protein khong

mong mudn.
3.2.4. Biéu hién ulvan lyase tai t6 hop Faly & diéu kién t6i wu

Sau khi khao sat cac yéu t6 anh huéng dén qua trinh biéu hién ulvan
lyase tai t6 hop Faly, bao gdm mdi trudng nudi cdy, nong d6 IPTG va nhiét do,
diéu kién t6i wu da duoc xac dinh. O diéu kién nay, enzyme duoc biéu hién vai
eéju suét cao nhét va chil yéu ¢ dang hoa tan, giup thuan loi cho qué trinh thu

nhan va tinh sach.

Trong phan ndy, qua trinh biéu hién ulvan lyase Faly s& dugc tién hanh
theo diéu kién t6i uu da xac dinh, dong thoi danh gia mirc do biéu hién thong
qua SDS-PAGE va Western blot, nham x4c nhan su thanh cong cua qua trinh
san xudt enzyme tai t6 hop (Hinh 3.6).

Két qua phan tich bang phuong phap dién di SDS-PAGE (Hinh 3.6A)
cho thay protein Faly ulvan lyase duoc biéu hién c6 khéi luong phén tir khoang
48 kDa, pht hop véi gia tri du kién dua trén kich thudc ctia doan gene muc tiéu
(~1.324 bp) theo két qua tao dong da néu trén. Pé xac nhin sy c6 mit cia
protein tai to hop, phan tmg Western blot d3 dugc thuc hién (Hinh 3.6B).

A kDa 4 2 kDa 1 2 B

250 L0
150 = 150

100 100

TS - 75

50 - 50 Ch thich:
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(A): bién di SDS-PAGE;
(B): Western blot.

25 25 1. Thang chuan.

20 20 2. Mau sinh khoi sau biéu hién.
15 15

10 10

Hinh 3.6 Phan tich ulvan lyase tai t6 hop Faly
sau bicu hién ¢ di€u kién t6i vu bang SDS-
PAGE (A) va Western blot (B).
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Két qua cho théy xudt hién vach tin hiéu mau dé tai vj tri tuong ung voi
protein c6 khéi luong phan tir 48 kDa. Diéu nay chung té protein Faly ulvan
lyase di dugc biéu hién thanh cong trong hé théng E. coli BL21(DE3)/pET-28a
(+)-faly. Su xuét hién ctia vach mau d6 trong phan tmg Western blot 1a két qua
ctia twong tac dic hiéu gitra protein tai to hop mang dudi His-tag va khang thé
don dong anti-polyHistidine peroxidase-conjugated antibody. Phan tng lai
mién dich nay giup khang dinh chinh xac rang protein thu nhan dugc chinh la
ulvan lyase ti t6 hop mong mudn. Bén canh dé, khi tién hanh thi nghiém tuong
tu v6i ching vi khuan khong dugc biéu hién cam tng (duge xem 1a mau d6i
chtng 4m), két qua cho thay khong xuét hién vach protein muc tiéu tai vi tri 48
kDa & trén gel dién di protein SDS-PAGE va phan ung lai mién dich Western

blot cling khong xuat hién bat ctir phan tng bi€u hi€én mau nao.

Khi so sanh khéi luong phan tir cua protein ulvan lyase Faly voi cac
enzyme ulvan lyase tai t6 hop da dugc cong bo trude ddy, co thé thiy rang gia
tri ndy nam trong khoang pho bién tir 30 dén 60 kDa. Cu thé, mot sd nghién
clru da bao cao vé cac ulvan lyase c6 kich thudc phan tu tuong tu, chéng han
nhu PLSV 3875 tur Pseudoalteromonas sp. (59 kDa) [25, 53], NLR48 tur
Nonlabens ulvanivorans NLR48 (30 kDa) [33], LOR 29 tir Alteromonadales
sp. (52 kDa) [38] va NLR42 tir Nonlabens ulvanivorans (46 kDa) [39].

Két qua thuc nghiém thu nhan duoc cho théy rﬁng protein muc tiéu cua
chang vi khuan Faly thu nhan dugc c6 kich thude phan tir gan twrong duong véi
cac ulvan lyase trude do, viée ndy ching to rang céc trinh ty axit amin cua Faly
gan nhu 13 cac ving domain nham duy tri dic tinh va hoat tinh ctia enzyme nay.
Bén canh do, kich thudc phan tir ctia Faly (48 kDa) tir Formosa agariphila
KMM 39017 hau nhu twong dong voi NLR42 tir Nonlabens ulvanivorns (46
kDa) va ca hai ulvan lyase tai t6 hop nay déu thudc ho PL28 ulvan lyase; diéu
nay cho thay mot s6 ving trinh tu axit amin tir hai enzyme nay 13 bao thi cho
dac tinh va hoat tinh cua ulvan lyase thuoc ho PL28 [39]. Nhu vay, kich thudc
ctia protein Faly phu hop v&i dic diém chung cta cac ulvan lyase da biét. Diéu
nay giup cing cd nhan dinh rang ulvan lyase Faly c6 thé cé co ché hoat dong

tuong tu vo1 cac enzyme cung ho da dugc nghién ctru trude day.

Mot trong cac cong bd vé ulvan lyae KUL17 di chi ra rang: viéc loai bo

mot phﬁn trinh ty axit amin cia KUL17 di duoc thue hién, két qua 1a thu duoc
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ulvan lyase c6 hoat tinh cao nhat [24]. Vi két qua nay s& goi ¥ cho chiing ta
viéc phan tich sau hon cic ving axit amin c6 trong Faly dé tién hanh cat ngan
c¢6 chu dich nham xéac dinh chic ning ciia cac ving trinh tu ciing nhu so sanh

cac dic tinh va hoat tinh cta ulvan lyase tai t6 hop nay.
3.3. KET QUA TINH SACH ULVAN LYASE TAI TO HQP FALY

Qua trinh tinh sach duoc thuc hién nham loai bé cac tap chét va thu duoc
ulvan lyase Faly c6 d¢ tinh khiét cao, phuc vu cho cac nghién curu tiép theo.
Phuong phép sic ky ai luc sir dung cot Ni2* Sepharose dugc ap dung dé tinh

sach enzyme nho vao thé His-tag gan trén protein tai to hop.

Trong phan nay, hiéu qua tinh sach enzyme s& dugc danh gia thong qua
phan tich SDS-PAGE va xac dinh ham lugng protein thu duogc, tur do tdi wu hoa
qua trinh tinh sach nhim dam bao san phdm enzyme c6 chat lugng t6t nhat dé
thir nghiém hoat tinh. Hinh anh SDS-PAGE cho thay két qua tinh sach protein
Faly bang hé thong cot Ni** Sepharose HisTrap HP vé&i chat ria giai l1a
imidazole & cac nong d6 khac nhau (20 - 500 mM) (Hinh 3.7).

Imidazol (mM)
20 50 100 150 200 250 300 400 500

— N —— - 57

Hinh 3.7 Phan tich SDS-PAGE cac phan doan chtra enzyme Faly thu duoc tu

sac ky ai luc trén cot Ni2* Sepharose HisTrap HP vé6i cac ndng d6 khac nhau

Piéu nay khang dinh rang phuong phap sac ky 4i luc véi Ni** 1a phu hop
va c6 d6 chon loc tdt cho qué trinh tinh sach Faly. Viéc tdi wu néng do imidazole
gitip dat hiéu suat thu hoi cao, dong thoi giam thiéu sy rira giai cic protein

khong dic hi¢u.



36

Két qua cho thiy protein muc tiéu bat dau rira giai rd rang tir ndng do 50
mM va dat cuong d6 manh nhét trong khoang 150 - 250 mM imidazole. Khi
ndng d6 imidazole ting 1én tir 300 mM tré di, cudng d6 dai protein dan giam,
cho thy hau hét protein Faly da dugc thu nhan & ndng do thap hon. O muc 20
mM, xuit hién mot s dai protein mo, c6 thé do con 1an nhiéu tap chit, trong
khi o néng do tor 150 mM tré 1€n, protein muc ti€u thé hién rd rang vai it tap
chat di kém, chtng t6 phuong phap tinh sach c¢6 d chon loc tét. Thang chudn
protein (marker) cho thay protein thu nhén c6 kich thuéc phu hop véi dy doan,
va khong xuat hién nhiéu dai protein khong dic hiéu ¢ nong do imidazole cao
hon (>250 mM). Nhu vay, nong do imidazole t6i wu dé rira giai protein Faly
khoi ¢t sic ky nim trong khoang 150-250 mM, dam bao hiéu qua tinh sach

cao va loai bo dang ké tap chat.

Sau khi tinh sach ulvan lyase tai t6 hop Faly bang sac ky 4i lyc Ni**
Sepharose, enzyme thu nhan dugc van con chira mot luong dang ké imidazole
tir dung dich rira giai. Imidazole c6 thé anh hudng dén hoat tinh enzyme, giy
can trd cac thi nghiém danh gia hoat tinh thiy phan ulvan. Vi vay, dé loai bo
imidazole va ddm bio enzyme thu duoc & dang hoat dong 6n dinh, budc loc
qua cot PD10 duogc thuc hién. Cot PD10 hoat dong theo nguyén ly loc gel, gitip
tach imidazole ra khoi dung dich protein ma khong 1am mat di enzyme. Két qua
thu duoc 1a ulvan lyase Faly ¢6 d6 tinh sach cao, thich hop cho cac thi nghiém
danh gia hoat tinh enzyme va nghién ctru img dung tiép theo. Két qua tinh sach

Faly qua c6t PD10 duogc trinh bay trong bang s liéu 3.1.
Bang 3.1 Hoat tinh cua Faly tho va sau khi tinh sach qua c6t PD10

Buée tinh sach Ig;%n Tong hoat Hoat tinh  Pd tinh  Hiéu
ach P (mg fnh(U) rieng (U/mg) sach (tin) sudt (%)
Enzyme tho 32,92 30,61 0,93 1.00 100,00
2+
Ni™ Sepharose 8,07 12,38 1,53 1,65 4044

HisTrap/ PD10

Két qua cho thiy hiéu qua lam giau enzyme nhung di kém véi su suy
giam tong hoat tinh. Cu thé, tong lugng protein giam manh tir 32,92 mg xubng

con 8,07 mg sau qua trinh tinh sach, ching t6 cot Ni** Sepharose HisTrap da
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loai bo dang ké cac tap chat khong mong mudn. Tuy nhién, tong hoat tinh
enzyme ciing giam tir 30,61 U xubng 12,38 U, dan dén hiéu suat thu hoi enzyme
chi dat 40,44%. Mac du vay, hoat tinh riéng tang ttr 0,93 U/mg Ién 1,53 U/mg,
cho théiy enzyme da dugc lam giau dang ké. Do tinh sach dat 1,65 1an so véi
enzyme tho, phan anh mirc do tinh khiét cao hon cta san pham thu dugc. Tuy
nhién, mirc thu hoi tuong d6i thap goi ¥ rang phuong phap tinh sach nay c6 thé
can duoc tdi wu hoa thém dé giam ton that enzyme va cai thién hiéu suat thu
hoi.

Nhu vay, ulvan lyase tai to hop Faly di duoc tinh sach thanh cong, va
két qua SDS-PAGE cho thiy chi c6 mot dai protein duy nhat, chimg té do tinh
khiét cao (Hinh 3.7). Két qua phan tich khéi luong phan tir xac dinh Faly ¢
kich thuéc khoang 48 kDa, twong dong véi cac ulvan lyase thudc ho PL28 da
duoc bdo cdo trude do, nhu NLR42 (46 kDa) [39]. Hoat tinh dac hi€u cua Faly
dat 1,53 U/mg protein véi hiéu suat thu hoi 40,44% (Bang 3.1). Trong khi do
ALT 3695 ulvan lyase tai to hop da duoc tinh sach twong tu bang cach sir dung
cot BeaverBeads™ IDA-Nickel, tuy nhién enzyme nay khong st dung cot
PD10 dé loai imidazole, do d6 ma hiéu suét thu hoi dat 52% [29]. Dé c6 thé so
sanh hoat tinh giita cac ulvan lyase tai to hop v6i nhau can nghién ctru vé dong
hoc phan Uing cua enzyme, tuy nhién hi¢én nay trén thi truong chua c6 ulvan
thuong mai, vi vy cic nha khoa hoc ngay nay van dang tim kiém mot dinh

hudng cho van dé nay.

34. KET QUA THU NGHIEM HOAT TiNH THUY PHAN
ULVAN CUA ULVAN LYASE TAI TO HQP FALY

3.4.1. Két qua thir nghiém kha ning thity phan ulvan ciia Faly thu nhén
dugc

Ulvan lyase Faly dang chiét xuat thé da dugc sir dung dé danh gia kha
nang cat mach ulvan duoc tach chiét tir loai rong luc U. lactuca. Két qua phan
tich (Hinh 3.8) cho thay su khac biét o rét gilta mau ulvan chua thily phan
(Ulac) va mau da thity phan (R).
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Hinh 3.8 Kha nang thuy phan ulvan cua ulvan lyase Faly trén céc co
chat ulvan chiét tu rong U. lactuca va thoi gian phan (ing cua enzyme

Chu thich:

(A) Két qua dién di (C-PAGE) cho thay hoat dong thuly phan ulvan cta enzyme
Faly.

(B) Thot gian phan tng cua Faly
Ulac — ulvan dwcoc diéu ché tir rong luc U. lactuca.

St - déi chitng dwong cua dién di C-PAGE (phdn vmg giita fucoidan tir rong

Fucus evannescen voi enzyme FFA2).
R - Sdn phdm ciia phén iing thity phdn ulvan boi Faly ulvan lyase.

C — doi chitng am: phan g giita dich chiét thé cia vi khudn E. coli BL21
(DE3) khéng dwgc biéu hién va co chdt ulvan.

Dic biét, mau d6i ching am (C) hoan toan khong xut hién phan ung,
khang dinh rang hoat tinh cat mach chi xuét phat tir ulvan lyase tai to hop Faly,
thay vi tir bat ky protein noi sinh nao khac co trong E. coli tai t6 hop. Két qua
dién di minh chimg ring ulvan lyase Faly dd thuy phan ulvan thanh cac
oligomer sulfate hoa véi kich thudc khac nhau. Diéu nay khong chi ching to
hiéu qua ctia enzyme trong viéc xtr Iy ulvan ma con mé ra tiém niang tng dung
trong qua trinh ché tao oligosaccharide ulvan tir rong luc Viét Nam.Bén canh
do, qua trinh thiy phan trong nghién ctru nay con dugc danh gia thong qua
phuong phép quang phd. Cu thé, hoat tinh cta ulvan lyase duoc xac dinh dua

trén sy gia ting cua cac san pham khong bio hoa c6 lién két doi trong hdn hop
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phan tng theo thoi gian, duge do bang do hap thu quang. Két qua cho thay
ulvan lyase Faly thu nhan da thé hién hoat tinh thity phan d6i voi ulvan chiét
xuat tr U. lactuca qua ba lan 1ap lai thi nghi¢m, khéng dinh tinh 6n dinh va
tiém ning tng dung cia enzyme ndy trong nghién chu va san xudt

oligosaccharide dang ulvan (Hinh 3.8B).

3.4.2. Két qua thir nghiém hoat tinh thity phan ulvan tir hai loai

rong luc khac nhau ciia ulvan lyase tai t6 hop Faly

Ulvan lyase Faly dang tinh sach di duoc st dung dé thtr nghiém kha
nang cat mach ulvan dugc tach chiét tir hai loai rong luc U. lactuca va U.
papenfussii co cau tric vira ¢6 phan tuong doéng vira ¢6 phan khac biét nay,
ngoai myc dich thu nhan oligosaccharide dang ulvan con hudéng t&1 xac dinh
mot phén cac dic diém céu trac dic hiéu. Két qua cua thi nghi¢m nay dugc thé
hién trong Hinh 3.9 d3 cho thiy di co su khac biét gitta cdc san pham thay

phan boi cung mot enzyme trén hai co chat ¢6 cau tric khac nhau.

Ulac R1 St Upa R2
Hlac B1, R2
— 2 H?

|

Hinh 3.9 Phan tich san pham thity phan ulvan béi
enzyme ulvan lyase Faly bang dién di C-PAGE

Chau thich:
Ulac — ulvan dwoc diéu ché tir rong luc U. lactuca.

St - doi chitng dwong ciia dién di C-PAGE.
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R1 - San pham ciia phan ting thity phdn ulvan tir rong luc U. lactuca boi Faly

ulvan lyase.
Upa — ulvan dwoc diéu ché tir rong luc U. papenfussii.

R2 - San pham cia phan vmg thity phdn ulvan tir rong luc U. papenfussii boi
Faly ulvan lyase.

Céc cau trac khac nhau ctia ulvan thudng c6 bo khung co ban thude cac
dang A3s, B3s hoac U2,3s, vdi su khac bi¢t chu yéu dén tir cac nhanh phan tu
nhu Xylp va GlcAp gan tai vi tri C2 hodc C4 cua D-glucuronosyl va L-
rhamnopyranosyl, ciing nhu cac nhom sulfate lién két véi don vi duong hodc
nhom acid tai vi tri O-2 va O-3 [54]. Nhin chung, cdu tric ulvan rat phirc tap
va da dang, b1 anh hudng bdi ty 1€ monosaccharide, cAu hinh, muc do phan
nhanh cling nhu kiéu sulfate héa. Nhitng yéu t6 nay phu thudc vao loai tao
nguon va phuong phap chiét xuat, dan dén su khac biét trong dic diém ciu tric

cua ulvan.

Ulvan chiét xuét tir U. lactuca st dung trong nghién ctru nay chi yéu
chira khung ciu tric ulvanobiuronic acid A3s véi disaccharide [—4)-B-D-
GlcA-(1 — 4)-0-L-Rha3S-(1—] (Hinh 3.10), trong d6 cadc nhanh phan tir dugc
gan tai vi tri C-2 ctia thamnose [16]. Ngoai ra, ulvan ndy con chira mot luong
nhé disaccharide B-GlcAp-(1—2)-a-Xylp. Cac nghién ctru trudc day da chi ra
rang céu tric polysaccharide ctia U. lactuca rat phitc tap va co su bién d6i dang
ké [55, 56].

K Ads T B3s .
0
9% o 0 e
0 0 0
0 0 : ;
OH 3 OH
GleAp Rhap3s [doAp Rhap3s

Hinh 3.10 Bic diém céu tric cta ulvan chiét xuat tir rong luc U. lactuca va
U. papenfussii [16, 54]
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Trong khi @6, ulvan tach chiét tr U. papenfussii st dung trong nghién
nay duoc xac dinh 1a mot hdn hop gdm hai dang cau trac chinh: (A3s) véi don
vi disaccharide lap lai [—4)-B-D-GlcAp-(1 — 4)-a-L-Rhap 3S-(1—]n va (B3s)
v6i don vi disaccharide 1ap lai [—4)-a-L-IdoAp-(1 — 4)-a-L-Rhap 3S-(1—]n
Két qua nay 1an dau tién duoc ghi nhan nén chua ¢ tham khao véi cac cong bd

truoce do.

Faly thudc ho PL28 nén c6 kha ning cat dut lién két glycoside giita
GlcA-Rha3S va IdoA-Rha3S. Ulvan lyase chu yéu phan huy polysaccharide &
cac don vi disaccharide & dau khong khir dé hinh thanh néi doi, trong d6 san
pham chinh thu dugc sau qué trinh cat mach 1a disaccharide. Tuy nhién, hién
tai, enzyme ndy chua c6 kha niang phan cat lién két glycoside gitta Xyl va
Rha3$, dan dén sy xuét hién ciia cac tetrasaccharide chtra Xyl trong san pham
thily phan bang enzyme [32]. Do d6, c6 thé mot phan dic diém cau tric cia
phan san pham tao thanh sau thily phan nay s& chi thudc vé R2. Ngoai ra, vj tri
Xyl tir lugng nho disaccharide B-GlcAp-(1—2)-a-Xylp chi c6 trong ulvan tir
rong luc U. lactuca, cling rat ¢6 thé da tao ra cac band dién di co kich thudc
khac biét cia R1 (khi so v6i R2). Bén canh d6, san pham sau thiy phan R1 va
R2 ciing thé hién su tuong dong & mot so vi tri band; két qua nay c6 thé cd
duoc tir su twong dong clia cau triic A3s trong ca hai co chét ulvan tir cac rong
luc duoc nghién ctru.

Nhiing phan tich nay cung cép hiéu biét sau hon vé kha ning cat mach
cta Faly ciing nhu sy khac biét vé san pham sau thily phan, gop phan dinh

huéng cho cac nghién ciru tiép theo.
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CHUONG 4. KET LUAN VA KIEN NGHI
4.1. KET LUAN

Moi truong LB b sung IPTG 1a diéu kién t6i wu dé biéu hién enzyme
ulvan lyase v&i hiéu suat cao. Viéc st dung ndng d6 IPTG 2 mM két hop voi
nhiét d6 20°C giup duy tri su 6n dinh cua qua trinh biéu hién protein va hoat
tinh enzyme 13 cao nhat. Hon nita, thoi gian cam tng 15 gid duoc xac dinh 13
khoang thoi gian thich hop dé dat duoc hiéu suat ti wu, ddm bao san pham
enzyme dugc thu nhan véi chét luong tdt nhat. Cac diéu kién trén c6 thé duoc
mg dung trong san xuat va nghién ctru ulvan lyase nham t6i uvu héa quy trinh

thu nhan enzyme mot cach hi€u qua.

Két qua thu nhan enzyme tho tir dich ndi bao cia E. coli BL21 (DE3)
mang gen ulvan lyase cho thay phuong phap biéu hién va tinh sach enzyme dat
hiéu qua cao. Viéc str dung sic ky ai luc v6i cot Ni2*Sepharose HisTrap HP
gitp thu nhan protein muyc tiéu vaoi do tinh khiét tot. Pac biét, khi ap dung néng
d6 imidazole rtra giai tir 150-250 mM, hiéu suat thu hoi enzyme duoc cai thién
dang ké, dam bao lugng san pham thu nhan du cho cac Gmg dung nghién ctru
va san xuat tiép theo. Nhitng diéu kién trén dong vai trd quan trong trong viéc
t6i uu hoa quy trinh tinh sach enzyme, gbp phan nang cao hiéu qua ung dung

cua ulvan lyase trong cong ngh¢ sinh hoc.

Két qua nghién ctru cho thdy enzyme ulvan lyase Faly tho c6 kha ning
thily phan ulvan tor U. lactuca, tao ra cac oligomer sulfate voi kich thudc da
dang. Khi str dung enzyme dang tinh sach, qua trinh cdt mach ulvan tir U.
lactuca va U. papenfussii dién ra hiéu qua hon, gitp xac dinh mét s6 dic diém

cAu tric dic hiéu cua hai loai ulvan nay.
4.2. KIEN NGHI

Trong diéu kién cho phép, nghién ctru nén tiép tuc khao sat cac yéu to
anh huéng dén hoat tinh xuc tac ciia enzyme ulvan lyase Faly, bao gom nhiét
d6, pH va thoi gian phan tng, nham xac dinh so bd dai diéu kién phan tmg tdi
wu. Viée 1am 16 cac thong s ndy s& gbp phan hoan thién dic trung hoat tinh

cuia enzyme va tao co sé cho viéc lya chon di€u kién phan img phu hop trong
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cac tng dung thity phan ulvan. Bén canh d6, can tién hanh phan tich so bd san
pham thuy phan bing cac phuong phap dinh tinh don gian nhu sic ky 16p moéng
(TLC) hodc dién di polyacrylamide khong bién tinh dé kiém tra kha ning tao
oligosaccharide — nhém hop chit c6 tiém ning tmg dung trong linh vuc duoc

sinh hoc va cong ngh¢ sinh hoc bién.
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PHU LUC 1. VAT TU HOA CHAT CHINH

SU DUNG TRONG NGHIEN CUU

STT Tén vat tw Xuét xi¢ héa chit

1 | Tris-HCL Sigma, My

2 | Tris-borate Sigma-Aldrich, buc

3 | Bisacrylamide Sigma, My

4 | Acrylamide Sigma, My

5 | Red phenol Sigma, My

6 | Lyzozyme Sigma, My
N,N,N,N’-Tetramethylethylenediamine i N

7 Sigma, My
(TEMED)

8 | Glycerol Sigma, My

9 | Alcian Blue 8GX Panreac, Tay Ban Nha

10 | O-Toludine Blue Sigma-Aldrich, Puc

11 | Kanamycin My

12 | Arabinose My
Chat cam ung IPTG (Isopropyl b-D N

13 , , My
thiogalactoside)

14 | Imidazole My
Mang lai Polyvinylidene difluoride .

15 My
(PVDF)

16 | Peroxidase anti-polyHistidine Sigma-Aldrich, buc

17 | Kit thubc nhuém AEC Kit Sigma-Aldrich, Puc
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PHU LUC 2. THANH PHAN MOI TRUONG
P2.1. Méi treong LB (Lysogeny Broth)

Cong thuc pha 1 1it dung dich

Thanh phan Ham luwgng
Peptone 10 g
Yeast extract 5¢g
NaCl 10g
Nuée cat 1000 mL
pH Piéu chinh vé 7.0 bang NaOH 1 N

Ghi chii: C6 thé bo sung khdng sinh kanamycin 100 ug/mL va IPTG (néu

can cam ng).
P2.2. Moi truong tu cim uing AT (Autoinduction Medium)
Cong thirc pha 1 lit dung dich, theo cong thure Studier, 2005

Thanh phan Ham lugng
Na:HPO4 6.0g
KH:PO. 30g

NaCl 50¢g
Tryptone 200¢g

Yeast extract 50¢g
Glycerol 5.0 mL (0.5% v/v)
Glucose 0.5 g (0.05% w/v)
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a-Lactose monohydrate 2.0 g (0.2% w/v)
Nude cat 1000 mL
pH Piéu chinh vé 7.5 bang NaOH 1 N

Ghi chii: Sau khi tiét triing, nén loc bé sung glucose va lactose qua mang

0,22 um dé tranh phan hiy nhiét.
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CONG NGHE GEN

NGHIEN CU'U BIEU KIEN BIEU HIEN ULVAN LYASE TAI TO HOP
TU VI KHUAN BIEN Formosa agariphila VO'I HOAT TiNH PHAN CAT ULVAN

Tran Nguyen Ha V)l/ Cao Thi Thuy Hang Huynh Hoang Nhw Khanh®,
Nguyén Thj Thuan*, Pham Puc Thlnh Tran Hoang Hai’

Yvién Nghién ciu va Uhg dung Cong nghé Nha Trang, Vién Han Iam Khoa hoc va Céng nghé Viét Nam

2Hoc vién Khoa hoc va Céng nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam

TOM TAT

Ulvan lyase la enzyme xuc tac thay phan ulvan thdng qua cat cac lién két glycoside trong mach chinh caa phan
tir ulvan, polysaccharide sulfate hoa dugc chiét xuat tir rong luc. Hién nay, ulvan cé khéi lwong phan ti thap thu
hdt sy quan tam chii y dac biét cua cac nha khoa hoc do chung thé hién nhiéu hoat tinh sinh hoc quy nhu chéng
oxy hoa, virus, ung thu, chéng téng lipid mau; khang viém, tdng hoat tinh diéu hoa mién dich... Vi thé, huéng
tim kiém cac cong cu hién dai dé bé ngan mach ulvan 12 mét trong nhirng huéng nghién cuu ¢6 gia tri khoa hoc
va mang tinh thuc ti&n cao. Trong nghién ciru ndy, gene ma hda ulvan lyase FA28 c6 ngudn gdc tir vi khuan bién
Formosa agariphila dugc tuyén chon trén dir liéu online, duogc thiét ké tai to hop vao E. coli BL21 (DE3), duoc
nghién ctru diéu kién biéu hién gdm méi trudng biéu hién, ndng d6 IPTG va nhiét d6. Két qua cho thay E. coli
BL21(DE3)-FA28-pET-28a(+) biéu hién tét trong moi truong LB, 15 h, 20 °C, ndng d6 IPTG cam tng 2 mM.
Ulvan lyase tai to hop thu dwgc 6 kich thuéc 48 kDa va c6 hoat tinh trén co chét ulvan chiét tir rong luc (Ulva
lactuca). Di chimg 4m dugc sir dung trong nghién ctru nay la chung vi khuan E. coli BL21(DE3) mang plasmid
FA28-pET-28a(+) khong dugc cam ung biéu hién, da khong biéu hién protein myc tiéu va khong c6 hoat tinh
thuy phan co chat ulvan trong tat ca cac thi nghiém. Két qua nay cung cap thém mot cong cu tiém niang dé diéu
ché ulvan khéi lwong phan tir thip dinh huéng tng dung trong linh vuc y dugc.

Tur khéa: ulvan lyase, Escherichia coli BL21 (DE3)-FA28-pET-28a(+); biéu hién gene; tai to hop.

MO DAU

Ulvan la sulfate polysaccharide c6 trong rong luc chi Ulva va Enteromorpha. Cling giébng nhw cac sulfate
polysaccharide tlr rong bién khac, ulvan cé c4u tric rat phirc tap, né dwoc cau tao béi cac thanh phan cha yéu la
cac dwdng rhamnose, xylose, céc acid glucuronic, acid iduronic va nhém sulfate. Trong nhitng ndm gan day mot
sb cong b khoa hoc da cho thay cu tric va thanh phan clia ulvan dong vai tro quan trong trong chirc nang sinh
hoc clia chang. Cac nghién cteu nay chi ra ulvan c6 trong lwgng phén tir thap thé hién hoat tinh sinh hgc cao
hon, vi du nhw ¢c6 hoat tinh chong oxy hoa manh hon (Qi et al., 2005), hoat dong dieu hoa mién dich tét hon
(Peasure et al., 2016; Tabarse et al., 2018), va tac dung chong tang lipid mau cao hon (Pengzhan et al., 2003).

Dé didu ché oligosaccharide dang ulvan, cac phwong phap x@ ly truyén théng nhuw héa hoc va vat ly da dwoc st
dyng (Zhu et al., 2021). So v6&i cac phwong phéap bé ngan mach polysaccharide truyén théng thi phucmg phap
cat mach bang enzyme c6 cac diéu kién phan (rng nhe hon (axit thAp dén trung tinh) va glup gidm thiéu tac hai
khéng tot cho mbi truJo’ng Cung v6i do, enzyme co tinh dac hiéu phan (rng cao nén cac oligosaccharide tao
thanh van gi» dwoc cAu tric toan ven ban dau (Zhu et al., 2021; Wijesinghe et al., 2012). Do d6 hudng nghién
cu st dung enzyme nhw l& mot cong cu tiém nang dé& chuyén héa céc polysaccharide thanh céac
oligosaccharide v&i cac hoat tinh sinh hoc wu viét hon la mét trong nhirng hwéng nghién ctru cé gia tri khoa hoc
va mang tinh thyc tién cao.

Ulvan Iyase mot loai enzyme c6 kha nang phan hdy ulvan. Ulvan lyase thuéc ho polysaccharide lyase, co kha
nang cat cac lién két glycosid trong polysaccharide theo co ché loai bd lién két B. Ulvan lyase pha v& lién két
gitra rhamnose 3-sulfat va acid uronic trong ulvan, tao ra oligosaccharide véi axit uronic khong bdo hoa & dau
khéng khtr.

Theo hiéu biét ctia ching t6i, tAt cd cac ulvan lyase da xac dinh d&c tinh xtc tac déu dwoc phan lap va tinh ché
tlr vi khuan bién va 1a enzyme tai t& hop (Qin et al., 2018; Gao et al., 2019; Rodrigues et al., 2024). P6 14 do,
ulvan lyase la mot loai enzyme kho thu nhan va tinh sach tir cac nguf)n tw nhién do dé& bj mat hoat tinh trong qua
trinh tinh sach. Trong phuong phap san xuat enzyme tai to hop, hé biéu hién E. coli 14 phd bién nhat dé& tong hop
protein tai t& hop do nhleu lgi ich, bao gom d& nudi cdy, tbc do sinh treéng nhanh, dac diém di truyen duworc
nghién ctru k§ lwdng, sy ton tai ctia nhidu vector tach dong va chidng dét bién thwong mai cho hé thong nay,
cung nhw viéc thu nhan proteln muc tiéu dé dang Pé thuan tién cho qua trinh tinh sach, ulvan lyase can dwoc
tdng hop mot cach hiéu qua va én dinh, cung voi cai tién qua trinh sinh khéi t& bao. Biéu hién protein ngoai lai
trong chang chd bj anh hwéng béi nhiéu yéu td, trong do, diéu kién 1&én men cé tac dong Ién, dan dén hiéu suat
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téng hop protein khong hiéu qua, sai léch cAu tric protein va mét chirc nang sinh hoc. Viéc nay c6 thé duoc khac
phuc bang cach kiem soat chat ché cac thdng so trong qua trinh 1én men.

Vi vay, trong nghién ctu nay, chdng t6i tap trung khao sat cac yéu tb (mdi trwdng 1€n men, néng dd chét cam
&ng, nhiét do biéu hién, pH méi tredng va thoi gian 1én men) anh hwéng dén kha nang biéu hlen cua gene ulvan
lyase FA28, dwoc tim kiém trén ngan hang di liéu online tr Formosa agariphila KMM 39017, mét vi khuén bién
thuéc nhém Favobacterium, dwoc phan lap tir mét loai rong luc & bién Nhat Ban (Glasson et aI 2017).

NGUYEN LIEU VA PHUONG PHAP
Nguyén liéu

Chung E. Coli DH Salpha duwgc st dung lam chdng nhan ban vector tai t& hop. Ching E. Coli BL21 duoc st
dung lam chadng biéu hién ulvan lyase tai t& hop. Khudn gene dwoc tdng hop nhan tao tiy trinh tw tdi wu hoa cho
viéc biéu hién trong hé ching E. coli BL21 (DE3). Plasmid pET-28a(+)dwoc st dung dé& dong hoa mang gene
FA28 ma héa ulvan lyase c6 trinh tw protein dwoc 14y tlr ngan hang di liéu ma sé (WP_038530530), va sw biéu
hién gene dwoc kiém soat bdi promotor T7 théng qua chat cdm (ng IPGT. Gene nay da dwoc thiét ké ma héa
protein khéng c6 tin hiéu peptide & dau N-teminal nhuwng b sung thém 10x histidine d& thuan loi cho qua trinh
tinh sach enzyme tai t6 hop. T4t ca cac ching vi sinh vat va plasmid dwoc cung cip bdi Khoa Céng nghé ky
thuat Sinh hoc va Y sinh hoc, Trwdng Bai hoc Khoa hoc Ky thuat Ban Mach, Ban Mach.

Phwong phap
Tao dong chdng E. coli BL21 (DE3) mang vector tai t6 hop FA28-pET-28a(+)

Trinh tw gen thiét ké duwoc tdng hop béi hdng Genscript (Piscataway, NJ, USA) va khuéch dai bang phan (rng
PCR v&i cap mdi ddc hiéu mang trinh tw nhan biét ctia hai enzyme cét gi¢i han Xhoi va Ndel. S&n phdm PCR
duwoc kiém tra trén gel agarose 1%, nhuém mau béng ethidium bromide va phan tich hinh anh dién di bang hé
théng Dual Intensity UV Transillumninator. Sau dé, san phdm PCR dwoc tach va gti di giai trinh tw dé kiém tra lai
dd chinh xac clia gene muc tiéu (Macrogen Europe B.V., Ha Lan). San ph&dm plasmid tai té hop dwoc bién nap
vao té bao E. coli DH5alpha bdng phwong phap séc nhiét. Sau dé dwoc trai trén méi trwdng Luria Bertani Broth
(LB) c6 chira 100 ug/mL khang sinh kanamycin, nuéi G 37 °C trong 24 gi¢. Cac khuén lac chén thanh céng
plasmid c6 chtva gen ma hda dwoc nudi tang sinh, thu sinh khéi t& bao va tach chiét plasmid t& hop bang bo kits
Mix & Go Kit (Zymo Research).

Vector téi té hop pET283(+) cung dwoc cét boi cap enzyme gi¢i han Xhoi va Ndel dé tao dau dinh twong hop voi
gen ulvan lyase. Sau do, san pham PCR duwoc xtr ly béi cap enzyme cét gidi han Xhoi va Ndel dé tao dau dinh
va thwe hién phan ng néi nhe vao enzyme T4 DNA ligase, néi v&i pET-28a(+) da duwgc cdt mé vong bdi hai
enzyme twong ng.

Plasmid FA28-pET-28a(+) dwoc bién nap vao ching E. coli BL21 (DE3) bang Mix & Go Kit (Zymo Research). Sau
khi bién nap, ching E. coli BL21 (DE3) mang vector tai td hop FA28-pET-28a(+), dwoc goi la chung E. coli BL21
(DE3) / FA28-pET-28a(+) dwgc nudi cay trén méi trvong thach LB c6 khang sinh kanamycm néng do cudi 100
pg/mL d@é tach dong va chon loc dong vi khudn mang gene muc tiéu. Cac ching vi khuan moc dwoc trén méi truong
LB c6 chtra 100 pg/mL khang sinh kanamycin duoc Iwa chon dé kiém tra két qua tao dong théng qua k¥ thuat PCR,
san phdm PCR dwoc givi di gidi trinh tw dé kiém tra lai d6 chinh xé&c ctia gene FA28 ulvan lyase (Macrogen Europe
B.V., Ha Lan) (Tran et al., 2022).

Biéu hién FA28 ulvan lyase tai té hop

Sau khi kiém tra diing gene muc tiéu da dwgc tao dong thanh céng, qua trinh bidu hién dwoc thuc hién nhw sau:
Khuén lac E. coli BL21 (DE3)/ FA28-pET-28a(+) dwoc chon loc va nudi tdng sinh trong 5 mL méi trwdng LB 16ng
¢6 bd sung 50 pg/mL kanamycin, 34 pg/mL chloramphenicol va 0,05% (w/v) arabinose ¢ nhiét d6 37 °C, l&c 180
rpm qua dém. Sau do, dich nu6i cay vi khudn duwgc cly chuyén sang méi trwdng LB Iong 500 mL v¢i ti 1é 1:20
(viv) va tiép tuc nudi cly lac & 37°C, 180 rpm cho dén khi ODsoo dat gid tri 0,8-1,0 thi bd sung chat cdm tng IPTG
(Isopropyl B-D-1-thiogalactopyranoside) & cac néng d6 khac nhau & 20°C, tbe do 1ac 180 rpm. Sau 15 h cam
&ng, sinh khéi vi khudn dwoc thu nhan bang ly tam véi tbc do 7.000 vong/pht trong 15 phut & 4°C. Panh gia kha
n&ng biéu hién cda ulvan lyase béng dién di hdn hop sinh khéi t& bao (whole cells) theo SDS-PAGE va nhan dién
protein tai t6 hop bang phan rng Western blot.

DPébi chirng &m dwoc s dung trong nghién ctru nay la chang vi khuan E. coli BL21 (DE3) mang plasmid FA28-
pET-28a(+) khong dwgc cam (rng biéu hién.

Anh hwéng diéu kién biéu hién gene FA28 ulvan lyase tai té hop

Hai méi trwérng khac nhau gébm LB (yeast extract 0,5%, peptone 1,0%, NaCl 1,0%, pH 7,5) va méi trwéng tw cam
ng AT (0,6% w/w Na;HPOg4; 0,3% w/w KH2PO4; 2,0% w/w tryptone; 0,5% w/w yeast extract; 0,5% w/w NacCl;

0,06% v/v glycerol; 0,05% w/v glucose va 0,04% wi/v a-lactose, pH 7 5) dwoc khéo sat cho sw biéu hién gene
FA28 méa hda ulvan lyase. Ddi véi méi trwerng LB dwoc thue hién theo céc théng sb ctia didu kién chudn néu trén;
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dbi v&i modi trwong AT, qud trinh cay chuyén tir 6ng 5 mL sang moéi trwéng biéu hién AT dwoc thuc hién & 20 °C,
180 rpm trong 20 h. Song song v&i qua trinh khao sat didu kién mai trwéng bidu hién, tién hanh kiém tra sy biéu
hién ulvan lyase theo th&i gian v&i cac méc théi gian 1a 5 h, 10 h,15 h va 20 h. Méi trung va théi gian bidu hién
phu hop dwgc Iwa chon cho cac thi nghiém tiép theo. Sw biéu hién cla ulvan lyase bang dién di hdn hop sinh khéi
té bao (whole cells) theo SDS-PAGE va Western blot.

DBéi v&i moi trwdng biéu hién LB, ndng do chat cam tng dwoc khao sét 14 IPTG 0-2 mM, nhiét d8 biéu hién dwoc
danh gia tai cac diém 14°C; 16°C; 18°C; 20°C; 25°C; va 30°C. Sw hidu hién cla ulvan lyase dwoc danh gia bang
dién di enzyme th6 thu nhan dwoc theo SDS-PAGE va Western blot va hoat tinh enzyme theo phwong phap C-
PAGE trén co chét fucoidan chiét xu4t tiv rong S. mcclurei.

Chiét xuat enzyme tho

Két thic qué trinh biéu hién, tién hanh ly tam dich 1&n men (7.000 rpm, 15 phat, 4°C) dé thu nhan sinh khéi té
bao. Huyén phu sinh khéi t& bao trong dich dém 20 mM Tris-HCI, 250 mM NacCl, 20 mM imidazole, pH 7,4, sau d6
bd sung thém lyzozyme 0,2 mg/mL dé hd tro' qué trinh pha vé& t& bao. Cac t& bao dwgc pha vé bang séng siéu
am (UP400S Hielscher, Teltow, Germany) chu ky 0,5 va cwdng d6 100% trong 2 phut, sau d6 d& & nhiét do
phong 15 phat. Dich enzyme thd dwoc thu nhan bang cach ly tam thu dich ndi (19.000 rpm, 4°C, 20 phut), dich
ndi dwoc loc qua mang loc 0,22 pm dé loai xac té bao. Enzyme thé thu nhan dwoc tién hanh do ham lwong
protein theo Bradford v&i chat chuan la albumin huyét thanh bo (Bradford, 1976), sau d6 thyc hién SDS-PAGE va
Western blot.

Thar nghiém hoat tinh enzyme bdng C-PAGE (Carbohydrate-Polyacrylamide Gel Electrophoresis)

H&n hop phan rng chira dung dich enzyme cé ndng dd 0,5 g/L trong méi trudng dém Tris-HCI 20 mM, pH 7,4,
250 mM NaCl va 10 mM CacCl, (dém A), va 1% wiv fucoidan trong dém A. Cac mau dwoc U & 35°C trong vong 24
h. H8n hop phan tng (5 uL) dwoc pha trén véi 5 UL dém tai (20% glycerol va 0,02% phenol dd). Sau d6, siv dung
5 pL mau dé thyc hién dién di trén gel polyacrylamide 20% (w/v) day 1 mm véi dém chay la Tris-borate 100 mM,
pH 8,3 trong 1 h. Qua trinh nhuém gel dwgc thuwe hién qua hai bwdc: dau tién 1a véi dung dich chira 0,05% alcian
blue 8GX (Panreac, Barcelona, Tay Ban Nha) trong 2% axit acetic trong 45 phut, sau d6 la v&i dung dich 0,01%
O-toluidine blue (Sigma-Aldrich, Steinheim, Blrc) trong 50% ethanol va 1% axit acetic. Mau chuén (di chirng
dwong) 14 s&n phdm phan tng cla FFA2 trén fucoidan tlr rong nau Fucus evanescens do Khoa Céng nghé ky
thuat Sinh hoc va Y sinh hoc, Treong Pai hoc Khoa hoc Ky thuat Ban Mach, BPan Mach cung cép.

KET QUA VA THAO LUAN
Tao dong va biéu hién FA28 ulvan lyase tai té hop

Plasmid FA28-pET-28a(+) dwoc bién nap vao chang E. coli BL21 (DE3), khuén lac moc trén méi trwdng thach LB
chon loc ¢6 chiva 100 pg/mL kanamycin dwoc lwa chon dé tién hanh PCR khuéch dai doan gene FA28 nhdm kiém
tra lai sw thanh céng clia qua trinh tao dong. Két qua dién di DNA cho thdy san phdm PCR clia gene FA28 ulvan
lyase c6 kich thwéc khoang 1324 bp, twong ddng véi kich thwéc ciia DNA dwoc thiét k& (Hinh 1). Péng thdi san
phdm PCR ciing dwoc gi di gidi trinh tw va sau dé so sanh trinh tw véi trinh tw gene ban dau dé kiém tra do
chinh xac cla gene da dwoc bidu hién, sy twong ddng cao gitra gene trwdc va sau khi bidu hién. Nhw vay, ré
rang FA28 ulvan lyase d& dwoc tao dong thanh cong, khuén lac ddu da mang vector tai t& hop.

Két qua biéu hién protein FA28 ulvan lyase & diéu kién tieu chuin dwoc thé hién & Hinh 2. Twr két qua dién di
trén SDS-PAGE (Hinh 2A) cho théy, protein FA28 ulvan lyase biéu hién c6 khdi lwong phan t& khoang 48 kDa.
Day ciing chinh 13 khéi lwong phan t&r twong dwong VGi khéi lweng phéan tlr protein muc tiéu FA28. DPé xac dinh
chinh xac sy c6 mat cla protein tai td hop mong muén, ching t6i tién hanh phan &ng lai mién dich Western blot
(Hinh 2B), két qua cho thay, xuéat hién vach mau dé twong (ng véi protein kich thuwéc 48 kDa ngay tai vi tri biéu
hién cla protein muc tiéu. V&t mau dé trong phan (rng lai Western blot 1a két qua cho thdy sy biéu hién thanh
cong protein tai t6 hop muc tiéu FA28 ulvan lyase, do chdng vi khun E. coli BL21 (DE3)-FA28-pET-28a(+) san
xudt. Phan ng mau sé xuat hién khi cé sy lién két gitra protein tai t& hop mang duéi His-tag va khang thé
monoclonal anti-polyHistidine peroxidase-conjugated antibody. Ngoai ra, khi tién hanh thi nghiém twong tw véi
chaing vi khuén E. coli BL21 (DE3) mang plasmid FA28-pET-28a(+) khéng dwoc cdm (ng biéu hién, ching toi
nhan thdy khéng c6 xuét hién vach protein muc tiéu (vi tri 48 kDa) & trén gel dién di SDS-PAGE va phan t&ng lai
mién dich Western blot ciing khdng xuét hién bat c&» vét cé mau dd nao (sé liéu khéng néu 1&én & bai bao nay).
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Hinh 1. bién di san pham PCR gene FA28 ulvan lyase
Thang chuén kich thuéc DNA (GeneRulerTM 1 kb DNA
Ladder, Thermo Sientific, My).

Hinh 2. Két qua kiém tra kha nang biéu hién ctia ulvan lyase
tai td hop FA28
(A) - bién di SDS-PAGE; (B) - Western blot. Trong dé: 1. Thang

chudn; 2. M&u sinh khéi sau biéu hién.
Anh hwéng cua diéu kién biéu hién gene FA28 ulvan lyase tai t6 hop

Két qua khao sat 02 cong thirc méi trwdng AT va LB thé hién nhw Hinh 3 cho thay, & cac méi trweng khac nhau
thi sw biéu hién FA28 ulvan lyase tai t6 hop & khac nhau. Méi triwdng AT, 1a mdi trwdng tw cdm (ng, bao gébm
ngudn nito' cao, ngudn carbon glucose/glycerol nhuwng lwong ulvan lyase thu dwgc trong 300 pL méi trwdng lén
men thap hon so v&i méi trweng LB (Hinh 3). Do d6, méi trwéng LB dwoc lwa chon cho sy biéu hién FA28 ulvan
lyase tai t& hop do lwgng protein dwgc tdng hop la nhiéu nhat va én dinh nhat. LB 1a mét méi trwéng co ban cho
sw biéu hién cha protein tai t& hop, d& chuan bi, thanh phan méi trwdng cung cp ddy da cac peptide, axit amin
thiét yéu va mudi khoang natri cho sw sinh trwéng ctia vi khuan E. coli. Két qua khao séat thdi gian bidu hién FA28
ulvan lyase cho th4y, sau 5 h 1én men, enzyme da biéu hién va luvgng protein tang dan theo thdi gian, sau 10-15
h cdm &ng protein FA28 ulvan lyase tai td hop dwoc tdng hop nhiéu va biéu hién manh va khéng thay ddi nhiéu
khi téng thoi gian biéu hién 1&n 20 h. Do d6 trong khodng thoi gian 15 h sau khi cdm rng duoc lwa chon la thoi
gian tdi wu cho sw biéu hién FA28 ulvan lyase tai td hop.

DPéi chirng am dwoc st dung trong nghién ctu nay la chiang vi khudn E. coli BL21 (DE3) mang plasmid FA28-
PET-28a(+) khéng dwoe cdm (rng biéu hién. Két qua thé hién trén Hinh 3, & vi tri dbi chirng am — dwoc ki hiéu la
C cho thay, hoan toan khéng cé xuét hién vach protein muc tiéu (vi tri 48 kDa) & trén gel dién di SDS-PAGE,
trong khi cac protein khac cta chang vi khun E. coli déu dwoc thé hién. Didu nay chiéng té, vach protein kich
thwde 48 kDa chinh la protein muc tiéu.

Protein tai t& hop dwoc didu khién tdng hop bdi promoter T7 trén vector pET-28a(+). Promoter nay dwgc cdm
&ng b&i sw c6 mat ctia IPTG trong mai trwdng nubi cy. Néng dod chét nay anh huéng dén mkc @6 biéu hién
protein tai t6 hop muc tiéu. & ndng dd qua cao né gay doc cho té bao, trong khi & nong dd qua thap protein
thuwong dwoc tdng hop kém. Do do, chiing toi da tién hanh bd sung IPTG véi cac ndng d6 khéac nhau 1a 0,5 mM;
1 mM; 1,5 mM: 2 mM; 2,5 mM va 3 mM, két qua thé hién & Hinh 4A. Két qua cho thay véi ndng d6 2 mM, IPTG
FA28 ulvan lyase dugc tdng hop manh nhét. Khi tang IPTG Ién dén 3 mM qua trinh biéu hién hau nhw khéng dbi.
Do d8, chiing t6i chon ndng d6 cam trng IPTG 2 mM cho nhitng nghién civu tiép theo.

c LB kDa AT A IPTG (mM) B Nhigt6s (66 C)

5 10 15 20 1015 20(h) 051015202530 14 16 18 20 25 30 kDa

250 ﬁg

150 100

100 oS

So— — — ;:- - 50

e e > 27 a7
- 25

20 -—25

20

- 5 - MRS
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Hinh 3. Anh hwéng cltia méi trwdng I1én men dén sw biéu hién
FA28 ulvan lyase tai t6 hop
St - Thang protein chudn, AT - méi truong tw cdm (ng, LB - moi
trirong Ién men E. coli dwgc cam tng béi IPTG; 5 h,10 h,15 h, 20 h
- thoi gian 1én men, C — Khéng cam tng biéu hién (ITPG 0mM).

Hinh 4. Anh hwéng cua diéu kién 1én men dén sw
biéu hign va hoat tinh ctia FA28 ulvan lyase tai t6 hop
(A) Néng d6 IPTG, (B) Nhiét db.

Nhiét d6 1a yéu té quan trong anh hwdng dén hiéu suat va chat lwgng protein tai tb hop. M6t trong nhirng nguyén
nhan 1a do nhiét d6 l1am anh hwéng dén tinh 6n dinh cla plasmid trong t& bao. Nhiét d6 cang cao thi kha nang
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dao thai plasmid cta ching chl cang I&n. Ddng thdi nhiét do con lam cho mRNA dé bj pha hay. Dé thu protein
FA28 ulvan lyase tai t6 hop c6 lwgng Ién ma khong 1&n qua nhiéu protein cha E. coli, nham lam tang hiéu qua
ho&c gidam lwoc cho qué trinh tinh sach nay, ching tdi tién hanh khao sat kha nang tdng hop protein FA28 ulvan
lyase & cac diéu kién nhiét d6 khac nhau tai 14°C, 16°C, 18°C, 20°C, 25°C va 30°C. Két qua cua thi nghiém nay
dwoc thé hién nhw trén Hinh 4B. T két qua trén cho thay rdng, nhiét d6 nudi cdy cang tang thi m&c d6 biéu hién
cla protein tai td hop va céc protein khéac cla E. coli cang tang. Tuy nhién, hoat tinh cta ulvan lyase bj anh
hwéng rat lon bdi nhiét do, khi st dung enzyme trong khdo nghiém nay dé thd» hoat tinh, ching t6i nhan thay
enzyme thé hién hoat tinh t6t nhat khi biéu hién & 20°C (sé liéu khong néu lén & bai bao nay). Do do, véi muc
dich thu nhan protein FA28 ulvan lyase tai té hop thé hién hoat tinh tt chiing tdi chon nhiét do cho qua trinh biéu
hién la 20°C.

Két qua hoat tinh thay phan ulvan cta FA28 ulvan lyase tai té hop

St UlacR C

(il
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3,4500 / :
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3.3500
3.3000

0.00 50.00 100.00 150000 200,04 250,00 300.00 pay
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Hinh 5. Hoat tinh cta cua FA28 ulvan lyase
Ulac — ulvan duoc didu ché tir rong luc Ulva lactuca; St - déi chitng duong cta dién di C-PAGE;
R - San phdm cda phan ng thay phan ulvan béi FA28 ulvan lyase;
C — ddi chimg am: phan tng gida dich chiét thd cta vi khudn E. coli BL21 (DE3) khéng duoc bidu hién va co chét ulvan.

Ulvan lyase FA28 chiét xuét thd dwoc sir dung dé thir nghiém kha nang bé mach ulvan chiét xuét tr loai rong U.
lactuca thu nhan tai viing bién Nha Trang-Khanh Hoa, két qua th& hién & Hinh 5. K&t qua cho thdy sw khac biét
clia mau ulvan chwa thdy phan (Ulac) va mau thdy phan (R). Bén canh d6, mau déi chirng am (C) hoan toan
khéng xay ra phan &ng, do d6 chirng t6 rdng chi cé ulvan lyase tai t& hop thé hién hoat tinh ch khéng phai
thanh phan protein nao khéc trong E. Coli tai t6 hop. Hinh anh C-PAGE & Hinh 5 cho thdy, ulvan lyase FA28 da
bé& mach ulvan thanh nhirng oligomer sulfate hoa c6 kich thwéc khac nhau trén C-PAGE. Piéu nay cho thay tiém
néng ng dung cla ulvan lyase FA28 d& diéu ché ulvan chiét xuét tlr rong luc Viét Nam. Qué trinh phan cét dé
tao oligosaccharide dang ulvan nay con dwoc danh gia théng qua phwong phap quang phd. Hoat tinh ulvan lyase
duwoc xac dinh béng sw gia tdng cac san phadm khong bao hoa (lién két ddi trong hén hop phan tng), khi do d6
hap thu & buéc séng 235 nm (Manns et al., 2013). K&t qua & Hinh 5 cho thay, ulvan lyase FA28 chiét tho tir dich
ndi bao da thé hién rd hoat tinh thuy phan ulvan ti rong luc U. lactuca trong thi nghiém I3p lai 3 14n.

KET LUAN

Trong nghién ctu ndy, ching ti d& thanh cong trong nghién ctru tao dong va biéu hién ulvan lyase FA28 bing
moi treong LB va thoi gian dé enzyme biéu hién tét a 15 h sau khi cam (ng bang IPTG & néng do 2 mM & nhiét
d6 20 °C. Enzyme c6 kich thwoc 1a 48 kDa, dong thoi enzyme nay da bé mach ulvan thanh cac oligomer sulfate
hda cé kich thwéc khac nhau. Bieéu nay chirng té tiem nang (rng dung cda ulvan lyase FA28 trong viéc diéu ché
ulvan t& rong luc Viét Nam. Can tién hanh thém cac nghién ctru xac dinh dac didm xuc tAc cla enzyme va tdi wu
héa qua trinh tao oligosaccharide dé c6 thé thu nhan duwgc san pham hiéu qua cao nhat. Nghién ctvu nay cung
cap nhirng thong tin quan trong vé biéu hién va hoat tinh cta ulvan lyase FA28, ddng thdi hwéng t6i cho cac
nghién ctru tiép theo vé &ng dung clia enzyme nay trong linh vuc cong nghé sinh hoc va 'y hoc.

Loi cam on: Két qua bai bédo dwoc hé tro: thuc hién béng ngudn kinh phi tir Pé tai thudc cdac huwomg KHCN wu tién cdp Vién
Han lam Khoa hoc va Céng nghé Viét Nam, ma so VAST06.01/23-24.

TAI LIEU THAM KHAO

Gao J, Du C, Chi Y, Zuo S, Ye H, Wang P (2019). Cloning, Expression, and Characterization of a New PL25 Family Ulvan
Lyase from Marine Bacterium Alteromonas sp. A321. Mar Drugs, 17(10): 568.

62



HOI NGH| KHOA HOC TOAN QUOC VE CONG NGHE SINH HOC 2024

Glasson CRK, Sims IM, Carnachan SM, et al. A cascad- ing biorefinery process targeting sulfated polysaccharides (ulvan) from
Ulva ohnoi. Algal Res, 2017; 27: 383-391.

Mann AJ, Hahnke RL, Huang S, Werner J, Xing P, Barbeyron T (2013). The genome of the alga associated marine
flavobacterium Formosa agariphila KMM 3901 reveals a broad potential for degradation of algal polysaccharides. Appl Environ Microbiol,
79: 6813- 6822.

Peasura N, Lachakunijit N, Kerdchoechuen O (2016). Assessment of biochemical and immunomodulatory activity of sulphated
polysaccharides from Ulva intestinalis. Int J Biol Macromol, 91: 269-277.

Pengzhan Y, Ning L (2003). Antihyperlipidemic effects of different molecular weight sulfated polysaccharides from Ulva pertusa
(Chlorophyta). Pharmacol Res, 48: 543-549.

Qi H, Zhao T (2005). Antioxidant activity of different molecular weight sulfated polysaccharides from Ulva pertusa Kjellm
(Chlorophyta). J Appl Phycol, 17, 527-534.

Qin HM, Xu P, Guo Q, Cheng X, Gao D, Sun D, Zhu Z, Lu F (2018). Biochemical characterization of a novel ulvan lyase
from Pseudoalteromonas sp. strain PLSV. RSC Adyv, 8(5): 2610-2615.

Rodrigues VJ, Jouanneau D, Fernandez-Fuentes N et al (2024). Biochemical characterisation of a PL24 ulvan lyase from
seaweed-associated Vibrio sp. FNV38. J Appl Phycol, 36: 697-711.

Tabarsa M,You S, Dabaghian EH, Surayot U (2018). Water-soluble polysaccharides from Ulva intestinalis: Molecular properties,
structural elucidation and immunomodulatory activities. J Food Drug Anal. 26: 599-608.

Tran VHN, Nguyen TT, Meier S, Holck J, Cao HTT, Van TTT, Meyer AS, Mikkelsen MD (2022) The Endo-a(1,3)-Fucoidanase
Mef2 Releases Uniquely Branched Oligosaccharides from Saccharina latissima Fucoidans. Marine Drugs, 20(5): 305.
Wijesinghe W, Jeon YJ (2012). Enzyme-assistant extraction (EAE) of bioactive components: A useful approach for recovery of
industrially important metabolites from seaweeds: A. review. Fitoterapia, 83: 6-12.

Zhu B (2021). Marine oligosaccharides originated from seaweeds: Source, preparation, structure, physiological activity and
applications. Crit Rev Food Sci Nutr, 61: 60-74.

STUDY ON EXPRESSION CONDITIONS OF RECOMBINANT ULVAN
LYASE FROM MARINE BACTERIA Formosa agariphila WITH ULVAN
DEGRADING ACTIVITY

Tran Nguyen Ha Vy"', Cao Thi Thuy Hang', Huynh Hoang Nhu Khanh?,
Nguyen Thi Thuan®, Pham Duc Thinh*, Tran Hoang Hai®

'Nha Trang Institute of Technology Research and Application, VAST
’Graduate University of Science and Technology, VAST

SUMMARY

Ulvan lyase is an enzyme that catalyzes the hydrolysis of ulvan by cleaving glycosidic linkages within the main chain of the
ulvan molecule, a sulfated polysaccharide extracted from green seaweed. Nowadays, low molecular weight ulvan attracts
special attention from modern scientists because it has many valuable biological activities such as: anti oxidation, anti virus,
anti cancer, anti inflammatory, anti increased blood lipids, anti inflammation, increased immune regulatory activity...
Therefore, the study on modern tools to degrade ulvan into ulvan oligosaccharides is one of the research directions with high
scientific value and practicality. In this study, the gene encoding the ulvan lyase FA28, sourced from the marine bacterium
Formosa agariphila, was selected based on online data and recombined into E. coli BL21 (DE3). The expression conditions,
including the expression medium, IPTG concentration, and temperature were investigated. The results showed that E. coli
BL21 (DE3)/ FA28 pET 28a(+) expressed well in LB medium, for 15 hours at 20 °C, 2 mM IPTG. The reassembled ulvan
lyase obtained had a size of 48 kDa and exhibited activity on ulvan substrates extracted from green seaweed Ulva lactuca.
The negative control used in this study was the E. coli strain BL21 (DE3) carrying the uninduced expression plasmid FA28
PET-28a(+), which did not express the target protein in all experiments. Besides, the negative control sample had absolutely
no enzyme-substrate reaction, thus proving that only recombinant ulvan lyase showed activity and not any other protein
components in E. coli recombinant. These findings provide an additional potential tool for the production of low molecular
weight ulvan, with potential applications in the field of medicine.

Keywords: Ulvan lyase, E. coli BL21 (DE3)-FA28-pET-28a(+), gene expression, recombinant.

" Author for corresspondence: Tel: 0901973350; Email: havy158@gmail.com
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VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM

KHOA HQC VA CONGNGHE VN Pic lap - Ty do - Hanh phiic
HOQC VIEN KHOA HQC VA CONG NGHE
Sé: 351 /QD-HVKHCN Ha Ngi, ngay 09 thdng 05 nam 2025
QUYET PINH »
Veé viéc thanh lap Hoi dong danh gia ludn van thac s
GIAM POC
HOQC VIEN KHOA HQC VA CONG NGHE

Cén cie Quyét dinh s6 364/QP-VHL ngay 01/03/2025 i Fii tich Vién Han

lam Khoa hoc va Cong nghé Viét Nam vé viéc ban hanh Quy ch? |5 civie va hoat dong

ciia Hoc vién Khoa hoc va Cong nghé;

Cén cie Thong tur s6 15/2014/TT-BGDDT ngay 15/5/2014 cia B Gido duc va
Dao tao ban hanh Quy ché dao tao trinh dj thac si;

Can cit Quyét dinh sé 775/QD-HVKHCN ngay 21/11/2016 cua Gidm dée Hoc
vién Khoa hoc va Cong nghé ban hanh Quy ché dao tao trinh dé thac si;

Can cik Quyét dinh s6 850/QD-HVKHCN ngay 31/05/2021 cua Gidm dée Hoc vién
Khoa hoc va Cong nghé vé viéc cong nhdn hoc vién cao hoc dot 1 nam 2021;

Can cie Quyét dinh s6 66/QD-HVKHCN ngay 26/02/2024 cua Gidm dée Hoc vign
Khoa hoc va Cong nghé vé viéc cong nhan dé tai va cir nguoi hudng dan ludn van thac st;

Can cir Quyét dinh s6 1288/QD-HVKHCN ngay 21/11/2024 cua Gidm dée Hoc
vién Khoa hoc va Cong nghé vé viéc gia han thoi gian hoc tdp lan 3 cho hoc vién Ty ran
Hoang Hai;

Xét dé nghi ciia Truéng khoa Sinh hoc, Trudng phong Dao tqo.

QUYET DINH:

Pidu 1. Thanh 14p Hoi ddng danh gid luan van thac si cho hoc vién Trén Hoang
Hai véi dé tai: “Xac dinh diéu kién bidu hién va thu nhan ulvan lyase ti to hop trén
Escherichia coli”

Nganh: Sinh hoc thuc nghiém M sb: 842 01 14

Danh sach thanh vién Hoi ddng d4anh gid luéin van kém theo Quyét dinh nay.

Pidu 2. Hoi ddng c6 trdch nhigm dénh gi luan van thae si theo dung quy ché
hién hanh cta B§ Gido dyc va Pao tao, Hoc vién Khoa hoc va Cong nghg¢. Quyét dinh
¢6 hiéu lye k& tir ngay ky dén trude ngdy 31/05/2025.

Hoi dbng ty gidi thé sau khi hoan thanh nhi¢m vy.

Pidu 3. Truong phong T chirc - Hanh chinh, Truéng phong Do tao, Trudng
phong Ké toan, Truéng Khoa Sinh hoc, céc thanh vién c6 tén trong danh sdch Hoi

déng va hoc vién cao hoc ¢ tén tai Piéu 1 chju trach nhiém thi hanh Quyét dinh n&y./.ﬁ(/

Noi nhin:

- Nhu Piéu 3;

- Luu hd so hoe vién;

- Lwu; VT, BT, MT.07.




DANH SACH HOI PONG PANH GIA LUAN VAN THAC si

wac VA o3
V o theo Quyét dinhs6 351 /QD-HVKHCN ngay 09/ 5 /2025
HOC VIEN \o\ o\ cua Gidm déc Hoc vién Khoa hoc va Cong nghé)

KHOA HOC v_A ?:
CONGEHS'Bigy/ van cua hoc vién: Trin Hoang Hai
ai: Xéac dinh diéu kién bidu hién va thu nhén ulvan lyase tai t6 hop trén
EScherichia coli
Nganh: Sinh hoc thye nghiém
Ma s6: 8 42 01 14
Ngudi huéng dén: 1. TS. Cao Thi Thiy Hing
- Vién Hai duong hoc, Vién Han 1am KHCNVN
2. TS. Huynh Hoang Nhu Khanh
- Vién Hai duong hoc, Vién Han lam KHCNVN
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VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Poc lap - Tw do - Hanh phic
HOC VIEN KHOA HQC VA CONG NGHE

Nha Trang, ngay 22 théng 05 nam 2025

BIEN BAN HQP HOI PONG PANH GIA LUAN VAN THAC SI

Thuc hién Quyét dinh s6: 351/QD-HVKHCN ngay 09/05/2025 cua Giam
d6c Hoc vién Khoa hoc va Coéng nghé vé viéc thanh lap Hoi dong danh gia luan
van thac si cua hoc vién Tran Hoang Hai

Tén dé tai: Xéc dinh diéu kién biéu hién va thu nhan ulvan lyase t4i to hop
trén Escherichia coli.

Nganh: Sinh hoc thuc nghiém

Mi s6: 8 42 01 14

Hoém nay, ngay 22'/05/2025 Hoi dong da hop tai Phong hop tang 1, Vién év\o»
Hai duong hoc (co so s6 02 Hing Vuong) vao luc 14h00, Hoi dong gém 05 /
thanh vién:

1. PGS.TS. Pao Viét Ha Chu tich hoi dong
2. TS. Phan Thi Hoai Trinh Thu ky hoi dong
3. TS. Lé Pinh Hai Phan bién 1

4. TS. Nguyén Xuén Vy Phan bién 2

5. TS. Phan Quoc Thong Uy vién hoi dong

Thanh vién véng mat: 0/5 (Phan bién hodc vy vién, dd cé ban nhan xét
dong y cho phép hoc vién duge bao vé trude Hoi df‘mg danh gia lu@n van thac
si).

NQI DUNG LAM VIEC

1. Dai dién co s¢ dao tao doc quyét dinh thanh lap Hoi déng danh gid luan van

2. Chu tich Hji dong, diéu khién phién hop

3. Thu ky HD, doc li lich khoa hoc va bang diém ctia hoc vién

4. Hoc vién trinh bay luan vin trude Hoi déng

5. Phan bién 1: TS. Lé Pinh Hai thong qua ban nhén xét clia vé luan vin va c6
nhimng y chinh nhu sau:

g tha tai nghién ciru \:é enzyme ulvan lyase tai to hop trén E. coli ¢6 hoat tinh
bé ngan ’mgch ulvan co y nghia khoa hoc va thuc tién, 1a co s& khoa hoc dé
nghién ciu tao ra cdc san pham sinh hoc c6 hoat tinh (g dung trong y hoc.
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- Két qua luan van dugc trinh bay ro rang, trung thue va chinh xac.
- Noi dung nghién ctru phu hop véi chuyén nganh va ma s6 dao tao.

- Noi dung nghién curu trinh bay ro rang, day du, khoa hoe, phu hop voi néi
dung nghién ctru, phuong phap, vat liéu nghién ciru: e trinh bay chi tiét, day

du co sd khoa hoc va phu hgp véi cac néi dung, mic “iéu nghién ciu. Nghién
ctru mang tinh khoa hoc va ¢é d9 tin cdy cac. Tai li¢u tham khia duge trich dan

day du va duge cap nhat dén nim 2024.
- Két qua nghién ciru:
- X4c dinh duoc diéu kién biéu hién cua ulvan lyasc tai to hop trén E. coli.
- Xéc dinh dugc diéu kién thu nhan va tinh sach ulvan lyase téi to hop.
- Dénh gia hoat tinh enzyme ulvan lyase va kha ning bé ngin mach ulvan.
- Nhimg diém céan chinh sira trong luan van:

+ Trong phan dét van dé, hoc vién can bo sung trich dan tai liéu tham khao,
1am ro y nghia khoa hoc va thyc tién cta van dé nghién ctru.

+ Can tach riéng muc déi tuong va vat liéu nghién cuu.

+ Phuong phap nghién ciru can trinh bay gan lién vé6i ndi dung va két qua
nghién ciru.

+ Phan két qua cn trinh bay va b cuc lai cho logic hon.

+ Ra soat tai liéu tham khao, trinh bay ding theo quy dinh ctia Hoc vién.

* Két luAn chung:

Luan van dap ung dﬁy du yéu cau cua mat luan van thac sy.

6. Phan bi¢n 2: TS. Nguyén Xuin Vy da thong qua ban nhan xét cua vé luan
van va co cac y kien:

- Phan bién 2 dong y véi cac nhan xét, gop v cia Phan bién 1.

- Nhimg diém cén chinh sira trong lu@n van:

+ Phin m¢ dau cin trinh bay ngin gon lai. Ulvales 1a bg, can chinh stra lai.

+ Phan téng quan can xem xét chinh sura thong tin gidi thigu vé rong Luc.

+ Phén phuong phap nghién ciru cin lam rd mau thu nhan 1 nuée 6t & rudng
muoi.

; + ‘Ph?m két qua nghién ctru; Chinh stra tén muyc 3.2 thanh “Anh hudmg cua mot
sO yeu 10" thay cho cum tir “Nghién ctru khao sat”.

+ Trinh bay lai két luan va kién nghj.

+ Dinh dang tai li¢u tham khao theo dung quy dinh.
A ~

* Keét ludn chung:

Luén van dép (mg diy du yéu ciu cta mot lugn viin thac s.
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7.Y kien cua cac thanh vién Hoi dong
* TS. Phan Quoc Thong thong qua ban nhan xét luan van va co cac y kien:

- Dong ¥ véi y kién nhan xét ctia 2 phan bién.

- Lam rd co s& dé xac dinh su khéc biét vé cau tric cla cac san pham thay
phan bai cung mot enzyme trén hai co co chat cau tric khac nhau.

- Trinh bay phan két qua va thao luan.

* TS. Phan Thi Hoai Trinh c6 cac ¥ kién:

- B6 sung tai liéu tham khao cho cac phuong phap nghién ciru.

- B6 sung moi truong LB va AT vao phu luc hoa chat.

- Néu 14 ti 1¢ enzyme : co chét & phan phuong phap xéc dinh hoat tinh ulvan lyase
(Trang 24).

- B6 sung tai liéu tham khao cho y “ulvan lyase téi td hop déu dugc thu nhan tir dich
noi bao™ (Trang 38). '

- Théng nhét dinh dang tai liéu tham khao.

- Co s& dé Iya chon diéu kién nudi cdy lic & 20°C sau khi bd sung chit cam img
IPTG?

- Phan két luan va kién nghi can trinh bay ngin gon va stic tich.

* PGS.TS Pao Viét Ha cé cac y kién:

- B6 sung thao ludn vé cac két qua nghién ctru.

- B6 cuc lai cac ndi dung trong phan phuong phap va két qua nghién ciru cho
logic hon.

- Kiém tra va lai cac tén hinh 3.5 va 3.9.

- Ra soat cac 18i chinh ta, kiém tra lai d6 chuan xéac khoa hoc cua mot s6 cau
van trong phan thao luan. B6 sung ndi dung phan thao luén.

- Viét lai két luan va kién nghi.

8. Hoc vién tra loi:

Céu héi 1: Co s¢ dé lya chon diéu kién nubi cdy lic & 20°C sau khi bd sung chat
cam ng [PTG?

Tré 16i 1: Diéu kién nuéi cdy lic & 20°C sau khi bé sung IPTG duge lyra chon
nhdm gidm toc d¢ sinh truéng cua vi khuan, giap protein tai to hop c6 thoi gian gip
cudn ding cau trac khong gian, han ché tao thé vai. Nhiét do thip sau cam (mg thudng
dugc 4p dung dé tang kha ning biéu hién protein tan, diic biét véi cdc protein c6 cdu
tric phire tap.

Ciu héi 2: Nguyén tic cua sic ky i lyc la gi? Trong nghién ciru nay tai sao lai
dung sac ky 4i luc dé tinh sach enzyme tai t6 hop.
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Tra 1oi: Nguyén tic cia sic ky ai luc la dua trén sy tuong tac dac hiéu gitra phan tir
muc tiéu (nhu enzyme) véi mot ligand ¢ dinh trén pha ran cua cot sic ky. Trong
nghién ciru nay, enzyme tai to hop mang dudi His-tag nén c6 kha nang bat dic hiéu
vai ligand la ion kim loai (nhu Ni**) gan trén cot sic ky ai luc. Phuong phap nay duge
sir dung vi cho phép tinh sach enzyme tai té hgp mét cach hiéu qua, chon loc cao va
giir dugc hoat tinh sinh hoc cua enzyme.

9. Nhin xét ciia thay hwéng dan vé hoc vién

TS. Huynh Hoang Nhu Khénh dai dién tap the luéng d in da doc ban nhan
xét cua gido vién hudng din va c6 nhing danh gia cao vé qua trinh lam viéc
nghiém tic cua hoc vién. '

10. Hoi dong hop Kin va cho diém
- Hoi dong bau ban kiém phiéu gém 3 thanh vién:
Truong ban: TS. Lé Dinh Hai
Uy vién: TS. Phan Qudc Théong
Uy vién: TS. Phan Thi Hoai Trinh
- Két qua kiém phiéu nhu sau:
S6 phiéu phat ra: 05
S6 phiéu thu vé: 05‘
Téng s6 diém: 37,9
Piém trung binh: 7,58
Diém thudng cong trinh cong bo: 0,8
Téng diém danh gia luan van va thuong cong trinh cong bd: 8,38
- Két luan ctia Hoi dong:
+ Luan van dat yéu cau cia luan van thac si.
~+Noi dung va tén dé tai luan van khong tring lap véi cac cong trinh da cong
bo.
+ Hoc vién can chinh sira luan vén theo nhan xét cua 02 phan bién va cac gop
y ctia Hoi dong.
+ Trinh bay ngén gon, sic tich cac phan mé dau, két luan va kién nghi.
+ Ra soat chinh sira cac thuat ngir trong luén van.

+ Thong nhét céch trich din va dinh dang tai lidu tham khao theo quy dinh. -
cua Hoc vién Khoa hoc va Cong nghé.



11. Chi tich Hji dong, cong bd két qua, yéu cau hoc vién chinh sira luin
van véi cac ndi dung sau:

Ludn vin c6 ndi dung nghién ctru dap tmg duge yéu cau cia mot luan van
thac s¥, hoc vién chinh stra theo gop y cua héi dong va hoan thién ho so giri co
so dao tao ding han.

Buoi hop da két thuc vao 16 gior 45 phut ngay 22/5/2025.

Nha Trang, ngay 22 thang 5 nam 2025

THU KY HQOI PONG CHU TICH HQI PONG
Phan Thi Hoai Trinh Pao Viét Ha

XAC NHAN CUA CO SO DAO TAO
KT. GIAM bOC
O GIAM DOC

4\ CONG NGHE /5 )
R v/
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CONG HOA XA HOI CHU NGHIA VIET NAM
Déc lap — Tu do — Hanh phuc

BAN NHAN XET PHAN BIEN LUAN VAN THAC SI

Ho va tén nguoi nhan xét: Lé Dinh Hai Hoc ham, hoc vi: Tién sy

Chirc danh trong Hoi dong: Phan bién 1

Co quan cong tic: Phéan vién tha y mién Trung

Ho va tén hoc vién: Tran Hoang Hai

Tén dé tai: “Xac dinh diéu kién biéu hién va thu nhan ulvan lyase téi t& hop
trén Escherichia coli.”

Chuyén nganh: Sinh hoc thyc nghié¢m Mi sd: 8420114

NOI DUNG NHAN XET
1. Tinh cap thiét, tinh thoi sw, y nghia khoa hoc va thuec tién ciia dé tai ludn vin:

Ulvan la mot hop chét tiém nang v&i nhiéu hoat tinh sinh hoc quan trong nhur chéng
oxy héa, chéng viém, chéng ung thu, khéng khuén, khéng vi-rit, diéu hoa mién dich,
chong tang llpld mau, chong dong mau va img dung trong ky thuat mé. Tuy nhién, viéc
ing dung n6 van gip mot sé han ché dé 1a trong lugng phén tir 16n cia ulvan, 1am giam
kha nang tham nhap vao té bao va anh hudémng dén tinh sinh hoc cua ching. Bé tao dugc
hoat tinh cua ulvan cac nha khoa hoc da nghién ctru sir dung céc enzym dé tao ra ulvan
¢6 khoi lugng phan tir thap. Trong do, vige sir dung ulvan lyase la mot enzym c6 thé cét
ulvan thanh mach ngin.

Mt du ulvan lyase c6 thé diéu ché tir nguon tr nhién, nhung qua trinh nay gap
nhieu khé khan nhu: dé 13n tap chat, hiéu suat thu nhan thap va hoat tinh enzym dé bj
anh huéng trong qua trinh thu nhén va tinh sach. Do d¢, viéc nghién ciru biéu hién va
tinh sach ulvan lyase tai t hop la cén thiét.

Dé tai ¢ y nghla khoa hoc va thye tién d6 1a co s¢ khoa hoc dé nghién c{ru phat
trién céc loai tai tb hgp khéc. Sin pham ctia dé tai 1a ulvan Iyase c6 bé ngan mach ulvan
dé tir d6 c6 thé tao ra cdc san phém sinh hoc c6 hoat tinh sinh hoc cao ung dyng vao
trong y hoe, dong thoi cé thé nghién ciru phit trién ngudn duge liéu bién phong phi va
tiém nang tir rong bién Viét Nam,

2. Swr khéng tring lip cila dé tai nghién ciru so véi cdc cOng trinh khoa hoc, lugn
vin da cong bd & trong va ngoai nuwée; tinh trung thye, rd rang va diy du trong
trich dén tai li¢u tham khio;

Xét vé doi tugng, pham vi nghién ctru, két qua thu duge thi dé tai nghién ctru chua
thdy c6 sy triing l3p vdi cdc két qua nghién clru trong nuée va thé gidi,

Luén van la mét phan cta dé tai cap Vién Han Lam Khoa hoc va Cdng nghé Vigt
Nam ma s6 VAST06.01/23-24; céic két qua duge trinh bay rd rang, ¢6 nhiéu hinh anh
minh hoa; dugc thyc hi¢n tai phong thi nghi¢m cta Vign Nghién ctu va Ung dung Céng
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nghé Nha Trang (nay la Vién Hai Duong Hoc) nén dam bao duge tinh trung thuc va do

chinh xac cao. Céc trich dén tai li¢u dugc thé hién kha ddy du, va cap nhét.
3. Sw phu hop giira tén dé tai véi ndi dung nghién ctru ciing nhw véi chuyén nganh
va mi so dao tao: ‘

Tén dé tai phu hop voi ndi dung nghién ciru, chuyén nganh va ma s6 dao tao.

4. P tin ciy va tinh hi¢n dai cua phuong phap nghién ciru da sir dung dé hoan
thanh ludn vin:

Dé hoan thanh duogc ludn 4n, tdc gia da sir dung nhiéu phuong phap khac nhau
gdm: xac dinh lai gen ma héa enzym ulvan lyase trong chung vi khuan BL21 tai to hop,
trong hé théng biéu hién vector pET28 bing phwong phap PCR, tac gia da su dung
phuong phap SDS- PAGE, Western blot dé danh gia kha nang va cac diéu kién tdi uu
biéu hién enzym mong mudn cuia chung vi khudn t4i td hop. Nhu vay cac phuong phap
la hién dai va phu hgp va&i ndi dung va két qua nghién ciru.

5. Két qua nghién ciru cia ludn vin:
Két qua ctia lugn van bao gom:

- ba xac dinh dugc diéu kién biéu hién cta ulvan lyase tai t6 hop trén E. coli.

- Pa xac dinh duoc quy trinh thu nhan va tinh sach ulvan lyase tai td hop Faly.

- Danh gia hoat tinh enzyme va kha nang bé ngin mach ulvan cta ulvan lyase téi
t6 hop.

6. Nhirng han ché, thiéu sot ciia luin vin vé ndi dung, hinh thirc va ciu héi:

- Trong phan dat van d&, téc gia cin bo sung trich dan c4c tai liéu tham khao. Tédc
gid cling nén bd sung muc tiéu nghién ciu, y nghia khoa hoc va thye tién.

- Trong phén déi tuong nghién ciru téc gia can tach phan nguyén vit li¢u ra,
khong dé chung,

- Trong phan phuong phép: tac gia nén mo ta phuong phap gin lién véi ndi dung
va két qua dé cho ngudi doc dé theo doi.

- Téc gi4 nén ra soat lai gitra phuong phép va két qua, mot s6 phuong phép ¢6 néu
trong phin phuong phap, nhung phan két qua khong trinh bay. Mdt s6 két qua ¢6 trinh
bay, nhung khong co6 trong phuong phap.

- Pbi véi phin két qua: téc gia da trinh bay duge nhitng két qua nghién ciru cé chit
lugng. Tuy nhién viéc trinh bay con chua thye sy duge logic. Tdce gia da diu tu tham
khao rat nhiéu tai liéu dé bién ludn, tuy nhién c6 mdt s6 bign lugn mgc du ¢6 lién quan
dén két’qué nhung da vurot qua két qua ma tac gia thu duge. Mat s6 bién ludn niing vé
ly thuyét chung.

Trong phin két qué theo t6i tac gia nén dua két qua thu nhin ulvan lyase tdi td hop
Faly (enzyme tho) (myc 3.3.1) Ién phdn déu dé xdc nhqn ring protein ma minh nghién
ciru 14 & ndi bao hay ngoai bao. Dé tir d6 mai nghién ciru cac diéu khién biéu hi¢n khic.

Ciing trong phéan két qua tdc gid nén bi¢n lufn vi sao chon 15 gidr 1a ti wu, béi vi
theolf;m}.ladién di (hinh 3.2) thi sau 5 gi¢ lugng protein mong mudn ciing twrong ty nhu
sau 15 gio.




Trong két qua nghién ciru téc gia cho ring nong do IPTG phu hop dé cam bién 2
mM, nhung & trang 37 tac gia lai két luan 1a 0,5 mM.

Phén tai liéu tham khao: tc gia cAn ra soét lai cach trinh bay cho ding véi quy
dinh cua co s& dao tao.

7. Néu téc gia chwa viét bai bdo khoa hoc thi ndi dung ciia ludn vin c6 thé duge
viét thanh céc bai bao dé giri dang trén tap chi khoa hoc, sach chuyén nganh hodc
tuyén tap cong trinh hdi nghi khoa hoc cip qubc gia, qudc té hay khong?

Cac két qua nghién ctru da duge tdc gia co 1 bao cdo khoa hoc trinh bay & Hoi nghi
Khoa hoc toan quéc vé Cong nghé Sinh hoc nam 2024..

8. Két luan chung (khing dinh mirc d§ dip ing cic yéu chu dbi véi mét ludn vin
Thac si; luan van ¢6 thé dwa ra bio vé dé nhan hoc vi Thac si dugc hay khong?):

Luén van la mot cong trinh nghién ciru nghiém tic, duge thuce hién tai nhirng phong
thi nghiém c6 uy tin nén két qua dat dugc dang tin cdy. Luén véan c6 y nghia khoa hoc,
thuc tién cao trong tinh hinh hién nay va c6 déng gop mdi.

Luén van duoc trinh bay dung véi quy dinh cua co so dao tao. Noéi dung va ham
lugng khoa hoc nhu vay la phu hgp véi mét ludn an thac si. Vi véy, c6 thé dua ra béo
vé dé nhan hoc vi Thac si.

Nf.n...'fr:m?..... ngay.2Z. thing ... nam 2025

Nguoi nhin xét

Ll

Lé Pinh Hai



CONG HOA XA HOI CHU NGHIA VIET NAM
Doc l1ap — Tu do — Hanh phic

BAN NHAN XET PHAN BIEN LUAN VAN THAC SI

Ho va tén ngudi nhan xét: Nguyén Xuan Vy. Hoc ham, hoc vi: TS

Chirc danh trong Hoi df)ng: Phan bién 2

Co quan cong tac: Vién Hai duong hoc

Ho va tén hoc vién: Tran Hoang Hai

Tén dé tai: Xac dinh didu kién biéu hién va thu nhan ulvan lyase ti to hgp trén
Escherichia coli

Nganh: Sinh hoc thuc nghi¢m. Ma so: 8 42 01 14

NOI DUNG NHAN XET

1. Tinh cép thiét, tinh thai sy, y nghia khoa hoc va thuc tlen ctia dé tai luan van:

Dé tai nay c6 tinh méi va co y nghla khoa hoc va thue tién khi thu nhin enzyme ulvan
lyase thong qua tdi t6 hop. Téc gia da sir dung enzyme nay dé bé ngin mach ulvan tao
thanh oligosaccharide, day la nguyén liéu quan trong trong qua trinh ché bién thude,
thue pham chirc nang co gia tri cao.

2. Su khong trung lap cua dé tai nghién ciru so vdi cac cong trinh khoa hoc, lugn vin da
cong b6 & trong va ngoai nudc; tinh trung thyc, rd rang va diy du trong trich dn tai ligu
tham khao:

Viéc xac dinh diéu kién biéu hién, cam g cua ulvan lyase ho PL28 co nguon gde tir
Formosa agariphila thong qua chung bién nap E. coli 1a mdi, mic du ¢b cic nghién ciru
trong ty vé ngudn goc gen la tir vi khuén Alterpmonas.

Céc nghién ciru trude da dugc trich din mt cach cdp nhit va day du.

3. Sy phi hop gilra tén dé tai voi ndi dung nghién clru cling nhu véi chuyén nganh va
ma s0 dao tao:

Tén dé tai, ndi dung nghién nghién ciru phi hgp vaéi chuyén nganh dao tgo.

4. Do tin cdy va tinh hién dai cia phuong phdp nghién clru da sir dung d¢ hoan thanh
Juén van:

- Viéc tham dinh lai gen P30-PL28 trong plasmid thong qua PCR va gidi trinh ty ¢0 d§
chinh xac cao va hién dai.

- Phuong phap xac dinh ham lugng IPTG, nhi¢t d va thoi gian la cde phuong phap
thudmg quy da dugc thye hién trén cac nghién ciu trude,

- Quy trinh thu nhdn va tinh sach ulvan lyase dya trén phuong phap siie ky di lye,
gna&x ciing duge thye hign bang cac phuong phap hign dai, tuong ty cde nghién el trude
-Véphuongph&pdénhg:ﬂhw tinh va kha nang bé ngn mgch thong qua dign di SDS-
PASE, lai phan ti, tinh sach bang 0t 1a cic phuong phép hign dang sir dng phd




5. Két qua nghién ctru cta ludn vin:

Nghién ciru nay da thuc hién thanh cong ba néi dung:
a. Xac dinh diéu kién biéu hién ctia ulvan lyase: Méi trueong LB chira IPTG ¢6 ham
lugng 2 mM, thoi gian 15h va nhiét dg 1a 20°C.
b. Dé tai da xax dinh duoc quy trinh thu nhén va tinh sach enzyme, nong dé
imidazole rra giai la 150-200 mM.
¢. Ulvan lyase thé da dugc thir nghiém cit ulvan tir rong Ulva lactuca thanh cong;
enzyme sau khi tinh sach cing da thir nghiém cét ulvan cua hai loai rong luc
thanh cong.
6. Nhimg han ché, thiéu sot cta ludn van vé ni dung, hinh thire va cau héi:
Nhin chung dé tai dugc viét kha tét, it sai sot, noi dung nghién ctru da dang, logic vai
nhau. Tuy nhién can chinh sira lai chut it cho rd rang hon:

- Phan ma dau: Twong déi dai, nén han ché cac thong tin vi trong phén téng quan
da thé hién. Cha y Ulvales 1a by chir khong phai ho.

- Phan tong quan: Nén chinh cau dau tién khi giéi thiéu vé rong Luc. Khi trich din,
s thir tur nén dé ngay sau tén tac gia. Néu co trich dan 2 tai liéu tré én thi s6 nho

trude va so 1on sau.
- Phan phuong phap: Vi trong phan Két qua ¢6 két qua cua 3.1: Kiém tra qua trinh
tao dong, nén chuyén mot so doan trong 3.1 phan két qua qua phan phuong phap

Chopu tiop : i
- Phan Két qua: O muc 3.2 nén chinh thanh “Anh hudng cia mot so yéu t0” thay

vi “Nghién ciru khao sat” vi day la phan két qua.
- Phan két luan nén chuyén thanh doan van thi vi thé hién theo cach tom tit két

qua.
- Phén tai liéu thdm khao can hoan thién thém: vi du TLTK s0 1 thiéu thong tin tén
tac giam va nguon, S6 5, Hoc vién KHCN, Ha Noi thay vi Nha Trang; in nghiéng

tén la tinh

7. Néu tac gia chua viét bai bao khoa hoc thi néi dung cua ludn vin c6 thé duge v1et
thanh cac bai bao dé giri dang trén trén tap chi khoa hoc, sich chuyén nganh hodc tuyén
tap cong trinh hoi nghi khoa hoc cap quoc gia, quoc té hay khong?

Hoc vién la dong tac gia trong cong trinh vé Hoi nghi Khoa hoc toan quéc tai Hué

8. Két luan chung (khing dinh mirc d dép (mg céc yéu cau déi voi mot ludn vin Thae
si; luan van co thé dua ra bao vé dé nhén hoc vi Thac si duge hay khong?):

Luén van co thé dura ra bao vé dé nhén hoc vi Thac si duge
Nhe. 7.01)(7 ., ngdy2.2 thing 2. nam 2045

Nguwoi nhiin xét
(Ky, ghi 10 ho tén)
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CONG HOA XA HQI CHU NGHIA VIET NAM

VIEN HAN LAM
Poc lip - Tuw do - Hanh phic

KHOA HQC VA CONG NGHE VN
HOC VIEN KHOA HQC VA CONG NGHE

BAN GIAI TRINH CHINH SUA LUAN VAN
THEO KET LUAN CUA HOI PONG PANH GIA LUAN VAN THAC SI

Ho tén hoc vién: TRAN HOANG HAI Lép: BIO21A
Tén dé tai ludn vin: Xac dinh diéu ki¢n biéu hién va thu nhan ulvan lyase tai t6 hop
trén Escherichia Coli.
Chuyén nganh: Sinh hoc thuc nghiém
Mi sb: 8420114
Ngudi huéng din khoa hoc:  Hudng dan 1: TS. Cao Thi Thiy Hang
Huéng dan 2: TS. Huynh Hoang Nhu Khanh
Ngay bao vé luan van: 22/05/2025
Can cir bién ban hop hoi dong dénh gia ludn vin thac si, hoc vién di chinh stra

luan van nhu sau:

STT | Nbi dung dé nghi bo sung, chinh sira Noi dung di bo sung, chinh sira
Phin mé dau tuong dbi dai, can han ché | ., : X
. ok . | ba viet sic tich, ngdn gon lai theo
1 |théng tin vi trong phan tong quan da thé | | |
7 gop ¥
hién
5 Phan tong quan, diéu chinh théng tin vé | Pa dieu chinh théng tin ve rong lue
rong luc theo gép y
. L. Da bd sung trich dn tai lidu tham
Bo sung trich dan tai li¢u tham khéo trong (. 8 { o g ® : 7
R R ¥ .. | khdao trong phan Pat van de. Bo
3 | phan Dat van dé. Bo sung myc tiéu nghién O b
i : sung mue tiéu nghién ciu, ¥ nghi
ctru, ¥ nghia thye tién & _:u & 3 nghiy
thye tien
4 | Trong phan Doi tugng nghién clru, cin | DA chinh sta myc 2.1 Ddi tugng
x A " ‘A L. LA
tach phan Nguyén vét liéu nghién ctru




Mo ta ph%m phuong phap gan lién véi noi

Pi chinh stra cac phan theo gop ¥

5 .
dung va ket qua
Muc 3.2 nén chinh thanh “Anh hudng cua
6 | mot sb yéu td dén su biéu hién cua ulvan | Ba chinh stra theo gop y
lyase tai t6 hop faly”
R 3 ) Pi dua muc 3.3.1 lén dau phz‘in
7 | Bua muc 3.3.1 1én dau phan phuong phap )
phuong phap
§ B sung tai ligu tham khao cho cac | Da bo sung tai liéu tham khao cho
phuong phap nghién ctru | cac phuong phap nghién ciru
1., e Pa trinh bay phan tich lai két qua
9 | Con it cac thao luan vé két qua TN
nghién cliru
R L . X . . | bBa chinh stra phan két qua theo gbp
Phan két qua trinh bay chua logic, motso | , o Mo e .
10 e - RS y, bién ludn bam sat ket qua thu
bién luan vuot qua két qua thu duoc
duoc
e ) _ | Da viét lai phan két luan thanh doan
11 | Phan két luan nén chuyén thanh doan van ;
van
B6 sung tai liéu tham khao cho y “ulvan| Loml :
e 3 W Pi bd sung tai liéu tham khao theo
12 | lyase téi to hop déu dugc thu nhan tirdich | | |
DR gOP Y
noi bao
i Pinh dang tai liéu tham khéo theo ding | Pa chinh stra tai li¢u tham khao theo
quy dinh cta co s& dao tao dung quy dinh cua co s¢ dao tao
Khi trich dan tai liéu tham khao, s6 thaetwe|
W) N T . | Pba ra soat, chinh sua toan b ludn
14 | nén dé sau tén tac gia, néu c6 2 trich dan | _ N
T R T van theo gop y
thi s0 nho trude, so 16n sau
, 2 o D chinh stra lai cdc 16i trinh bay &
Chinh sira lai cac 10i trinh bay ¢ cac myc | | L L y
15 s B cdc muyc va tieu muc theo ding dinh
va tiéu muc theo ding dinh dang
dang
Thiéu tinh logic trong cach viét, bd cyc .
16 > N LY g ' Pa ra sodt, chinh sira ludn van
cé4c phan cua ludn van
Tén cua cac hinh chua phi hep, chua T Tl
17 P 5 Pa diéu chinh lai ding tén cac hinh

chinh xac




Tl

% Bo sung méi trudng LB va AT vao phu | P bd sung méi truong LB va AT
luc hoa chét vao phu luc héa chit
Ha Noi, ngay 12 thdng 06 nam 2025
CHU TICH HQI PONG TAP THE HUONG DAN HOC VIEN
Huwéng din 1 Huéng din 2
i /)awc/ e Vo
L e
/

Dao Viét Ha Cao Thi Thiy Hing  Huynh Hoang Nhu Khanh  Tran Hoang Hai




