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Nhén dong, biéu hién va tinh sach chaperone AcrH
cia vi khuan Aeromonas hydrophila
sit dung vat chi Escherichia coli
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Tom tiit:

Vi khuin Aeromonas hydrophila 13 vi Khuian gram am, sir dung hé tiét loai III (T3SS). Py la hé tiét dong vai tro
quan trong trong cic tuwong tac cia vi khuin véi té bao vat chii, dic biét 1a qua trinh xam nhép vao té bao vat chi.
Vi khuén A. hydrophila gy bénh cho nhiéu déi twong sinh vat khac nhau, bao gdm ca ngudi va thity san (dic biét 1a
cac vat nudi co gia trj kinh té cao & Viét Nam va thé gi¢i nhu cac loai cd, tom, ludng cw). Protein chaperone AcrH cé
vai tro giup translocator chinh AopB va translocator phu AopD ton tai trong té bao chit cia A. hydrophila & trang
thai 6n dinh truéc khi chiing tham gia hinh thanh céu tric cia T3SS. Céc nghién ciru trwée didy méi chi phan tich
dwoge ciu tric ciia protein AcrH & dang két hop véi protein AopB, nhung & dang khong lién két véi protein AopB
vén chwra dwoc 1am sang té. Diéu nay 1am cho hiéu biét vé co ché hinh thanh T3SS bi han ché. Do d6, muc dich cia
nghién ctru 12 tinh sach chaperone AcrH véi dd tinh sach cao, gitip phat trién nghién ctru cu triic ciia protein nay,
g6p phén lam sang t6 co' ché hinh thanh kénh chuyén vi xuyén mang ciia T3SS & vi khuén 4. hydrophila ciing nhw
¢ nhiéu vi khuian gram Am khac. Trong nghién ciru nay, cac tic gia da thiét ké thanh cong vecto biéu hién pET-282a
mang gen mi héa cho chaperone AcrH tir axit amin 21 dén 158 va biéu hi¢n thanh cong trén chiing vi khuin E. coli
BL21 (DE3). Protein tai to hop AcrH dwoc tinh sach bang phwong phap sic ky ai lue sir dung hat niken véi do tinh
sach dat trén 99%. Protein AcrH dwoc tinh sach véi dd tinh sach cao sé tiép tuc dwoc sir dung cho cic nghién ciru
cAu tric, gép phan hoan thién co ché giy bénh ciia cic vi khuin gram am, tir d6 c6 thé phat trién cac nghién ciru vé
co ché diéu tri bénh do cac vi khuin nay giy ra.

Tir khéa: biéu hién gen, chaperone AcrH, protein tai to hop, sic ky ai lwc.

Chi s6 phén loai: 1.6

vi duogc hinh thanh trén mang té bao vat chu va dugc ciu
tao tir 2 loai protein chuyén vi chinh va phu (¢ vi khuan 4.
hydrophila, hai protein nay dugc ky hiéu 1a AopB va AopD)
[7]. Cac protein chuyén vi chinh va phu déu chtra cac ving
xuyén mang co tinh ki nudc rt cao. Do d6, trudce khi duoc
van chuyén dén bé mat t& bao vat chi dé hinh thanh nén
kénh chuyén vi xuyén mang, thi cic protein nay duoc bao
vé boi protein chaperone 16p 11 ton tai trong té bao chat. O
vi khuan A. hydrophila, protein chaperone 16p II 1a AcrH
[8]. Hién nay, co ché phan tir ctia qué trinh hinh thanh nén

He tiét loai 3 (T3SS) 1a hé thng vi tiém siéu nho duogc
nhiéu vi khuan gram 4m st dung dé xam nhép vao té bao
vat chii va gdy bénh. Vi khudn A. hydrophila sit dung T3SS
dé gay bénh trén nhiéu ddi tugng sinh vat khac nhau [1, 2],
bao g6m ca nguoi va thuy san, dac biét 1a cac vat nudi co
gi4 tri kinh té cao dbi voi mot nude nong nghiép nhu Viét
Nam, d¢6 la céc loai c4, tom, ludng cu, gia suc [3-5]. Dé tim
ra dugc cac loai chét tc ché nham ngan chan va tiéu diét cac
loai vi khuan nay thi trudc hét can hiéu rd duge ciu trac va

chure nang cua T3SS.

T3SS céu tao tir hon 20 loai protein, gém 3 phén chinh:
phén than gbc 6 mang té bao vi khuan; phan kim tiém co cau
tao dang 6ng rong c6 mot ddu hudng ra ngoai moi trudng
va gin vao té bao vat chu; phan kénh chuyén vi tiép nbi
giita phirc hé dau mat va xuyén qua mang té bao vat chu
[2, 6]. Khi c6 tin hiéu tir phirc hé ddu mat, kénh chuyén
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phuc hé kénh chuyén vi van chua duogc lam sang t6. Cong
bb nam 2015 ciia Nguyén Vin Sang va cong su di chi ra
cu triic tinh thé cta phirc hé AcrH két hop véi viing xuyén
mang ciia AopB. Ciu tric nay giai thich dugc sy tuong tac
AcrH véi AopB, va AcrH c6 vai trd 1am 6n dinh ving xuyén
mang cta AopB [9]. Tuy nhién, ciu tric ciia AcrH ¢ dang
khong lién két van chua duoc 1am sang to, va han ché su
hiéu biét vé co ché bién d6i tuong tac giita dang khong lién
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Abstract:

Aeromonas hydrophila (A. hydrophila) is a gram-
negative bacterium, using the type III secretion system
(T3SS). In the T3SS, a key structure is a translocon that
inserts into the target membrane and forms a channel
for bacterial toxins into the host cell. A. hydrophila is
pathogenic to different organisms, including humans
and aquatic animals (especially domestic animals with
high economic value in Vietnam and the world, such
as fishes, shrimps, amphibians). The pore completes
the channel from bacteria to host, is composed of a
major translocator (AopB) and minor translocator
(AopD). These translocators are bound by a small
chaperone (AcrH) in bacterial cytosol. AcrH chaperone
plays an important role in keeping the high stability
of translocators and prevents nonspecific interactions
of hydrophobic domains before the pore formed in the
host cell membrane. Previous studies only analysed the
structure of the AcrH in combination with the AopB,
but in a non-binding form with the AopB has not
been elucidated. That limits the understanding of the
formation mechanism of T3SS. Therefore, the authors
aimed to clone, express, and purify the AcrH recombinant
protein which can be used for the structural study and
elucidation of T3SS pore formation. In this study, the
authors cloned a fragment of the gene encoding for AcrH
chaperone from A. hydrophila and inserted the gene into
the pET-28a expression vector. AcrH protein from amino
acids 21 to 158 was expressed in E. coli BL21 (DE3) and
purified using a nickel bead column with high purity
(over 99%). As a result, the obtained AcrH protein can be
used for studies of structure and function that contribute
to perfecting the pathogenesis of gram-negative bacteria
and developing research on the treatment mechanism
caused by these bacteria.

Keywords: affinity chromatography, chaperone AcrH,
expression, recombinant protein.
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két va lién két ctia AcrH. Do d6, chung téi tién hanh nghién
ctru nhan dong, biéu hién va tinh sach chaperone AcrH 6 vi
khuan 4. hydrophila & phuc vu cho nghién ctru cau triic cia
protein AcrH.

Trong nghién ctru nay, ching t6i tién hanh nhan dong
gen ma hda cho chaperone AcrH cua vi khuan 4. hydrophila
va chén vao vecto biéu hién pET-28a. Vecto tai to hop mang
gen AcrH duoc bién nap vao ching vi khuan E. coli BL21
(DE3) va biéu hién trong té bao nay. Protein tai to hop AcrH
dugc tinh sach bang phuwong phap sic ky ai luc sir dung hat
niken.

Vat liéu va phuong phap nghién ciu

Vit li¢u

Gen mé hoa cho protein AcrH tir axit amin 21 dén
158 (AcrH,, ;) nhan 1én tir ADN tong s6 cta vi khuan
A. hydrophila. Vecto biéu hién pET-28a duoc cung cap tu
Phong thi nghiém sinh hoc phan tir va té bao, Trung tim
Khoa hoc su séng, Khoa Sinh hoc, Truong Pai hoc Khoa
hoc Tu nhién, Pai hoc Qudc gia Ha N¢i. Chung E. coli
DH5a va E. coli BL21(DE3) dugc chon 1a vat chu tach dong
va vat chu biéurhién protein AcrH,, ... Cac mdi truong, Vflt
liéu va hoa chat dugc st dung trong nghién ctru nay déu
dugc mua tir cic hing héa chat uy tin nhu Sigma, Qiagen,
Merk, Fermentas.

Phwong phap nghién ciru
Nhan dong gen ma hoa cho chaperone AcrH:

Trinh ty gen ma héa cho chaperone AcrH duogc nhan
d(‘)ng tor khuon 1a hé gen cua vi khuén A. hydrophila AH-1
(bang phan ung PCR - polymerase chain reaction), su dung
mdi xudi c6 vi tri cit ctia enzyme gioi han BamHI va moi
nguoc ¢d vi tri cit cua enzyme gii han EcoRI (bang 1).
Thanh phan cta phan tng PCR gém 10 pl 5x Phusion HF
Buffer, 1 pl dNTPs (10 mM), 1 pul ADN khuén (100 ng/
ul), 1,5 pl mdi xudi (10 pM), 1,5 pul mdi nguge (10 pM) va
thém H,0 cho du tong the tich 50 ul. Phan tmg PCR thyc
hién trén may PCR Eppendorf véi thoi gian bién tinh 20
gidy ¢ 98°C, thoi gian gan mdi 1a 15 gidy & 55°C va 15 gidy
kéo dai chudi & 72°C. San pham PCR duoc kiém tra bang
phuong phéap dién di trén gel agarose 1,5%. DNA co kich
thudce tuong Gng véi gen ma hoéa AcrH (414 bp) dugc tinh
sach st dung b kit Gel Extraction Kit cia QIAGEN (Dtrc).

Bing 1. Trinh tw mdi sir dung trong phan tng PCR.

Mobi Trinh ty

AcH, . F 5’ GCGGATCCGGCACCCTCGCCATGCTC 3’

AcrH, R 5" CGGAATTCTCACATATCCTTTTTGGTTTTGAC 3’
24



Chén gen vao vecto biéu hién pET-28a:

Poan gen AcrH va vecto biéu hién pET-28a cung duoc
cit boi 2 enzyme gidi han BamHI va EcoRI. 40 ul hon hop
phan tmg cét plasmid gém 3 pul plasmid (150 ng/ul), 2 pl
10X FastDigest™, 1 ul (10U) enzyme BamHI FastDigest™,
1 pl (10U) enzyme EcoRI FastDigest™ (Fermentas) va 33
ul H O dugce u 6 37°C trong 2 gio. 40 pl hon hgp phan tng
cat DNA gom 5 pul DNA (100 ng/ul) thu dugc tir bude tinh
sach, 4 ul 10X FastDigest™, 1 pl (10U) enzyme BamHI,
1,5 pl (10U) enzyme EcoRI va 28,5’;11 H,O (?uqc u ¢ 37°C
trong 2 gio, sau do enzyme dugc bat hoat bang cach u 10
phut ¢ 65°C. Plasmid va doan gen da duoc cit sau do duogc
n6i boi enzyme T4 DNA ligase ¢ nhiét do phong trong 2
gio voi ty 1€ plasmid va gen 1a 1:3 (ty 1€ mol). Vecto tai
t6 hop duoc bién nap vao vét chu tach dong la t& bao E.
coli DH5a bang phuong phép sbc nhiét. Cac khuan lac ciia
té bao DH50 chira vecto di chén gen duoc chon loc béng
phwong phap PCR khuén lac sir dung cip mdi T7 promoter
va T7 terminator.

Giai trinh ty gen:

Céc khuan lac duoc xéac dinh c6 chia doan gen AcrH
dugc chuyén sang nudi ciy trong méi truong LB khoang
16 gio. Dung dich nudi cay chira té bao DH5a sir dung dé
tach chiét plasmid bang bo kit Miniprep Kit cia QIAGEN
theo cac budc hudng dan boi nha san xuat. Plasmid sau dé
duogc gui di giai trinh ty ¢ Cong ty 1% Base (Malaysia) theo
phuong phap Sanger.

Biéu hién protein tdi t6 hop:

Vecto biéu hién chira gen AcrH dugc bién nap vao té
bao E. coli BL21 (DE3) va nuéi lic trong méi truong LB
¢6 bd sung ampicillin (100 pg/ml) ¢ 37°C dén khi mat do té
bao & OD dat t6i 0,6. Sau do bd sung chat cérp ung IPTG
(isopropyl B-D-1-thiogalactopyranoside) voi nong d§ 300
uM va nudi lic & 20°C khoang 16 gid dé biéu hién protein
tai to hop. Su biéu hién protein dugc kiém tra bang phuong
phép dién di gel SDS-PAGE 15% (sodium dodecyl sulfate
polyacrylamide gel electrophoresis).

Tinh sach protein tdi t6 hop:

Té bao chira protein tai t6 hop tir 1 lit méi trudng LB
dugc thu lai bang phuong phép ly tim 8000 vong/phut & 4°C
trong 5 phut, duogc hoa tan trong 25 ml dém binding chira 50
mM Tris-HCI, pH 8,0, 300 mM NaCl, 5 mM imidazole. Té
bao sau d6 dugc pha v& bang may siéu 4m trén d4 lanh va ly
tam 8000 vong/phut ¢ 4°C khoang 30 phut.

Dich ndi thu duoc cho 1én cot chira 2 ml Ni-NTA

Agarose da dugc U san v6i dung dich dém binding. Sau d6,
rira ¢t 3 1an bang dém binding va 10 lan bang dém rua chua
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50 mM Tris-HCI, pH 8,0, 300 mM NaCl, 30 mM imidazole
dé loai bo protein tap. Protein dugc tach khoi cot bang dung
dich Elution (50 mM Tris-HCI, pH 8,0, 300 mM NacCl, 500
mM imidazole).

Két qua va thao luan
Nhin dong gen AcrH bang kj thugt PCR

Poan gen ma hda cho protein chaperone AcrH tur axit
amin 21 dén 158 c6 kich thudc 414 bp duoc khuéch dai
bang phuong phap PCR sir dung cip m(?i dac hiuAcrH,, | "
-F va AcrH,, -R chtra vi tri nhén bi€t cua 2 enzyme cﬂét
gi¢i han BamHI, EcoRI va khuén la ADN cua vi khuan
A. hydrophila AH-1. San phdm PCR duoc phan tich bing
phuong phép dién di trén gel agarose 1,5%. Két qua dién di
san pham PCR dugc thé hién ¢ hinh 1. Thang ADN chuan
gitip xac dinh kich thudc trong ddi ciia cac bang ADN trong
mau can phan tich. Duong chay AcrH la san pham PCR c6
duy nhat mét bang kich thudc khoang 414 bp, tuong dwong
voi kich thuge cua gen mé hoa cho protein AcrH,, .. biédu
nay chiing minh rang, chung t6i da nhan dong thanh cong
doan gen ma hoa cho protein AcrH st dung k¥ thuat PCR.

Marker AcrH

3000
2000
1500
1000
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Hinh 1. Két qua dién di sain phdm PCR nhan dong gen AcrH. Thang ADN
marker dugc phan tach tbt va hién thi & giéng diu tién. Giéng 2 1a két qua nhan
dong gen AcrH bang k thuat PCR v&i cap mdi déc hiéu. Doan gen ma héa cho
chaperone AcrH da duoc nhan 1én thanh cong véi kich thudce 414 bp.

Chén doan gen ma héa AcrH vao vecto biéu hién pET-
28a

Sau khi nhan dong dugc gen ma hoéa cho chaperone
AcrH, chung t6i da tién hanh cit va chén doan gen nay vao
vecto biéu hién pET-28a. Sau khi sang loc dugc cac vecto
mang gen, cac vecto tai to hop nay duoc tach chiét va dugc
giai trinh tu boi Cong ty 1% Base (Malaysia). Sau d6, trinh
tu nay dugc dich ma sang trinh ty axit amin st dung phﬁn
mém SnapGene va so sanh voi trinh ty axit amin cua AcrH
da cong bd trén ngan hang gen. Két qua so sanh 2 trinh tu st
dung phan mém CLUSTALW thé hién trén hinh 2 cho théy,
trinh tu duoc chén vao vecto 14 twong ddng véi trinh tu cta
AcrH duogc cong bd. Chi c6 su khac biét duy nhét & trinh tu
16 axit amin & ddu N ciia chudi polypeotide, d6 1 trinh tu
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axit amin cua dud6i His-tag va du6i Thrombin gitup cho qua
trinh tinh sach protein. Diéu d6 chung to rang, chung t6i da
thiet ké dugc vecto tai to hgp pET-28a/AcrH.

AcrH-Clone
AcrH-Genbank

MHHEHHHHSSGLVPRGSGTLAMLNDVSTDTLEQLYTLGFNQYHAGKHDEAHKIFQALCVLD 60
................... GTLAMLNDVSTDTLEQLYTLGFNQYHAGKHDEAHKIFQALCVLD 44
RRR KRR RRRRFF AR E R R ER KRR KRR RF R RARRKFF

AcrH-Clone HYEARFFLGLGACRQALGQFRLAIDSYSYGAMMDLQEPRFPFHAAECLLQLGELEGAESG 120
AcrH-Genbank HYEARFFLGLGACRQALGQFRLAIDSYSYGAMMDLQEPRFPFHAAECLLQLGELEGAESG 104
RRkkkkRRRRRRRRR R R R R R R R R R R R R R R R Rk Rk kR R Rk Rk kR

AcrH-Clone
AcrH-Genbank

FHSAQLLAAAKPELAELAARAGIMLEVVKTKKDM* 154
FHSAQLLAAAKPELAELAARAGIMLEVVKTKKDM* 138
R R B R R R L R R L E R R EL LR LR EL L]

Hinh 2. So sanh trinh tu axit amin cia AcrH véi trinh tuy AcrH cia vi
khuan A. hydrophila AH-1 trén ngan hang gen. AcrH-Clone: trinh tu axit
amin nhan dugc sau khi giai trinh tu. AcrH-Genbank: trinh tu axit amin cta
protein AcrH (vi khuan 4. hydrophila AH-1) dugc cong bo trén ngan hang gen
(AAR26340.1).

Biéu hién protein tai t0 hop trong té bao E. coli
BL21(DE3)

Té bao E. coli BL21(DE3) chita vecto tai t6 hop pET-
28a/AcrH dugc biéu hién trong moéi truong LB 1ong cd bd
sung ampicillin v6i ndng d6 chit cam ung IPTG 1a 300 uM
trong 16 gio. Két qua biéu hién dugc phan tich béng phuong
phap dién di SDS-PAGE thé hién trén hinh 3. O giéng IPTG,
c6 mdt bang dac trung kich thude 16,8 kDa tuong ung voi
kich thudc ciia AcrH xut hién, trong khi & giéng dbi chung
No IPTG khéng c6 bing nay. Diéu d6 khang dinh ring,
protein AcrH dd duoc biéu hién thanh cong trong té bao E.
coli BL21 (DE3).

G
\?@é t\&ﬂ ©

55 kDa ﬁ
42 kDa
————
25kDa ' -
17 kDa '
4 < His — AcrH (16,8 kDa)
10 kDa

Hinh 3. Két qua biéu hién chaperone AcrH trén té bao E. coli BL21(DE3).
Méu IPTG 1a miu cam Gng biéu hién bang IPTG dugc so sanh v6i mau ddi
chimg 1a No IPTG (mau khéng c6 chat cam tng IPTG). O mau c6 chat cam
img xudt hién mot bang ddc trung co kich thude 16,8 kDa, twong tmg véi kich
thude cua chaperone AcrH.

Tinh sach protein tdi t6 hop sir dung sic ky di liwc vdi
niken

Sau khi biéu hién thanh cong nhan t6 phién ma, ching
toi tiép tuc tinh sach protein nay st dung phuong phap sac
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ky ai luc voi cot co gén ion niken. Do dugc biéu hién b?mg
hé théng vecto biéu hién pET-28a nén protein tao ra s& co
thém 1 trinh ty gdm 6 axit amin Histidin. Trinh ty His-tag
nay giup protein tai t6 hop c6 thé bam véi hat niken trén
cOt, con cac protein khac s€ bi rua troéi boi dung dich dém
rua (washing buffer) voi 30 mM imidazole. Sau khi rua cac
protein tap, protein tai to hop dugc thu lai bang dung dich
dém Elution chira 500 mM imidazole. Két qua tinh sach thé
hién trén ban dién di SDS-PAGE (hinh 4) cho thay protein
AcrH da dugc thu lai véi d9 tinh sach cao, c6 mot bang duy
nhét trén duong chay 5.

M 1 2 3 4 5
-— E E
e - -4
55 kDa e i 5
42 kDa =T
- e
26 kDa 5 =
17 kDa
S W < oxHis-AcrH
(16,8 kDa)
10 kDa

Hinh 4. Két qua tinh sach protein AcrH phén tich bing dién di SDS-
PAGE. M: thang chuén protein. 1: miu protein khong co chat cam tmg IPTG,
2: miu protein co bd sung chét cam ung IPTG 300 pM, 3-4: protein khong
tan va tan trong dung dich sau khi pha v& té bao bing song siéu 4m, 5: protein
AcrH thu dugc sau khi tinh sach str dung ¢t sic ky ai luc voi niken.

Thao ludn

Vi khuan A. hydrophila 13 mot trong nhitng vi khuan
gram 4m gy ra nhiéu bénh nguy hiém cho cac sinh vat, tir
dong vat cho dén con ngudi. A. hydrophila ndi riéng va mot
s6 vi khuén gram 4m néi chung déu sir dung T3SS dé tiém
cac protein doc td hodc cac protein hi€u ung vao té bao vat
cha [1]. Mic du da c6 nhidu cong bd vé cac cdu tric phirc
tap cua hé tiét nay, dac biét la phén than géc va kim tiém,
nhung dén nay van con rat it hiéu biét vé ciu tric ciia kénh
chuyén vi (1 kénh xuyén qua mang té bao vat chii cia T3SS,
gilp cac protein ciia vi khuan c6 thé d& dang di qua mang
vao té bao chat cua vat cha). Trong ciu triic ndy, 2 protein
chuyén vi chinh (AopB) va phu (AopD) hinh thanh phirc hé
trén mang té bao chu [7]. Trong do, chaperone AcrH (¢ vi
khuanA hydrophila) c6 vai tro quan trong giup duy tri trang
thai 6n dinh cua cac translocator trong té& bao chit va ngin
chén cac tuong tac khong ddc hiéu do cac vung ky nudc gay
ra, trudc khi duoc van chuyén dén bé mat té bao vat chu dé
hinh thanh kénh chuyén vi. Mot s nghién ctru trude day
da chi ra m&i mot phan tir chaperone c6 thé tuong tic trong
phtc hé véi mot phan tir protein chuyén vi va hinh thanh
nén phic h¢ di dimer nhu chaperone IpgC véi IpaB(51-
72), PcrH(21-160) véi PopD(47-56), SycD(21-163) voi
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YopD(56-65), hay chaperone AcrH véi AopB(1-264) [9-
11]. Déac biét, da c6 mot s6 céu trac cta cac chaperone trong
16p 11 dugc cong bd nhu SycD (Yersinia enterocolitica),
IpgC (Shigella flexneri), PctH (Pseudomonas aeruginosa)
va LerH (Yersinia pestis). Cac céu trac ndy déu chi ra cac
chaperone dugc hinh thanh tir cac doan lap tetratricopeptide.
Tuy nhién, mbi cAu trac lai co cac ciu trac di dimer khac
nhau, diéu nay cho thay su linh dong trong céu tric cua cac
chaperone khac nhau. Do d6, viéc nghién cuu biéu hién va
xac dinh cdu triic cua chaperone AcrH gitp 1am sang t6 co
ché hinh thanh nén kénh chuyén vi ciia T3SS & vi khuén 4.
hydrophila. Trong nghién cttu nay, ching t6i da tinh sach
dugc protein tai td hop AcrH voi lugng 16n va do tinh sach
cao. Protein ndy c6 thé duoc tiép tuc nghién ctru vé cau
trac va chire nang nhu danh gia céu trac bac 2 va bac 3 cia
protein bang phwong phép CD (circular dichroism) hay véi
dd tinh sach cao c6 thé si dung dé két tinh protein va danh
gia bang phuong phép tinh thé hoc tia X.

Keét luan

Chung toi da tach dong va thiét ké duoc vecto biéu hién
pET-28a mang gen mi héa cho chaperone AcrH. Vecto téi to
hop pET-28a/AcrH dugc bién nap thanh cong vao té bao vi
khudn E. coli BL21 (DE3) va biéu hién thanh cong protein
AcrH bang chat cam tng IPTG véi mirc d¢ biéu hién cao.
Chaperone AcrH duoc tinh sach bang phuong phép sic ky
4i luc véi cot niken dat do tinh sach cao. Vi két qua nay,
protein co thé duoc tinh sach luong 16n véi d9 tinh sach cao
dé nghién ciru vé cdu tric clia protein nay, gitp lam sang to
duoc cu tric cua phtc h¢ kénh chuyén Vi.

LO1 CAM ON

Nghién ctru nay dugc tai tro boi Quy phat trién khoa hoc
va cong ngh¢ quoc gia (NAFOSTED) theo tai trg s6 106-
NN.02-2016.58. Cac tac gia xin tran ttrong cam on.
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