Nghién curu khoa hoc c6ng nghé
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1. PAT VAN PE

Doc t6 Botulinum (BoNTs) la chat doc than kinh do vi khuan Clostridium
botulinum san sinh, giy ngd doc, de doa nghiém trong dén tinh mang cua con nguoi
va dong vat [1]. Bénh c6 ty 1 ngd doc thap, nhung ty 1é tir vong cao (5-10%) néu
khong dugc chan doan va diéu tri kip thoi [2]. DPoc td BoNTs duoc xép vao tac nhan
sinh hoc loai “A”, doc gap 100 1an so véi xyanua, lidu gay chét dbi voi nguoi trudong
thanh qua dudng tiéu héa udce tinh 1a 30 ng [3]. Poc t& BoNTs gdom c6 8 type A, B,
C, D, E, F, G, H va dugc phan biét béng dac tinh khang nguyén [4]. Hau hét cac
truong hop ngd doc & nguoi déu do doc té type A, B, E (doc nhat 1a type A, B) va
ty 18 gay bénh cuia cic type doc khac cho con nguoi 1a rat thap [4, 5].

Poc t6 BoNTs duge ma hoa bai gen ¢ chiéu dai khoang 3900 bp. Protein
BoNTs dugc tao thanh tir 2 chudi: chudi nang (HC) c6 khéi lugng khoang 100 kDa
gébm ving chuyén vi (HN) va mién gian thu thé (RBD); chudi nhe LC 1a mot
metalloprotease phu thudc Zn®", c6 khdi lwong khoang 50 kDa va 1a mién giy doc
cia BoNTs [6]. Dang hoat dong cia BoNTs c6 dugc nho lién két gilra chudi nang va
chudi nhe qua mot cau ndi disulfide va twong tac khong cong hoa tri giita protein-
protein [7]. Su lién két nay 1 can thiét cho tinh chat gay doc than kinh ctia BoNTs
[8, 9]. Bang cong nghé DNA tai to hop, doc té BoNTs da dugc biéu hién thanh cong
va dugc tmg dung trong chan doan, diéu tri bénh. Trong s cac phuwong phap chan
doan C. botulinum, phuong phap mién dich nhu ELISA, test nhanh dugc quan tam
nhiéu nhét do ¢6 tinh don gian va hiéu qua cao. Viéc nghién ctru ché tao duge chudi
nhe doc té BoNTs (dac biét 1a type A, B) 1a tién dé cho viéc phat trién véc-xin du
phong va cac kit chan doan mién dich trén nguoi [10].

Trong nghién ctru nay, dé tao dugc chudi nhe doc td than kinh botulinum type B
(BoNT/B-LC), chung t6i di tong hop gen ma hoa chudi nhe, sau d6 gen dugc chuyén
vao plasmid pET-32a(+) va biéu hién thanh cong trong Escherichia coli BL21 (DE3).
Nham ci thién kha ning hoa tan va hiéu suat tong hop protein tai t6 hop trong ching
E. coli mang gen, trong nghién ctru nay, ching toi tlen hanh khao sat lya chon diéu
kién biéu hién thich hop, bao gom: mdi truong nudi cdy, nhiét do biéu hién, nong do
chit cam tng IPTG va thoi gian thu mau sau cam tng v6i IPTG & quy m6 phong thi
nghiém. Két qua thu dugc 1a tién dé quan trong cho cac nghién ctru tiép theo.

2. VAT LIEU VA PHUONG PHAP NGHIEN CU'U
2.1. Vatliéu
Chiing E. coli BL21 (DE3) tai t6 hop mang gen cai bién ma hoa chudi nhe type B.
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Hoa chit cho 1én men: M6i troeong LB: 0,5% dich chiét ndm men, 1% tryptone va
1% NaCl. Moi truong YJ: 2% glycerol, 1,5% tryptone, 2% dich chiét nAm men, 0,16°%
KyHPO4.12H,0, 0,16% KH>PO4, 0,05% NaCl, va 0,025% MgS0O4.7H,0. Moi truong
TB: 1,2% peptone, 2,4% dich chiét ndm men, 72 mM K,HPO,, 17 mM KH,PO,, va
0,4% glycerol. Méi truong HSG: 1,49% glycerol, 0,7% dich chiét ndm men, 1,35%
tryptone, 0,14% MgSO,.H,0, 0,15% KH,PO,, 0,23% K,HPO, va 0,5% glycine. Chét
cam ung Isopropyl B-D-1-thiogalactopyranoside (IPTG) (Meridian Bioscience, MY),
khang sinh ampicillin (Alfa-Thermo). Hoa chét cho dién di protein: Trisbase (ABT, Viét
Nam), bis-acrylamide (Serva, Buc), APS, TEMED, coomassie brilliant blue, methanol,
acid acetic, SDS, glycine (Sigma, M¥), thang protein chuén (Thermo, M¥).

Céc trang thiét bi: Tu lic gia nhiét NB-205VL (N-biotek, Han Qudc), hé thong
chup anh Gel Doc EZ imager (Biorad, My), bo dién di ding protein mini (Cleaver
scientific - Anh) va trang thiét bi thiét yéu khac.

2.2. Phwong phap nghién ctru

Khao sdt anh hwong ciia nhiét dp nuéi cdy lén sw sinh tong hop protein
TrxBoNT/B-LC

Nudi cdy khoi dong té bao: Chung E. coli BL21 chira plasmid tai t6 hop duoc
nudi trong 10 ml méi truong LB chira ampicillin 100 pg/ml (mdi truong LBAmp) &
nhiét d 37°C, lic & toc do 250 vong/phit trong 16 gio.

Dich nudi dugc cay chuyen sang 100 ml mé1 truong LBAmp méi vai ti 18 tiép
giong 1a 1% va dugc nudi cay cung diéu kién. Khi ndng do té bao tuong g ODsoo
khoéang 0,6 thi tién hanh cam tng biéu hién protein véi 500 pM IPTG va tién hanh
nudi cay & cac nhiét do khac nhau: 20, 25, 30 va 37°C. Céc binh dugc lic ¢ toc do
250 vong/phut trong 8 gid. Sinh khéi thu duoc bang ly tam 5000 vong/phut & 4°C
trong 15 phat. Té bao duoc hoa lai trong dém 20 mM PBS, pH=74 dé dat
ODgo=10. Sau do, té bao dugc bao quan ¢ nhiét do -80°C. Tién hanh pha v té bao
bang séng siéu am & cong suat 20 KHz trong 20 phit (thdi gian bat/tit = 20/10) trén
dé lanh. Muc do biéu hién protein TrxBoNT/B-LC dugc xac dinh b?mg do Bradford
két hop phan tich két qua dién di trén gel polyacrylamide 12,6% bang phan mém
Image J (Biorad) dé Iya chon nhiét do bicu hién thich hop. Ham lugng protein tuong
d6i dugc tinh bang cong thirc = (két qua do nong do protein tong s6 bang phuong
phap Bradford) x (ty 1& % cua bang protein BoONTs/LC do bang ImageJ).

Khdo sdt agnh hwéng ciia méi trwong nudi cdy lén sw sinh tong hop protein
TrxBoNT/B-LC

Chung E. coli BL21 duoc nuéi ciy khoi dong té bao. Dich nudi duge ciy chuyen
sang cac méi truong LB, YJ, TB va HSG co6 b sung ampicillin dén ndng do cudi cung
100 pg/ml voi ti 1€ tiép giéng 1a 1%. Té bao dugc nudi cay 6 37°C, 250 Vong/phut dén
khi nong do té bao dat OD600 bang 0,6 th1 tién hanh cam ung bleu hién protein véi 500
uM IPTG. Té bao duoc tiép tuc nudi cdy & nhiét do biéu hién t01 wu, ldc 250 vong/phut
va thu mau & thoi diém 8 gio sau cam tng. Tién hanh pha v& té bao bang song siéu 4m
& cong suat 20 KHz trong 20 phit (thoi gian bat/tit = 20/10) trén da lanh. Luong
protein TrxBoNT/B-LC biéu hién duoc xac dinh bang do Bradford két hop phan tich
két qua dién di trén gel polyacrylamide 12,6% bang phan mém Image J (Biorad).
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Khdo sit anh hwéng ciia néng d¢ chit cam ieng lén sw sinh tong hop
protein TrxBoNT/B-LC

Chung E. coli BL21 dugc nudi cdy khoi dong té bao. Dich nudi cdy duoc
chuyén sang 100 ml méi truong nudi cy sau tbi uu c6 bd sung ampicillin dén nong
d6 cudi cling 1a 100 pg/ml vai ty 18 tiép gidng 1a 1%. Dich té bao dugc tiép tuc nudi
cay ¢ nhiét do 37°C, lic & toc do 250 vong/phut dén khi gia tri ODggo dat khoang
0,6. Chuyén dich nudi cdy sang 6 binh tam giac dung tich 100ml (10 ml/binh), mdi
binh tién hanh cam ung voi IPTG & cac néng do 0; 100; 250; 500; 750 va 1000 pM.
Tiép tuc nudi lac & nhiét do t6i wu va thu mau o thoi diém 8 gid sau cam ung. Luong
protein TrxBoNT/B-LC biéu hién duoc xac dinh bang do Bradford két hop phan tich
két qua dién di trén gel polyacrylamide 12,6% bang phan mém Image J (Biorad).

Khio sdt anh hwéng ciia thoi gian thu méu sau cim ikng lén sw sinh tong
hop protein TrxBoNT/B-LC

Sau khi lya chon dugc moi trudong nuodi céy, nhiét d6 cam ung, néng do chat
cam tng thi tién hanh kiém tra thoi gian thu mau sau cam ung phi hop. Quy trinh
dugc thyc hién nhu sau: Ching E. coli BL21 chira plasmid tai t6 hop dwoc nuodi
trong 10 ml méi trudong LB chira ampicillin 100 pg/ml (modi truong LBAmp) ¢ nhiét
d6 37°C, lic ¢ toc do 250 ~vong/phut trong 16 gid. Dich nudi cay duoc chuyen sang
100 ml méi truong nudi cay sau ti wu c6 bod sung ampicillin den nong do cudi cung
1a 100 pg/ml voi ty 1€ tiép gidng 1a 1%. Dich té bao duoc tiép tuc nudi cdy ¢ nhiét
do 37°C, 1ac & toc do 250 vong/phit dén khi gia tri ODggo dat khoang 0,6. Tién hanh
cam tmg té bao véi ndong do IPTG t0i ru va nudi cy tiép, nhiét do cam tng t6i uu,
lic 250 vong/phiit va thu miu & cac thoi diém 0 - 14 gid sau cam ung. Luong
protein TrxBoNT/B-LC biéu hién duoc xac dinh bang do Bradford két hop phan tich
két qua dién di trén gel polyacrylamide 12,6% bang phan mém Image J (Biorad).

3. KET QUA VA THAO LUAN

3.1. Lwa chon nhiét do cam vng phu hop cho sy sinh tdng hop protein
TrxBoNT/B-LC tii té hop

Viéc sir dung nhiét do toi wu co thé giup cho qué trinh 1én men tao sinh khi
dién ra thuan loi dat hiéu qua cao, dong thoi cing gitip ting kha ning biéu hién cua
protein tai t6 hop ciing nhu ting cudng tinh 6n dinh va giam sy tich ty cua protein
khong tan. Cac nghién ctru trude diy cho thay protein tai to hop biéu hién ¢ nhiét do
thép thuong ton tai & dang tan c6 hoat tinh, tuy nhién té bao sinh treong cham, can
thoi gian thu mau dai [10]. Nguoc lai, protein biéu hién & nhiét d6 cao nhu 30, 37 va
40°C, day 1a nhiét do pht hop cho vi khuan phat trién do vay sinh khéi thu dugc
nhiéu, nhung phan 16n protein tao ra ton tai & dang thé vui (khong tan). Do vay, tiy
thudc vao muc dich nghién ctru ma lya chon nhiét do biéu hién phu hop. Trong nghién
ctru nay, dé khao sat anh hudng ctia nhiét do 1én kha nang sinh téng hop TrxBoNT/B-
LC tai t6 hop, chiing t6i tién hanh thir nghiém nudi cdy cam tng ching E. coli tai to
hop & cac nhiét do cam g khac nhau gém 20, 25, 30 va 37°C. Quy trinh dugc trinh
bay chi tiét trong phan phwong phéap. Két qua dugc trinh bay trong Hinh 1.
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Hinh 1. Anh huong cua nhiét d¢ nuéi ciy cam (g 1én kha ning
sinh tong hop TrxBoNT/B-LC

A: Dién di 46 SDS-PAGE phan tich protein tong s6 (TS), pha tan (T) va khong tan
(KT) thu dugc tir té bao E. coli duoc nudi cay biéu hién protein tai t6 hop & cac nhiét
d6 khac nhau: 20°C, 25°C, 30°C va 37°C, M: Thang chuén protein. B: Ham luong
TrxBoNT/B-LC biéu hién & cac nhiét do khac nhau: 20°C, 25°C, 30°C va 37°C
dugc phan tich bang phan mém Imagel.

Phan tich két qua dién di SDS-PAGE trén Hinh 1A cho thiy, protein
TrxBoNT/B-LC biéu hién tbt & cac nhiét do khéao sat va phén 16m protein biéu hién &
dang tan, ham lugng protein va sinh khdi té bao dat tdt nhit & 37°C (Hinh 1B). Tai
nhiét ¢6 37°C, ham luong protein tong sé dat 230 mg/L mdi trudng, trong d6 ham
lugng protein BoNT/B-LC ¢ dang tan chiém khoang 85% protein tong so. Dé thu
duoc luong protein Trx BoNT/B-LC pha tan cao nhat, nhiét d6 37°C dugc lua chon
lam diéu kién nudi cdy cho cac thi nghiém khao sét tiép theo. Hiéu suét tong hop
protein TrxBoNT/B-LC trong nghién ctru nay cao hon so v6i nghién ctru cia Jain va
ddng tac gia nam 2011. O d0, chudi nhe BoNT/B ciing di duoc ti uu hoa mi bo ba
cho pht hgp v6i ma bo ba ciia chiing vi khuan chil. Tuy nhién, protein BoNT/B-LC
chu yéu ton tai & thé vii dan dén hiéu suét tinh sach protein kém, chi dat >15mg
protein tinh sach tir 1 1it moi trudong nudi cay [11]. Nghién ctru ctia Gilsdorf va dong
tac gia (2006) da chi ra hoat tinh ctia chudi nhe BoNT/B duy tri 6n dinh & nhiét 6 1én
dén 40°C va nhiét do 37°C da dugce lua chon 12 nhiét d thich hop cho san xuét [12].

3.2. Lya chon mdi truwong nudi cAy phut hop cho sy sinh tong hop protein
TrxBoNT/B-LC tai to hop

Sy tong hop protein trong té bao E. coli chiu anh hudng boi cac thanh phan
trong moi truong nudi cdy nhu axit amin, vitamin, khoang va cac nguyén t6 vi luong
cho su sinh truong. M01 protein khac nhau s& c6 hiéu suat tong hop khac nhau trong
cac moi trudng nudi cy khic nhau. Nghién ciru danh gia mic do biéu hién protein
TrxBoNT/B-LC tai t6 hop & cic mdi truong khac nhau: LB, YJ, TB va HSG.
Quy trinh nuéi cdy duoc thyc hién theo mé ta & phan phuong phap, nhiét do cam
g thich hop dugc t6i wu cho TrxBoNT/B-LC 1a 37°C.
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Két qua dién di SDS-PAGE (Hinh 2A) di cho théy, té bao E. coli BL21 (lan
NC1) va BL21 _pET-32a(+) (lan NC3) khong cam ung IPTG khong c6 su bién hi¢n
protein BoNTs/LC; ddi chimg NC2 1a t& bao BL21 mang plasmid pET-32a(+) sau
cam tng IPTG cho thay co6 su biéu hién Thioredoxin 1 (trxA). Quan sat trén gel dién
di ¢ Hinh 2 cho théy khong c6 su khac nhau nhiéu vé do dam cua protein
TrxBoNT/B-LC biéu hién ¢ cic méi truong LB, TB, YJ, HSG. Két qua ham luong
protein TrxBoNT/B-LC dat cao nhat & moi truong LB (287 mg/L mdi truong), tlep
dén 1a moi truong YJ (284 mg/L moéi trudng), HSG (280 mg/L mdi truong) va thap
nhit 1a TB (268 mg/L mbi truong), tuy nhién sy khac nhau khong co ¥ nghia théng
ké. Li giai cho viéc nay do cic mdi truong lya chon déu 1a méi truong gidu dinh
dudng cho té bao sinh truong tot nén muc do biéu hién protein dich khong c6 sy
khac biét 16n [13, 14]. Trong ngh1en ctru nudi cdy vi sinh, LB 1a mdi truong glau
dinh dudng va phd bién cho nuéi cdy nhiu ching vi khuan khac nhau, véi vu diém
thanh phan don gian, d& chuan bi, gia thanh ré, do vay, chiing t6i lya chon LB 1a moi
truong biéu hién sinh tong hop TrxBoNT/B-LC.
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Hinh 2. Anh huong cta mdi trudng nudi ciy 1én kha ning biéu hién TrxBoNT/B-
LC tai t6 hop trong t€ bao E. coli BL21 (DE3)

A: Pién di 46 SDS-PAGE phén tich protein tong s thu duoc tir té bao E. coli nudi
cdy trong cac moi truong LB, TB, YJ va HSG, NC1: Protein téng s6 ching
BL21 pET-32a(+) khong cam tmg IPTG, NC2: Protein tong s6 ching
BL21 pET-32a(+) cam ung IPTG, NC3: Protein téng s6 ching BL21.

B: Ham lugng TrxBoNT/B-LC biéu hién khi nuéi cdy chiing & cic méi truong LB,
TB, YJ va HSG duoc phan tich bang phan mém Image].

3.3. Lua chon ndng d9 IPTG phit hgp cho sy sinh tong hop protein
TrxBoNT/B-LC tii té hop

IPTG la chat cam tmg d6i v6i T7 lac promoter gitp 1am tang sinh khéi té bao va
san xuat protein tai to hop [15]. Day 1a mot co chat dat tién va co kha ning gy doc va
e ché sinh trudng cua té bao & néng do cao [16]. Viéc diéu chinh néng do IPTG,
protein tai to hop c6 thé dugc biéu hién & mirc do thap hon gitp 1am ting kha ning
hoa tan va dam bao hoat tinh sinh hoc [17]. Dé kiém tra, chung t61 da nuoi ca”iy té bao
trong diéu kién c6 chat cam tng IPTG & cac ndng do 0; 100; 250; 500; 750 va 1000
uM & ODgo dat 0,6 trong méi trudng nudi ciy LB, nhiét do cam tmg v6i TrxBoNT/B-
LC 12 37°C, thoi gian nudi cdy sau cam tmg 1a 8 gid.
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Hinh 3. Anh huong ctia IPTG 1én kha ning sinh tong hgp TrxBoNT/B-LC
A: DPién di d6 SDS-PAGE phan tich protein tong sé thu duoc tir té bao duoc nudi
cdy & cac ndng do chat cam g khac nhau, M: Protein chuan. Lan 1-6: Nong do
IPTG khao sat: 0; 100; 250; 500; 750 va 1000 uM. B: Ham lugng Trx BoNT/B-LC
biéu hién khi nudi cay chung ¢ cac ndng dd IPTG khac nhau dugc phan tich bang
phan mém Image].

Két qua dién di SDS-PAGE (Hinh 3) cho théy, protein TrxBoNT/B-LC tai to
hop bét dau biéu hién & nong do 100 uM IPTG va ham luong protein ting dan khi
tang nong do IPTG tir 100-500 pM. Khong co sy khac biét nhidu vé ham lugng
protein TrxBoNT/B-LC khi ting néng do IPTG tir 500 1én 1000 pM, cu thé ham
luong protein TrxBoNT/B-LC cam tng & cac nong do 500; 750 va 1000 uM IPTG lan
luot 1a 268, 271 va 277 mg/l. Do vay, trong nghién ctru nay dé tiét kiém chi phi san
xuét, ching toi lya chon ndng dd chit cam tng IPTG cho sinh téng hop protein
TrxBoNT/B-LC 1a 500 uM.

3.4. Lua chon thoi gian thu miu cho sinh tf;ng hop TrxBoNT/B-LC tai
t6 hop

Té bao E. coli nudi ciy chi sinh truong dén mot ndng d6 nhat dinh rdi ding
lai. Thoi gian nudi cdy qua dai s& din dén té bao sinh truong trong dicu kién dinh
dudng han ché. Cac té bao gia s& chét khi budc vao ‘pha can bang, dan dén giam ham
lwong protein tai to hop trong té bao [14]. Nham t6i wu hoa san pham protem tai to
hop, mét dai thoi gian nudi cay sau cam tmg IPTG dugce thue hién bao gom: 0, 2, 4,
8, 12, 14 gio voi cac diéu kién nudi cdy di duogc tdi wu: té bao E. coli BL21 (DE3)
tai té hop mang gen TrxBoNT/B-LC duoc nudi cdy trong méi truong LB, nhiét do
cam ung 1a 37°C, ndng do chat cam tng 500 pM IPTG. Két qua dién di kiém tra
duoc trinh bay & Hinh 4.

Trong thoi gian dau tir 0 dén 8 gio té bao ting truong 6n dinh va bit dau tién
vao pha can bang. Lic ndy, qua trinh tong hop TrxBoNT/B-LC dién ra rit manh va
mat do té bao gan nhu dat dinh tai 12 gio sau cam tng (dat 380 mg/L moi trudng
nudi cay). Tai thoi diém 14 gio sau cam tmg, lwong TrxBoNT/B-LC thu duoc giam
xudng khoang 6% so véi thoi diém 12 gio. Nguyén nhan dan dén mat do té bao
giam co thé 1a do can kiét ngudn dinh dudng va su thay d6i pH méi truong. Nghién
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ctru nay da lya chon duoc thoi gian thu miu 1 12 gid sau cam ung. Nhu vay, sau
khi téi wru cac diéu kién (nhiét d6, méi truong, ndng d6 IPTG va thoi gian thu mau,
mat do té bao biéu hién) gia tri ODgy tang tr 5,2 1€n 6,5, ham lugng protein
TrxBoNT/B-LC tai t6 hop thu dugc ting tir khoang 268 1én 380 mg/l méi trudng
nudi cdy, gap 1,7 lan trude tdi uu.
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Hinh 4. Anh hudng cua thoi gian nudi cay cam g 1én biéu hién
protein TrxBoNT/B-LC tai t0 hgp theo thoi gian

A: Pién di 46 SDS-PAGE phan tich protein tong sb thu dugc tur chung E. coli tai to
hop dugc nudi cay dén cac thoi diém khac nhau tir 0 dén 14 gio sau cam ung.

B: Ham luong TrxBoNT/B-LC thu duoc sau cam tng duoc phan tich bang

phan mém ImageJ
4. KET LUAN
Chung E. coli BL21 sinh tong hop chudi nhe ddc té than kinh botulinum type

huyét thanh B vdi hiéu sudt cao nhat dat 380 mg/L khi dugc nudi cdy trong moi
truong LBA ¢6 bd sung chat cam ung IPTG 500 uM ¢ 37°C, 250 vong/phut trong
12 gio. San lugng protein tai t6 hop tang 1,7 1an so véi trude khao sat.
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SUMMARY

INVESTIGATION OF CULTURE CONDITION FOR EXPRESSION OF
RECOMBINANT Clostridium botulinum's LIGHT CHAIN NEUROTOXIC TYPE
B IN Escherichia coli BL21 (DE3)

Botulinum neurotoxin (BoNT) was a protein known to cause poisoning
through the gastrointestinal tract. Despite the low incidence rate of the disease, it
exhibited a high mortality rate (5-10%) if not promptly diagnosed and treated. Most
human poisoning cases were attributed to toxin types A, B, and E (with types A and
B being the most toxic), while incidences involving other toxin types were
infrequent. The BoNT protein was composed of two chains: the heavy chain (HC,
approximately 100 kDa) and the light chain (LC, approximately 50 kDa), the latter
being the toxic domain of BoNT. Research into creating BoNT toxin light chains
established the scientific basis for developing preventive vaccines and immune
diagnostic kits. To generate the botulinum neurotoxin type B light chain (BoNT/B-
LC), a modified gene encoding the light chain from positions 1-450 amino acids was
synthesized. This gene was then inserted into the plasmid pET-32a(+) and expressed
in Escherichia coli BL21 (DE3). To improve recombinant protein expression
productivity, the study optimized the process for expressing recombinant BoNT/B
protein at the laboratory flask scale. The E. coli strain BL21 carrying the BoNT/B-
LC gene was cultured at 37°C in LB medium with an IPTG concentration of 500
uM and sampled at 12 hours. The optimized process increased recombinant
TrxBoNT/B-LC protein content from approximately 268 mg/L to 380 mg/L of
culture medium, a 1.7-fold increase compared to the previous optimization.

Keywords: Optimize expression, Escherichia coli, Botulinum neurotoxin
(BoNTs), BoONT/B-LC, t6i wu biéu hién.

Nhan bai ngay 10 thang 7 nam 2024
Phan bién xong ngay 06 thang 8 nam 2024
Hoan thién ngay 22 thang 8 nam 2024

" Vign Y sinh Nhiét doi, Trung tam Nhiét ddi Viét - Nga
@ Pai hoc Khoa hoc tw nhién, Pai hoc Quoc gia Ha Ngi

Lién hé: Trinh Vin Toan
Vién Y sinh Nhiét d6i, Trung tdm Nhiét doi Viét - Nga
S6 63 Nguyén Van Huyén, Nghia Do, Cau Gidy, Ha Noi
Dién thoai: 0983394016; Email: tvtoan.210594(@gmail.com

62 Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 35, 09 - 2024



