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Abstract: Botulinum neurotoxins (BoNTs) produced by Clostridium botulinum are
metalloproteases. Based on structural differences and substrate specificity, BoNTs are classified
into 8 serotypes from A to H. Identification of the endopeptidase activity of BoNTSs is the basis for
BoNT detection. In this study, a recombinant gene encoding for the substrate of the BoNT serotype
(BoNT/B) was successfully cloned and expressed in E. coli BL21(DE3) using a pET28CYL1

vector. At the N-terminus of the designed recombinant protein, there was 6*His tag along with an
enhanced cyan fluorescent protein. The C-terminus held an enhanced yellow fluorescent protein,
while a peptide with amino acid sequences spanning from 60 to 94 residues of VAMP2 (a natural

substrate of BoNT/B) was positioned in the midsection. The whole construct was called 6*His-
CFP-VAMP2(60-94)-YFP, with a molecular weight of approximately 60.1 kDa. The substrate
protein exhibited a high level of expression in the soluble fraction of E. coli BL21(DE3), which
was purified via Ni-affinity chromatography to electrophoretic homogeneity. The extracellular
fluid of C. botulinum serotype B (crude BoNT/B) cleaved the recombinant protein to generate two
smaller protein fragments that are consistent with theoretical calculations. Crude BoNT/B required
the presence of dithiothreitol (DTT) for substrate proteolytic cleavage, but it was inhibited by
ethylene diamine tetraacetic acid (EDTA).
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Biéu hién co chét protein tai to hop cho phat hién hoat tinh
endopeptidase cua doc t6 than kinh botulinum serotype B

L€ Phan Anh, Vi Thi Phugng, Pham Bao Yén, Lé Thi Héng Nhung,
Phan Tuan Nghia, Nguyén Thi Hong Loan”

Trueong Dai hoc Ighoa hoc Tu nhién, Dai hoc Quéc gia Ha Noi,
334 Nguyén Trai, Thanh Xuan, Ha Ngi, Viét Nam

Nhén ngay 05 thang 6 ndm 2024
Chinh stra ngay 17 thang 12 nam 2024; Chap nhan dang ngay 31 thang 12 ndm 2024

Tém tit: Doc t6 than kinh botulinum (BoNT), do vi khuan Clostridium botulinum sinh ra, 1a mot
metalloprotease. Dya trén nhitng khac biét trong cAu tric va tinh ddc hiéu co chat, BoNT duoc
phan thanh 8 serotype, ky hiéu A-H. Xéc dinh hoat tinh endopeptidase ciia BoNT 14 co sé chinh dé
phat hién doc t6 than kinh. Nghién ctru nay di nhan dong va biéu hién thanh cong doan gen mi
hoa cho peptide mang trinh tu cit ciia BoNT serotype B trong E. coli BL21(DE3) str dung vector
pET28CYLI1. Theo thiét ké, protein co chit c6 6*His va ECFP & dau N, doan peptide tir axit amin

60 dén 94 cua protein VAMP2 (co chat ty nhién cua BoNT/B) va EYFP ¢ dau C (6*His-ECFP-
VAMP2(60-94)-EYFP) va c6 KLPT 60,1 kDa. Protein co chit c6 mirc 6 biéu hién cao trong pha
tan ctia vi khuan E. coli BL21(DE3), dugc tinh sach dén mirc dong thé vé dién di bang cot sac ky
4i lyc Ni-sepharose. Protein tai to hop bi phan cit boi dich ngoai bao cua C. botulinum serotype B
(BoNT/B thé) tao ra 2 protein c6 KLPT phu hop v&i tinh toan 1y thuyét. Phan g phan cit protein
co chit boi BoNT/B tho can su ¢6 mit cua dithiothreitol (DTT) va bi trc ché boi ethylene diamine

tetraacetic acid (EDTA).

Tir khéa: BoNT, Clostridium botulinum, ECFP-EYFP, pET28CLY1, VAMP2.

1. Mé dau

Clostridium botulinum (C. botulinum) la vi
khuan gram dwong, ky khi va c6 kha ning tao
doc t6 than kinh botulinum (BoNT), nguyén
nhan gay bénh ngd ddc botulinum (botulism).
Dua trén co so huyét thanh hoc, BoNT duoc
phan thanh 8 loai (serotype), ky hiéu tir A dén
H. Trong d6 A va B la 2 serotype thuong gép
nhét trong cac vu ngd doc botulinum & nguoi
[1,2].

Vé cau trac, BoNT la mot metalloprotease
(holotoxin) c6 khdi lugng phan tir (KLPT)
150 kDa gdom 2 chudi polypeptide: chudi nhe
(light chain - LC; 50 kDa) c6 hoat tinh
endopeptidase v6i Zn®** 1a cofactor; va chudi

* Téc gia lién hé.
Dia chi email: loannguyen@hus.edu.vn

https://doi.org/10.25073/2588-1140/vnunst.5752

nang (heavy chain - HC; 100 kDa) c6 chuc
nang lién két véi thu thé, giup chuyén LC vao
trong té bao than kinh. LC va HC dugc lién két
cong hoa tri v6i nhau qua cau ndi disulfide [3].
BoNT duoc xép vao danh muc chit doc bang A
va phan cat phirc hé cac loai protein tham gia
dan truyén than kinh (specific
N-ethylmaleimide-sensitive-factor  attachment
receptor - SNARE), ngan chan giai phong
acetylcholine, dan dén té liét mém va gay tur
vong & nguoi, chi voi 0,1-1 ng/kg qua duong
tiém [3, 4].

Céc kiéu huyét thanh BoNT khac nhau phan
cit chon loc protein SNARE tai cac vi tri dic
hiéu khac nhau. Cu thé, BoNT/B cit tai vi tri
lién két giita GIn76-Phe77 trén protein VAMP2
(Vesicle-associated membrane protein) cua
SNARE [3]. Do d6, cac co chét peptide cia
BoNT/B thuong dugc tong hop dwa trén trinh



L. P. Anh etal. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 1 (2025) 89-98 91

tu axit amin cia VAMP2 [5-7]. Tuy nhién,
protein VAMP2 ¢6 trinh tu trén 100 axit amin
[8] va bao gém ca vi tri phan cit cua cac loai
BoNT khac nén khong thé phat hién dugc chinh
xac serotype ciia BoNT va co thé giy duong
tinh gia. Cac nghién ctru di xac dinh sé luong
axit amin phu hop trén trinh ty VAMP2 dé dam
bao hi€u qua phat hién BoNT/B, tranh duong
tinh gia va giam chi phi san xuat [5-7]. Theo d0,
cac chudi peptide véi chidu dai khoang 7, 10
hodc 20 axit amin xung quanh vi tri GIn76 -
Phe77, khong bi cat boi BoNT/B. Co chat
peptide voi chiéu dai 28 axit amin tir Leu60 -
Lys87 (VAMP2 (60 - 87) da cho hoat tinh cit
boi BoNT/B. Tuy nhién, nhugc diém cua co
chat nay 1a khong thé phat hién duoc mot sd
subtype gdm B2, B4 va B6 cia BoNT/B [7]. Co
chat peptide gébm 35 axit amin tir Leu60 t&i
Lys94 trén VAMP2 hién dang duoc sur dung
phé bién trong mot sb nghién ctru v6i kha ning
c6 thé phat hién dugc toan bd cac subtype cua
BoNT/B [5-7].

Do BoNT thé hién doc tinh & nong do rat
thip, da dang vé céac serotype C. botulinum va &
cac nén mau thuc pham phirc tap nén xac dinh
chinh x4c ngd doc botulinum ludn c6 nhiéu kho
khan [3]. Hién nay, phat hién ngd doc do BoNT
dwa trén kha ning giy chét trén chudt (Mouse
bioassay, MBA) dang dugc coi 1a tiéu chuan
vang. Bén canh d6, mot s phuong phap sir
dung co chit SNARE dé phat hién hoat tinh
endopeptidase cua BoNT nhu Endopeptidase -
Mass Spectrometry (Endopep-MS), truyén ning
lugng cong hudéng huynh quang (Fluorescent
resonance energy transfer — FRET) dang dugc
nghién ctru v6i muc tidu thay thé, cai tién va giam
viéc str dung dong vat [3, 9]. Cac phuong phap
nay ¢6 d6 nhay va do dac hiéu cao, tuy nhién can
phuong tién va may moc hién dai, dat tién.

Tai Viét Nam, cac chung phén 1ép trong cac
dot dich gan day da dugc cong bd 1a mang gen
ma héa BoNT/A va BoNT/B. Tuy nhién, phéan
loai serotype cuia doc td van chua duge xac dinh
[10]. Bén canh d6, cac nghién ctru vé doc td
BoNT chu yéu tap trung phat hién sy c6 mat
ctia vi khuan C. botulinum dua trén gen bing

PCR/real-time PCR. Gan ddy, Nguyen va cong
su [11] da thiét 1ap phuong phéap xac dinh hoat
tinh endopeptidase BoNT/A va BoNT/B bing
phuong phap Dotblot. Tuy nhién, phuong phap
van can dat hang co chat peptide voi gia thanh
cao tir nudc ngoai.

Xuét phat tor thuc té trén, chung t6i thuc
hién nghién ctru tao mot co chét dang protein
tai t6 hop gin chat phat huynh quang chira trinh
ti axit amin 60-94 cia VAMP2 dé co thé dung
cho viéc phat hién hoat tinh cia BoNT/B bfmg
dién di trén gel SDS-PAGE, hay bang tham
tach mién dich hodc bang quang phd huynh
quang [12, 13].

2. Thue nghiém
2.1. Nguyén liéu

Poan gen kich thudc khoang 120 bp ma hoa
cac axit amin tir vi tri 60 dén 94 trén protein
VAMP2 mang trinh ty cit cia BoNT/B, di
duoc toi vu héa codon cho biéu hién & E. coli
[14] va duogc tong hop trong vector pUC19 béi
Cong ty C6 phan Phu Sa Genomics (Viét Nam),
ky hiéu pUC19-VAMP2(60-94).  Vector
pET28CLY1 biéu hién ECFP-EYFP duoc dit
tor Addgene (M¥). Dich protein ngoai bao cia
vi khuan C. botulinum serotype B duoc cung
cép boi Vién Kiém nghiém an toan vé€ sinh thyc
pham Quédc gia [11]. Cac ching vi khuan E.
coli TOP10, E. coli BL21(DE3) tir Novagen
(M3); khang thé don dong khang 6*His-tag tur
Clontech (M¥); gel Ni-Sepharose tur GE (MY);
thang chuén protein Pierce™ Unstained Protein
MW marker (ThermoFisher scientific, My) va
GangNam-STAIN™ Prestained Protein Ladder
(Intron, Han Qudc). Cac héa chéat khic déu
dugc mua tr cac hang uy tin va dat do tinh
khiét can thiét cho nghién ctru sinh hoc phén tu.

2.2. Phuong phap nghién ctru

Thiét ké vector biéu hién co chdt protein
ciua BoNT/B trén co so su dung vector
pET28CLY1: Plasmid pUC19-VAMP2(60-94)
va pET28CLY1 duoc cit dong thoi véi cap
enzyme giéi han Ncol va EcoRI. Thanh phin
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phan g bao gom: 1,5 pg plasmid; 5 uL buffer
10%; 1 pL Ncol va 1 pL EcoRI; b6 sung ddH,0
dén tong thé tich 1a 50 pL. Hon hop phan (g
duoc tron déu va u ¢ 37 °C trong 1 gio, bt hoat
phan ung tai 65 °C trong 10 phut. Poan gene
VAMP2(60-94) va vector pET28CLY 1 sau cit
duoc tinh sach bang kit th6i gel cua Qiagen
(Ptic) theo huéng din cia nha san xuit. Gen
VAMP2(60-94) dwoc nbi  vao plasmid
pET28CLY1 bing T4 DNA ligase va bién nap
san pham gan vao vi khuén E. coli TOP10.

Vi khuan mang plasmid tai to hop duoc
chon loc trén méi truong LB agar c6 bd sung
kanamycin 50 pg/mL. Plasmid pET28CLY1 tai
t6 hop mang gen mad hoa cho VAMP2(60-94)
(PET28-VAMP2(60-94)) (Hinh 1A) duoc kiém

tra bang phan mg cat boi cip enzyme gidi han
Ncol va EcoRI két hop voi phan tich trinh tu
nucleotide str dung cip moéi T7Fw/Rv. Plasmid
PET28-VAMP2(60-94) sau do dugc bién nap
vao E. coli BL21(DE3) dé biéu hién peptide
VAMP2(60-94).

Theo céch thiét ké ny, peptide VAMP2(60-94)
duoc dung hop vai 6 gdc histidine va protein phat
huynh quang mau xanh duong (enhanced cyan
fluorescent protein-6*His-ECFP) tai dau N va
protein phat huynh quang mau vang (enhanced
yelow fluorescent protein-EYFP) tai dau C
(Hinh 1B). Cu tric ciia protein nay dugc ky hiéu
la 6*His-ECFP-VAMP2(60-94)-EYFP v6i KLPT
60,1 kDa.

B

- 60,1 kDa

Hinh 1. So d vector pET28-VAMP2(60-94) (A) va cAu tric protein 6*His-ECFP-VAMP2(60-94)-EYFP (B).

Thu dich chiét té bao vi khudin E. coli
BL21(DE3) mang pET28-VAMP2(60-94) va
kiém tra sw biéu hién ciia protein tdi té hop: Té
bao E. coli BL21(DE3) c6 chtra vector biéu
hién pET28a-VAMP2(60-94) dugc nudi cay
khoi dong trong 5 mL moéi truong LB 16ng co
khang sinh kanamycin (kan) 50 pg/mL trong
14-16 gio, téc do lac 200 rpm, & 37 °C.

Moi trudng nudi cdy sau d6 duoc tré hoa
béang cach bd sung thém 100 mL moi truong LB
sao cho mat do t& bao dugc do bang mat do
quang tai bude song 600 nm (ODeoo) = 0,05 va
tiép tuc dugc nudi ciy ¢ 25 °C toi khi mat do té
bao ODgoo  dat  0,6-0,8, isopropyl
thiogalactopyranoside (IPTG) dugc b6 sung
(dat cic néng do cudi cing 0,1 mM) dé cam

ung sinh tong hop protein dich. Sau khoang 20
gio nudi cdy, té bao dugc thu lai bang cach ly
tam & 6,000 vong/phut trong 10 phat, 4 °C va
sinh khéi té bao duoc hoa lai trong 1 mL dém
NaHepes 50 mM, pH 7,4 c6 500 mM NaCl,
10 mM imidazole (dém A). Dich té bao duoc
lam lanh trén da, va dugc siéu am dé pha
v& thanh té bao. Dich siéu am duoc ly tdm
12,000 vong/phat trong 30 phut, 4 °C dé thu
dich trén tua chira protein téng sb trong pha tan
cta té bao (dich chiét t& bao). Phan tua t& bao
sau d6 dugc hoa tan bang 1 mL dém mAiu

protein 1 SB c6 natri dodecyl sulfate (SDS)

2%, B-mecaptoethanol 2% dé hoa tan hoan toan
céc protein c0 trong tua.
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Dich chiét té bao duoc tinh sach qua cot sdc
ky Nickel-sepharose (1 cm * 1 cm) da duoc can
bang voi dém A. Cac phan doan protein khong
gfm cot sau do6 duoc ria b?mg dém A dén khi
Aogo < 0,05, cac protein ga"ln trén cOt duoc ria
chiét bang dém A c6 imidazol 250 mM.

D¢ tinh sach cua protein dugc danh gia
bang phuong phip dién di trén gel
polyacrylamide 12,5% c6 SDS (SDS-PAGE)
theo Laemmli [15]. KLPT tuong ddi cua céac
protein dugc tinh dua trén x4c dinh d6 di dong
dién di Ry ctia cac protein (dd biét KLPT) trong
thang chuan va mau trén ban gel SDS-PAGE.
Su ¢6 mit cta protein tai t6 hop duoc khang
dinh bang tham tach mién dich v6i khang thé
don dong khang 6*His-tag va khang thé thu cip
khang IgG cua chudt c6 gin enzyme
phosphatase kiém (AP). Cac phan doan c6
6*His-ECFP-VAMP2(60-94)-EYFP dugc tap
hop lai va thim tich qua dém trong dém
NaHepes 50 mM, pH 7,1 ¢c6 50 mM NacCl,
glycerol 10%.

Phat hién hoat tinh endopeptidase trong
dich ngoai bao cua C. botulinum serotype B

(BoNT/B thé) véi co chat protein 6 His-ECFP—

A
M 3
bp

B0
2686 bp o000

3000

3000
1000

500

250
120 bp

6856 bp SO0

VAMP2(60-94)-EYFP: Khi c6 hoat tinh cua
BoNT/B, co chat protein 6*His-ECFP-
VAMP2(60-94)-EYFP (60,1 kDa) s& bi phan
cit tao ra 2 protein: 6*His-ECFP (30,8 kDa) va
EYFP (29,3 kDa), ¢ thé phat hién bang dién di
SDS-PAGE, riéng protein 6*His-ECFP co thé
phéat hién dugc bang tham tich mién dich su
dung khang thé khang 6*His. Cac thanh phan
phan tng bao gdm: dém 5* NaHepes 250 mM
pH 7,4, DTT 125 mM, ZnCl; 50 uM, 1,5 pg
protein co chét,70,1 -1 uL diqh ngoai bao
C. botulinum, b6 sung ddH:0 dén 25 pL va
duogc tron déu, u tai 37 °C trong thoi gian
30 phdt - qua dém. Sau do, phan g dugc dung
bang cach bd sung dém mau 1* SB va xu 1y
nhiét tai 95 °C, 10 phut. San phm cat duoc xac
dinh bang dién di trén gel SDS-PAGE 12% va
tham tach mién dich st dung khang thé khang
6™His.

3. Két qua va thao luin

3.1. Nhan dong gen ma hoéa VAMP2(60-94)
bang vector pET28CLY1

bp
6856 hp
000

100

250
100 120 bp

Hinh 2. Pién di cac san pham plasmid trudc va sau khi duge cit boi enzyme gidi han EcoRI va Ncol.
A) M: thang chuan DNA; 1: plasmid pUC19-VAMP2(60-94); 2: san pham cat pUC19-VAMP2(60-94) bai EcoRl
va Ncol; 3: plamsid pET28CLY 1; 4: san pham cit pET28CLY 1 boi EcoRI va Ncol. B) M: thang chuan DNA;
1: san pham cit pET28-VAMP2(60-94) bai EcoRI va Ncol; 2: plasmid pET28-VAMP2(60-94).

Vector pUC19-VAMP2(60-94) khi dugc cét
bang EcoRI va Ncol di cho mot bang DNA véi
kich thuéc 2686 bp tuong tng vai kich thudc
cua vector pUC19 nguyén ban va mot bang

khoang 120 bp, tuwong ung vai kich thudc cua
VAMP2(60-94) (Hinh 2A, giéng 2). Tuong tu,
san pham cit ctia pET28CLY 1 véi cip enzyme
gi6i han tuong ng ciing cho bang plasmid md&
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vong kich thudc twong duong khoang 6856 bp
(Hinh 2A, gleng 4).

San pham cit plasmid tai t6 hop (gén doan
VAMP2(60-94) vé6i vector pET28CLY1) bing
Ncol/EcoRI cho thiy cé hai bing DNA, kich
thudc khoang 6856 bp va 120 bp tuong tng voi
vector pET28CLY1 va biang DNA cua
VAMP2(60-94) (Hinh 2B, giéng 1). Cac két qua

Soand

nay budc dau khang dinh plasmid pET28CLY 1
tai t0 hop mang doan gen ma
héa VAMP2(60-94) (pET28-VAMP2(60-94)).
Két qua giai trinh ty vector pET28-VAMP2(60-94)
cho thiy doan gen ma hoa VAMP2(60-94) da
dugc chén vao pET28CLY1 ding khung doc va
trinh ty (Hinh 3).

Neal
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Hinh 3. Trinh ty gen VAMP2(60-94) trong plasmid pET28-VAMP2(60-94).

3.2. Panh gia mirc do biéu hién va tinh sach
6 His-ECFP-VAMP2(60-94)-EYFP ¢ vi khudn
E. coli BL21(DE3) mang vector pET28-
VAMP2(60-94)

Vector pET28-VAMP2(60-94) dugc bién
nap vao E. coli BL21(DE3) cho nudi ciy va
biéu hién co chat protein tai to hop.

Két qua kiém tra mirc d0 biéu hién ctia ciu triic
6*His-ECFP-VAMP2(60-94)-EYFP trong E. coli
BL21(DE3) bang dién di SDS-PAGE cho thdy, c sur
xuit hién ctia bang protein KLPT khoang 60,1 kDa,
theo tinh toan 1y thuyét 1a cua 6*His-ECFP-
VAMP2(60-94)-EYFP trong té bao tong sd trudc
va sau cam tmg IPTG (Hinh 4A, giéng 1-2), trong
pha tiia (Hinh 4A, giéng 3) va dic biét bang protein
nay to va dam nét trong mau cua pha tan (Hinh 4A,
gieng 4). Nhu vay, protein ECFP-VAMP2(60-94)-
EYFP di duoc biéu hién tot va chi yéu & pha tan
cua E. coli BL21(DE3). Két qua dién di kiém tra

do tinh sach cia 6*His-ECFP-VAMP2(60-94)-

EYFP qua cot sic ky Ni-sepharose cho thdy, cac
phéan doan khéng gin cot (Hinh 4B, giéng 2-4) 6
sur xuat hién nhiéu bing protein KLPT khéac nhau.
Trong khi do, & cac phan doan gan cot (Hinh 4B, giéng
5-9), xuat hién mdt bang protein KLPT khoang 60,1
kDa dam nét, theo Iy thuyét 1a 6 His-ECFP-
VAMP2(60-94)-EYFP. Nhur vy, protein ti t0 hop da
dugc tinh sach tir protein tong s0 (pha tan) ctia vi khuan
mang vector pET28CLY1 téi t hop.

3.3. Phdn cit co chat protein tdi t6 hop 6™His-
ECFP-VAMP2(60-94)-EYFP boi BoNT/B tho
Sir dung BoNT/B tho dé phan cit co chét
6His-ECFP-VAMP2(60-94)-EYFP, két qua dién
di san pham cat cho thay co chat khi bi cat tao
thanh 2 bang protein ¢6 KLPT khoang 29 kDa va
31 kDa (Hinh 5A, giéng 4-5). Trong d6, mdt bang
protein dugc nhan ra boi khang thé don dong
khang 6*His-tag (Hinh 5B, giéng 4-5). Trong khi
do, co chat protein 6*His-ECFP-VAMP2(60-94)-
EYFP da khong bi cat boi BoNT/B tho da dugc xur
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Iy nhiét, van giit nguyén mot bing 60,1 kDa (Hinh
5, giéng 3). Nhu vy, co thé thiy ring BoNT/B tho
da phan cit dic hiéu protein tai to hop 6*His-
ECFP-VAMP2(60-94)-EYFP.

Thuec té, cling da co cac cong bd vé thiét ké
céc co chit dang gin trinh ty axit amin 33-116
[12] hay 33-94 [13] cua VAMP2 véi CFP va

kDa

75
63

48
35

M 1

I

95

YFP dé phat hién phat hién hoat tinh BoNT/B,
/D, /F, va /G bang phuong phap huynh quang
FRET. Su lva chon céc trinh tu khac nhau cé
thé gitp cai thién hidu qua phan cit co chat.
Tuy viy, ching t6i chua c6 diéu kién dé so sanh
hiéu qua phan cit ciia cic co chit nay bai
BoNT/B.

2 3 456 78 9

60,1 kDa

Hinh 4. Pién di SDS-PAGE danh gia mac do biéu hién (A); va cac phan doan tinh sach 6His-ECFP-
VAMP2(60-94)-EYFP & vi khudn E. coli BL21(DE3) bang cot sic ky 4i luc Ni-sepharose (B).
A) M: thang chuin protein Pierce™ Unstained Protein MW marker;
1: t bao tdng s6 trudc cam Gng IPTG; 2: té bao tdng s6 sau cam tng IPTG;
3: protein trong phan doan hoa tiia clia té bao; 4: protein trong phan doan tan cua té bao.
B) M: thang chuan protein GangNam-STAIN™ Prestained Protein Ladder; 1: Protein tong sd;
2-4: cac phan doan khong gan cot Ni-sepharose. 5-9: cac phan doan gin cot Ni-sepharose.
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Hinh 5. Pién di SDS-PAGE (A) va thim tich mién dich (B) ctia san phdm phan mg phan cat co chat 6™His-
ECFP-VAMP2(60-94)-EYFP bang BoNT/B thd. M. thang chuén protein GangNam-STAIN™ Prestained Protein
Ladder; 1: BoTN/B thd; 2: 6*His-ECFP-VAMP2(60-94)-EYFP; 3: san pham phan (ng phan cit co chat 6™ His-
ECFP-VAMP2(60-94)-EYFP bang BoTN/B tho da dugc xir Iy nhiét & 95 °C trong 10 phut; 4-5: sin pham phan
{mg phan cit co chat 6His-ECFP-VAMP2(60-94)-EYFP bang BoTN/B thé trong 30 phiit va 60 phut.
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3.4. Anh huong ciia cdc diéu kién phan img lén
sw phan cdt 6xHis-ECFP-VAMP2(60-94)-
EYFP boi BoNT/B tho

Anh huoéng cua cac didu kién phan Gng
khac nhau 1én sy phén cit co chit boi BoNT/B
tho cling da duoc khao sat. Két qua nghién ciru
(Hinh 6A) cho thay khi khong c6 DTT, san
phim phan tng chi c6 mot bing protein duy
nhat voi KLPT khoang 29 kDa, day c6 thé chua
yéu 1a san pham cat khong dic hiéu boi cac
protease khac trong dich chiét ngoai bao cua
C. botulinum (BoNT/B thd). Khi ¢c6 mat cta
DTT voi cac nc“mg do 5 - 25 mM, co su xuét
hién cta 2 bang protein c6 KLPT khoang 29 va
31 kDa trong sin phim cat; bang protein
31 kDa dam dan 1én theo su tang néng d6 DTT.

Nong dj cia ZoC12

DTT duoc biét dén co vai tro cit cau
disulfide gitra LC va HC ciia BoNT, can thiét
cho hoat tinh endopeptidase cia BoNT [16].
Két qua nghién ctru mot 1an nita cho thiy nong
d6 DTT 20 mM la thich hop cho phan tmg cat
co chat 6*His-ECFP-VAMP2(60-94)-EYF boi
BoNT/B thd. BoNT/B la mot metalloprotease
c6 Zn?* 1a cofactor [11, 16]. Két qua phan tich
anh huéng cua ZnCl, (Hinh 6B) cho théy,
khong c6 sy khac biét nhiéu giita ddi chimg
khong bd sung ZnCl, va cic phan tig c6 ZnCl,.
Co thé 1y giai rang, Zn* dd c6 sin trong
BONT/B thd [17]. BONT/B thé thé hién hoat tinh
1o nhat (syr giam cuong do ciia bang 60,1 kDa va
tang cuong do cua cac bang 31 va 29 kDa khi dugc
1 v6i co chét trong 60 phat (Hinh 6C).

Theri gian phan img
s &S
o8

Hinh 6. Pién di SDS-PAGE danh gia sy anh huong cta mot s6 diéu kién phan ng
1én kha ning phan cit co chét protein 6*His-ECFP-VAMP2(60-94)-EYFP boi BoNT/B tho.
A) Anh huong cta DTT; B) Anh huong cua ZnCly; C) Anh hudng cua thoi gian phan ung;
D) Anh huong ctia cac cac chat uc ché protease.

Céc chit e ché dic hiéu cua cac protease,
bao gom: EDTA (chat ttc ché metalloprotease),
phenylmethylsulfonyl fluoride (PMSF, chat uc

ché serine protease), Tosyl phenylalany!
chloromethyl ketone (TLCK, chat uc che
chymotrypsin-like protease), Tosyl phenylalanyl
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chloromethyl ketone (TPCK, chat {rc ché trypsin-
like protease), leupeptin ((rc ché serine va
cysteine protease), E64 (chat tc ché cysteine
protease) va pepstatin A (chét tc ché aspartyl
protease) da dugc U véi BoNT/B thé ¢ 4 °C
trong 15 phit trudc khi duge bd sung vao hdn
hop phan tng. Két qua phan tich (Hinh 6D)
cho thay, khi khong c6 mit ciia cac chat trc ché
(d6i ching) ciing nhu c6 isopropanol 2% (dung
mdi pha PMSF), methanol 2% (dung mdi pha
TPCK va E64) va DMSO 2% (dung mdi pha
pepstatin A), co chit di bj phan cit bai
BoNT/B tho. Tuong tu, PMSF, TPCK, E64 va
pepstatin A déu khong anh huéng dén hoat tinh
cit co chit ctia BoNT/B thd. Nguoc lai, EDTA
0,2 mM, TLCK 20 uM va leupeptin tir 2 uM da
trc ché kha ning cét co chat bdi BoNT/B tho.
Pang cha y, EDTA duoc biét dén 1a chat
ché dic hiéu cua metalloprotease ciling nhu
BoONT [17].

Tong hop cung vai cac két qua anh huong
ciia DTT, su tc ché cia EDTA va thoi gian
phan tmg co thé khang dinh, BoONT/B ¢6 trong
dich ngoai bao cua vi khuin C. botulinum
serotype B va dd cit co chit 6*His-ECFP-
VAMP2(60-94)-EYFP. Bén canh do, trong dich
ngoai bao cling c6 mit cia cac protease khac
nén c6 thé di xay ra hién tuong cit khong dic
hiéu. Cac nghién ciru tiép theo 13 can thiét dé
khéng dinh kha nang cit dic hiéu ctia BoNT/B
cling nhu han ché su hoat dong cua cac protease
khac (néu co) trong dich ngoai bao. Tuy nhién,
st dung dich ngoai bao cua vi khuan cho
nghién ciru s& gan voi tinh hudng thyuc té phat
hién doc tb trong cac mau thyc pham. Sy thay
thé chudi nhe tai to hop, tinh sach cia BoNT/B
boi dich chiét ngoai bao cua C. botulinum c6
thé han ché su cat khong dic hiéu nay. Rasooly
va cong su [18] khi x4c dinh hoat tinh ctia mau
BoNT/A trong thyc pham ciing cho thdy phan
mg cét khong dic hiéu cia thyc phim khong
nhidm BoONT/A véi co chit peptide huynh
quang dac hiéu ctia BoNT/A. Tuy nhién, khi c6
BoNT/A tin hiéu huynh quang gan nhu ting
gip doi.

4. Két luan

ba nhén dong, biéu hién va tinh sach thanh
cong co chat protein tai to hop 6*His-ECFP-
VAMP2(60-94)-EYFP ctia BoNT/B ¢ E. coli
BL21(DE3) st dung vector pET28CLY].
Protein tai to hop 6*His-ECFP-VAMP2(60-94)-
EYFP tinh sach chi c6 mdt bang trén
SDS-PAGE va c6 KLPT phu hop voi thiét ké 1a
60,1 kDa. Protein tai t hop da dugc phan cit
boi BoNT/B thé (dich ngoai bao cua
C. botulinum serotype B) tao ra 2 protein nho
hon, ¢c6 KLPT phu hop véi tinh toan 1y thuyét.
Phan tmg phan cit boi BoNT/B tho dugc hoat
hoa boi DTT, bi tc ché dic hidu boi EDTA,
TCLK va leupeptin; nhung khong bi anh hudng
bdi PMSF, TPCK, E64 hay pepstatin A.
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