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AT # BL21 (DE3) BKEAFAE, @ NiPAEFf A4 SiA & &, #4# LH-LPETG 4= G-H_ & & &
SHA & A F M., AR PCREZ AN T FI Lt R L7, #E pTIG-srtA AR & 3 ; SDS-PAGE % Western
Blot 742 R BT, ERMHHAEFTFELT StAZ AN TERZEE, NHEFRENBEFE L KXT 95% 8
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High-efficiency Expression and Activity Identification of
SrtA Protein in Escherichia coli

ZHANG Xiujuan', YU Haiwei', LIU Dongqi', ZHAO Jintong', XIONG Xianghua®"

(1.School of Pharmacy, Harbin University of Commerce, Harbin 150076, China;
2.Institute of Biotechnology, Academy of Military Medical Sciences,
Academy of Military Sciences, Beijing 100071, China)

Abstract: Optimize codons according to E. coli preference and synthesize highly active mutant srt4 geneto construct the
Trx protein co-expression vector pTIG-srtA. Then it was transformed into E. coli BL21(DE3) and induced expression at
low temperature, and the SrtA protein was purified by Ni*" column affinity chromatography, and connected LH\-LPETG
and G-H. protein to detect SrtA protein activity. The results of bacterial liquid PCR identification and determination of
sequence comparison showed that the pTIG-srtA plasmid was successfully constructed. The results of SDS-PAGE and
Western Blot analysis showed that high soluble expression of SrtA protein was achieved in E. coli, Ni*' column affinity
chromatography obtains SrtA protein with a purity greater than 95%. The successful connection of LHy-LPETG and G-H
protein indicated that the SrtA protein expressed and purified by the prokaryotic system had good transpeptidase activity.
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b & B EL KT A (Sortase A, SrtA)WFSEAS B T
1z, HghH . DIBE B AEAL LTI E AP, Sortase
A FifgEA — LR A2 T RUEER P A N SmBs IR X
BAN—A~ R HB e S IE HL il 1 C s ek, mT USRS
PRI A L4315 75 LPXTG(X R
PR VAAMAT— 2352 ) ), 7E 552 (Thr) Fil H %
2 (Gly) ZIRIFEA TR )7, JRf S 8 2 H e B
3k (GlyGlyGly-, G-) R R FUBE T 451, SrtA
A I 3 2 B N HAT RN SRR, 25038 . e
PESR A SO IR AR B N T E AR S &R .
JR . AZFRISA 13 WSS A T B DA R 1 o
[ 2 AU, R HY R A R RS . (R A R
SrtA BEHEALAGZESE ROVAFERHS | P2 3RAR, ARV E
TR T G e nh v . AR R R A —
ZA Y%, Chen 25 2 i P94S. D160N., DI65A Fil
KI196T iX 4 M7 sR 1) 5 AZ K SrtA B AL 15 P42
5 140 2243, HEMZEAS T SrtA B A TSk A S5
A X3, NIRRT e e,

ST (codon ) 2 H Oy W 1) H B2 21 Wi 45, [
st A s A AR S R AR BT, SRR R A]
ZHR U, — B[R] ST 2 B, BRSPS
T3 A — S AR D HH B SN R, FRoA AR
A F el A 1, X — IR R I -
1 (codon usage bias)!"*™, A[A|4yFP = [EIXF %05 T
{8 FHAFAEAS E ARG, 255 ST [a] AR AN 23k
ARSA LR T A, (B PR A RIAK T HAA —E R
BE I 52 PO R PR il R — AR Ry A )
b N RS 7 2 R S K Ml L e 3 S LR N v v S
A S AR RN sreA BESEEH, Rff SttA BfFrE g
PR R G FaA KPR AR L 1) i3 1 R L
oz B FF o8 M - R AT T8 i ik 5 1
srtA FER I E A A AL E F (Thioredoxin, Trx )33
REAE pTIG, FAKNITH BL21(DE3) Jil i IR
BFECELT SrtA BRI E M m 2Rk, slifhid SrtA iff
IS8 T A A A B 7 2 (Botulinum toxins A,
BoNT/A) I PE ik 2k € A8 K LH\-LPETG 4% #4 35 Fll
GH Z5F3RIm%Ez .
1 MRlEREE
1.1 MRS

DHSo KT B SZ2 45 . BL21(DE3) KAZ AT B
2R AUETERHE YA BRAF]; BURARBGRGT]
& At BE AR A B F DNA BERE I
S BREIMEP VIS SRR KRB (P EDAT
BN BCA yEEE Pk BRI vl & B a4
YR BRAE] Il RIEFERHARAFE; T4
DNA ZE#:f NEB AFRAE; IPTG  dbm&Efhs
ik AW HE AR A R4S A s pTIG-GH. pTIG-LHy-
LPETG. PUC57-srtA JTibr(Galfzkis) ZEHE2ER
BRI B A ) T RS

Ni*' EFZHTHE . 58 BB T2 M)2HrE . 5R 0=

TAHRMJEPAE  GE 23 A5 3K-18 BRI & 7R 25
FL Sigma; T-1 ! PCR ¥ Biometra; DY Il 3A 7l
BEE ALK dbEI7S—1YA%) 5 Gel-pro 2020D EEBE
A% AL pHarmacia Biotech; MiniPROTEAN®?3
Cell ZE 1KY Bio-RAD; AKTA UPC-900 & [
JRAifbiY  GE; PAC200 - T4%E{Y  Bio-Rad %,
1.2 SLWHE

1.2.1 srA FEEEETFOLL  FEiEtsas il smA
FLEFHN A s ma-E S TS ULk, 28R dt
FUERVE YR ARG BRA R T 6

1.2.2 59t FIH edit seq #MAEITFS 190, 5190
PN 1.

x1 5yt
Table 1  Primer design
514 F19FF1(5 -3%)
F- pTIG-srtA GGTAATGGCTAAACCTCAAATTCCGAAAG

R- pTIG-srtA CCTTTGACTTCTGTAGCTACAAAGATTTTAC

1 FRIZE WEEYIN; £5, GAATTC: EcoRI; CTCGAG: Xhol.,

1.2.3 pTIG-srtA JTkikg s MRITRALSS 1 sreA
PRUFFNTTIE . S 514, B PCR P44 H iy 3L K
B BS A TR B S HaL K, YIRS 538 H i B [
W, B BB R B S pTIG ik 31K £ EcoRI+Xhol
RIS PR PR IS UE I [, — 35T 16°C iE4%5d
WG AL E DHS o B2 34, W R A T LB(Amp)
EAR R FEIL, BIEAE 37 °C 553, K H PR
BEAT B 7 PCR X 52, FH M XT HE B9 PCR B2 AR K
PUCS57-srtA, B PEXT B i) PCR AR AR 2 pTIG =5 &
AR o s T e b B T A3 2840 w7 o

1.2.4 SrtA FHEFIRFERE BRBIFBAK pTIG-srtA
A BL21(DE3)/B3Z2 3, #R5 PRBURAL T B 2 =X
Bk KA, I AU EE 0.5 mmol B IPTG T 16 °C
St . WHEC 1 mL BRES O )5 BT 500 ul
TE 24, S B r e e, B 20 pL 5 (4
), HAZW RS O, W 20 L _EyERF A, i b
5 S ULTERRSI 480 pL SR FE:, B 20 puL £ H
(UITE) o W4T, i . DIIEETT SDS-PAGE %5&,
HFIAH Gelpro Analyzer 4531 RN &

1.2.5 SrtA FEH4lifk  HL pTIG-srtA/BL21(DE3) H.
BV BTG IE, 7% 1.2.4 (IRIRI5 S 30k, A 240
JEFIFH AKTA glifb{SUf Pl slifb B A . ZRiisl
TSR R, srtA B AT &l Wik alifh, 55—l
58 PHES FAF AT alifh, WA VR J5 Wl i 3 kDa
A 43T LR DRAS A TR DRI R IR, S U e
S NPHEPATR . 8 A NP R AZE T T
—katifh, aifb s R 3 kDa #0884 T HE B g
AT NE R ER e 45, FIIJH SDS-PAGE & Gelpro
Analyzer B4 Praifb s D2, [RaHE ST His b5
ZYiAR N —PiiH T Western Blot %858, alifbifk R F
T PR L3 2,
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Table 2

loading buffer and elution buffer

HFR

Fe 7 JepH

Ni2 hEali ki

Ni* FEAli L PE B
LH 5 B 28 e gl A 7 i
LH, 8 BB Tl bk i
SrtAd BH & T 2L V- T
SrtA5H FH B TSIk M
G-H 5 FH 2 F R4tk P
G-H 5 BB A4tk R B

20 mmol/L PB, 200 mmol/L&AfL4#, 20 mmol/LIBKME, % pHZE 7.4
20 mmol/L PB, 200 mmol/L& k44, 500 mmol/LIKME, JH#&pH 7.4

20 mmol/L Tris-HCI, ##&pHZ7.0
20 mmol/L Tris-HCI, 1 mol/L NaCliFH#pHZ7.0
20 mmol/L PB, Ji#4pHZE7.5
20 mmol/L PB, 1 mol/L NaCli##4pHZ%7.5
20 mmol/L PB, %% pHZ8.0
20 mmol/L PB, 1 mol/L NaCl i#%%pHZ8.0

1.2.6 SrtA FE H WM E 70 8% pTIG-G-Hc.
pTIG-LH-LPETG Jk.5% A BL21(DE3) /&2 & 4H
B, B 1.2.4 K2 1.2.5 $F47FRIB L K glifh, G-Hc
alifb IR F] SrtA 4lifk. LH\-LPETG & (A&t ™
P alifh, 45— PEFT N2 3R M2 WAL ik, F)JH
30 kDa #% B4 43T A IR A X S e A ke
VEHIR, T VR E A Sy i ) S A S, 5 — 20
JH 58 B B A gE 7 alifb, galifb s WP 2R (R P
His HFRZEPUAIHETT WesternBlot %5

Fralifb )5 i) SrtA | G-He. LHy-LPETG % [13%
PREEIRLE 1:1: 1 1RG5 43238 T EP 4, 5332 20 pL,
Sy EF 37 130 CHFEE 0.5, 1. 2. 4 h 178
ZERE . W 58S 1T SDS-PAGE Y5 M Western
Blot %%, Western Blot At JH—3T M 4r 74X G-
He WP, —HohilizEdiA 1gG Bk,
1.2.7 4% T 0% alitb BoNT/A 2 i% s 28 & F]
SuperdexG200 43 T i (“F 17 #% ~& 20 mmol/L PBS.
150 mmol/L NaCD) 4lifbiZE #2244 & 1Y) BoNT/A Jii
GEALAAR, i Z ISR S R, R e R SR i S
4T SDS-PAGE %5E .,
1.3 HUEIE

FIFH DNAMAN FAF Xt 34T B S e 7 571 e
FIEH4A; 41 ] Gelpro Analyzer #1443 Mralifb E M
2 FER55Hh
2.1 pTIG-srtA R

FEE PRI AR R sreA ST IRIGFF A28 R
e T IR e S T, IR A Rl T e S
Ji%.. PCR " J5 25 EcoRI+Xhol XX ] iZE A pTIG
Joikr, $:4k 2 DHSo B2 S, TR PCR st H-HE e
[, 255 an1E 1 FizR, PCR 9784 H BERU/ING sreA 3
ER/IMESF . FHPESERENE P41 28 DNAMAN {4
Fe X, g5 2R WoR 5 1 T ) — 2, 2 B B A g
pTIG-srtA FERIFIRFAE,
2.2 SrtA EBFIE

W FRIRFAE pTIG-srA FENHILZE BL21(DE3)
RS2 ZS, HRBAETE E LB(Amp) A R 3L 595 2
XTEUM, A IPTG, 5 338817, IR RIA

BENLE s PR L T

M 1 2 3 4 5 fH KA

8000
5000
3000
2000

1000

500
250

Kl 1 pTIG-SrtA/DHSa 7% PCR %5

Fig.1 Colony PCR identification of recombinant
plasmid pTIG-SrtA

J:: M: DNA A% 50 BT Anili ) Marker; 1~5: Bt/ pTIG-
srtA/DHS5a TR 7% PCR %5 ; FH: FHEXT R BR: XTI

i 54T SDS-PAGE 437, 45RanK 2 s, 5
B-PEXT HRAE Lh, 1~5 VKIEHRA Rt AR R Is 50,
4yFim>k 20 kDa Z247, 5 SrtA & H IR/IMESE; 1 H
H W8 GBS AR 24 5585y, UiBH SrtA &
F =2 Al E PR K . Gelpro Analyzer #4443
SrtA KRR E HAEE M 55%.
A i Ui
FEPLARYE M 1 2 3 4 5 5 5 [
kDa

116.0
66.2

45
35 —

25

18.4
14.4

B2 SrtA #1KIAH) SDS-PAGE %

Fig.2 SDS-PAGE identification ofSrtA protein expression
TE: M: ST B AHXIRR G B: pTIG 25 R84
AR R AT BERLPRIBU B sE R AL 15 5
FBF R 1IE: 2WEAURE O F L

T s ULVE: B R O R UTRE R 0
2.3 SrtA EE4L
Pk BUHT 8 pTIG-srtA/BL21( DE3) PR B 78 &

LB (Amp) AR L 58061k, #5322 LB(Amp) R
PREE g LB I XU RIA, InA IPTG BF 16 C
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BT . B OIS BRI E 7 24, 25— d 58
BHES FAEE Talifh, WA e S WGE F 3 kDa #( 5
Sy A U TR DA, ISR N
ST . B T AT N2 SEFE MU T —kalifl,
AL B BRI MR 20%~40% i 43 i e it e (18] 3) AT
SDS-PAGE %12, £ Vkil R4y BEE B e, F
20 kDa K] WLiEMi 451 . SRA 3 kDa # 5rF i
PR DR A A T B UE e W iR, 28 SDS-PAGE 434l
B F 46, Gelpro Analyzer 3443 fralifb i &
2B SrtA FEH4E>95% (%] 4) ., Western Blot 434t
ALY SrtA FR I RERE S EHL ST His AREPTIA
e UE 5),

Da M N SEMUZ AR

116

662

45

35

25
—* «—
18.4
Kl 3 Ni*'3EMJZEHEiML SrtA 1 SDS-PAGE % 5E
(20%~40% FB53 BB
Fig.3 SDS-PAGE identification of SrtA protein purified by
Ni*" affinity chromatography column(20%-~40% elution buffer)
TE: M: 8 17 Bt AR s HAR ki
G BRI S VR

24 SrtA EREMEE

F iR 3R pTIG-G-H. pTIG-LHy-LPETG 47
MFHAEZ BL21(DE3) @Sz k1 73%5k, FIFH SDS-
PAGE %5 85 H #5772, Gelpro Analyzer #4443
MraE ikt WA 6(a) BioR, £ 9KIE R4 B EL
PV, 7E 50 kDa BT A 1 i 4547, 43 F 1 R/
5 G-He A, Tz g H W EH 40%, H 32

kDa M 1 2
116.0

66.2

45

35

25

18.4

14.4

4 SrtA SIS SDS-PAGE %5
Fig.4 SDS-PAGE identification of SrtA protein

after ultrafiltrate
e M: S T IR AR B 1B USRI T BRI
2: BRI S LR .

G-H,

LH\-LPETG (Thrombin) e

SrtA —

K15 Western Blot %% G-H.. LH\-LPETG. SrtA %[

Fig.5 Western Blot identification protein of G-H,
LH-LPETG, SrtA

SRR IA . WE 6(b) TR, 45 UKIE A 43 BEEHL
FIBEIE, 75 100 kDa AT FE 57 RIB 40T, 43 1t
/N5 LHG-LPETG %5 FHARAT, Rk a5 W& A
25%, HEZ IRk,

SDS-PAGE %SELRKH], G-H 2 LH-LPETG
FILE G aifb 518 2 m sl H B (7)),
Western Blot 73 &I 4lifbi) G-He A LH-LPETG

(b)

T S ey
KDa MBI U LW A - Sl Lz
250 REPLSEEYE M B 1 2 3 4 5 5 5
130 kDa
1(7)8 116.0 -
33 - — - 66.2
35 = 45
35
25 52
18.4

15

15

Kl 6 G-Hc. LH\-LPETG #%ikJEz{ SDS-PAGE % &
Fig.6 SDS-PAGE identification of G-H. LHy-LPETG expression

TE: (2): G-Hgs (b): LH\-LPETG. M: #H7> 5 B AR AREW); 4278 FEHLYEIAY B e e (b 775 5 300 5 Y A TR AU G
b TR OIS B R UUTE: SR AR OIS UUE R
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(b)
kDa M LH-LPETG

M Ni2* SEAZE M P 116
kDa .o e
116 66.2
662 e
45
‘_
45 ——
35 35
25—
184 S 25
18.4

K7 NP ERZMEALG B G-He. LH-LPETG %1 SDS-PAGE % &
Fig.7 SDS-PAGE identification ofprotein purified by Ni** affinity chromatography column
TE: (a): G-H; M: 8 H 237 B AR, HARDKaE 73 BOH B S AL e B
(b): LH\-LPETG, M: # 143 ¥ B AHXS AR G4

Oh 4h 2h

0.5h

kDa M XtH® 37 °C 30 °C 37 °C 30 €37 °C 30 °C 37 °C 30 °C

— — — — —

BoNT/A
- + LH\-LPETG (Thrombin)

b GH,

— ———— TN

15

18 SDS-PAGE %5 A [R]I 7 I ] T 142 A BoNT/A i AL (A
Fig.8 SDS-PAGE identification of inactivated BoNT/A generated by connection at different incubation times
T M: AT BRI ARG 14 9~ 10 [A].

HE AR AR ML ST His APkl & (K 5).

B alifb )5 19 SrtA . G-He.. LHy-LPETG Z& [1##%
FEEERLE 101 L IRBSE473ET EP 45, T°37 f130 C
205, 1.2, 4 h, G50 ANE 8 IR, WA IE T
[F] A3 0, #E 150 kDa B & i B B 261, K/hS
BoNT/A 41 S8 AR R - K 2B FAAHAT . anlE 9 Fias,
Western Blot 22 453K, EHEE A L 5P G-
He bufk g &, - —E KW 150 kDa AbiE B H N
BoNT/A RIGFAMEASEKEH.

kDa M

250
130 —
100 —

70“
55 Ap———

BoNT/A

35 e

K19 Western Blot &5 #EH4: iU AU BoNT/A J 1% 28748 A&

Fig.9 Western Blot identification of mutant of BoONT/A
generated by connection

R R & STt slifb s IR B R BRI
I, SDS-PAGE HL VK45 5 i /R 7E 150 kDa [543 AT
WA, FEHH4lifb153 2] 4K BoNT/A 1 M 58 AR AR
H(& 10),

kDa M

250

150

100 Su—
70
30—

40 —

%1 10 SDS-PAGE %5 SuperdexG200 7 F-iztifl,
1) BONT/A %574 14
Fig.10 SDS-PAGE identification of purified mutant of
BoNT/A by Superdex G200 molecular sieve
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RIGFF R FRIE R G —F ) Z a0 E E il &
FOR, HEATHRAEMEEEAR . ARG il R e 45
Pesie2, SLg A i S e AT R A RS R ST
I RIX R FIALH sreA FER, AH 5 SRR GE
LR 2L, Jh SrtA T FRIA /KR H 32508 6
R, J5 S el A E B R HLRT 2 52 PP, s R AT
e BRI RIS R G, H T HE G RGEET
P, F2CH B PR A OB T & S AR RS
0, 2B BOCAE i PR i AR 1 SRR B IR AR 00
AWFTERG: srtA FERHE R R 5 RGP T
Tk, I A pTIG FEkh A 5 E A & 1
(Trx) BEATIER, S5 RRWITERNAFT I BL21(DE3)
2 16 °C ARSI SE I T SrtA Ay Al sk
R, RIS EEE AN 50% DU b dE—20E
BT EEALAT 3 T 4l)E>95% 1Y SrtA (1. 4lifk
Y SrtA # FIRERE 58 iy A AR E R UF 41 19 BoNT/A
G FEALAR P P ER 53 i B LHG-LPETG #1 G-H. 1
R4, 19 8 42K BoNT/A JRIG SR, X
FESTUEBTE AT B h ik alifb iy SrtA I BA Y
SR E

Sk

[1] Paterson G K, Mitchell T J. The biology of Gram-positive
sortase enzymes [J]. Trend Microbiol, 2004, 12(2): 89-95.
[2] Otto
pathogen[J]. Nat Rev Microbiol, 2009, 7(8): 555-567.
[3] A8, 4R3I, B, A4EIKERE A 3o 500k K W B &
FF AR T]. P B 4 &, 2013,22(12): 1406-1409.
[4] Huang X, Aulabaugh A, Ding W, et al. Kinetic mechanism of

M.  Staphylococcus  epidermidis-the  accidental

Staphylococcus — aureus sortase SrtA[J]. Biochemistry, 2003,
42(38): 11307—-11315.

[5] Davies J R, Svensiter G, Herzberg M C. Identification of
novel LPXTG-linked from Streptococcus
gordonii[J]. Microbiology (13500872), 2009, 2(1): 7-8.

[6] *k3F, &, ¥ 3. 4k A £ pET32a(+) RAZ & & H Ak
Py Rk A 2 (1], A ARER, 2011(6): 218-222.

[7] Navarre W W, Schneewind O. Proteolytic cleavage and cell

surface  proteins

wall anchoring at the LPXTG motif of surface proteins in gram-
positive bacteria[J]. Molecular Microbiology, 1994, 14(1): 115—-121.
[ 8] WuZ, Hong H, Zhao X, et al. Efficient expression of sortase A
from Staphylococcus aureus in Escherichia coli and its enzymatic
characterizations [J]. Bioresources and Bioprocessing, 2017, 4(1):
63-65.

[9] LuC, Zhu J, Wang Y, et al. Staphylococcus aureus sortase A
exists as a dimeric protein in vitro[J]. Biochemistry, 2007, 46(32):
9346-9354.

[10] BE, ¥ Z47. » kB A(SrtA) 69 GST mkA Kk ik LB E
Ml (1], A AREIR,2012(5): 121-125.

[11] 3035, B, 2, 5. &% & H) 3 H SortaseA 4%

Fok s sk ey BT R (T, B 5, 2016, 27(10): 1640
1643.

[ 12] Zhao X, Hong H, Wu Z. Efficient extracellular expression of
transpeptidase sortase A in Pichia pastoris[J]. Protein Expression &
Purification, 2017, 133: 132—138.

[ 13 ] Z Wu, X Guo, Z Guo. Sortase a-catalyzed peptide cyclization
for the synthesis of macrocyclic peptides and glycopeptides[J].
Chemical Communications, 2011, 47(32): 9218-9220.

[14] Guo X, Wang Q, Swarts B M, et al. Sortase-catalyzed
peptide-glycosylphosphatidylinositol analogue ligation[J]. Journal
of the American Chemical Society, 2009, 131(29): 9878.

[15] Levary D A, Ranganath P, Boder E T, et al. Protein-protein
fusion catalyzed by sortase A [J]. Plos One, 2011, 6(4): e18342.
[16] &4, EmA, E=R, 5. 440 SortaseA BHEILEZ & &
B KM AL R AT A TSR, 2014, 30(2): 284~
293.

[17] Chen I, Dorr B M, Liu D R. A general strategy for the
evolution of bond-forming enzymes using yeast display[J].
Proceedings of the National Academy of Sciences, 2011, 108(28):
11399-11404.

(18] fEAEM, EME, L 7R, BT T a9 H i HADThift
LA R KA mRE ] EAF AeFF,2019,49(7):
839-847.

[19] Ruth, Hershberg, Dmitri A, et al. Selection on codon
bias.[J]. Annual review of genetics, 2008, 42: 287-299.

[20] skiidg, 4T, kR Z, 5. L RN TAE LT RARIT
B HF e B & [J]. ARk A4, 2020, 56(4): 74-81.

[21] %2, 248 EXA F BEF-rarhlBaEsT4m
bk 89 547 [I]. A A5 5541, 2017, 35(3): 362-371.

[22] Bk, 23, WatkR ARG REASALRE]. 24142
F1k,2013,29(8): 1075-1085.

(23] 2%, 224, 3FF, . GREDFEAER RGBS
BelJ]. P EASE: A4A4E,2015,45(10): 950-968.

[24] RAM, M5, 224, F W@k ORF2 94 A K
G kBB ER(I]. P EEE SR, 2011,31(8): 1184-1188.
[25] #sfh, Zixid, AR =&, . 4F ILBR % B4 ) 2 B CK-BB ) 4
A AR BB AE ] F 5 A, 2016, 37(2):
29-33.

[26] %)%, A E M. Rz RATEEFLE RS (I, A K8
i, 2005(2): 172-175.

[27] Mitraki A, Fane B, Haase-Pettingell C, et al. Global
suppression of protein folding defects and inclusion body
formation. [J]. Science, 1991, 253(5015): 54—58.

[28] 4T, KEE, L7, 5 KigmlmEs VP2 LR TR
MERRRAR Ok Ea LR R I s B SR, 2020,
41(6): 1-6.

[29] ARAM, B 2%, W, F. SPREE KL R A AT (1],
AR A EF 3R, 2010,10(19): 3744-3746.

[30] Nuc P, Nuc K. Recombinant protein production in
Escherichia coli[J]. Postepy Biochem, 2006, 52(4): 448—456.


https://doi.org/10.1016/j.tim.2003.12.007
https://doi.org/10.1038/nrmicro2182
https://doi.org/10.1021/bi034391g
https://doi.org/10.1021/bi700519w
https://doi.org/10.3969/j.issn.1003-6350.2016.10.031
https://doi.org/10.1021/ja903231v
https://doi.org/10.1021/ja903231v
https://doi.org/10.1371/journal.pone.0018342
https://doi.org/10.1073/pnas.1101046108
https://doi.org/10.1146/annurev.genet.42.110807.091442
https://doi.org/10.11707/j.1001-7488.20200408
https://doi.org/10.11913/PSJ.2095-0837.2017.30362
https://doi.org/10.3969/j.issn.1672-5190.2016.02.012
https://doi.org/10.3969/j.issn.1009-0002.2005.02.019
https://doi.org/10.3969/j.issn.1009-0002.2005.02.019
https://doi.org/10.1126/science.1648264
https://doi.org/10.3969/j.issn.1007-5038.2020.06.001
https://doi.org/10.1016/j.tim.2003.12.007
https://doi.org/10.1038/nrmicro2182
https://doi.org/10.1021/bi034391g
https://doi.org/10.1021/bi700519w
https://doi.org/10.3969/j.issn.1003-6350.2016.10.031
https://doi.org/10.1021/ja903231v
https://doi.org/10.1021/ja903231v
https://doi.org/10.1371/journal.pone.0018342
https://doi.org/10.1073/pnas.1101046108
https://doi.org/10.1146/annurev.genet.42.110807.091442
https://doi.org/10.11707/j.1001-7488.20200408
https://doi.org/10.11913/PSJ.2095-0837.2017.30362
https://doi.org/10.3969/j.issn.1672-5190.2016.02.012
https://doi.org/10.3969/j.issn.1009-0002.2005.02.019
https://doi.org/10.3969/j.issn.1009-0002.2005.02.019
https://doi.org/10.1126/science.1648264
https://doi.org/10.3969/j.issn.1007-5038.2020.06.001
https://doi.org/10.1016/j.tim.2003.12.007
https://doi.org/10.1038/nrmicro2182
https://doi.org/10.1021/bi034391g
https://doi.org/10.1021/bi700519w
https://doi.org/10.1016/j.tim.2003.12.007
https://doi.org/10.1038/nrmicro2182
https://doi.org/10.1021/bi034391g
https://doi.org/10.1021/bi700519w
https://doi.org/10.3969/j.issn.1003-6350.2016.10.031
https://doi.org/10.1021/ja903231v
https://doi.org/10.1021/ja903231v
https://doi.org/10.1371/journal.pone.0018342
https://doi.org/10.1073/pnas.1101046108
https://doi.org/10.1146/annurev.genet.42.110807.091442
https://doi.org/10.11707/j.1001-7488.20200408
https://doi.org/10.11913/PSJ.2095-0837.2017.30362
https://doi.org/10.3969/j.issn.1672-5190.2016.02.012
https://doi.org/10.3969/j.issn.1009-0002.2005.02.019
https://doi.org/10.3969/j.issn.1009-0002.2005.02.019
https://doi.org/10.1126/science.1648264
https://doi.org/10.3969/j.issn.1007-5038.2020.06.001
https://doi.org/10.3969/j.issn.1003-6350.2016.10.031
https://doi.org/10.1021/ja903231v
https://doi.org/10.1021/ja903231v
https://doi.org/10.1371/journal.pone.0018342
https://doi.org/10.1073/pnas.1101046108
https://doi.org/10.1146/annurev.genet.42.110807.091442
https://doi.org/10.11707/j.1001-7488.20200408
https://doi.org/10.11913/PSJ.2095-0837.2017.30362
https://doi.org/10.3969/j.issn.1672-5190.2016.02.012
https://doi.org/10.3969/j.issn.1009-0002.2005.02.019
https://doi.org/10.3969/j.issn.1009-0002.2005.02.019
https://doi.org/10.1126/science.1648264
https://doi.org/10.3969/j.issn.1007-5038.2020.06.001

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 srtA基因密码子优化
	1.2.2 引物设计
	1.2.3 pTIG-srtA质粒构建
	1.2.4 SrtA蛋白表达鉴定
	1.2.5 SrtA蛋白纯化
	1.2.6 SrtA蛋白活性鉴定
	1.2.7 分子筛纯化BoNT/A失活突变体

	1.3 数据处理

	2 结果与分析
	2.1 pTIG-srtA质粒构建
	2.2 SrtA蛋白表达
	2.3 SrtA蛋白纯化
	2.4 SrtA蛋白活性鉴定

	3 结论

