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Expression and purification of soluble recombinant antibody fragment and

immunotoxin in Escherichia coli using Npu DnaE C-cleavage mutant
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Abstract The purpose of this experiment is to achieve the soluble expression of immunotoxins in Escherichia coli
and avoid the complicated operation caused by the formation of inclusion bodies. An anti-mesothelin monoclonal
antibody SS1 and it’s derivative SS1P which composing of SS1 and a truncated pseudomonas exotoxin PE38KDEL
were used as the passenger protein. We took advantages of solubility promoting fusion tags and the self-cleaving
split intein in recombinant antibody fragment and immunotoxin expression and purification. We constructed solubi-
lizing tags-NpuC,), 5 fusion tags, and recombinant SS1/SS1P were fused at the C-terminal of the fusion tags. The
constructs were expressed in E. coli( SHuffle T7) cytoplasm in soluble form at low temperature. Dextrin Beads 6FF
column and Nickel column was used to purify the fusion protein. The self-cleavage of the fusion protein was
achieved by adding the NpulN fragment. The released solubilizing tag and unreacted precursor were removed by
Nickel column and the cleaved antibody fragment and immunotoxinwere further captured by Capto L. The dissocia-

tion constant of the obtained Fv and immunotoxin were determined by Fortebio. In summary, the current method
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could enhance the solubility of antibody fragment and immunotoxin in E. coli, and could improve the purification

process. This method provides a reference for the development of a method for soluble expression and purification of

immunotoxin-type pharmaceutical recombinant proteins based on the Escherichia coli expression system.
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IgG, BIGAETAY TRBEMARAR) AR
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Figure 1 Schematic diagram of plasmids

2 A ik

2.1 EMEERAAHIE

A BF ST LA B 2 & K Npu Dnak ( Npu
Dnaky, 0 221 S TR, il 4h B IKS NpuC i
AL A 4 R A OR8] 1), 435I KGR A T
SHuffle T7 th %35 5 b AL 4 486 1 AV . S
B N85 19 D3 1, s #4 g 1) AL | T A
WREFEE AL 2, Hrp,6H Jy His 4325455 , TH
B A A S HAT AR 2 (thioredoxins, Trx ) 5 His
PR TNAS .

A ;pET32a/TH-NpuC-SS1-PE38KDEL; B ;: pET28a/6 H-SS1-PE38KDEL; C ;: pET28a/6 H-MBP-NpuC-SS1 ; D : pET28 /6 H-MBP-Npu C-SS1-PE38 KDEL

Table 1 Primers used to construct plasmids

No.

Sequence

5'-CCAGACTGCTGCAGTTGTACCTGCAT-3’
5'-GCAAGCGGAGGACCAGAA-3’

Moo IS e Y I S S

—_ =
o= O

5'-CATGGCTGATATCGGATCCGAATTCATGATCGAGATAGCCACAGAGAAATA-3'
5'-CCAGACTGCTGCAGTTGTACCTGCATATTAGAAGCTATGAAGCCATTCTCGAGTGCAAA-3'

5'-GTGCTGGGACAAAGTTGGAAATAGGCGGCAGCCTGGCCGCGCTGACCGCGCACCAG-3’
5'-TGGTGGTGGTGCTCGAGTGCGGCCGCTCACAGCTCGTCTTTCGGCGG-3'
5'-TGAAAGAGTTCCTCGACGCTAACCTGGCCATGATCAAAATAGCCACACGTAAATATTT-3’
5'-GCCGGACTACGCCAGCCAGCCCGGCAAACCGCCGAAAGACGAGCTGTGAGGAATTCAAA-3’
5'-TGCTGTCCACCAGTCATGCTAGCCATATGAAAATCGAAGAAGGTAAACTGGTA-3'
5'-CTCGTATCACCAAGGGCGGAGGCGGATCTGGTGGTGGCGGATCCGGAGGTGGCGGAAGC-3!
5'-GGATCCGGAGGTGGCGGAAGCATGATCAAAATAGCCACACGTAAATATTTAGGCAAAC-3’
5'-AGGGACCACGGTCACCGTCTCCTCATGAGAATTCGAGCTCCGTCGACAAGCTTGC-3’
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Table 2 Template, primers and restriction enzymes used to construct plasmids and bp of insert gene
Plasmids Name Template Primers Restriction enzyme bp

pET32a/TH-NpuC-SS1-PE38KDEL pET32a/NpuC 1-6 1 887
pUCS7/SS1 EcoR |
pET32a/PE3SKDEL Not 1

pET28a/6H-SS1-PE38KDEL pET32a/NpuC- 7-8 Nde | 1770
SS1-PE38KDEL EcoR [

pET28a/6 H-MBP-NpuC-SS1 pET30a/MBP 9-12 Nde 1 2 008
pET32a/NpuC-SSl1 EcoR [

pET28a/6 H-MBP-NpuC-SS1-PE38KDEL pET28a/MBP-NpuC-SS1 5,8 Nde 1 3 054
pET32a/PE38KDEL 9,12 EcoR 1

2.1.1 pET32a/TH-NpuC-SS1-PE38KDEL Jf 4 #
# G 1G9 2 A pET32a/ NpuC Hr4 1
NpuC FrBe; 514 3 5514 4 M pUCS7/SS1 Hh
P SS1 B i 5149 5 55149 6 M pET32a/
PE38KDEL H1 41 PE3SKDEL KBt F& U5
191 F5|Y) 4 @it # S PCR %42 NpuC SS1 7
A F BeA5-3) NpuC-SS1; Jfifi pET32a F EcoR T, Not
1 BY) 5 18 22 R B[R] R 26 41 K NpuC-SS1 PE
F B pET32a JFURLA I 4% 45 3% 45 7 W % A KW
B4 1 DHS o B2 25 PRI B 7 15 57 5 A T
REFF R T

2.1.2 pET28a/6H-SS1-PE3SKDEL i My fif
5149 7 #1549 8 M pET32a/NpuC-SS1-PE38KDEL
Hidy 14 SS1-PE3SKDEL F- B, i [ J5 ] Nde T i1
EcoR T [ ; pET28a Jf] Nde 1 Fl EcoR 1 i), 4331
J2 [RT L J P 3% 422 T Solution T ¥ 335 5 3% 432 7= Wy s
AKW5A: 1 DHS o JERSZ 28 PRI IR & 5 52 e
ik Yo e Sr i) 5 o

2.1.3 pET28a/6H-MBP-NpuC-SS1 Fi#tk i
519 9 f151 % 10 M\ pET30a/MBP H1 41 MBP
R BGERS1Y 11 F514 12 A pET32a/ NpuC-SS1
Hy S NpuC-SS1 5 Bt ; pET28a Jit i Nde 1 Fi
EcoR T Y1 5 43 ) e oD SeJ 1o FH 22 7 B[] i o 44
B W~ 3G B 5 U0 IS pET28a itk AH
R B W e N R IR Ay T DHS o SR 2 25
Hh PR TR VR 55 5 Al AR ORIk

2.1.4 pET28a/6H-MBP-NpuC-SS1-PE38KDEL i
wmE G 9 fglY 12 )\ pET28a/MBP-
NpuC-SS1 14 MBP-NpuC-SS1 Fr B i 5|4 5
8148 M pET32a/PE3SKDEL 44 PE3SKDEL
J Bt pET28a i Nde 1 Fil EcoR T [ ; 43 51 1 A1l
JE 2 h Be R R AW AP A Br S

pET28a SR AH % 425 , B 1% 42 7 W e N R I3 4 i
DHS o JE&Z 5, BRI TR V% 85 57 i il 5 ok 3%
W o

2.2 FTHEGHEFERALL

2.2.1 E@kawiFsikia KU EREEAE
IR TURL ST 30 5% A K W 3545 T8 SHuffle T7 th 75 21 AH
VY 4H AR RIS T Ak, SHuffle T7 AR TE & A
FHREHTHEEAR 1 37 C RE SR 005 PRI B 75 47
NS AMRPIER LB 5 mL 3 FRH bR, Hr,
“ 4 pET32a/TH-NpuC-SS1-PE38KDEL Jii ki [ 15
PR Amp Hidk, HAy 3 PRI RIS Kan Hik,
# LB 5 mL K:323E7E 37 °C 220 v/min $535 12 h J5,
% 1% 3 s 40 2] & A A Rl Tt LB 500 mL
RFesr 37 °C 200 r/min ¥5353 ~4 h, 24 Ay, 6%
0.5 B, A IPTG 22k 24 0.5 mmol/L,20 °C |
180 r/min 3 IEFR . 43 HUE S 0T 5 T 5 R H
J& WS SR S UL IR T2 S s i A
DA 2G84 &0 F AT % P, GraphPad Prisim
(8.3.0 j) MG 12 0 b o ARSI 3RIK Y
M ILFEARPER LR 3, ) Western blot J5 56
WEE M

Table 3 Theoretical molecular weight and pl of proteins expressed in
this study

Recombinant Theoretical molecular

protein name weight / kD ol
TH-NpuC-SS1-PE38KDEL 100. 6 5.71
6H-SS1-PE38KDEL 65.8 5.40
6H-MBP-NpuC-SS1 74.1 7.02
6H-MBP-NpuC-SS1-PE38KDEL 112.0 5.69
6H-NpuN 14.0 4.75

2.2.2 6H-MBP-NpuC-SS1, 6H-MBP-NpuC-SS1-
PE38KDEL £401% & 44t xS )5,7 000 v/
min &0 10 min W 5 B {4, 2616 22 vh i
(20 mmol/L Tris,200 mmol/L NaCl,1 mmol/L EDTA
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WKW, pH 7. 4)40 mL REIT0E B R, = S B
JEZ 900 bar(1 bar =0.1 MPa) ,4 CH##% 3 min J5
B I O R e R AR DAL 4 °C
4 000 r/min Z5.0> 30 min, WA IR, IR
WL E I H £ 25 F L UK AR S o ] Dextrin Beads
6FF i Jj A 4fi 4k, ff F P& 6 K (20 mmol/L Tris,
200 mmol/L NaCl,1 mmol/L EDTA, 10 mmol/L %
20, pH 7. 4) BRI, A Uk E H . AU S
SEWE AR Al A g R TR K S A B
VeI &0, iCETE - 20 CHRAER T
2.2.3 6H-NpuN E20% & sofe  AifLR HBRAL,
ARG E A 40 mmol /T BRI PBS 22 iy
(pH 7.4) 5 ¥ i 22 vh i o3 1 9 &% A 60,80, 200
mmol/L WKW PBS ZZiifg (pH 7. 4) , B BT
Jii 10 mL, M4 WS 1 o A 25 B e i 12 0 4R
FIAEACE R IE TR, K 5 A H Y eI &
I CEAE -20 CHRAFH
2.3 AARRMIRINIT I R
2.3.1 RAIKGRIN T R 694 NpuN i
SIS 9 6H-NpuN, 43 5l 55 NpuC it 21V % )
6H-MBP-NpuC-SS1 , 6H-MBP-NpuC-SS1-PE38KDEL
AN, H A 6H-NpuN s A 4 5 4
(D, L-dithiothreitol, DTT ) % 2% ¥k & >4 1 mmol/L,
30 C/nf2 by DL BB EHLIK I S x
ARG R LS S, TS s G A N
BRBYDI S AT AN o 539 D) J5 T B A4 1Y 7 )
4, A Image J BAFHH SDS-PAGE i Jk [&] |
Xof O A IO B IR U AR R 7 AR R
PE (% ) = HIE F AW L E S
FEXE 73 BT it 1 U AR/ (R AR AT A 2R 1 6% 5 S5 A
XAy TR F (B + B A8 2Rl 165 B S A
XF TR HEfED) x 100,

Table 4 Theoretical molecular weight and pl of intein cleavage product

Name Theoretical molecular weight / kD pl
SS1 25.4 7.96
SS1-PE38KDEL 62.9 5.40
6H-MBP-NpuC 46.2 6.27
2.3.2 B ASKKI TR R AL Tt

— AT RS A5 1, B v I 2R B AR, AR 5

% DA 6H-MBP-NpuC-SS1 #1 6H-MBP-NpuC-SS1-
PE38KDEL Jy 4], 7 6H-NpuN i it Z6 14, %) 7] fiE
SR A KT 2L LA PR TR &R 4245 DTT
WEE KNI EE RN TA] 3 AT L, A I TE]
2 h,DTT ¥ &5 1 mmol/L &/ F, #&334E 4,30,
37 C 3 MRS T A& IR P17 9 A i 1
T 30 °C,DTT ¥R 1 mmol/L Z84FF K5
£ 5,30,60 min 3 AN g I P9 25 IR BT U177 A2 i
FGAEMRE Ny 30 °C L ISR 2 h 00T 485
AN DTT #1 DTT #K B2 K S mmol/L 2 2544 F N
ERTT VI P M A R . Graphpad Prisim (8. 3.0
RO BAAEGE 2743 B, A [ S5 4T L i
JIRB U174 LR I O, 25 58 9 5 JIRoRT 35 17 5 i
ANIFZEAF T 52 B2 o T Tmage] B4 4948 SDS-
PAGE Hi K& b X 1 457 1Y 06 %5 BE IR 1387 W A=
AR, AR R R AR 2. 3. 170,
2.4 RarkiLBMEAGIRYE

W 2L 5E UG P ITE 4 CTR T3 kD B
HE 121 000 (1 Lo 45132 Ar , B BTl PBS(pH 7. 4)
TR 6 /NI 1 U, R 2 R, B BT A R
S5 A5 Ia AR AT B 25 0K 52 42 I8 24 1) 6H-MBP-NpuC-
SS1 . 6H-MBP-NpuC-SS1-PE3SKDEL F1 Wi 24 J5 ) 7=

St 6H-MBP-NpuC., 237 5., i Capto L 454

AR H B VB A R 22 i (pH
2.6) , BeliJa S Bim A 1 mol/L Tris-HCI( pH 9)
T pH 2 7.4, i3RI Ry A S BV PBS(pH 7.4)
BT, BT RIE
2.5 TFortebio 4| 5 #= 5

SS1 2B P HTa] 2 R B Behidk, vl 518 R
LS A S L AR R AR J R e, D
pH 7.4 1) PBS V48 AR ZE vhifk K iA SS1 5
1R 2 SS1-PE3SKDEL 43 51| %5 B i 20,50, 100,
200,300 nmol/L 5 N A AT I HE ANy o o
EIRRARR T SA {2845 , 76 PBS 27f] 30 min J5 {f
Mo Bt g & w3y 300 s, Z J5 & A
0.05% BSA {9 0.02% PBST Ff[4] 300 s, 7E PBS {7
1120 s J& , FIBUARSE R 300 s, SRS 7E PBS g
300 s, fEEH 3 WAL B )E (pH 3 B 10% H & B2
=20 15 5,0.05% PBST {2 S s) , AH R0 BRI E T~
— YR BE BT IACE A O
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3.1 EARBAGMHE

PCR =W 1% SN BeE e v Uk 45 0, 25 1 i
7% NpuC-SS1 F- B PE3SKDEL H B NpuC F Bk,
SS1 KBt SS1-PE3SKDEL KBt . MBP-NpuC-SS1 K-
Bt MBP | Be¥ 5308l BOR/N—3, Lk a1 an
K2, [FVRE e ED) % 3205 % A DHS o H, dili 42
JEOREJe 2 DU T, 235 SR e WY BORE 4 Ry TE 4 7471
3.2 EAFZGOWIFFRERLLNL
3.2.1 Ea%awitshk: HRBELHH
SHuffle T7 fE 18 FA MRS EHED KR EH
AN A2 9 A 25 Y & A] i k. b 6H-SS1-
PE38KDEL 41 & (A &% AR %%, TH-NpuC-
SS1-PE38KDEL., 6H-MBP-NpuC-SS1, 6H-MBP-
NpuC-SS1-PE38KDEL 43 %] 5 6H-SS1-PE38KDEL
P HC ATV, G5 RN 3, R ECE Y AR AR
Fr2& i) 6H-SS1-PE38KDEL, % 47 Trx i ¥ 5 25 1)
TH-NpuC-SS1-PE38KDEL |- 3% i o 25 14 1 43% 2

A

bp M 1

5000—
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Figure 2 PCR products detected by 1% agarose gel electrophoresis

= 47% ; %A MBP {2 % b5 %5 1) 6H-MBP-NpuC-
SS1 EVWEW T EEL N 87% ,6H-MBP-NpuC-SS1 -
PE38KDEL biF & MHZH 98% . w] I, MBP fi¢
TR SR A S vh i A A A e I RSO S, DR g
K el MBP A1 fle v hr 45 i B 4 2 UM T e 0 4
fbo 1 Western blot Bk H , — 5T N L4 &R r
ZEHUAK (anti His) , — 47 2F 50 B 3T (goat anti
mouse IgG) 5 RUNE 4, 451K 4 PRk EE N
i cafei DR =

3.2.2 EMEk G eysii 6H-MBP-NpuC-SS1 L5
6H-MBP-NpuC-SS1-PE38KDEL H 4l % 4 £ 15k Dex-
trin Beads 6FF ( MBP %5 25 26 #1141 ) #lifk )5, {fi H
SDS-PAGE #E47T %5 , 45 R A& 5-A, 45 R IR 4%
W RNIRE G BRIS AR 73 B it . 6H-NpuN
Zord AL )s  Z52R AN 5-B, HE HAE 60 mmol/L
WK B2 2% A T I B UM, 7E 200 mmol/L. K M 2%
ERVEBSE . B a3 B E B2 IR RS
I, PR T — B R

E
bp M 1 2
5000
3000——
2 000——
1 000——
750 ——

R

Lane M :Nucleic acid marker; (A) Lane 1:PCR product NpuC-SS1 amplified by primer 1 and primer 4 ;Lane 2 ;PCR product NpuC-SS1 amplified by
primer 11 and primer 12;(B) Lane 1:PCR product PE38KDEL amplified by primer 5 and primer 6 ; Lane 2: PCR product PE3SKDEL amplified by
primer 5 and primer 8; (C) Lane 1;PCR product NpuC amplified by primer 1 and primer 2 ; Lane 2 ; PCR product SS1 amplified by primer 3 and primer
4;(D) Lane 1:PCR product SS1-PE amplified by primer 7 and primer 8 ; (E) :Lane 1 : PCR product MBP-NpuC-SS1 amplified by primer 9 and primer

12 ;Lane 2 : PCR product MBP amplified by primer 9 and primer 10
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Figure 3 12% SDS-PAGE analysis of the expression of recombinant proteins

A:12% SDS-PAGE analysis of the expression of 6 H-MBP-NpuC-SS1-PE38KDEL compared with 6H-SS1-PE38KDEL;B:12% SDS-PAGE analysis of
the expression of TH-NpuC-SS1-PE38KDEL compared with 6H-SS1-PE38KDEL;C:12% SDS-PAGE analysis of the expression of 6 H-MBP-NpuC-SS1
compared with 6H-SS1-PE38KDEL; D ; Solubility of four kind of recombinant proteins (x £s,n=3)

Lane M :Molecular weight marker; Lane T: Whole cell lysates; Lane S:Soluble fraction ; Lane 1:Insoluble fraction ; Full-length fusion proteins are indica-
ted with arrows

A B
kD M 1 2 kD M 1 2
100 — e v 100 —| —
70 - 70— -
55— - 55—
40— 40 —

Figure 4 Western blot of four kind of recombinant proteins

The primary antibody is anti His antibody,and the secondary antibody is goat anti mouse IgG antibody

Lane M:Molecular weight marker; (A) Lane 1 ;Western blot of 6H-NpuC-SS1-PE38KDEL; Lane 2 : Western blot of 6H-SS1-PE38KDEL; (B) Lane 1 :
Western blot of 6H-MBP-NpuC-SS1 ; Lane 2 : Western blot of 6 H-MBP-NpuC-SS1-PE38KDEL

A B
6H-MBP-NpuC-SS1-PE38KDEL  H-MBP-NpuC-SS1 6H-NpuN
SF 1234 5MSF 6789 10 MS F 12345678
2 o - 100—
- o —
100 - D 70—!w
gg P - 55— @
-— 40— « :
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35 \ !
5 v 25—
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Figure 5 12% SDS-PAGE of purification of NpuC recombinant proteins and NpuN 6 H-MBP-NpuC-SS1-PE38KDEL and 6 H-MBP-NpuC-SS1 purified
by Dextrin Beads 6FF column ,6H-NpuN purified by nickel column. Full-length fusion proteins are indicated with arrows

(A) Lane M: Molecular weight marker; Lane S: Supernatant after induction; Lane F: Flow through; Lane 1—35. Elution of 6H-MBP-NpuC-SSI -
PE38KDEL using 10 mmol/L maltose ; Lane 6—10 ; Elution of 6 H-MBP-NpuC-SS1 using 10mmol/L maltose ; ( B) Lane M :the molecular weight marker;
Lane S:Supernatant after induction; Lane F:Flow through; Lane 1 :Elution of 6H-NpuN using 60 mmol/L imidazole; Lane 2-3 ; Elution of 6H-NpuN
using 80 mmol/L imidazole ; Lane 4-8 ; Elution of 6H-NpuN using 200 mmol/L imidazole
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Figure 6 12% SDS-PAGE of intein mediated cleavage of recombinant
proteins( (¢ =2 h,T=30 C,c(DTT ) =1 mmol)

Lane M: Molecular weight marker; Lane 1: NpuC cleavage product of
6H-MBP-NpuC-SS1 when add excess 6H-NpuN ; Lane 2 : NpuC cleavage
of 6H-MBP-NpuC-SS1-PE38KDEL when add excess 6 H-NpuN
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Figure 7 Protein purification after intein cleavage

Nickel column removes precursor protein and impurities after NpuC
cleavage. Then Capto L column capture SS1

Lane M ;Molecular weight marker; ( A) Lane 1:SS1 captured by Capto L
column; (B) Lane 1:SS1-PE in flow through after removal of impurities
by nickel column
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5 4ifey SS1 5 SS1-PE3SKDEL 54 ¥R 1k A
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Figure 8  Affinity and dissociation between recombinant protein and
human mesothelin
Concentration of human mesothelin is 100 nmol, concentration of recom-
binant protein is 20,50,100,200,300 nmol/L
A Affinity and dissociation between SS1 and human mesothelin ( K,
1.59 x 1077 mol/L); B: Affinity and dissociation between SSI1-
PE38KDEL and human mesothelin (K, 2. 03 x 10 “7 mol/L)



ESUES 2 W W AFCOmB R N IR Npu Dnall S-S IHTIR R BES S e 3 A AT MR IS S Atk 221

4 it it

ASZE R TR IRSE IR 1 SST S A
BETFE SS1-PE38KDEL fy Al ik , WG T LA i
ALAR S AR S PR L R, SOAT DU BRI 22 B A2 v b
B A W4 I e B 2 i AR P e R A
BH KR X,

AR, IR Npu Dnall B 24840 320% KT
0% Wi AR A TF THE— D4 . HEIEARAY
Wi ORI REH T H W& A = 2 S IR ik A
5 NpuC RIRE) C sighh i K E =7 2 3 R 7% 5L A
[ 7380, K&ERS> Dnak P& ik C i i% 422 19 A1 8 Ik
T = 2 LR TR A R B R ST CEN (o e
2 RNERR KRR, JUHIES 2 K 02
SRR Y KT s LA F AR
AW R T IRR I RIE A FHuk R B X s B
REGHEHAEAMA T, R RfE mED
S ASNREILRR, 6 NpuC 5 H B8 H Z [\ 5T
A 7 AT % H, NouC 1Y C Sidh IR =
o 28 TR B% 55 B Oy SST Y 1 = v 2 2k TR ok A
“DIE” (RA AR S dR AAR) S EIkE =
LA LRI 22 7 v e fE — B B b AR T I 245K
AT AN AR SR & B SSIP AR T SS1 T
BB UIRCRBAR, L2 IR K M
SME K B B 4 5 m Y BRI LY R B
1A SS1 R M A e 8 K SSIP, 2544 B3 34y T 2
SERTRETE B T TR AR R S BT U U B 22
Sto ARSZH IR M EK F] SS1-PE3SKDEL A AR i b
5 Capto L #1454, [MIHE42/8 PE3SKDEL 1 Bty £
[ BERZMN T SS1 5 Capto L BT 2E M1, it —
ARG R0 B A ) K2R, AT 438 il 7R b
TR G ASMEZ LR CEN” 4R 58 #5408 K
T AL FRIE AT FE A, HE— 2D W] i [ A 0 5 X
A KB = A0 S SE R T v 1 SRR N RS AR A
AN, BT Npu Dnak 85 K 5K W 4 8 & BRTE A 22 1
FIFELE I AAE A BRRORFEUL S i3 M, w2238 i
TR Z W ER 128 [ A5 40 1) 07 SR 58 40 B ik
E 0N RSN ES A

2% Fortebio Bl , fff AR IR Ak J7 1545
# () SS1 5 SS1-PE38KDEL 4 HA5 3 v 14 ,
TRV R R AR T2 B A WAL
BRI AN B[R BT A VE 2 07 Ty 221 7

«l

SEOMTTRARIBIEST , B0 oA 5 SR B4 S i 7= £ i
— B UL TIE I IE I, 25 1R 25 R4 1) PR 2R 1 S

S & X ok

[1] Ejima D, Watanabe M, Sato Y, et al. High yield refolding and
purification process for recombinant human interleukin-6
expressed in Escherichia coli [ J]. Biotechnol Bioeng, 1999, 62
(3) :301 310.

[2] Singh SM, Panda AK. Solubilization and refolding of bacterial
inclusion body proteins[ J]. J Biosci Bioeng,2005,99 (4):303
-310.

[3] Reichert JM, Rosensweig CJ, Faden LB, et al. Monoclonal anti-
body successes in the clinic[ J]. Nat Biotechnol ,2005,23(9) :
1073 -1078.

[4]  Zhang JZ. New drugs be approved by FDA in September 2018
[J]. Shanghai Med( L% & 25) ,2019,40(5) :79.

[5] Shan L,Liu YY, Wang P. Recombinant immunotoxin therapy of
solid tumors; challenges and strategies [ J ]. J Basic Clin Med,
2013,2(2):1 -6.

[6] Gorbalenya AE. Non-canonical inteins [ J]. Nucleic Acids Res,
1998,26(7) :1741 —1748.

[7] Martin DD, Xu MQ, Evans TC Jr. Characterization of a naturally
occurring trans-splicing intein from Synechocystis sp. PCC6803
[J]. Biochemistry,2001 ,40(5) :1393 - 1402.

[8] Giriat I, Muir TW. Protein semi-synthesis in living cells[ J]. J Am
Chem Soc,2003,125(24) .7180 - 7181.

[9] Ludwig C,Pfeiff M, Linne U,et al. Ligation of a synthetic peptide
to the N terminus of a recombinant protein using semisynthetic
protein trans-splicing [ J]. Angew Chem Int Ed Engl,2006 ,45
(31) :5218 -5221.

[10] Dassa B, Amitai G, Caspi J,et al. Trans protein splicing of cya-
nobacterial split inteins in endogenous and exogenous combina-
tions[ J]. Biochemistry,2007 ,46(1) :322 —330.

[11] Shi JX,Muir TW. Development of a tandem protein trans-splicing
system based on native and engineered split inteins[ J]. J Am
Chem Soc,2005,127(17) :6198 - 6206.

[12] Fong BA,Wu WY, Wood DW. The potential role of self-cleaving
purification tags in commercial-scale processes[ J]. Trends Bio-
technol ,2010,28(5) :272 -279.

[13] Zettler J, Schiitz V, Mootz HD. The naturally split Npu DnaE
intein exhibits an extraordinarily high rate in the protein trans-
splicing reaction[ J]. FEBS Lett,2009,583(5) :909 -914.

[14] Nicastri MC,Xega K,Li LY et al. Internal disulfide bond acts as
a switch for intein activity[ J]. Biochemistry 2013 ,52(34) :5920
—-5927.

[15] Ramirez M, Valdes N, Guan DL, et al. Engineering split intein
DnakE from Nostoc punctiforme for rapid protein purification[ J].

Protein Eng Des Sel ,2013,26(3) :215 -223.



222 ¥ @ & # X &2 Journal of China Pharmaceutical University 2020,51(2) :213 —222 %51 %

by a naturally split DnaE intein from Nostoc punctiforme[ J].
FEBS Leit,2006,580(7) :1853 - 1858.
[20] Shah NH,Dann GP, Vila-Perell6 M, et al. Ultrafast protein spli-

[16] Dou TL. Splicing intein-mediated bi-specific antibody traceless
assembly (Wi 2L P & IS B BURF L SL IR TEIR 3 E ) [ D
Shanghai ; Shanghaijiaotong University,2019.

17] Wang J. Design and application of novel immunotoxins with low cing is common among cyanobacterial split inteins: implications
2 g pp. 2 g Cy P p

non-specific toxicity (i B 90538 5 Z AR R S M F b B0 % 1T
E##5%) [ D]. Shanghai : Shanghaijiaotong University,2019.

[18] Cheriyan M, Pedamallu CS, Tori K, et al. Faster protein splicing

with the Nostoc punctiforme DnaE intein using non-native extein

residues[ J]. J Biol Chem ,2013,288(9) :6202 -6211.

for protein engineering[ J]. J Am Chem Soc,2012,134 (28) .
11338 —11341.

[21] Luo H,Hu LF,Ma BY et al. Molecular dynamics based improve-

ment of the solubilizing self-cleavable tag Z, ;. -Al-CM applica-

tion in the preparation of recombinant proteins in Escherichia coli

[19] Iwai H,Ziiger S,Jin J, et al. Highly efficient protein trans-splicing [J]. Biochem Biophys Res Commun ,2019,513(2) :412 —418.

2020 g E GIE AP Y

1510 2019 4R S EEOR HRRHA 4 + 77 BRI B2y g Ss o b AH 2 i B oK. TG
TUEGEL A, S /N A R 2 R R AR S, 5 ZEFLAL SE SR

P 1 figE 2019 AR [ AR W) BR 251 1l A BOR QR4 , 2019 4R 8 1, 3R EI (25 WA IR ) 54T T 18 ARk — IR E R
BT o ARUAEITH S Z2 T HE , (A0 S 24 L T/ ] A A E 5 S0t i R X 36 8 98 1 30 ok 24 i 38 B0 PR 1R 52 5
P A R AR B A A AU R U BEAR A E 5 o T 2 IK0A 8 AR TR R Y v [ 2 A H St 7E 2019 4Rk
FRUCHE G FEHORES T, BT B FR AP S O WA . o Rk W 4 + 77 Bt — 2P R B e [l
i, (R BEHE AR R A B 2 el B — IO FT v o B K25 R IR SO IO 1872 b T Ay

i L4, PRI 25 R L TR PO G K i ESCBE TN 0 B 1 AR M N AR, F R 25 b T
FEAEH G TSNS ~10 4 (HRIET 2019 47 [ EiT i IrA #2590, R — 7 L EE 4 40 A — 08
AR 1 AR B, A4 2020 AETRFR, Hh E QIR B PR UCE AR R A R

PEATFRERIGETE, 2019 4R i A A RIFT 230 9 3K I A /NS T 251 R 7 1 BRI 2 A4 5L
TEAN BTK HHIAIEEATE B o HBiiT, 2020 AR sofs b+ = QUET 2y, & /525 Bi F eI BT R o BRILZ A1, 5
] 24 i IEAE I DRORE SN 2455 | A HR [ T B A 2, 2020 45, 22 3k 11 BT 254 37 [ A T it b

AT N2 B 25 B 28 A SRR T, BT 24 AR A 1 4 S T2 e, #5380 [ 7 B 254
BT e 2 A 2 A E R BOR AN BT AR T 3 1 XCR B g B A

750, BTG E: BOR W BB AT R R o B i, 2007 ~ 2017 4, 3 56 B2 25 7 7 ) 6™ (B 45 2
Th AR RRE 8% O RRER AT AL BRI 4T 0 10245 50 A IF A B8 Ak B 25 G5ty e it S 8, Tt
2012 % 2021 4R S ARSI 300 /2367

I R 24Tl s B R 7 125, Ml AL O B 2447 45 B 19 A B A —— G SR HE ROHT , e A% 0 R BB RE D 1Y)
it

W T TR 24 R AW B R U, 2R A R SE IR BB 25 FR3E . SR HAR QIR I BOR LRI A= My HoR A A
VSR B4 1 B eSS BT SRV R M B A B AR 2 R BT BRI B AR, AR I 2 DA R R R R [ R 2 B AR 1%
TR B o BEE T KR, SR X BT T A i A ROR B 2L B 1) L A R EOR QT ) A RE ) 3k
(IR 77A g O oa A8

(oRIR ] 25 R, A 7 A M 20






