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# E: AT XMEBES%AEEML Minor Ampullate Spidroin 2K %K F RATIRE, AR T ZARG KX,

AA PCRy iz AR ELRX —FK 1348 bp 89 H F& P1, &k4- his-tag 474, MEBERLEBIK, AEFBREY
GS115 #47 kLK, R MEXMAFE R L HKR, £XHAFE BL21(DE3) F #47&iA. SDS-PAGE #= Western
blotting A4 M 45 R AW, Pl EAMAEAEXRAATHTENLL, HALRIF: Pl £ GSI115 P9 RZEZMAE
FE. FEARKRE, L2 FF BL2I(DE3) ¥k, 480 9 4 GS115 4.3k & F 2+ & BL21(DE3) #
R, MRANBFLRRAALESCEIESG. LE 4 Gly/Ala ) RARL ZO ARG REA, HRZEAKRR
MiSp %5 5 Sl AL AT B 2 i mh, A RMBRLEANTHARAEZIEIT TS,

K@ AT RaeEs, RFABBREAZ%, KMWHBALXE 4

Expression of Araneus ventricosus minor ampullate spidroin

Zijiang Yang, Gefei Chen, and Qing Meng
Institute of Biological Science and Biotechnology, Donghua University, Shanghai 201620, China

Abstract: A repetitive DNA fragment, named P1, was amplified by PCR with the full-length Minor Ampullate Spidroin
gene sequence of Araneus ventricosus as template. P1 was ligated with pPic3.5 and PKT expression vectors and transferred
into GS115 and BL21(DE3) competence cells, respectively. SDS-PAGE and Western blot were used to analyze the
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recombinant his-tag fusion protein. With expressed in different expression systems, soluble P1 induced proteins could be

obtained as the same size. Furthermore, the expression level and purification recovery efficiency were also higher in GS115

than that of BL21(DE3). Additionally, the expression level could be improved after optimizing the incubation and induction

conditions of GS115. In this research, Pichia pastoris expression system is more suitable for the native repetitive

Gly/Ala-rich spider spidroin gene sequence expression than Escherichia coli system. The data can help the native

full-length MiSp gene expression and large-scale exploitation of recombinant of spider silk proteins.

Keywords: minor ampullate spidroin, Escherichia coli system, Pichia pastoris system
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spidroin, MiSp) @K HwLILE T, HEATF
Y& & Gly F1 Ala (920 64%), HFEZH GX.
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e, FRABMRIBRGE, AT LUKBI
W BL21(DE3) [W3Rik 2 M, fESE IR L) GS115
HE R T MiSp B Gt X RS F S B R
ik ZFHIK 1348 bp, AT B 43511 A GS115
fil BL21(DE3) FEik#k ik pPic3.5 Ml PKT, FH7E
GS115 J% BL21(DE3) HiFkKik, Rk Wa
Ni-NTA ZfifkJ5 H SDS-PAGE Fll Western blotting
R, 25 5 R B DI FP R SR T o k1% By
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GS115 RGMFRBAKY (7877 M ERSB
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1 AR5 %
1.1 R

MiSp BHPEFERE i FLIEE 7 1 A, ventricosus
fosmid SCPET e S 155 o S50 I EERE R A 4%
& pPic3.5 W H Invitrogen 23 ), KT 253
& PKT Wy PET32a (+) BG&EmA. SE5prHIm
f5 £ E. coli BL21 (DE3). DH5a il P. pastoris
GS115 4354 & Merck 2~ wl . BigEAEY) TREOR
A BRZS F]F1 Invitrogen 23 Al o DNA BRIl N U1 il
F1 T4 DNA % 4%/ H Fermentas /A ), Phusion
mix W H NEB A, FORCAE& A i &
W H gAY TR A W) . BB EER 2
PR & B R A A . B E244E Ni-NTA 1 B
Qiagen /A H] . 6 x His-tag, anti-mouse, mAb {4
g H Merck /A Fl, Western blotting {7 & H
Invitrogen 23 w] . SEE0 BT S SR LI 5 2 00 4y
Frakess 3 Y,
1.2 EEREHIK PIC3.5-P1 HIME. LK

PR GS115: PIC3.5-P1 B9 4 E
DL A. ventricosus fosmid 3 J%E i & %5 E 19

MiSp BHMEFERE MMk, it PCR 514 (P1 il
P2, W 1), HaRes W) bR L ARGEYIAL S
BamH I A1 EcoR I . PCR #"3% H i) H Bt P1 &
VIG5 pPic3.5 #iki&EHz:, w4k PIC3.5-P1, X
AL TR A B2 BEYT RN Y %58 . P1 S5
mE 1 iR,

Z: M Invitrogen A Al (EEEERIAFE, K
Stu I PRI PEAL Y PIC3.5-P1 41 ki % A
GS115 /784001, ¥4 T MD ¥4, 30 CH
BEHFE 3~5 do PRIBCRIEREY KGR, SRATRAR
A= DRI B2 ) e B 5 R 20 4 U] & fl 32
e EE GS115: PIC3.5-P1 A FEHAL, H LI b4y
SETPH AR AT PCR &I, 514 P3 1 P4 (I
1),
1.3 PIC3.5-P1 FEFE & PRV RF ML FIEE

PRECHM: FE 4 F e 2 50 mL BMGY 1
FEWeH, 30 °C . 250 t/min JRIHIEFE . 45 3 h BUEE
IS FE W IEIE  (ODeoo), FHZHIEKHHZ .

B EH GS115 $£FhF 50 mL BMGY 1, [
WP AN (2S5 BELERE GS115 FIA A pPic3.5 48

NT-MSSADSANEVSTASASGASYATSTSSAVSSSQATGYSTAAGYGNAAGAGAGAAAAVSGGAGSAGGYG
EGAGAGVRSGAGASAGAAGGYGRATGAGAGGAAAAGASGYGGSYGAGAGAGAAGAGGASAYGAGIG
GGYGAGAADAYGGGASAGAGAGAGAGVSGGYGRAAGAGAAAAAGANGYGGSYDAGVGAGTAGAGA
GAGASGGYGGGAGEGAGAAAAAGAGAGGAGGYGGGAGSGAGAVARAGAGGAGGYGSGIGGGYGSG
AGAAAGAGAGGAGAYGGGYGTGAGAGARGADSAGAAAGYGGGVGTGTGSSAGYGRGAGAGAGAGA
AAGSGAGAALKIDECLTGDSQVLTRNGLMSIDNPQIKGREVLSY(NETL)QQWEYKKVLRWLDRGE
KQTLSIKTK (NSTV) RCTANHLIRTEQGWTIRAENITPGMKILSPASGHHHHHHG-CT

1 Pl 4RI EELFS| (5 intein-his i & Ki%)

Fig. 1 Protein sequence deduced from P1 (fused with intein and his). The letter in bold: amino acid sequence of intein.

There are 8 phosphorylation sites showed in [Jlll: SSAD, SANE, VGTGTGSSAGYGRGAGAGAGAGAAAGSGAG
AALK, KGREVLSY, LSYNE, SIK, TVR, TRAE; and the third is most like to happen. There are 2 glycosylation sites
showed in ( ): NETL, NSTV.
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%1 PCRS3I#EFI

Table 1 primer sequence

Primer name

Primer sequence (5'—3")

P1 AAAGGATCCAATAATGTCTTCTGCGGATAGCGCGAATGAAGTA

P2 TTTGAATTCTTATCAACCATGGTGATGATGGTGATGACCGCTAGCTTCTAG

P3 AAACTTAAGAAGTTTGCTGAATATTGTTTAACTTATGAGACTGAAATTATGACT
P4 TTTGAATTCTTATCAACCATGGTGATGATGGTGATGACCGCTAGCTTCTAG

AR GS115 HHK), 30 C. 250 r/min $EIRR; 57
% ODggo ik 2~6, 29 18~20h, J5% 1 (FHL4):
HIZH BMGY ¥R, B.OBUERK, G
% BMMY }5333E, & ODggo 3% 0.8~1.0,%F 24 h
A el R B A 0.5% , 55 48 h, % 2
(PRARA): B 1~2 mL B35 4 fif 50 mL BMGY
RiFRFE 2 ODgoo ik 0.1~0.2, 250 r/min ¥ K%
% ODgop ik 0.8~1.0, BN, B TRk
%% 50 mL BMMY 3557 5E, ODgooi5 0.8~1.0,
30 C. 250 r/min YR HGFE, B 24 h #h 0 H RS
HH R 0.5%, 55 48 h,

WHOAE SR ERE 50 mL B.OE T,
3000xg B5.0> S min, 7 i, ICHERIK, #& 10%
(WIV) i AZ4## (50 mmol/L Tris, 50 mmol/L
LKW, 500 mmol/L NaCl, pH 7.4) HEE4Hl, HL
20 pL ZHMEAEVEM, A S pL Sx BRI,
100 ‘C/Kifr 10 min, MiFHELG 5 #E4T SDS-PAGE
F11 Western blotting % 7€ .

1.4 FEEERIEFY PIC3.5-P1 B4E{L
EFIEMERFESE 50 mL o8,

3000xg #5.0> 5 min WAL, #2 10% (WIV) il
AZLFW (50 mmol/L Tris, 50 mmol/L BKME, 500
mmol/L NaCl, pH 7.4) FE=41fl. RH InBio [
ERTEREERAY 1 500~1 800 Pa R AERERE, 24 3 1K,
8 000xg #5.0» 20 min 435 FIEFIVLIE . AT
P RIS AT VPR 28 1 4 531 R R Al 28 4 0 2 1 i A
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B kalife, kS Qiagen FRifEFMLE .
1.5 KBFRRERZWE. RixR4gk
& B F PIC3.5-P1 Wi EEI{7 s BamH 1
M EcoR I, WVIJ5 &% /i A% PKT 2
&, METIEE PKT-P1, ZHW PCR. BEUIFIN
PRI 2H ik ok % 4k 2 BL21(DE3), #kHX
il 37 ‘CREFR 10 h, 2 11 100 [ He iR F
50 mL LB ¥ 553k (RARE K 30 pg/mL), HiHF=E
ODggo fHIE 0.6~1.0 BFIIAZYEE A 0.8 mmol/L
f) IPTG, 37 CiEF 2.5 h, EHXER 1.3, #
fitf VR L O WACER M TR AAR P BB 4 4 i
8 000xg fIKIRES.L> 20 min 4385 _EiEMVLRE . 4lifk
JrE 1.4,

2 &R

2.1 GS115:PIC3.5-P1 X % B BL21(DE3):
PKT-P1 [H4 ML E

Wt BamH I 1 EcoR T RG] 520 , ¥ H b
DNA Bt 546 A 84K pPic3.5 1 PKT, 4 C
B& PIC3.5-P1 fl PKT-P1. F 4k BamH I 1
EcoR I XU , B H 8 I Pl 1 A 0 1 53 8,
WP 25 FAESE, 2 Bl MiSp ERE X B, H
TRATIRIREAE , AT HTIREMREVIF.

ik PIC3.5-P1 il fbilk AWERE GS115
J& . AT his HIRELHG MD Ki It 3~5d )5,
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AL LA RAFITR TR, 2050 PCR SETESE P1
K] 3 2ot ﬁﬁiéﬂ%)@%%éﬂ%

BL21(DE3): PKT-P1 ¥4k 24 Wk PCR, |
JPYE, S5RIER

2.2 GSI115:PIC3.5-P1 Rzt R 55 B
BL21(DE3): PKT-P1 Y L%
HARELE KN 1348 bp, Rl FRIA YK F

©5rF 1k 38.54 kDa. 15T H I SDS-PAGE K
MLERE 2 Frs, PLFE GS115 H BRI R
BL21(DE3) K/h—&947, i 34~50 kDa, [t
X REAR A B TE 5545 . AL BRbR2s (6xhis)
YEMFPTIR, UL 6xHis-tag, Anti-Mouse, mAb
A—¥$t, Alk-Phos. conjugated Anti-Mouse A .
i, Z M8 Invitrogen =i LI+ AR, R Western
— R, AR BRI . Ak
BT 50~90 kDa [, K%y 80 kDa Zbtiif st 1

blotting #f

kDa M 1 2

118 —
90 —

50—
-4

34—
26—

19—
BL21(DE3) GS115

12% SDS-PAGE

L

BL21(DE3) GS115

Gty , XA DU R T R R AL . B
FRAL T, HAT 2 A3 53 Hr, an
Bl 1R, fEEZARERAL . BRI AL A, TiTiX
ol 4 5 1 el PR A B2 5 10 A 1 2 S A
PSiLE
2.3 PIC3.5/PKT-P1 RikF=4#) a4k

EARME (B 8 mol/L JRE) HAEAEMm4&
R @1 Ni-NTA X GS115: PIC3.5-P1 A%
FEYITTTE K g ATl . WE 3 PR, FE el-3
VKiEh 34~50 kDa b W] LI 2 B2 /9 B 1 4570
MPtyEh I B i H B R 454 (E1-B6), X3k
HIER 74, B MiSp 4 EE X, feLAnli e
KAFFERRRR L3 XTSI AR, R
AR IPIERT = P A T A A PR B Eﬁé&ﬁ
WRUAEMIEAAE. BT B
26~34 kDa Abik BB — 45717, X SE5rH ﬁ%ﬁ

2 3 kDa M Da

118 118 .
.-' ~
1 t- -

B 0 e :

Western blotting (anti-hisx6)

E 2 P17 BL21(DE3)#1 GS115 H3RiE =48 SDS-PAGE #1 Western blotting #2

Fig. 2 SDS-PAGE and Western blotting analysis of the recombinant proteins derived from P1 in BL21 (DE3) and
GS115 respectively. M: protein marker. (A) SDS-PAGE of BL21 (DE3) culture. 1: 37 °C induced 2.5 h; 2: negative
control, strain without transform. (B) SDS-PAGE of GS115 after 48 h induction. 1: negative control; 2: negative control,
strain with empty plasmid; 3: optimized expression sample; 4: not optimized expression sample. (C) Western blotting of
BL21 (DE3). 1: 37 °C induced 2.5 h; 2: negative control, strain without transform; 3: 25 °C induced 12 h. (D) Western
blotting of GS115 after 48 h induction. 1: optimized expression sample; 2—-3: not optimized expression sample; 4:

negative control, strain without transform.
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E6 E5 E4 E3 E2El e3 €2 el M kDa

M el e2 e3 El E2 E3 E4 E5 E6

—118— .-
-
- 00 — W= =

; -—50— W
-—
- — 34— -
A ¥ — 19— e - B

GS115

BL21(DE3)

3 P17 BL21(DE3) 1 GS115 Ri&EF-MAEFL S TR T AL A4

Fig. 3 SDS-PAGE for purification of P1 expression products of BL21 (DE3) and GS115 in natured and denatured with
8 mol/L Urea condition. M: protein marker; el—e3: native purification of supermatant; E1-E6: 8 mol/L Urea denature
purification of precipitate. (A) SDS-PAGE for purification of P1 expression products of GS115. (B) SDS-PAGE for

purification of P1 expression products of BL21 (DE3).

H1 P1 @lG 1Y intein 25 I FESIAL AR TR S R
AIEBSY P1, SHEISK/N 26.61 kDa HIFF, WF5T
F W intein il A 85 11 R IR 25 5 R A I B 4,
AR ARG intein K2 12.45 kDa, J& R 5 £E
BRSO, Sk LA RIA TG, X EAY
— e,

aife g Rk — 5 SMELBEIN, difk)s
GS115 py/= % (HE RS BB ) Uik
=T BL21(DE3), Wik 3 frn, al k%] 13~14 £i%.

24 Pl RIEMHEURTE. FERAGCHE
B9 7

X} P. pastoris ik ZRGEi T TR, B
RGIHLH T EAHFEAE BMGY Bk K
ek, W 4 s,

S [ s R IE 5 B 328 8 1) 1 R % A e £
ARRA, EEC 18~20 h X #d: K s K
BMGY BT Bt i) BMGY Kig#dk, 78
L) BMGY B fRFEP AT B 02 %2 ODgoo
K08 L4, B AT 1 2 1 ¥ 28 BMMY
R AMGE S AR AL, DRI A B TR RRTE
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Fig. 4 growth curve of recombinant GS115: PIC3.5-P1
in BMGY.

RESHAERE T B, 7550 B A% BRI,
TRAIE T 58 I E TR BT . 2 B0 SDS-PAGE KA K]
T, FIH Image J #1F LB T 45 LR 11 I #0k
K, g 2 R, Ak 2k a4 e
6~7 5o

mE 3 piR, BATSMHE T 4ifbais
P. pastoris Al E. coli H H (18 [ 1 7= 5 Al =%
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Ik —4 35 T A B 4lifk 3K . P pastoris Fl
E. coli " E 418 ) i Rl SAFTERR 2250

F 4 Tmage J 4347 ELEC I , 4lifb AT P. pastoris
RIERFAWANALIT , Rk w38 R ok r
6~7 1, iK% E. coli fi) 2~3 {5, F=#k E. coli

(6 fi5, MULFTLAEH, WRhEERGX P1 Y
FRKPATER RN ZER ., Hobasith, FKibxE
FEE—4 K, UiB P. pastoris Fil E. coli /fh3
BRG AR MRS, W3k 3 FIsk
4 fii7, P. pastoris 4 E. coli [ 6 f5 447 -

F2 4AEBEMEBPINAE. X (BMNERAEREREATMEE) £ BL21(DE3)fA GS115 HEMEAR

RALE B ELR

Table 2 Comparison of optimization and no optimization for protein yields and protein productivity in two

expression system before purification

Strain Yields (mg/L) Productivity (%)
BI21(DE3) 5.57-11.14 0.78
GS115 1.93-3.86 0.49
GSI115* 12.68-25.36 2.27

* GS115 after optimization.

%3 HBE®ZEA P1 &£ BL21(DE3)# GS115 B9~ S AL AT AU LLE
Table 3 Comparison of purify efficiency in the two expression system for protein yields

Yeild
Strain
Before purification (mg/L)  After purification (mg/L)  Purify efficiency (After/before purification, %)
BL21(DE3) 5.57-11.14 0.45-0.9 8.08
GSI115’ 7.31-14.61 3.5-7.00 47.88

GS115 represent the comprehensive level, here basically is integrated of results before and after optimization.

#* 4 HHEYZEA PI £ BL21(DE3)#1 GS115 Bi= R A M LBl fF Y LLEE

Table 4 Comparison of purify efficiency in the two expression system for protein productivity

Productivity
Strain
Before purification (%) After purification (%)  Purify efficiency (After/before purification, %)
BL21(DE3) 0.78 3.97 5.08
GS115' 1.36 47 34.85

GS115 represent the comprehensive level, here basically is integrated of results before and after optimization.

3 Wik

H 20 fia 80 4R LK, Bl Z i IT e T
Wk 22 [ ZIWF5T, ARSI TalE . B FRIA A&
D Az 22 £F A A5, (EIR 22 78 35061 1 R M 7™

HHMBERKRE. 45818, BRNSMNREGT 3
Fh 22 £ AE S ) KB A P31, 4351108 MaSp
(Major ampullate spidroin) . MiSp #1 AcSp
(Aciniform spidroin), H:H' MaSp 1 AcSp ¥k H
MWW Latrodectus hesperus, 1] MiSp >k
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I A. ventricosus, HH 7S LR 2H 7 s e e 11> 2021
IXSLSER IR 228 1, r PR g AR GC
TR, WL REREIRMEE B AR R
ik MAFFER], o iR bk 22 P R Y
SRR, RPN E] B IRk
R T R 4 ik 22 2 (11 2010 AF s R
R ACE R R R T 806, #h5E Gly
Mk tRNA, 23Kk 284 kDa [ MaSp HE 4]
A H, HRB R, R EHR2ZE A0
LFYEVERE AT KRRz —2F, 2012 4E 78
Bl gzl T EA NS T (Intein) 4 2 39F
M IERIR SRR 22 E A, TR
intein RSN ETHE N, TEMRIMERES intein [1)
Wk 22 F5 A B BT 45 7 A Flag 85 A BRI, 7=
Ak 2y 300 kDa, {HZZJ5 e mtbsiz, b
BUHEE SR, =R RN JeiE ], R e 7153
HAR™8, AidEA KB alifh g =t

h T FHEGE G RIBRARkZE A KER
I FR S, AWFFEALE P. pastoris ik REE ke
IFRB R MiSp iRy EEIFH] (P1), JEHK
WAt B A R T . Pl gnf 2 LR 7 5]
= Gly Ml Ala HREEE, fFaMkeE AR5
P ILAVERIE , 75 IRRIAN, 255 b TE R %0
{87 P 0 O 2 1k B R A 2 SRR A AN T
2R A, T BAS KRNI — e R
Y R IR e R, T WS HGE
E. coli 7ERIA R HELE MR Bk B I, 5%
MIRIRERATZOE IS, TR Bas ) 1 000 245
MR, TR S B2 A
45 LR WIFE P. pastoris il E. coli &R4tHr, P1 ¥5¢
TR, BByl (803), SRAEHEZS
T AR AT AR B W PR &R o FRATTIR 43 H7 HL K
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THRFRE RS P1 Rk, fERLE
P. pastoris &£k R4, Pl EKikgm, M E. coli
RIKRGW 2 54 (R 2)o EXEHTRARM
MiSp HEKE T HE 1K ZA MR (Arginine) 55,
E. coli ZR Gt 5 7 1) f 2 1k TGk e Rl 22 58
WRKEIR; Ji5h, BT Pl S E SRR Gly 1
Ala FHEARH R (60% /A7), E. coli FRIXRGH
IR BN Z B0 . P. pastoris SH FLI% R
KRG, ALAE G GRS B R A ST, S
GS115 A=K th<k (K 4), %t P. pastoris ik &%
TR, HEHE 18~20 h X &A= K BA Y
BMGY 544 BMGY, B0k
EERTBRIFAREIRILEE , wis 1 205 KM r ALl
FEAE A FE YRR L pH SR RZ I | B
BRI ACHACE, TR RRES; —RIEFRIA R
BARPARN R B IR1E S, AR ERFEE, HiF
MR 1 AN R R ek, AL ET S 2Rk f T 4
= 6~7 5. P. pastoris ARGt e % AR EZERIER
4, B E. colilias, AHERKMIAZE (LI5S
SEEFE] 75 R YR R W SR AR, A
ST K, &G DA RHEA: ™, SRk 22
A 22 B K B T R s = T
Wk 22 FEDUAC B (R a5, R T AR R RaA T Y
HEA, WAPESE—21u1k P. pastoris #ik &
G121 MiSp RAR L PR AL Ath vk 22 85 (1 L 5L 1)
2RERIE,

ABFFEE %] P, pastoris # E.coli Pifh3eik
ARG LB LA KX} P, pastoris RGuifitik, iEH
T P. pastoris 1Eh KIRWK 22 85 111 MiSp KikTE +
AODLBRE o Ry ARk 22 28 PR R AT v vk i it
T4%&, W A ventricosus MiSp 4 F 41 )£ 1k
Pt TR S g A
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