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Abstract: In the current study, Scl2 was expressed in Escherichia coli BL21 (DE3) , and a simple and efficient detection
method was also established for quantitative analysis of Scl2 through the Split-GFP system. The results indicated that Scl2
was successfully expressed in E. coli BL21 (DE3) and purified with the use of His affinity label, resulting in high purity Scl2.
CD spectroscopy and DSC analysis demonstrated that the secondary structure and thermal stability of Scl2 were comparable
to those of animal-derived type I collagen. The presence of GFP11 had minimal impact on these properties. The first 20
hours of binding between GFP1-10 and Scl2-GFP11 showed a high binding rate and it took about 70 hours to reach the
maximum fluorescence intensity. After 1 hour of binding, a positive linear relationship was observed between the concentra-
tion of Scl2-GFP11 protein and fluorescence intensity. The correlation coefficient R* was calculated to be 0.999 5, indicating
excellent repeatability. Therefore, we successfully established a method for in vitro detection and quantitative analysis of Scl2
using the Split-GFP system, which has provided a fast and convenient tool for future high-throughput screening research.

Key words: Escherichia coli; heterologous expression; collagen-like protein Scl2; Split-GFP; protein quantitative

analysis

WFsHE: 2024-02-29; f&EIHED: 2024-03-12
BEE&EWMB: EZREGWAITRITE (2023YFF1103901)
EEE N ERIENEIK(1998—) , & HEE/RIE , HumdbE/R BIGXIEA A, WLt BIEEE: & K, #d%, liyu@ustedu.cn



« 14 -

513t

AEHEAREEE Fa0k F1

OHTE- WK, BRI, TKERRE, 55, JET Split-GFP R GE /i AT i b S IR I R ) Scl2[J]. KRk

B4R, 2025, 40 (1) : 13-19.

SIMAYIS Y D,ZHAO C X,ZHANG Y Q, et al. Quantitative analysis of collagen-like protein Scl2 heterologously expressed
in Escherichia coli based on Split-GFP system[J]. Journal of Tianjin university of science and technology, 2025,40 (1) :

13-19.

R e AL s R, R et
Mt BV A B R A A TR R )
SRR SR, Sl I8 R AR S S R R B
AR A ) LA K o R U A R B . S48, 7E 5
P e Wy R 2R R L BIFSE N 5 R AR 22 A T 25
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FEAE M 2L AT 3k ok VR T 1k R BE B B
(Streptococcus pyogenes) ISR T Scl2 BT
FEHIBERIEE [, Scl2 T2 3 AT Bah g™
N Uil V G5RIE BRZEERT C i B 5 4544
S BAR Scl2 AN E RGN , (H & AT LU 2 ik
W2 =2 A1 BB 40 T b A R L — g ie 2t ™) Sk
JEUER 12500, Scl2 7E 35 ~ 39 C A iem iR Y,
oA AR, A KR A P v FE R ), HL
JCAM M A A g k) B e e 4 L Sel2 iR
BA R AR ZE , I T RN S AR R REF?
B AR BEAR T, T SR A R P g A
HGRVFEM MMP YRGS BA R E D RERY T
G, AIA AR A A A, iR A R A R R,
Scl2 B A RS AR R 1T

A A ARG DU R i A A W il # v
AR — R, i S —Fh A I e S e S 3 R
o Scl2 TTAMTEED, IR SR IR , 8
1ok 5 D9 s Tk e i e L VK (SDS-PAGE) 43+ #1211 3R ik
B USROBRT O IR, I AR L PR
T b ST I M AR RSB B P ) 2R B D 1 R A IKF-
PRI, e — i ek | (R 2RI AR 1 Sel2 a2 1A
W75 200 T Hom SE Rl 5 5 B B E % GFP 2
— M WS, BA AR RS DL
A AT B R R S v S A B e R T
BERFB I TE L B E AL S RS AR BLAE
FHIIBIESE . R, 523 GFP AN TRk | 2s[A) iz
BH RGN 5 , ] RE 23 BHLAG 25 F1 ot = 4E 454 O TR i )
If, GFP AR A DG H 25 T HAMFR 2 AR , B
A BES X I A2 2R . Split-GFP R GL e il 4t
AR SR i — AR A AN B, TEAR N ARSI RE
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ZTHHEERA, X B R A2 RN, 28483
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ik, FIA Ni-NTA ERUZHTE T B & 4tk
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5 Scl2 G HEFE RN, SidfEr) GFP1-10 &
FIRA, DISEFIXT DO, I RAF A1 Scl2 &
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ARG FAR AR AR L 1. S, pyogenes
KU scl2 FED R SI RS R IAT F 3 05 O fp ok
1 7Tk o BN A T AR b stos &R g
DIRFEAT BR S W 58 i 738 5 1906 i L 4 18 7 il
F h 0 N e ME R A M RLBCA PR R 52 1
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Tab. 1 Strains and plasmids

E4S E3
E. coli T1 S A
E. coli BL21 (DE3) S AT
E. coli BL21 (DE3) /pET28a (+) /sci2 AAHTE
E. coli BL21 (DE3) /pET28a (+) /scl2-gfp11 A5
E. coli BL21 (DE3) /pET28a (+) /gfpI-10 EIN I
pET28a (+) S A
pET28a (+) /scl2 AAHTE
pET28a (+) /scl2-gfpll AATE
pET28a (+) /gfpl-10 AMTE

1.1.2 ZZRXANE5ME

DNA A . B4 A% B N VI , TaKaRa 2
Al JaE vk, U & N E W EARE BRA A 5 ok
PEBULH G DNA PIE RIGRF &, Omega AH] 5 R
% O lrssiE R-250 ., & W . SR EE-p-
D BACHEFUT APTG) | K5 B LA ik 56 (PMSF) |
WSS, U B FRHEA R AT,

LB Bi3R3. BERER) Sg/L, M 10g/L, NaCl
10 g/L, WIRBESRIE S BUENE 2 g/L, FHIsE s 121
CKIA 20 min, RAREE RAE A KB REHUIETRER
LR E N 1 pg/mL.

MOS-450 #[B — 4 56354, 15 [E Biologic 23 H]
DSC 3500 Sirius I 22/R I, #E[E NETZSCH
/>l 5 Infinite 200 PRO B #RAY, B3 F| TECAN
NI
1.2 FHik
12,1 FTHIREOME

GFP11 i 16 P27 45| (RDHMVLHEYV
NAAGIT) 413, %741 Linker (LIGSDGGGSTS)
HEREFIHREMN B pET28a(+) /scl2 TR Xho 1
HFEY), FFaifb E, RIS I1E linker-
gfpll &, FRai b B =4, 18 ) JosE 7o g
SRR IkiE R, 152 E4 ikl pET28a (+) /scl2-
gfpll, B PEEFLE T1 B2 BAE T, Wi

T 1pg/mL RAREEZRR LB Pk, T 37 Cad ik
FRIGATIRYE PCR G IE , O 56 UF 1 A ) i Ak A
%K E.coli T1/pET28a(+)/scl2-gfpll, FiEEHUT K,
AL Z E. coli BL21 (DE3) J&Z 41 .
122 FTHITHEBGLBERR

PRECE 4 T AL E. coli BL21(DE3) /pET28a(+)/
scl2-gfpll FETEHEA LB ARG FRIEH, DL 2% f
T 250mL LB 535k, 37 CHAIREFE 2 ~
3h, IKFIXFHAN 4e00=0.8 J5, LA IPTG iES:, 16 C
i3 20 h,
1.2.3 SDS-PAGE o#1

W AW 8 000 t/min B0 10 min, WAL, Uk
B3R, FFEET lysis ZZ A (20 mmol/L Tris-HCI
ZZwhi, pH 7.4, 500 mmol/L NaCl, 0.154g DTT,
20 mmol/L WKmE) H . it HI#E A5 AL PR A 20 min,
16 4 CEAMET 12000 r/min 2.0 30 min 53 EIHH
JNA loading buffer 5783 10 min, HLIK A bR
g 20 ul, FEHLVKHIE 120V &4 Figfr 1.5h, %
Th s R-250 Yefh 1~ 2h, FBL GBI 2 he
124 %8 RE G Scl2 #yshik

B OBUR MRS KA SR T A 1%
FEEEA 100 mmol/L PMSF F lysis 2% M . 1 2H
JItg #8 75 AL FE 20min J5 , 4 °C | 12000 r/min & 0>
30 min, FR¥ FIEWZ 0.22 um AL T 0E
B e A 2 7 IR ER SR A (N-NTA) H o S AR TR
IR IR ¢ 3 (9 2% 9 (20 mmol/L Tris-HC1 2% 1P, pH
7.4, 500 mmol/L NaCl, 0.154g DTT, Bk m: 53 51 Ky
100 mmol/L , 300 mmol/L , 500 mmol/L) %6 & 15 it i
)R 11 0T K DR ) 2 11 T R AR TR S (R A
Xt TR 1 x 10%) B IEWR 4, SR PBS ZZnif
(0.01 mol/L, pH 7.4) HEUE &4, LIBR eI ik
e, B fE VR VR TE, BT -20 CUR F.
1.2.5 B =& ki (CD) 447

¥ 10 mg 4ifbi TR A Scl2 Ak A% T PBS
ZEuhi (pH 7.4) th, 1 1 mm JEAR 04 Syt A T3
Kl . SRR R 25 °C, I KIERE 190 ~
260 nm, X 3 K.
1.2.6 274242 #AL(DSC) 5 #7

¥ 3mg Scl2 Vh Ty A A SR A b, FEAE
HLE, LAAS 5008 6 B TR 15 ClniE
200 °C, JHE# AN 10 C/min.
1.2.7  #A Split-GFP %t kA& & Scl2 #9

b

B PE R4tk GFP1-10 [41EA 3852 Cabantous
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SRS Javier ZEPITE L 1E 96 BT,
A — & SRR SR GFP1-10 1R A, B —
] FH Il A ASORS: I A X o Yo B, R KN
488 nm, ZHHF KK 530 nm,

2 HERE5HMH

21 ERBEEB SRR ERELY

¥ scl2 FERMERIFR pET28a(+) 1, SR 5%
fLE| E. coli BL21(DE3) H, 37 250 mL £ H A T
KPR TRR MR . A scl2 LAY BL21 (DE3)/
pET28a (+) BERRAE R BHPEXT A o X USe 45 () 20 ik £ 5
FERERELLEE , I SDS-PAGE K ilF 53k 1500 . 5 B
STREAH L, WERE] 1 ZAMX 0 F 2R 3.61 x 10
R 145, SRS TURE R/ N—30 iE 2 Fis.
XKW Scl2 fEEH T.# W E.coli BL21(DE3)/
pET28a (+) /scl2 N Ih ik

e —2.5x10°

- —20x10°

1. MIVEXTIR pET28a (+) /BL21 (DE3) T bk 20 M il 145 14 b ik s 2.
scl2/pET28a (+) /BL21 (DE3) W bR 40 B F S5 1 LIEWR ; 3—5. 430l
J9 100, 300, 500 mmol/L BKMEVEBIW; 6. HuEH4iIt PBS Bik)5
MR
B 2 Scl2 7 E. coli BL21 (DE3) R RIZ R 4L 4 F
Fig.2 Expression and purification of Scl2 in E. coli
BL21(DE3)

Scl2 ) N U4 T 6 x His SA B FIbRES , b5
ZEREfs SRR RS G, T R A R e A
JE¥ B R AR Tk, Ik Bl 4lifery H . SR
Ni-NTA EFZMXF Scl2 #4757 4ifk, 35| SDS-
PAGE I F 8 (R4t . afifbad B2 o 8 e L A HEL UK
S nE 2 B, mIE 2 AT, &4 100 mmol/L Fl
300 mmol/L BRI A1 B 2% v R REAS S H IR 1k
LT >k, 24k FEE N %) 500 mmol/L B, A LI3kAS
B[4, LTI 4 B LR o JLAR, B AR X
Ay F S H B AR 4T R R/ N—2L, R
PR AL i m] ASRAS A i 4 R 2RI TR

AEHEAREEE Fa0k F1

22 EKIFEZEH S KL R AT ST

(] — €8, 15 0 B il o 2 1 B A A AR A R R R
B RE F AR 22—V i S AR SR ) = PR e 45 4
) CD Y E RHEN g2 215 ~ 227 nm JEFIN
FRIE IR 200 nm 7245 BT M e PO A i
R EE R IR ) R, R — iU Sel2 i
17190 ~ 260 nm PFTLFEINAFH, 25 R A0K 3 Pr
TR o TR UM HIRAE 220 nm Ak, R 1E MRS, TR /)N
WELE 202 nm Ak, I, 5 Merrett 255 HFST
ZER—F(, X F Scl2 HAT I IR 45 #y s i — i 4%
FAHHE o
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L H
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3 20 } g
E Voo
S 30t \ /
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-40r L
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B3 XRKEEZEBRSR2HZHEMHITT
Fig.3 Secondary structure analysis of collagen-like pro-
tein Scl2

ZE N FHH B A SOAT DU I I i 2 R o R 4 A
(AH) o F 5 A Ao Bhade 55 = WBUE i 44 S4B AN 3R
A, NI T ST A i A, LR IR AR K
AR (T) o WG RIE(EIRFE T, SR EFHTAS
PEAE S BE HEPH ARBIFSE ] DSC %t Scl2 #E47 T34
T Vo, 45 FRANE 4 s .
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-0.1f . . . .
0 50 100 150 200
ipgrc
4 ERFEZEB SRHHRIZESES T
Fig.4 Thermal stability analysis of collagen-like protein
Scl2
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BLAG LR I8, i Al D 2R P10 ok R A AR e 2k Y 5
Shoulder 25 RFoE s S —2 . WIFE LRI, IRIEE M
(1) T S HZERUIA G, SRR IR Y T PTHG AN
F 79.27 CPY i K P IKE R AT AR, Hhdga
EVEAEAE B 2 S50,
2.3 FIA Split-GFPMUEERKIFEEH SI2HEE
23.1 HFE%ERKEE GFP1-10 #= Scl2-GFP11 #)
Ak

¥+ GFP11 #3254 A Scl2 1 N ¥, H-{di ] GFP 1-
10 HEFTANFE, BIVAT PRl [ A 2036 A4 T et M
AW . N T i E GFP1-10(1.00 mg/mL) . Scl2-
GFP11 (1.00 mg/mL) F1 Scl2 (1.00 mg/mL) & A% A
BOREAA DG, BRI T e AT A X S R (E
5) o G5 IR, BATA B AR SR B A, IF
/N T GFP1-10 5 ScI2-GFP11 454 5 T B AT
DRI, T LAZ AT X BB IE R k6 1A 1 3
FEHANZH LA K 2O,

15000 F
sy 123007 Scl2+GEP1-10
= 10000+ Scl2-GFP11+GFP1-10
R GFP1-10
#®7500F Scl2
= Scl2-GFP11
= 5000f
2500}
O : . : .
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s SOf
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]
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(b) Kl (a) BRIFRHCR
B 5 Scl2-GFP1171 GFP1-10 &5 MBI K ZL
Fig. 5 Fluorescence changes formed by combination of
Scl2-GFP11 and GFP1-10

Hiff Cabantous™ 25147574 , ¥ 1.00 mg/mL Scl2-
GFP11 5 1.00mg/mL GFP1-10 & A& RIZIARF
1:9 REE.TE 4 CARMFNINT . 48R BN, MXI9E
DN o S [0 6 S 2 14, 7T LASEWT GFP1-10 F01
Scl2-GFP11 R B AN EZO, TER B IRE) 20 h
W, SR B A A B, A e S o T 8 #|

13 151.5; Bt S B Ak 24T (20 ~ 55 h) , AHXT 2
SER B S TR I AR 0N, R 25 RS A AR 5 S
N 70h J5, AERTDOER IR B (14 863) , Bl 5 FF
UM R, X5 Javier ZPOBIFTSE FARL . X%
B GFP1-10 5 Scl2-GFP11 {E& vl AMEAT A 4%,
R Scl2-GFP Jf A iR B9 55 o Bk, &
G SEF Scl2 ARSI
232 GFPll #r&sF £ IR % G Scl2 #9%va

GFP11 FRZ&XT Scl2 1 — REEH RIS 2 M52
AP 6 A 7 Fizn. Scl2-GFP11 1R — 6615 1K
TR (B 6) , ARES Scl2 —& (K 3) , Uil GFP11
FRESITR AN Sel2 i) R &5 . Scl2-GFP11
() DSC hZk R (Bl 7), H T, 68.9 °C, 5 Scl2 #H
W] ( 4) , UiBH GFP11 RYBSINXT Scl2 M3 e Mt
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or % i
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Fig. 6 Secondary structure analysis of Scl2-GFP11
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Fig. 7 Thermal stability analysis of Scl2-GFP11

2.3.3 Scl2-GFP11 & & Z R E Aozt & 3R EZ
] 6 % A

S T AR B R 15T VR R R X 2 ' 5 B 2 (]
MO FR, Mg T A BT a v BE /Y Scl2-GFP11L &5
GFP1-10 454 B AR X2 0 B Bl s [a] i AR 4k o 4 ot
HUE /98 1.00.0.70 . 0.40 . 0.10, 0.05 . 0.03 .
0.01 mg/mL 14 Scl2-GFP11 &AW, 5k N
1.00 mg/mL ) GFP1-10 ##{AFEL 1:9 BE. 4
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Scl2-GFP11 JiTs N 0.01 ~ 0.03 mg/mL Hf, FHX}
BRI ARAEAEM, 5 Scl2-GFPI1 i ik g
i Omg/mL B (1) 45 5L AR RL, 3 156 B AR o £ vk 5 11
Scl2-GFP11 5 GFP1-10 5K A Scl2-GFP fyi
R, FEULFRIAE DG . BifF Scl2-GFP11
JE R EE RSN, 76 0.05 ~ 1.00 mg/mL &I , AHXS
PR 5 R B R BE F G &R (B 8), St AE
SN TR 0] 10 h, FHXS 20 B S BRI 1Y
#¥ (| 8(b) ), X5 Cabantous ZPIRHFsEas R
FEL

15000
P 12000 |
o
¥ 9000
f[f 6000 | 0.05 mg/mL
= 0.10 mg/mL
= 0 mg/mL 0.40 mg/mL
3000 0.01 mg/mL 0.70 mg/mL
0.03 mg/mL 1.00 mg/mL
[0 1 1 ; ; 7 :
0 12 24 36 48 60 72
B} [E/h
(a)
10000F 0.05 mg/mL
0.10 mg/mL
. 80001 0.40 mg/mL
’_t:;( 0.70 mg/mL
o F 1.00 mg/mL
e 6000 g
2 i
&= 4000
z 0 mg/mL
2000F 0.01 mg/mL
0.03 mg/mL
0t . ! A A "
0 2 4 6 8 10
I 1] /h

(b) ¥ (a) JRIFRTE R
8 SCL2-GFP11 ERREREFMBI K AIEE Z (6
Fig. 8 Relationship between Scl2-GFP11 protein concen-
tration and fluorescence intensity

TEAN4rHT 0.8.0.7.0.6.0.5,0.4mg/mL ) Scl2-
GFP11 5 0.1 mg/mL GFP1-10 & [I45E G HHXT
PR E AR REESS S 1~ 10h NIYARfE, 2538
22,

%2 GFP1-10 5 ScI2-GFP11 £ &8t E 5HHEX RZ# R?

Tab.2 Binding time and correlation coefficient R’ be-
tween GFP1-10 and Scl2-GFP11

L5 A Al /h R? SEA W]/ R
1 0.999 5 35 0.9323
1.5 0.985 6 0.984 6
2 0.986 8 0.940 1
2.5 0.985 8 8 0.982 4
3 0.955 3 10 0.981 1

AEHEAREEE Fa0k F1

M 2 FETLIEH, 24 GFP1-10 45 Scl2-GFP11
ZEATHECY 1h B, 2 A R S A R
[FAETE BRI C R, IEFIA Origin 2018 A4
PR PE R i £k I e, A58 FE y = 342.12x+
43.58, I ZEEC R 7 0.9995 (K 9) .

320

w 280 $=342.12x +43.58

R R*=0.9995

K 240

2

_’% D)
2001 = X SER

% LA 2
160 . . * * *
0.4 0.5 0.6 0.7 0.8

JF %/ (mg-mL ™)
9 SCL2-GFP11 EHRERESHEXRAEEZ
bR i 2%
Fig. 9 Standard curve between Scl2-GFP11 protein con-
centration and fluorescence intensity

T 20 B 3k DR A Hp 5 A T R B 1 1 S R T
PITEAN R 15 A RO E A Rk, AR R (8
HPET — A ST o AR R TR U8 1 S e
JREE M Scl2 5Bl 5 LY — SRS R T
Sl KB N G A8 R AR ST b, A
E. coli BL21(DE3) XM Scl2 #4717 S5k
ik, HEAEA EIA 100 mg/L, 45 His JEHbRZS
HE P 4ifk 1 SDS-PAGE 2k B, 4lifb)s & 4%
L —, WAy o2 B 1, BT AR LA KB A3
EALEZR 96.4%. it CD JGiEH DSC i &
U Scl2 (4 =G4k 2 IR — BBt A H A e 3k
ek, 5 T R F AL

TSR EIARS SR Scl2 BFRIBIKF, A
TS T —Fds vk B (B E Y Split-GFP &
Hi. GFP W 11 2R VAT p-5EHT B I BUIRIR E
B R A AL TR B8 LA rp O B Y o= 1858 b o
T—AREGFP (N, A5 N R T T34,
I i AR T AR & B T LR H AN E P,
Hrr, GFP1-10/GFP11 M2 6 B A R G 45 & 30 R i
If. fTEZ RS, GFP (W56 11 %% p ## (GFP11)
FEARSTR Glu222 5 GFP1-10 FBEaf LA [ 20 2%
Jetifl & A SR ABFSE @S 1Y Split-GFP R 40
i1, GFP1-10 5 Scl2-GFP11 fE HAME G, H
GFP11 FREEANTUE Scl2 () Zah b Mga etk .
GFP1-10 5 Scl2-GFP11 Z5& TR 9E Ak i<kt
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N, TERONCHT 20 h BAER RS &8, 7T L5 (i
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