GO/ I U S ¢ RU#H ZEINFXASEBRRESEAREARIERROML QLI
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Sep. 25, 2021, 37(9): 3231-3241

DOI: 10.13345/j.cjb.200691 ©2021 Chin J Biotech, All rights reserved

s TAPEHRK -

ELH, Ko, FE

LR R AW TRRBe T A AR A BN E AL E, L G 214122

B, K, WFAE. 51 ATERIR LRI IR 8 I ik M BB Ptk A9 TRE 223, 2021, 37(9): 3231-3241.
Hou YR, Zhang M, Xu F. Optimization of unnatural amino acid incorporation in collagen and the cross-linking through thioether
bond. Chin J Biotech, 2021, 37(9): 3231-3241.

W OE: MAMNETARARREGRREE, RANEAAFIEHRERSTESHEFHE, EALYHH£E
RIREAREA S 2 A=, Rl TIt# THRE TR, BEHRE MG T EHZEZTEH
IR AR AT B R b P B R4 A 4 IE R RAABR O-(2-8 TA)-B AR AN@H KR EZEE /7
B, FRE K B AT, SR EAIAE 25 CF, WAZKREH 0.5 mmol/L 49 IPTG #= 0.06%49 M 4214 455 5
2 h TR SHEAERRBARGREES. BLERARRARNYIKRES 54 FMARYIKEEES £ pH
4 9.0 49 NH,HCO & A & F #E4T R BL, AR T R RS THABATE Lum 4R EKR, HEAREREEG LMK
R T S,

D EARRES, FRARLE, RIAMI, AESE I

Optimization of unnatural amino acid incorporation in
collagen and the cross-linking through thioether bond

Yaru Hou", Meng Zhang", and Fei Xu

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu, China

Abstract:  The source of recombinant collagen is clean, and it has the advantages of flexible sequence design, high yield and
high purity, so it has a wide application prospect as biomaterials in tissue engineering and other fields. However, how to promote
the cross-linking of recombinant collagen molecules and make them form a more stable spatial structure is the difficulty to be
overcome in the design of recombinant collagen nanomaterials. Unnatural amino acid O-(2-bromoethyl)-tyrosine was
incorporated into collagen by two-plasmid expression system. The results showed that high-purity collagen incorporated with
unnatural amino acid could be obtained by induction with final concentration of 0.5 mmol/L IPTG and 0.06% arabinose at
25 °C for 24 hours. The intermolecular cross-linking through thioether bond was formed between collagen molecule
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incorporated with unnatural amino acid and collagen molecule with cysteine mutation in pH 9.0 NH4HCO; buffer, which
formed aggregates with the largest molecular size up to 1 micrometre. The results pave the way for the design of recombinant

collagen biomaterials.

Keywords:

J S R I LB A N & s E S
B, AR RIEE AR S E 5L EATEMN
25%-35%, J 41 g SN I TR A% 3k 1 2 B A T
IR R 3 Sk 2 KB 93 58T B — RIS e i 485
WEAY, R A AWy LI AR AT
4 | JRIERAREE A G s E AP T
RIS R RS, IR AR .
DAR I A RE ST, FERSh . ARS8 TR
SESTUR LA AV TP, AR S IR 414t
S NFRBUR SR M I 26 A 8R4, SR
TE B A Wy 2 Ak IR R, BRI T BRI It ik g P
J T AR S e I AR 1 AR T T R B R B AL A
A, BN R A Y s 3Rk i A ™
5 1 . Brodsky [l BRI % A4 4k e 1k 4% BR TR
Streptococcus pyogenes > il %) T 21 it R & I AE K
WA B P s as , JeHEA T I AR 1) R b 8
MR AT AR B m Al . mr EMREER, B T,
AR . HEEM R T AR B s
TG 240 24 P A A e (B

i F k= = IRE T ER 1, EAL
JREE LRI B B AT e 2 #, MELL 3 225 AT
H U J52 D5t 2T A o R i i 2 1 25 v s #g T,
I A A A2 Bk Oy Xk AT 5 20 I 43 F N 103
FEIACHR, LA RE B B A R . ARG AL
Wy A A Ak g ik . e A A
5 58 S S RN B K S5 07 =X, (HA BRI A
WAL . — BB 2 (b s
I SRR R RN AT A, AH IS Ak 2F S R 2
FER R AATE , HAZWGR MR8 A5 i
B s R 200 A0 4 A ik 3 i S B, 1)
Asai 2515 A e I 1 R e 5 14 F 4 R R
FEZ R, AR B o b S fi Dk 2 R T L —

http://journals.im.ac.cn/cjbcn

recombinant collagen, unnatural amino acid, expression optimization, cross-linking through thioether bond

BidE, WY S min JEUKEER; Zhou ZEM4
WA Rk I A 225 B (cSELP),
37 CHAEMFM NI RKEERE . X AL f
TR B AR AL IR, HP o 22 ki
Sy BRI R P R e A B A R AR, 52
M Z 5 2R 3K .

IR KR A SE /R vl LU > 25 11 08T 19 e
PE AR AR B A T2 R,
e FAERIR LR A A 1 5T AT FH 25 4 ) R AE
i AL AR IT 25 A B DA Rl & AR &)
a8 3 T AR KRB SR B R R R
#, Deiters %1I7E 2003 4E7i 5 H AT UL 1250 T
IR IGATF TR ZE tRNA 5 REMRNA X588 K T
PRCEE BT, (IR IR N PR DR AL Wang
00 | A S5 T2 [CH 53R Methanocaldococcus
jannaschii B2t tRNA & BEEARNA XF, £ K
FF IR H AT AUERR U 2 1E 2505 791 51 AJERRE
Hig, A TR EIRICEAN®E, Young
SEPURT L tRNA B IR ERRNA X6 58 PR EAT A
b It F AR pEVOL, 3l i AL SUT R R Geks 5
ANAERRBIRbRiCE A i m T 2.5 5.
B, WFoR AL — 2R T i (G E R R
1% A1, Bionda Z5P2@ 1 51 A O-(2-18 2 3)- ik 42 2
(O-(2-bromoethyl)-tyrosine, O2beY) 5 £ k&N
P e 2 R e T A Bk i, SRR KB M P &
Ji. Moore %2305 i 34 8070 WLAT 8 1 4% 5 o
HGIA O2beY FIREMEEIR, —HEEARBLR
o RIE SRR, LI E T T HERE T
18.0 'C. HHjd# i B AL 1A E 7| AJE KRR R Z
JRFAAL FN$E v 2 1 SR M A 21 TR W .

AHFFE LAFIE T Streptococcus pyogenes FiY fis
JRE R SRR EX M B B (CL) AXTRHIT)F



RIHE FEINEXASERKREARERZHKAENLL 3233

T, ZREEARBPHAR S 25, BE
ERRSE M o ORI IS IR IR 488k ik
AT AE R R PP e A IR I I B I e s #g 2
H CL B uE S o i a5 vk Al s ik, Btz
gh, CL i )P4t 5] AThBEf &M . 7€ CL 3
HFEH] N 5] AL EF (NZ), F XUk
RAAEEABIEL A5 A O2beY, Filal & B
Akt s ali i s B k. 7 4ME CL L ¥ 51
w5 I ACEBEE R (2C), X P Fh 28 AR 1A i (A S 52 1k
WEATEAEAL, AR 2B A L A PR AR SR A

1 MREFE

1.1 ##l
1.1.1 WAtkS R

KI#HFFE Escherichia coli BL21(DE3) [# #k
K JFc ki pCold-1111 F Invitrogen 23 ] , Jii 4 pEVOL
H 307 52 B35 S0 IF S Fir Peter G. Schultz #4720
LR R B 5 4 MER A R A BR 2 WA
112 ¥FEE5SFERA

JBEEE I (Trypsin) 18 T3¢ [ AL M) R A R
23] A Marker 19T TaKaRa 24w 5 7 N 4E-4-D
FRACESUBET (IPTG). L-BUhifabh, S5 XHME
FEBRYWFATAEY TR (BF) BHaR
A, ARG i Pra,

LB #5353 (g/L): Bebk#s 5, HEAMR 10, 5
k4 10,

LB &KL (9/L): BELEHS 5, &K 10,
FAAfbEh 10, BUIEK 15,

TB H5iFe 5L (0/L): BethBy 24, AR 12, 1
M4, KoHPO, 12.54, KH,PO,2.31,
1.2 F&
121 KREBEOFERRNRSPRHFERE

BRI P Ak BB R Be (V-CL. V-NZ
Ml V-2C) i%4%% pCold-11zkiAk, #%E pCold-CL
& pCold-NZ ., pCold-2C ik, FI|Ffb2&5 bk S
A E. coli BL(DE3) &z,

% : 010-64807509

Fl 755 3% . PEELE. coli BL21(DE3)/pCold-CL
J pCold-NZ . pCold-2C #JPAFEVE A0 = 20 mL
LB K35 5Erh, 37 °C. 200 r/min 3535 12 h,

PENL R : HF W% 1% Fh B B2 fh &
100 mL TB Kz, B F 37 'C. 200 r/min $& K
Rigi 24 hm, A 1 mL 23R 1 mmol/L Y
IPTG, JitA 25 ‘C. 200 r/min #& K% & 10 h,
FEE A 15 °C . 200 r/min K% 14 h, MRIETFE,
TELL E 3SR BE P In AR BE D 100 pg/mL &R
HER.
1.2.2 V-NZ ZTEWRFURL R G B R IR Rk

BAREAL . ¥ E. coli BL21(DE3)/pCold-NZ
il £ U SZ A, I A2 A4 iR pEVOL
&4k % E. coli BL21(DE3)/pCold-NZ J& 3z A&,

FhFR: 7% . PkEGHE A pCold-NZ F1 pEVOL 1)
SUTRARZ A E. coli BL21(DE3) H# &R 2
20 mL LB 55556, 37 °C . 200 r/min 153 12 h.,

RN : HF W% 1% Fh B2 &
100 mL TB #5351, BT 37 'C. 200 r/min $2 K
B3t 24 h i, [RIEHINA 1 mL &€ h 1 mmol/L
B IPTG, 1 mL &4k K 1 mmol/L feE KR & ik
fiz O2beY L)Lz 1 mL 2y H 0.06%11 BT H A bk,
A 25 “C. 200 r/min $£ K15 S & B 10 h, P4
A 15 C. 200 r/min & %% 14 h, MRIF7E, 7ELL
B REFREL I AW E N 100 pg/mL AR T B
EHEAER.
1.2.3  V-NZ ZEURRL R G Rk

BT RLAFURE VR FE (AL - 4 BRI R o ke TR 1Y
T, K5 00 BT RV B 43 1 R 0.02%
0.04%, 0.06%. 0.08%. 0.10%71 0.20%, K53k
PLACVRE v B2 B A I i 28 11 3K 1 52 ) o

Vo B R Rl Ak 76 bR s p S 10
fili b, RS s R R E R 25 CifR
12h, 15°CiES 12h, 25 CiEF 24 h, 15 CiEF
24 h, BRI IR KSR B AR R s
PRI

. cjb@im.ac.cn



3234 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

IPTG ¥ BEXTF IR 5E M0 - £F bR IR S 1 i
fili b, AL )E A 0.5 mmol/L, 0.7 mmol/L
() IPTG i S, 5% IPTG Mt H (i 5 8 (1 36
KR
1.24 RIEEAOMLL

6 000 r/min &5.0> 10 min WCAERIA, A ZE 452
MR A (20 mmol/L NaHPO,. 20 mmol/L NaH;PO, .
500 mmol/L NaCl., 10 mmol/L BKME | pH 7.4) %
WA, VKA (Ph3E 300 W, fili% 2s, [A]
B 3 s, &% 30 min), 4 ‘C. 12 000 r/min &5.0>
20 min, UgfE B3, £ 0.22 pm EMEUE . His
Trap™ HP ] 5 A AATRSS & 2% oh il A 1)
Bt g FIEL 1 mL/min FAE, BRESSHR)E, TR
iZZvh# B (20 mmol/L Na,HPO,. 20 mmol/L
NaH,PO,. 500 mmol/L NaCl, 500 mmol/L i
pH 7.4) HEATHRBEVEIBEARAS H B 1, SDS-PAGE
Sy Mrai Ak B .

125 BEABEY

BaifbE R EA S REARRES (BE
JEE IR 435k 25 0 1, 250 ¢ 1, 2500 : 1), 15 °C
fiti] 24 h, 2 J5 {# Fl HiTrap Desalting fii£h#: LA #E
aliK M shAH, Wl 5 mL/min PEATHEEE, &
SDS-PAGE Bl J5 iff 17 HLZS R VR T 1 .

1.2.6 MALDI-TOF [

W V5T BORE SR I AR AL 1 mg/mL (4 i SR
VSR T T 50
1.27 B aiEam

B4 T B9 RE S T 10 mmol/L .pH 7.4 () PBS
SF W AR AL 1 mg/mL (SRR AT, 4 CF
fif 24 h J5 AT E PEDI E o
1.2.8  ZRERR N SAHTE A

VR T I5 1 NZ 1 2C 8481 (IR A BE R He Al
h 1 1) ArRIfE ] pH 7.4 1) PBS ZE ik . pH 8.5
() HEPES Z& v A &% pH 7 9.0 4 NH,HCO3 2% b
T f# AL 2.5 mmol/L BT, £ 15 ClHEEH M
SV IR vl ik BE Y58 50 mmol/L.

http://journals.im.ac.cn/cjbcn

1.2.9 JHEWE

# CL. NZ. 2C UK MIX (NZ F1 2C JRA /R
Fefglhy 10 1) {8 pH 9.0 /9 50 mmol/L NH;HCO;
S5 R AR R 5 mmol/L VAR, 1E 15 CHE A
PSR, RER I AR AL 52 HLAE I K 313 nm
Qb R S AR AR

2 HER5AW

21 REEZEBMREML
211 RIEEHFIKIT

AR R mE 1 R, RIET
Streptococcus pyogenes H i 14 A B, LA
V-CL #7220 Hrp 154 B = JBEIZ e 1E 4 47 B
)V S5 R — B IR 25 F I CL; V-NZ o7
CL JEHFHI N bids ik %457 TAG, FEFIH
MUTRE A 2 A6 8 B R b 5 | AJE R AR 2R
O2beY ; V-2C FI/RTE CL J7 41 P it A e 2R
DI O2beY 5 2f e 2R sC Y RUBR Bk, T 2
HERS R AR T 235 . V-NZ I V-2C &1 35 5
A = IRIBRELE B NZ F1 2C, RS J5 AT gE1 738 B
SV o
212 BEEATERBRNREF RS
i F AR5 A A EBE t(RNA A R EERNA Xt
LA B9 pEVOL Jiki, E. coli BL2 (DE3)/pCold-NZ
AR TG R A 2R %S 7 FF 5] A O2beY, V-NZ
J S A Y IR AE TAG b2 1L, ik B3 v B R
274 10.0 kDa MUFHIESSH (K 2), H5HeH &
9.86 kDa fHilt . V-2C 5| AP/ AE, B
Fakoedk, HIKEGES BRYh 21.30 kDa HIFHIE
Fait (K1 2), R TRIEEF & KRR, =
BRI S (e A5 JUEE P 7E SDS-PAGE W2 & A4 1
IR, SR/ IS T-RER 1.4 £500%62T
213 V-NZZEXURR RS FHIFRE

PEVOL JF kL %7 2t tRNA 5 R RNA Xt
FEH B H AL = E. coli BL21(DES3)/pCold-NZ
FHEBUTURE 2R 55, AR B2 0L %05 T TAG F7E R
P15 BR FE A T o R ol B S P i Y O2beY



BRI ZEINEXASERRESERIARIHAZIOML 3235

B 1 EARFEEOHMBEERZKAIZITRE

Fig. 1 Design strategy of thioether bond cross-linking of recombinant collagen (% for O2beY,

for V domain).
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Fig. 2 SDS-PAGE analysis of the expression products
in single plasmid system. M: premixed protein marker; T:
whole cell protein after induction; S: soluble extract after
induction; 1-2: purified protein.
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Fig. 3 The SDS-PAGE analysis of the expression products
in two-plasmid system. M: premixed protein marker; T:
whole cell protein after induction; S: soluble extract after
induction; 1: purified protein.
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Fig. 4 The effect of arabinose on collagen expression. M: premixed protein marker; T: whole cell protein after
induction; S: soluble extract after induction; 1-6: purified protein.
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Fig. 5 Effect of induction temperature and time on collagen expression. M: premixed protein marker; T: whole cell
protein after induction; S: soluble extract after induction; 1-4: purified protein.
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Fig. 6 The effect of IPTG concentration on collagen
expression. M: premixed protein marker; T: whole cell
protein after induction; S: soluble extract after induction;
1-2: purified protein.

o] R . R B PR , V25 St D)
L2550 2-20 DRILRIEIEMIIREL ; TAE V L5
PN NZ eI BN ) — B4 4, ik
B AR ICTE ARSI R I o AN ) v J3E R 2 1
YI V-NZ 85 7 s . 2MEERELBIR 25 1
iF, 6 h NoEeUIBR v 45t9ss, BEYIRA g, H

25101

a1

501

B R U I 5 B s, R VAR B )RR I E S T
KT 776 T A S0 5 11 = BB e v AL,
HIG2ELBREIXE; MEE/RILEISS 2500 @ 1EF, V45
FIBEAE 24 h RS2 VIR, BRAR 11 iR AR
{EEFOII IR K MEEIR H Bk 250 @ 1 B, JREE
PG SRS, 9h NV S5 M akse eIk . R,
VERREE SR L 250 © 1 R ER [ RRvR B Y

XY JE IR VR T RORE L A T S e (18] 8),
F& 1 4380 H B A AR 58 AR A 1R S B o o
Wor i, Z5REY, RBEWRIREE IR T
SRS/ EIR 2T 5%, FR T BUFE S R IE
3 22 35 114 M DR, R
2.2.2 BFRE AR E B

W 235 TE AR 09 e J A R S TBC AR A 1 mg/mL
BV, ST HEA TR i s . B 9A IR
FEAE 225 nm Ab H BUERAE M 1 W0, 50 B i R
FE B IR TS KR 9B #VIE g

-1

00
O M3 6 9 122 kDa 0 3 M 6 9 1224 kDa il kD8
= —200.0 = —200.0 = =116.0

= 1160 = 1160 = N

= N97.2 - \N97.2 972

- \ 664 - \ 664 ™ \ 66.4

443 443 443

- —290 - ~290 - 29.0

- e — 201 - - —— —20.1 ) e e —20.1

— —— - — 4.3 e TR — —14.3 — . S S w—— 4.3

il 6.5 - ~6.5 6.5

7 BREABKRENTIR V ERIEEE0m

Fig. 7 The effect of trypsin concentration on V-domain cleavage. 0-24: trypsin digestion time (h).
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Fig. 8 Mass spectrometric of collagen after trypsin digestion.
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Table 1 Calculated and observed values of collagen
after digestion
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R AR R (] 9B) R, 20 T4
TR RAE NZ FFIRIRIE, A T eI BT 72
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Fig. 9 Circular dichroism of purified collagen. (A) CD spectra. (B) Melting curves.
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Fig. 10 Collagen thioether bond formation at different
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Fig. 11 Size distribution of collagen solution. (A) Reaction 0 h. (B) Reaction 96 h in pH 7.4 PBS buffer. (C) Reaction
96 h in pH 8.5 HEPES buffer. (D) reaction 96 h in pH 9.0 NH4;HCO; buffer.
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Fig. 12 Turbidity kinetics of collagen solution. A: CL; B: NZ; C: 2C; D: MIX.
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