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B ZE(¥FVREEG 2 ATAAIAAYES T, MikEsis ik, AR IRF HHE&EK
REOEABLAmERE. FEGFRE, BT 2B 2 XE. [BH] RF M RAEARRES L
B, SAXMAB PR REL, [FE] DA NI RKREES ol 4485, (Gly-X-Y)A FZ AR
A, ik F A RIRER, T B AR kit, M F L0 K AT (Escherichia coli) pET-28a(+)-kit/BL21(DE3),
Hat st ATRAE, [ R]) EATRREG LR kit RALEKIFEIRE FRL, X E4H 053 gL,
TLABHE FAM A B E AR KRR TR HE 3.02¢g/L, FAEMEMEARREZ G HELYH 91%,

st VAT N 3R 5 . BRI RS AR ZEiEntT, HEEARBRZEAORSLRL. [4it]
EAIIRE O G R F LA RRIARH G AL A B AL T B A E AT 6y R 2 T A ah.
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Recombinant expression and fermentation of type III human-like
collagen in Escherichia coli
LI Ying-Qi' GONG Jin-Song™' XU Zheng-Hong® SHI Jin-Song'

1 Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education; School of Pharmaceutical
Sciences, Jiangnan University, Wuxi, Jiangsu 214122, China
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Abstract: [Background] Collagen is widely used in daily-use chemical industry and biomedicine. Genetic
engineering method for preparing collagen exhibits several advantages, such as avoiding virus infection
and high expression level, which has attracted substantial attention in recent years. [Objective] A
human-like collagen gene was obtained to achieve heterologous expression in E. coli. [Methods] Using
human type III collagen al chain as template and (Gly-X-Y) as the smallest research unit, preferably
selecting hydrophilic amino acids, designing and synthesizing gene ki¢, and constructing recombinant .
coli pET-28a(+)-kit/BL21(DE3), and characterizing it. [Results] The human-like collagen gene kit was
successfully expressed in E. coli with expression level of about 0.53 g/L. After fed-batch fermentation on a
7 L fermenter, the maximum expression level was increased to 3.02 g/L. Purification by affinity
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chromatography was performed, which obtained the human-like collagen with a purity of about 91%.

Human-like collagen was analyzed by N-terminal sequencing, amino acid analysis, mass spectrometry, and
circular dichroism analysis to determine the successful expression of human-like collagen. [Conclusion]
The successful expression of human-like collagen would lay the foundation for future preparation and its
practical application in the daily chemical and biomedical industries.

Keywords: Escherichia coli, Type Il human-like collagen, Cloning and expression, Structural characterization
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1.1 #8
111 E#HRFA R

Rl E. coli BL21(DE3) . AJRE AR FABEA kit
NFIB KL pET-28a(+) A S g0 2 . IR
AN kit AR T B A ol 4 mRNA
A, e RIEIREE Gly-X-Y, # Pro Z 494>
B K S IR R AT 3 7K S S TR A AL R i 1
T8
112 FERAFIFLEE

PCR 5¥ IR RV (e B IR A\l &
Ji{; DNA ladder. DNA marker W4 TH0 M 5= 52 4= YRk
P A B2 Al 3 Premix Tag™ DNA H 4 il F
TaKaRa v )5 FREIVENDINE . £Hi IgG HRP,
{22 K EIRY) SuperSignal . $i4EZE KanR Fil IPTG
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Bio-Rad A r]; fRIRAZRE.CHUE T Eppendorf 24
Fl; pH 31T Sartorius 23w ; EREUIEHEEERE (5%
¥ HisTrap HP (1 mL)Zifb A4 T GE A wl 5 FERRRy
FE T Oxoid A A,

1.1.3 EHFE

LB }55%3&(g/L): Tryptone 10.0, Yeast Extract
5.0, NaCl 10.0

KRG SR HE(g/L): Tryptone 12.0, Yeast Extract
24.0, K,HPO, 16.4, KH,PO, 2.3, Glycerin 20.0,
pH 6.8,

AMRIRE SRR (g/L): Tryptone 60.0, Yeast Extract
120.0, K,HPO, 82.2, KH,PO, 11.6, Glycerin 333.0,
pH 6.8,

1.2 A
121 S|¥M&t5EK

HPEZE A 72 1 (human-like collagen, HLC)
B E A, Wt IE S B W . kitF o
5'-CGGGATCCAGAGGTCCACCCGGTGAGC-3' ;
kit-R 5'-CGGAATTCTTAACCACCGGCTGGA
CCTTGG-3',

1.2.2  FikEHL pET-28a(+)-kit BIHE

K H pUCST-kit R MASAR, Lh kit-F J kit-R
NEIY, PCR YL kit, PCR W &4 95 °C
5min; 95°C30s; 55°C30s; 72°C30s, 35 M
FR; 72 °C 5 min; 12 °C 12 h, PCR JZ 3/ #& % : Premix
Tag™ DNA B4 25 pL, Btk 1 pL, kit-F
(10 umol/L) 1 pL, kit-R (10 pmol/L) 1 pL, ddH,O
22 uL. ¥ PCR ;=¥ % pET-28a(+)FkifH BamH 1
M EcoR 1 WY, W®iEZEF%ILE E coli
BL21(DE3)H, BEIAMERE b+, i B PCR %
WE . AT (BamH 1/EcoR 1)V E M - 5631F Jm 364 7
ARHAPRTE -

1.2.3 EZHH pET-28a(+)-kit/BL21(DE3)HI R iE

X ARHA PR TR KA 16 AR5 37 °C 220 r/min
K%, 24 ODgoo M 1.0 B}, i FHZSHE R 0.2 mmol/L
) IPTG 20 °C 55 20 h, XF & RiE1T SDS-PAGE
7M1 M Western blotting K5l st 5 26 1% & o

Western blotting %87 J7 . ¥ B4 8 AT
SDS-PAGE, TERLIRIIVERIT, fiEEH M PAGE
Ji e B 28 [ AH ZAA R I — i M (PVDF) R L, J 4]
| h iR HRE R B R Ss &, JREE —
PLONRPURA IR PR, 1:1 000 F k),
FH TBST 518 =5t 1 h (FHLM 1gG-HRP,
1:1 000 #irk¥), TBST e Bk, AL KOCIRY)
SuperSignal FzillAG], %54 Image Lab {4 12 5t
JEE G ASGHA TR AR IR

BB RN Jri%: Bradford W PR SR
FJ5, {# A Quantity One #4314 SDS-PAGE ik
K, st EmEHEA S EEAR S, FEAREEK
SEARSEAEANE S GEITE N REAEN

A EL[16
Pt

124 EAREEBWABEKEL

A 7 L REERGHATR NI E B K,
PL Invitrogen 22/l KIGHTFR K BETF NS5, &
B LU KBRS pH 6.8, A4 (dissolved oxygen,
DO0)>20%, 37°C, 400 r/min, £f ODgy M 8.0 B} F
ZHRE R 0.2 mmol/L ) IPTG 20 °C i35 36 h 2%
RWE AR S R (e 4 s, 451k 6, 3k
W% 15 min) PR , BRI 13 2 /08 25 /S0
alifbJE AT 0.22 um £FZEE AR € , {# F HisTrap HP
1 mL B AT A e 1 e B Y 5 =Xk A7 2 02 b
AKTA (Binding buffer: 0.5 mol/L NaCl, 20 mmol/L
Tris-HC1, 20 mmol/L BKM, pH 7.9; Elution buffer:
0.5 mol/L NaCl, 20 mmol/L Tris-HCI, 0.5 mol/L B
M, pH 7.9), WCEEDEMG, R 3 kD MY IEE
XPUET AT ER AL B, VR T 15 2128 A 1
afiff
125 EXARRZEAR N imllF

KA A Z IR A B 28 NIRRT N i
M) 15 NEAER, A TAY TR R ARRA
CIE %
1.2.6 EARFEEBHRER S

XN FUK R 6 mol/L HCLBE TR
KA, ITARK — HI (o-phthalic dicarboxaldehyde)
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A 225 H ER(FMOC-CHEX FH T Ak ) .
PR ASCHURE (35 28 C18 A 03 B e A S LR 1% k.
127 EARFEZEBRIRIES

SR JHY 2 Joit Al 10D 98O e YR oL TR I )
(matrix assisted laser desorption ionization time of
flight mass spectrometry, MALDI-TOF-MS)X{Z5 A

JE S A K T A T AR i D
128 EAREREEWEZGIESHT

15 B 2 AR S R 2 185240 nm.,
KR AR R R, AT
F&: 1nm; MR 1s; MEVERE: 250-190 nm;

FHGEEE . 100 nm/min; B EE K,
2 #5440

21 EEIREEMEE

Xof P ) () R DR TR BT EA T RRT PCR BIE,
FEARBUTR A PO DI RIE(E 1), N 1 HaT LR
B PCR 5 BRI 15 /N2 oy 320 bp
(LD R B, DNA P45 2 B SR a2
22 EAREEHWEHRRIE

Xof P R ) ) s IR A TR R T, RS I
PEREAR, XTI ETT SDS-PAGE & Western
blotting JiiF , 13 8 [ & A M R A

bp M 1 2

pET-28a(+)
5000 ™ (BamH V/EcoR 1)
4000
3000

2000

1 000
750

500
<« kit

250

1 EARRERFREHRIIGIELER

Figure 1  Validation results of human-like collagen
expression vector

¥ : M: DL5000 DNA Marker; 1: pET-28a(+)-kit/BL21 & PCR
U9UE; 2: pET-28a(+)-kit/BL21 FUR AU Y] S iik(BamH IEcoR 1).
Note: M: DL5000 DNA Marker; 1: pET-28a(+)-kit/BL21 bacterial

solution PCR verification; 2: pET-28a(+)-kit/BL21 plasmid double
digestion verification (BamH I/EcoR 1).

Fik | R 0.53 g/L, Z5RLE 2 A 3. MK 2.

3HATLUEH, HRYE AR T5 KNk 27 kD
KAy, BHSEBR R R/NR 13.6 kD, N5 A
AIRE R AR K d S R 2, REEN
Y5 SDS Z5&fie 17855 , i rL i s/ L UK E AL IR 2
AR, A T AR R

2 EARREBEMAE SDS-PAGE HiF5R
Figure 2 SDS-PAGE validation results of human-like
collagen fermentation by shake flask

T M: B TAsiE; 12 pET-28a(+)-kit/BL21 A1 AR ;
2: pET-28a(+)-kit/BL21 U #1315 5 3: pET-28a(+)-kit/BL21
ARETERTEE ;s 4: pET-28a(+)/BL21 44N MIRL IR (%] AR).
Note: M: Protein Marker; 1: pET-28a(+)-ki#/BL21 whole cell
disruption solution; 2: pET-28a(+)-kit/BL21 cell disruption
supernatant; 3: pET-28a(+)-kit/BL21 cell disruption solution
precipitation; 4: pET-28a(+)/BL21 whole cell disruption solution
(control).

kD M 1 2
130 — v
110 — =
05 — we—
75 —
55 — -
45 —
35 — W
~
25 — <« Kit

15 —

3 EARFEZERIEIRAE Western blotting 18 1E 2%
Figure 3 Western blotting validation results of human-like
collagen fermentation by shake flask

e M: A THME; 1. pET-28a(+)-kit/BL21 4N IERE R |
W5 2: pET-28a(+)/BL21 MU TR b4 06t RE).

Note: M: Protein Marker; 1: pET-28a(+)-kit/BL21 cell disruption
supernatant; 2: pET-28a(+)/BL21 cell disruption supernatant (control).
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23 FAREEENAEFESHAL

TE 7 L KPERErP 28 AR E IR pH-stat
Poabpb & RE, PRI pH JREFFE 6.8, 7E
21 B X B A P 3 RS 0.2 mmol/L )
IPTG 5% 36 h, HH A AMIFE A REFIAH
3.02 g/L (Bl 4). KEEGSR)E, mRSIRBREREA,
4 °C. 10 000 r/min &[> 10 min 152 B K FIF,
XF iR A g s A s, 8 0.22 pm
L AEng LT g FIE R T E D 4ifk, 4 SDS-PAGE
& Quantity One 353 Hr15 Hh e 428 NI 88 11 2
FEZH 91% (F 5).

4.0; 124
~35 6.8
=3
%2.5- 6.0 e v ~-4;16 s
Z 5.6 3
§ 20rE i 128
é 1.5+ 52+ V/ g
510 48f Zu pH .
S <l L —— ODy, 1
TOSF 44 o —e— Human-like collagen (g/L)

0.0L 4.0 P | | | | ) )

0 5 100 15 20 25 30 35
t (h)

E 4 EARREB 7L EEIMIAE
Figure 4 Fed-batch fermentation mode for production of
human-like collagen on a 7 L fermentor

kD M 1
60 — =T
50 — e~
40 _
35 —

Kit
25 — .

B 5 FEARREH AKTA @ik i&# SDS-PAGE 54
Figure 5 SDS-PAGE analysis of human-like collagen
purified solution by AKTA

T M: EATARME; 12 pET-28a(+)-kit/BL21 H LML
Note: M: Protein Marker; 1: pET-28a(+)-kit/BL21 protein
purification solution.

24 EAREEZEBR N imllF

EEUR N IR0 90 AR U Ok 1
g BN N 3434t 5 - : NH,-Gly-Pro-
Pro-Gly-Glu-Pro-Gly-Asn-Pro-Gly-Ser-Pro-Gly-Asn-
Gln, 5WHIEA N 5GF045 50—
25 XAREEEWMEERRSH

FAEERR Sy B al LA e S i . R R
PRI o . AR OAI SRR 1 Pos, WK 1
HETDVE 1, RARIEE AR . 2R &
HRARGRE L, BEA XS] THAE A& E
R AR AR S IMAR SRR, MARAR
i 22 1 Dt DR )2 R K i R T B Ak e e Ak
R RTIR
2.6 EAREEBMRIESH

MALDI-TOF-MS 1] AHERf 747 H 2 A SR
H T, WE 6 iAW, RARIRE LR
4y FHM 13 135.0 Da, SEISFR—E

x1 XAREZEASERSHT
Table 1 Amino acid analysis of human-like collagen
BHM T [Ep 4

Amino acid Content (mg/mL) Percentage (%)
Asp 0.27 8.36
Glu 0.52 16.04
Ser 0.08 2.51
His 0.06 1.84
Gly 1.28 39.27
Thr 0.15 4.57
Ala 0.05 1.54
Met 0.05 1.46
Lys 0.09 2.85
Pro 0.70 21.56
Arg - —

Tyr = -

Cys - —

Val - _

Phe = -

Ile - _

Leu - _
1t Total 3.26 100.00

Note: —: Not checked out.
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(Gly-X-Y),

100 13135.0 1: TOF MS ES+
13 172.0 6.46¢3

;\?

= 13 096.0

@ 13 208.0

8

=

5000 10000 15000 20000 25000 30000

Mass (Da)

B 6 XARRZERA MALDI-TOF-MS 5 4ff
Figure 6 MALDI-TOF-MS analysis of human-like
collagen

27 EAREBEEAMNEZ®IESH

RIRBFE B — EAGEAFE— B2 TE 197 nm
WA — AR, FE 225 nm A —MEES I IE
MR MAC G , - G ML AR B e I 8 R Y B8 R P 471 Y
AR H P 7 R, A A
PG RN G R
3 WE4®

AR A LA W R AR e A S A
W, ©) T R E SR, Guo SFFIH]
FNEFHE T HLC S5 2 (transglutaminase,,
TG) 22 Bk Ao 1) AT 7K 2001k il £ 4 40 Jif A= K 7
(basic fibroblast growth factor, bFGF)J/KEEHRE, 5
K UER] HLC/TG /KEERA bFGF A4 AAT RAFHY
G/ ikt A SR R PN Y s B L)
MBS BOtAZAR /IR R TR A Rk

—_
(=)
1

(9]
T

|
W
T

\/

n 1 2 1 L n 1 " 1 L |
190 200 210 220 230 240 250
Wavelength (nm)

Circular dichroism (mdeg)
[w]

B7 EARREBE-GIESHR

Figure 7 CD analysis of human-like collagen

A A R O AL R N T A . H
FEAete b R PR F R A

U T e I AR T LA U R AR RN AR
B, [RIES Sy ke B 2 40 >F 5 il ) v AU, BN
VAR 0 & Bl 462 8] T2 60, 24584
20 ZAEMIMFIE T . FAE 1999 4F, Toman %544
37 kb IR R B oS T-ZLAR I 85 4y
SR B 3 R B A AR AN B4 B L
B, A7 8 mg/mL A1 B EE P, HA
5 R4 Adachi FE N T BURR S8R (BN A 2
AR, 3 A A B 28 22 R IR B A DA B 1
Sk n, MHARFEEARER A %4
A, KRG AREEAKER 1/5%) Tang %
FE R A FE B R T e ik — B R AR R R 3L A
AR 0.26 g/LY,

R T 2 B v A R 1 Rk &
SiFE, RN R . BRI TR L s R s
PR o YRR A 1T B SR P 5L BEpRE
R E R R, S R S E) 29.4%
AR SRR 205 T B TR 0 v 7 PR e [ e
e AR T S BB IEAA T U2 AR i s
S TR AR I R & B A R 4
DEAE-52 Hl Sephadex G-100 ¥: 245 4lifb )5,
TRy Al Al Lk 3] 98%),

AV SRS TR, WA E
SN kit FAE E. coli HRAS T IIERIL, ik EE
WE LR RIESR, T B2 AR s 8 1 7 i AT DAk
F]3.02 g/L, EiL@BIEWIAELOERENT, HAA5E]
THREAR 1% N o I N sy |
IR . RIS BB A R AE 2R
WEIF AR, SCH RS AR ARk, 2R
T AR 5% T 1 46 1) 2H NG 2 1 ) 7 o B 4 3 AT
AHETEAS ], ARRAE A R EEILA . FE ERI
ZH i T A AR T R A . T
i LA RN AR RE R, 0T
Tolb R A
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