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Abstract: Collagen is the most abundant protein in mammals, and its production has been widely used in
biomedicine, cosmetics, leather, biotechnology, etc. At present, collagen is generally divided into animal collagen and
recombinant collagen. Although animal collagen is the main source of collagen, most of it comes from animal
carcasses, and its collagen has been cross-linked and embedded in native tissues, which is more demanding on
extraction and purification technology. In addition, pathogen contamination and allergy risks have become unavoidable
problems for animal collagen. Recombinant collagen is a protein obtained by using human collagen cDNA fragments

as the backbone gene, cloning the gene to the selected expression vector and converting it into an expression cell, and
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finally achieved by purification technology. Due to its single molecule, clear structure and easy control, recombinant
collagen is the best alternative to replace animal collagen in biomedicine and tissue engineering. In this paper, the
structure, category, biosynthesis mechanism and market scale of collagen are briefly described. Emphasis is placed on
the construction strategies, advantages and limitations of different expression systems of recombinant collagen,
including prokaryotic, yeast, plant, baculovirus and mammalian or human cell expression systems. Prokaryotes and
yeast have a short cycle of producing recombinant collagen, but do not have a triple helix structure. The plant
expression system produces recombinant collagen with a moderate cycle and a certain triple helix structure. The
baculovirus-insect expression system and the mammalian expression system have a long cycle of recombinant collagen
production and a complete triple helix structure. The practical application of recombinant collagen in ophthalmology,
cartilage engineering, skin treatment and other biological medicine is described. Currently, the most commercially
valuable use of collagen is subcutaneous injection of soluble protein to repair damaged skin. At the same time,
collagen, as the main component of animal skin, can cross-link collagen in raw hides through chemical processes such
as tanning, so that collagen becomes harder, more durable, and corrosion-resistant leather. By designing collagen
scaffolds that are familiar with the natural cytoplasmic matrix environment, it can effectively reveal the pathogenesis of
cell behavior and disease etiology. It is expected to provide suggestions on the research of recombinant collagen and

future industrial development.
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Fig. 1 Structure of collagen™

(The primary structure of collagen shows that collagen is mainly composed of amino acids such as proline, glycine and hydroxyproline. The

secondary structure shows that amino acids such as proline, glycine and hydroxyproline stabilize the secondary structure of collagen through

a-helix. The tertiary structure shows that three o-chains passing through the left-hand helical conformation form procollagen.)
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Fig. 2 Mechanism of collagen synthesis”**"

P—proline residue; K—lysine residue; PAH—prolyl 4-hydroxylase; LH—Ilysyl hydroxylase; P3H1—prolyl 3-hydroxylase; HSP47—heat shock
protein 47; PDI—disulfide isomerase; FKPB65—immunophilic proteins; PNP—procollagen N protease; PCP—procollagen C protease
(Firstly, collagen genes form collagen o -chains through transcription and translation, and secondly, under the action of P4H enzymes and LH
enzymes in the endoplasmic reticulum, collagen a-chain is hydroxylated. Subsequently, three collagen a single-stranded C-terminal propeptides form
disulfide bonds under the synergistic action of endoplasmic reticulum lectin-like chaperones, calcepiprotein, and endoplasmic reticulum
oxidoreductase PDI. HSP47 effectively prevents the formation of local expansion and aggregation of pre-collagen. Finally, the cytoplasmic matrix of
the procollagen is transported by the Golgi apparatus and the excess N-terminal and C-terminus of the precollagen are excised by N-terminal

enzymes and C-terminal enzymes to form a complete collagen structure.)
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Table 2 Content and types of collagen produced by different expression systems
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ERRIE T T EN112kDaf AR AR IR EA
WA, KB T o fE 5 5 8 B R PR GS115 Rk 1)
M, BDHEERIME N 1.5%. YIEEIRE N
3.0 OD,,/mL. YK [H] 4 60 hy ¥146 pH A 6.6 ],
T3 EA N IRE (A A RIE 11X 60.1 mg/L.
EAREH R NREE A M B A B & =8 e i,
TR, (H1% T2 NS I R TR R B R 45 2
W IR CE T AR %R . b5 L4, Wang 55
) FH BRPG B% BF 0- 22 iE [R] T prepro {5 5 40 ih ik T H
HANEKRAREEA ol [IT] (thCOL3AD %,
HIE 5> 7 Bk 95.344 kDa, KP4 S WA
0.8 CH/HEE) tb#l T, 5% rhCOL3A1 L £ &
FE (1.27 g/L) HI TR A] R W8 46 52 50%. 1% 6
TR T — A IR A RN, R A
7= A K A thCOL3 AT $2 43t — Fl 44 B A7 285 11 3 3R
W&o F 20174, PUALRZETEAREE FIBA 1 i ) B
TR KB B BMGY B 92 5347104k, & EL
L RHREUION 1.13% AN 1.61%. Hilih
0.86% LB, 7E BMGY 55973 6/ F K5 9% 12 h,
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A KB B b e R I T R B N 26%, T/ E
HEMARFEEASREME 47 g/L, ZREEA
it Rl 2R 4 1 KRR B 8 A e i s SR

B ORI B T2 1 e S I 40 LR 1 R 3 AL
OBV P (S Wate SR EE N g - S E A S M
(I, WA, XFRFE=FE ol i) L=
B T T B R AR B A R A )
MR EER, HAEFAFEERZ . Hik, St
S YR TR g I B A A T T TR T R R 3R IA R — T
HEH AR 20194, FEWBARE T BRI T
I Jii £ (1 Gly-Xaa-Yaa J7 51| # % T pPIC9K-COL %
REA, JRIE e R R TR R, AR
ERT 95%. RILERIA4S gLEMAN T
52 R T, A A AT /N BB T 4 4 it 7
R E, ZEARG RIS ILAHEEN S
MaARZE . RN, ZEAN I AREEANREK
e 7= B R I U U I B TR T L A AR R R R = R A
M4, XOscElE A N T AR R & (G Lol fk b
B IR V5 R R 2 R P A B B T R RE

2.3 tEMFREGR

Y RIENE R CE BN T EA IO,
BT AT AE P2 oA Bl eI AR L AR P R R
AR 2P m pI e s, AR IA R R R R
ZENRKARK SR ™S YRS RLEE A5 HOR
AR T T2 RS0, RN AR K
ERENERT, I-EMEARSESMED
DY) FIEAE R P-4 B G A A R L=
Gz . B, B RIEE R R
wEESHMAERMAL, EASERIK. TRA
PRIk 5

Y], Ruggiero 25 “Y 1E 2000 & | F 4K HEAE )
PER—FHT I RIE T A= NSRRI = ek T AR
JFEE, @ilEmmA T BREEAproal [1] 4#
RS T iUk pBIOC21, fHHFE s E A A T A
REEAFEU RS MIERRE, REERS
AlI5 100 mg/kg i, I HA Fa € 1 A 3L = 584k =
WENE LS F o %A T AN S R B R AL
{5 g S5 30 B 40 R A 1 O B R ) SR A R AL T T
REtE, HAZBINGEM R T EENER S

BB EEAR . BEEWE, FIBAA 5 Merle 55 7 75 it
SEmh b, Sl TR RIE RS, FIFHBEN R
REI W E AR Y 5 N T 8438 i & 3 R PAH g 3L
F#EAL, RahAE 7 T B B LA R B = AR i R
FH, FiLEREFREAES50~100 mg/kg B, iZHF R
R B ) R A S ) AR PAH I, REAE AR
FEREH N T 8RR B A AR E MR R 2 37 °C,
REFARREANRE. R, %9586 IKE
JHE ST T R AT A SRR RIEE R, R
VIBEi RIERG IR BT Z N HIRME T E5R/W

s, HAREEAEFEDRIEERK
JE g, 2009 4 PA 51 A R 22 A F] CollPlant 7
I gy N T B i ol B o2 BRI
PAH JE (Al LH JE A DL K BB ] 8 96 2 1 266 R £ SO0
PR EdERE, AR EAN T HRFEEAR
15 B Ik 200 mg/kg B I, o ELAR A A R A M R
F1 0 2% -5 A8 0 40 i i A 8 1) B 1 B SRR e AT
BHEEAM01%~ 1%, mEHAIEERS,
Zn F RO B — FR DT K A 3R IE N R
JFEAEYTEMAR, W T HEAANREED
EFAEEGPREANT . SHFEF, Xo2s U
KT HEBRIEN T B 5 B E 2R R BoRFp 7 5
A Rk N T 24 AR 5 B 1 R R R PAH S TR 1) KoK
Py, BEARIFIRTFRIA N T AL 5 A (24 K A P4H 2
HEAMFREAREEASE (4mgke M
Fis 1 AR B A SE R 1) BoK M F EAR R R A
& (12mgkg K, HEZHFHERIE (HRMS) 7
Mra B, [FRFRE EREMEREA [ REEAM
IR T EN1811%, SEREEH 1 B H
FEARRHERS 21 17.47% M AR AE T AR
JRE AR R R S5 14.59% M. 58hEik
I B AR E R F 5L, R RE
AT B i 2 (B 35 R R PAH 3 R K il 1 #0 B 8
PEREW O, RN T EKEAE RSB
AN E 9 7T .

2.4 EBRIFWRSRIAER

FEAPRI 35 32 35 1 2308 % d AT IR B AF v Rk
BB ER R, SRR/ EARIKER, O4
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BEUESE Ry A T E AR A T MR R
AR REBERRIARRM, L RTHEMR,
BAT RIS AL ERRE Sy S sR, A T AMNEE A RS
BT ) BB BE L AL B, RN, 7S AR A R
MNrEARBEAREEE: §MREFHRY
1000 /™ 41 g 7 4 d P9 AT A2 7= 5 14 300 mg 1 25 H
JR U, A RN 4 2 80 pe/d 1 B R E AR
P2 00e AHSE, FIA B O 5 7 A R R A
HARBEK. a5k A,

Lambeig 55 "> 3 i #4) 22 FFBR 96 28 304 I A ik
B H AW, F A BaculoGold ¥ %% iR 57| &
(Pharmingen) 5 4 pVL #4 @45 ol R B i
% % 1 5 DNA L5 YL 31 Sf9 B g g vpr, i
SO B A MR IA U KR 4- R MR R E A =8
Jre 2t F g N LAY/ R 5 B 1 o B . BEAh, fERE IR
FIMANPUR AR, B AN AL AT R & A ol 85 A
I Uk 4-F2 AL B I o AN B O FE SL 3Rk, AT A i R AR
R e e B 26 1) 32~34 °CHE s 1 40 °C, I H
1E B HUH A N AT 208 B = e 45 44 T B i fie
JREEH (60 mg/L) MIMARFEEH (40 mg/L). %
W RRIE A A g 5 S5 e T 3R 4 7 — Fob
AIATHI . 1997 4F, Myllyharju 2 ™ W50 45 %
B, o B AE A e AR ki, A T AUAT
I D B 1 o PR 2 IA 3 AR E 1 ol [T ] 2L T JHT AR IR
SR =R al [T, RV = R AP 7E, HRAEKX
Z14E 10~20 mg/L, A E IR (E 42~43 °CZ
i), (EARIE R o2l 1], F2 =Rk, FE, #¥%
proal [ T18E 15 5 KA N i 5 B 1 4 65 7 51 5 ol
AT R 8 (A ol LI6E (O g RS P 510, R DA v i e i
FEE ol [TIBEMRIE KT E¥ TR E H a2l 1]
1R C i K 45 D9 i IR AR 1 ol [ D4 T AR
AR ol [TI8E, AITERCA B = Ak, (HiZh 1
o2l 118575 22 °C R 1 h a4 B B A B &AL

2003 4F, Tomita 55 7 5% {28 Joh i ik [R] > i
WEMAREEAKRE. E0%, Bidwdasm
B 7 Cund PR N AL AT S a R R . 2 315
B (L-chain) FIMESRRLR 586 (EGFP) 1)
fil A 8 cDNA, FF4¥41% cDNA # 4 F piggyBac %
e, B S R R MR R e At 22 i), I Y
BT JE R bRk, AR AR IEZ) 70 mg fil
HBEAR (4iFL5%), A4S E, FT )5

SrEHRIRE AR . ZSRRIE N T &AL T
ROMUASE A 7= B AN I TR 2 1 7 T A R e, R SE
HRERRNELEFEHAANREEANE TR, §E
R 13FENS ), Uk mE EREARIEES
RIEKRRZE TLBEMERE. Qi ™ iBIKEAAN
1 A i J5L8E A cDNA 4 & 3E [A (4257 bp) 1Y
BmNPV-pFBDM-IM-colll #{R 55 2 DLV 5 1) 5 2%
JeB TLRg A g B i i o 25 SRR LK A P Rk
R I3 e 5 B A7 AR 4 BRBE o B 5 =R o
BESE K, H|E & %8 130 kDa #1300 kDa.
AN AT 7 AR (LR A4 FT 3RS K20 1 mg 1)
BA—EEENANT R REES, BnHARyE
B-RK AL A RIE RGTE N KA = R I T
PEN LB Ji 2 1 A0 H At B2 2% A% B ) T v

2.5 [HAMMARREER

Wit L 2 7 200 i 2 0k Ak 2R 2 R FH I 7L 30 0 4 i
BEAT R B RS E RIS, B HEAE A ERNESH
A o DR A R R I R SR R s e R AR T R
BRI AT B N BRFL BRI . 2T 41 PR R 41 S R IR
JIG B A0 B 00T A i R B Dy e A I (R B )
M FRIENR R TV, %Ak Rl K cDNA #HE R 7
S AR RS T4E, Wahd AT i
HRIE, HEHAREEA”® A mg/mL ™.
5 DRI R 7L 30 4 A i 32 38 7 2L I D B 1 R TVF
I T B, TR M A A R AR R iR
EAARKE A, REREES™E. HFIL3)
Vian i R IE A R H S A B A EE R,
W EEFAR RER G, G

Frischholz %5 "' Jd ik A\ IR ' 41 il 5% HEK293 Al
AR MM R HTI080F 2 Kk Nal [X] &K
cDNA, FAFRWHTEANT5kDa. FKIEE N 50 mg/L
MEANX B R S e, 5 s A i A B
BEE OB E LR, BEHAXMKRIEEAF
e 234, MFEEHEEIE32°C, EWT
GRIEECRBEA A B M EA X B IE I
W1, )G, Toman%% 7 My T o sl %A 1 FLAR
Fi S 8 B A SR RN, R 3T 5 37 kb 1)
Nol U1 ] ARG ER, E RV ok 2] &
KA =Rk (FiE8 gL), FHEAF =i hesk
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P o SEBGUESE, /R FLAR AR R IA B K4 7 Rl
IR A 450, RefE N B A R R B A KB A 7~
(e R kR 2R . HEK293 1 Ay B 4T 1) I I 35 1k A
R, AR T EHAE A4 UL RN
WA Z M. 3 @R EAN -
Ji 5 B 1 7E HEK 293 4 Jd H (1) B I 3% 08 5 5308 &
ik, RILHEK293 2 i 5 i Ik i R A 7k R fa e R
EEAN -0 RIFEH, F=EA ik 628 mg/L. Ut
4b, HEK293 41 7E B 77 1 A2 AE R 3 1 2k 5
FLRRARW R R 52, XN T 2R3t 7 k4

3 IR R B

75 [ b b i DL B0k i 5 E 58 Ak 1
BIHFERE, #E 20214, EECAFHKIEEA
LRI TN 24 846 1, BUEFIE 6452 1F,
ERHEA S — BRIS H A% 5 L& R & 9317 14
5046 fF 7 M A ERIR R A TR B . =i, H
s, FEREEAT AL, EEAK
ERMEREH S thsh, RIREAEESMERH
FIAATAEFER S A J7 0, 41 H A DHC. FANCL.
UTU S5 I J5 B 1 22 Ik R i 28078 77 fR 4 i DA 3%
2% b, HoAol R RS IR R A B ARk 151238
J6 Y. VEE P R A FERI . . dEEDLK
WP TF % T B R B A A R R, BRI R
THER. DURW. R MR MAE— R &
Ui e e TEEP LA “CO0E 7 N E RN, KK
FERE “HEWEBME MRERT, REEQ
W TR SR, BXERAMEE LR
Bl R, R B ARG R g R JE ) 191 Fi,
FELURTE. EAkh. AAANE, SKRIEEAN
PR AGE = il R R R 52 B K AR 5 % 5 . R,
JI2 5 B A OGP i K FE R T L R A A ok
ERHIRRE, Tvh Rk i AR & 2 50001276
I L AF 3 1 e B A 1 G A R B 1 e kAR
FIRHE KR, 2022 R A N EAIRIE A E
RO . R R B R R E A A B [ 5K
MR SR B &R H B, BF®mRHEAR .
KREEEAREEABEA ST, SErEtt Fab
FAEE LA, REREEA”HMEER,
H5 R, 3 R 8 A B AR W R AU AT SR A7

T 2 2 A ey A AE V)i PEAICSE Rl /. 3R T 3 1
BRI TEE—D5EE, UBREESIRYS
LBRRAFTE IR

HARIEE MR TERsRUREES,
BAEHEGRKME. BEemEYEEXE. EIRrm
P PERE DL Kb i SR DG Re Sy Y. B4
e S B AW R CLR, FEAEMIER A TR AR
DRI B (B, BT HUMGREA R, &
HIRFEEAFENH T EK. BREMEE S 0RE
TRMEE ST s

TE R RIG T 1, Zhao % M B (1) MTGase &
BeE H RN B A KER BG RIFH AV S
P, EBhY) S IR SRR & B B FE
B EAE K EE R E S M RHME E R ki 45 . Pan
Ul iE R FRANR O . HANERIEEA
5532 F L 50 BN IR A A8 BK BEIR BORE, %3k
KBS BOR A B, e 3 R 4 2 R R O
G, Won T HAR N R AT A ) R EOR
71, Woodly 55 % ji ot 3k 43 4N VI Y fi it 2
F, F TR B Bt 8 TR A RO I8 2 B A8 M i
BE MR- AT AL, A RIRT B ki 5 BE
JEITE s Dong 55 MY 7RI 4 SR UE ST H A RN
R E B RN A% EE A BT CSTBL/6
AN S R O T R R T AR,
RE R EAE R RIG T B B T I TTRE T BB B
McLaughlin % " g EH N [ B ik 5
N T2 Jie Ji 2 1 o e T 3 S AR M R, g
HENEO WU ZE 3G 58 J5 BN B & b, R
HAN T AR JE EAE RS AR ] DL R i &
AIEL O UL L AF S DL A O UL B
B R TSI NI B 5 55

R FLAIT L, Fagerholm Z¢ ' Fi ] & 41 i
JiF B AR N 10 44 5 4E Af 8 Bl A T R AR, 45
RO, P BEEESRIKE, B4R HE 5
BN o I W5 B B P28 P AR A fik 5 AR
PEW S, 5 NRARA SR, P AL B FE &
MR . W — D thtk, EMERAEEAY
AT DAt — b 22 4 0 B AR AR S 23 N 1) T
%, B E R AR R R A R . BE S
4, Fagerholm [ A "' FF & 7 —Ffr h i — W J% 52
BeHANKRIEECHBRM A REANY, #idE
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AR A B AR S B0 1 A IS S 2R, A 4 45 22 B I ]
B, HAEMFARERTESE R, THFRMN,
WA A B A R 2 BT 7R 0 K A G 2 0 AL
Hlo SEIGUERE, MR WAL A B E A AR IR E A
SH R ) TG 40 PR AR N T DLSIE I AR IS I P A . BRI
HANKRIEEA N R MRS EHEAD.

HARIFEEAES RAME. GREME. g9k
MEES &7, B A OGS SR, 2
AR, AR TEBE. SongsE " TR AR
JR B A ) £ U 4T0IR 2 FLK B S48, 1K Bk i T
fEdEBCE MM S F M, W EmBea,
AE N AR TR LD gEHERAN
2 5 B 1 5 oK e B K A A 4 ) A = 4 T B
i % FLC R, FLLKZ (2.67+0.37)MPa [ 5 45
71, SRR AR MR . B EE
) GAG & i, FHIRFFRATFHMMPILE . Chen
LW FHEHRAREEASEHESH (BMP)
&, B S 2 KT AR B SR K BRI 4 T
R, [RIB I 2 30 E 20 2R e i B e Ak 4 K
B SME R E SR 2N [H
i), Fan%§ ™ il T HARAREEASH KR
KA MHEANZAEACHE, AR E
P TRMPUEFERE, 1% ZE WP 58 F 8 K
P e KAH 20 BN (2.97+0.19) MPa fl1 (43.03+
6.17)MPa.

HAr, SHAREEABT ARG R KA
BEL IR A DL R B R R IR e R
M s, EREEORER S HEZEMA, A
HarmAREEARRIFAE S E, Ht,
A WMBEAREEARKRKNKERILARE:
OB B AR R B A R aA ik R EZE LK
FF BRI BE D F2, R K W A B DL 2 8 BE BT
AEAREEARATES, HKZHARK
SR, PR mESEY N EAREES
FIEE R BIM R IE B D, Kk AT B &R
MY EE R AR SR RG WM ELHA
FEHEREEA:; OQEAMARELAREEAKZ
UL T A = o 3, Rk pL I R Rl R D,
AR K AT IR N 9T B 2 i R B B A R Rk AL
LI b Rk kR, RERE &M E;
@YaiEARIFEE AL T Z S5 RMAEK

fIde Tt . BEE D 7AW EARLES
2Bk R R, B R R I B TR PR
N BANEY LTS e
B R 1) A R R
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