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Abstract: Collagen, which widely exists in skin, bone, muscle and other tissues, is a major
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structural protein in mammalian extracellular matrix. It participates in cell proliferation,
differentiation, migration and signal transmission, plays an important role in tissue support and
repair and exerts a protective effect. Collagen is widely used in tissue engineering, clinical
medicine, food industry, packaging materials, cosmetics and medical beauty due to its good
biological characteristics. This paper reviews the biological characteristics of collagen and its
application in bioengineering research and development in recent years. Finally, we prospect the
future application of collagen as a biomimetic material.
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A Standard collagen molecule B FACIT and related collagens
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Figure 1 Structure of collagen™. A: The standard fiber collagen molecule consists of three o chains. The
chain of Gly-X-Y repeat sequence (step 1) is assembled into triple helix procollagen (remove n-polypeptide,
secreted into extracellular space by cells (step 3) and collagen c-procollagen of metalloproteinase (step 4)
through the C-terminal domain (step 2). B: Triple helix fibrillary collagen (FACIT), which contains non
collagen regions-that is, non triple helix sequences, these clues kink to produce macromolecular structures. C:
Collagen triple helix crystal structure, formed by (prohypgly) 4-(prohypala)-(prohypgly) 5. D: Collagen triple
helix spatial structure. It is composed of three strands of shaft, ball and bar, and ribbon.
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Table 1 Classification, tissue distribution and structure of collagen

Structure Collagen Gene Chain Supramolecular structure  Tissue distribution Structure chart
type type symbol  composition
Fibrillar I COLIAI [al(D]2a2(T) 67 nm banded fibrils Bone, tendon, dermis, cornea mm
collagens COLIA2 [al(D)]3 AR oo
I COL241 [al(ID]3 Cartilage, vitreous body of eye
I COL341 [al(1ID]3 Dermis, aorta, uterus, intestine
A" COL5AI [al(V)]2a2(V) 9 nm banded fibrils Placenta, bone, dermis, cornea

COL542 [al(V)a2(V)a3(V)]
COL543 [al(V)]3

XI COL11A41 [al(XDa2(XI) Fine fibrils (similar totype V Cartilage, intervertebral disk

COL1142 a3(XD)] collagen fibrils)
XXIV  COL2441 [al(XXIV)]3 Presumed to form Cornea, bone Unknown
XXVII COL2741 [al(XXVID)]3 homotrimeric fibrils Cartilage, eye, ear, lung, colon

(158)
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LR 1)
Structure Collagen Gene Chain Supramolecular structure Tissue distribution Structure chart
type type symbol composition
Basement IV COL441 [al(IV)]2a2(IV)  Nonfibrillar meshwork Basement membranes
membrane COL442 [al(IV)]2a3(IV)
collagens COL443 [al(IV)]2a4(1V)
COL444 [al(IV)]2a5(1V)
COL445 [al(IV)]2a6(I1V)
VI COL741 [al(VID)]3 Anchoring fibrils Skin, amniotic membrane,
mucosal epithelium
Short-chain VI COL6A1 [al(VDa2(VI) 5-10 nm beaded Uterus, dermis, cornea, cartilage ===
collagens COL642 a3(VD)] microfibrils
COL6A43
VIII COL841 [al(VIID)] Nonfibrillar hexagonal Endothelial cells, descemet’s
COL842 2a2(VII) lattice membrane %
X COL1041 [al(X)]3 Calcifying cartilage
FACIT IX COL941 [al(IX)a2(IX) Associates with type 11 Cartilage, vitreous body of eye mﬁ
collagens COL942 a3(IX)] collagen fibrils %
COL943 “
XII COLI1241 [al(XII)]3 Associates with type | Dermis, tendon, cartilage
collagen fibrils
XV COL1441 [al(XIV)]3 Associates with type I and II
collagen fibrils
XVI COLI16A41 al(XVI) Associates with fibrillin-1 ~ Heart, kidney, smooth muscle
rich microfibrils and D
banded type II collagen fibrils
XIX COL1941 al(XIX) N-terminal-interacting Basement membrane of
[a1(XIX)]2 oligomers differentiating muscle cells
[a1(XIX)]3
[al(XIX)]4
[a1(XIX)]5
[al(XIX)]6
XX COL2041 al(XX) Presumed to bind to Corneal epithelium
collagen fibrils
XXI COL21A41 al(XXI) Unknown Placenta, vasculature of heart,
stomach, kidney, skeletal muscle
XX1II COL2241 al(XXII) Presumed to bind to Myotendinous junction, articular
basement membrane cartilage-synovial fluid junction,
components hair follicles
MACITs XTI COL1341 al(XIII) Support skin Endothelial cells, epidermis
collagens ~ XVII COL1741 al(XVII) Binding to basal cells and  Epidermal and endothelial /_l\
matrix junction of skin
XXII  COL2341 al(XXIIID) Unknown Tumor (prostate)
XXV COL2541 al(XXV) Unknown Role of R amyloid plaques in
Alzheimer disease
Unclassified XXVI  COL26A41 al(XXVI) Unknown Testis, ovary Unknown
collagens XVII  COL1841 al(XVII) Highly vascularized tissue  Lung, liver and kidney Unknown
expression
XV COL1541 al(XV) Participation expression Fibroblasts, endometrium Unknown
XXVII COL2841 al(XXVIII) Unknown Basement membrane, peripheral Unknown
nervous system
XXIX  COL2941 al(XXIX) Unknown Epidermis, lung, small intestine Unknown
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Figure 2 The biosynthesis process of collagen inside and outside human tissue cells'. : Genetic
informations of collagen polypeptide chains are transcribed in the nucleus; @: Collagen polypeptide chain
transferred into endoplasmic reticulum; ) : Hydroxylation and glycosylation modification of collagen
polypeptide chain; @: Collagen polypeptide chain forms triple helix procollagen; &: Procollagen of triple
helix is formed into procollagen by endonuclease outside cells; ®: Procollagen automatically polymerizes

into collagen fibers; (D: Collagen fibers form insoluble collagen fibers through covalent crosslinking.
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Table 2 Expression system for producing recombinant collagen

Expression Type Expressed genes; expression vector; host; expression Application Source
system quantity/proportion of total protein
E. coli I COLFc; pET30a; BL21(DE3)/pLysS & BL21(DE3)  Cartilaginous [8]
Rosetta; 13 mg/L
VI CP6; pET30a; BL21(DE3); 31.52 mg/L Medicine, beauty, cosmetics, etc  [9]
VI CW-CP6; pET-32a; BL21(DE3)/pLysS, Photoaging resistance [10]
Rosetta(DE3); 20 mg/mL
VI Col6A42; pET22b; BL21(DE3); 30.5% Artificial blood vessel & surgical [11]
suture
I rhCol; pET28a; Rosetta(DE3); 520 pg/mL Antioxidation & promote cell [12]
proliferation
i rhCol; pET30a(+)-1880/pACYCDuet; BL21(DE3); Skin care & biomedicine [13]
3¢/l
I hCII1250-270; pUC19; BL21(DE3); 30% Rheumatoid arthritis [14]
I Kit; pET-28a(+); BL21(DE3); 3.02 g/L chemical industry and [15]
biomedicine
I BL21(DE3); 10.8 g/L Promote bone healing [16]
v oy chain NC1; pQE-31; M15(pREP4); 32% Tumor angiogenesis inhibition [17]
therapy
v a; chain NC1; pPROEXHTb; BL21(DE3); 32% Inhibiting tumor growth and [18]
metastasis
VI Col6A2; pET32a; BL21(DE3)/pLysS/Rosetta(DE3);  Antioxidation [19]
34.2%
I X2lex; pET28a; BL21(DE3); 35% Cosmetology [20]
I hCII1250-270; pET3C; BL21(DE3); 48% Wound healing and repair [21]
P. pastoris I a; gene sequence; pPICIKG6; GS115; 60.1 mg/L Maintain physiological, repair [22]
cells, tissues and organs
VI Col6A42-005; pPICIK; GS115; 39.77 mg/L Congenital muscular dystrophy [23]
I pC7/P4H; pPICZaA; X33; 0.2 g/L Coexpression [24]
I Gel; pPIC9KG6; GS115; 98.06 ng/ml Unknown [25]
i a;(I) chain; pPICZa; X33; 1.47 g/L Vaccine stabilizer [26]
S. cerevisiae 11 Unknown Cosmetics [27]
Other i a; gene sequence; pMG36e; S. thermophilus; 1.97%  Whitening, promoting bone [28]
healing, food health care
1 Col R75E; pPICZoA; X-33;4.977 U/mg Medical and food [29]
I a;(I); mammary gland cells of transgenic mice; Milk degradation [30]
8 mg/mL
11 BmP4Ha; PSG cell; 4060 mg/L Cosmetics [31]
I a;(I); pPICZB; 8 mg/mL Substitute animal gelatin [32]
I 3T3 cell Unknown [33]
11 Virus system Unknown [34]
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Table 3 Comparison of characteristics between recombinant collagen and natural collagen!*

]

Characteristics Recombinant collagen

Natural collagen

Aftinity with human body Homogeneous collagen, high human affinity

Allogeneic collagen, weak Genetic engineering and controllable quality

human affinity
Safety
Susceptibility to allergy

Virus free yeast fermentation

Biological activity
activity

Purity

Moisture retention High

Soluble in water

6.7-7.5

Water solubility
pH value

Homogeneous protein, not susceptible to allergy

Allogeneic collagen, weak human affinity
Poor chemical extraction and
controllability

Easy to carry animal virus

Heterologous protein, allergic

It has collagen spatial structure and retains biological No collagen spatial structure, no biological

activity

Single collagen, fixed components, purity up to 95% Mixed collagen with complex components

Low
Insoluble in water
3.0-4.5
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Table 4 The design requirements of collagen as biomedical material'®”!

Critical factor

Selection and design requirements

Biocompatibility Guarantee normal cell function
Cause minor immunological reaction in vitro
Biodegradability Allow cells produce their own extracellular matrix (ECM)

By-products must be non-toxic
Mechanical prop Match native’s ones

Permit surgical manipulation

Consider cell reaction to mechanical forces

Architecture Maintain integrity
Allow nutrient and oxygen supply
Determined by porosity
Manufacturing Must be sterile

Clinically as well as commercially feasible
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Table 5 Application of collagen in biomedical materials

Mixed materials Add substance Application type Function Source
Collagen/Chitosan Hydroxyapatite Electrospinning Artificial bone [62]
Unknown 3D printing stand Spinal cord injury [63]
Silver nanoparticles Nanoparticles Wound regeneration [64]
Aloe Microsphere scaffold Loading vitamins and other [65]
active substances
Collagen/Silk fibroin Unknown Tissue engineering Vascular stent [66]
Hydroxyapatite Biological scaffold Cell proliferation [67]
Hydroxyapatite Bone tissue engineering  Artificial bone [68]
Collagen/Hyaluronic acid Unknown Tissue regeneration Tissue repair, cartilage [26]
scaffold regeneration
Collagen/Chitosan/Other  Alginate Composite dressing Wound healing [69]
Adhesin Hydrogel Treatment of type 1 diabetes  [70]
Gelatin-hyaluronic acid Biomimetic membrane Corneal tissue [71]
Silk fibroin 3D material support Promote the adhesion and [72]
growth of MG-63 cells
Injectable hydrogels
Tissue engineering Drug delivery
Wound healing materials Tissue regeneration
Cosmetic creams Beauty mask
Dermal filler
B3 LUEMRE. REEAMEREAEMNENSBEYESYAEENR'
[63]

Figure 3  Potential applications of biopolymer mixtures based on hyaluronic acid, collagen and chitosan
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Table 6 Market and application of collagen products in medical devices

Company Product name Category  Application
Jiyuan Biology Recombinant type Il humanized collagen dressing 1I Wound healing
Jiyuan Biology Recombinant type Il humanized collagen liquid dressing I and skin repair
Jiyuan Biology Recombinant type Il humanized collagen compound liquid  1II
dressing
Dongwan Biology Collagen dressing i
Zhiyuan Pharmaceutical Collagen dressing 1T
Chuang’er Biology Collagen sponge 1
Kefu Medical Collagen repair patch II
Qianbaina Biology Human like collagen repair fluid II
Qianbaina Biology Human like collagen repair patch II
Qianbaina Biology Human like collagen repair dressing 1T
Chuangming Medical Yeast recombinant collagen wound gel dressing 1I
Chuangming Medical Yeast recombinant collagen gel dressing 1T
Jinbo Biomedicine Medical type III collagen solution I
Yunmeida Biology Medical recombinant type III humanized collagen repair 1I
patch
Chuangming Medical Yeast recombinant collagen dressing II
Chuangming Medical Yeast recombinant collagen dressing II
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Company Product name Category  Application
Juzi Biology Human like collagen bioremediation dressing I
Juzi Biology Human like collagen dressing 1T
Meiyan Regenerative Medicine ~ Medical recombinant type III humanized collagen repair II

patch
Pu Liyan Biology Recombinant collagen bioremediation dressing I
Elome Biology Medical recombinant type III humanized collagen solution I
Elome Biology Medical recombinant type III humanized collagen repair I

patch
Miaote Pharmaceutical Medical type III collagen dressing I
Novo Pharmaceutical Medical recombinant type III human collagen repair patch I
Meiyan Regenerative Medicine  Medical recombinant type III humanized collagen solution 1T
Heineken Heineken Healthcare = Medical recombinant collagen repair patch I
Juzi Biology Human like collagen repair dressing II
Juzi Biology Human like collagen dressing I
Chuangjian Medical Yeast recombinant collagen wound gel dressing 1I
Chuangjian Medical Yeast recombinant collagen dressing I
Weide Medical Medical collagen application 1T
Beizhuya Pharmaceutical Collagen dressing I Dermatitis and
Chuangjian Medical Yeast recombinant collagen gel I eczema
Chuangming Medical Yeast recombinant collagen gel dressing II
Chuangming Medical Yeast recombinant collagen liquid dressing II
Chuangming Medical Yeast recombinant collagen dressing II
Chuangming Medical Yeast recombinant collagen gel I
Chuangming Medical Yeast recombinant collagen gel dressing 1T
Chuangming Medical Yeast recombinant collagen repair dressing I
Chuangming Medical Yeast recombinant collagen dressing II
Chuangming Medical Yeast recombinant collagen repair dressing I
Jinbo Biomedicine Collagen dressing (hemorrhoid type) I Hemorrhoids
Chuangjian Medical Yeast recombinant collagen wound gel dressing I
Chuangming Medical Yeast recombinant collagen wound gel 1T
Chuangming Medical Yeast recombinant collagen oral mucosa repair solution I Oral mucositis
Chuangjian Medical Yeast recombinant collagen oral mucosa repair solution I and oral ulcer
Juzi Biology Human like collagen oral mucosa repair fluid 1T
Chuangming Medical Yeast recombinant collagen scar gel I Scar
Juzi Biology Human like collagen scar repair silicone gel 1I
Chuangjian Medical Yeast recombinant collagen scar gel I
Juzi Biology Human like collagen nasal mucosa repair gel 1I Rhinallergosis
Juzi Biology Carbomer like human collagen gynecological gel I Colpitis
HP Biology Recombinant human collagen vaginal gel I
Miaote Pharmaceutical Type III collagen vaginal gel I
Chuangming Medical Yeast recombinant collagen gynecological gel dressing 1T
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