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Establishment of Critical Quality Attributes Analysis Method for Recombinant Human Collagen III

CUI Xinling', MENG Xiaoguang”, CAO Junxia’, KAN Ying', LI Hongmei'*, ZHAO Bingchun®, LI Ping*,
ZHOU Wei4( 1. Key Laboratory of Chemical Metrology and Applications on Nutrition and Health for State Administration for Market
Regulation , National Institute of Meirology, Betjing 100029, China; 2. National Engineering Research Center for Protein Drugs, Beijing
102206, China; 3. School of Basic Medical Science, Anhui Medical University, Hefei 230032, China; 4. Bloomage Biotechnology
Corporation Limited, Jinan 250101, China)

ABSTRACT :OBJECTIVE To establish critical quality attributes analysis method for recombinant human collagen [ll. METHODS

The recombinant human collagen Il molecular weight (MW) distribution was determined by matrix-assisted laser desorption ioniza-
tion time of flight mass spectrometry ( MALDI-TOF MS) and size exclusion chromatography with multi-angle light scattering ( SEC-
MALS). Capillary electrophoresis-sodium dodecyl sulfate ( CE-SDS) and size exclusion high performance liquid chromatography (SE-
HPLC) were used for purity analysis. lon exchange chromatography and capillary zone electrophoresis ( CZE) were used to separate
and analyze charge isomers. The “double” enzyme digestion peptide mapping method was used for identification and sequence coverage
analysis. RESULTS The recombinant human collagen [l MW distribution measured by MALDI-TOF was 45. 01 x 10°. The MW of
monomer recombinant human collagen Il determined by SEC-MALS was 45. 17 x 10’ ( +0.226% ). CE-SDS analysis showed that the
purity of recombinant human collagen Il was 98. 77% and that of other ingredients was 1.23%. The SE-HPLC purity was 98.07% ,
and that of other component was 1. 93% (dimer). A total of 14 charge isomers were identified through strong cation exchange, and the
acidic peak was 52. 08% , the main peak was 26.22% , and the basic peak was 21.70% . Eight charge isomers were identified by
CZE, including 52. 10% acidic peak, 25.27% main peak, and 22.63% basic peak. Two identification methods for charge isomers
have consistent distribution patterns. The “double” enzyme digestion peptide mapping method was used for identification and sequence

coverage analysis, achieving 100% coverage of the recombinant human collagen [l sequence. CONCLUSION A series of critical

BEEWE - [FHEZPHE T 5 [E S An D) BUst 5% 0 B %t 0 (APT2302)
EERIT AR, 20, Ll BFFET5 AL RO TS5 b e i A R E 5 TBIEE LM, L BRI BRSO A
SRR HE) RATTE Tel: (010)64524701
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quality attributes analysis methods for recombinant human collagen [l have been established. These methods provide a reference basis

for the quality control of recombinant human collagen Il in China.

KEY WORDS: recombinant human collagen [Il ; molecular weight distribution; charge isomer; sequence coverage; quality control
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Fig.1 MALDI-TOF MS(A) and MALS (B) detection result of recombinant human collagen Il
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Tab.1 MALS molecular weight analysis results of recombinant human collagen Il

Recombinant human collagen [l Mr(Peakl)

Mr( Peak2) Mr(Peak3)

Technical repeats 1 4.51 x10%( +0.304% )

4.53 x10%( +0.226% )

Technical repeats 2

9.75 x 104( £0.358% )
9.65 x 104( £0.366% )

2.20 x10°( +1.652% )
2,11 x105( £1.721%)
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Fig.2 CE-SDS (A) and SE-HPLC (B) purity analysis of recombinant human collagen [l
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x2 F4AllBANFEMREE G SEE &

Tab.2 Purity analysis results of recombinant human collagen Il

Detection methods Compounds £/ min Area Area/ %
CE-SDS Monomer 21.99 2 554 299 98.77
Realtive Compound 18.95 31897 1.23
SE-HPLC Monomer 5.29 8.745 98.07
Dimer 5.53 444. 867 1.93
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Fig.3 SCX-UHPLC(A) and CZE(B) charge isomers distribution results of recombinant human collagen [II
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Tab.3 Charge isomers distribution results of recombinant hu-

man collagen [l

Detection methods Basic peaks/% Main peaks/%  Acid peaks/%

SCX-UHPLC 21.70 26.22 52.08
CZE 22.63 25.27 52.10
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Fig. 4 The peptide mapping spectra of recombinant human collagen [l

T T T
38 40 42

G RE ARG F 5 REN T, B
SDS-PAGE Fl SE-HPLC, 4% 1 142, £ 55 1ty SDS-
PAGE J{ANE FH T 25 ] 45 44 52 2% sl RF o o ME A
SSRIFES . ARk CE-SDS | T H m4r HE% A 5l
b H VR R G S AR Rz B Y R E A
TG ARG N T E A A VR AR R R
[ SEC-HPLC &% CE-SDS J&i#: )7, CE-SDS
FEUEEAF X W 1 R Ry 98. 77 % , SEC-HPLC £ I 4
$798.07% . WHFh2E BRI T ik a5 ] — 3, HA
WF5E B PR R 7 0 45 A 7 B, Al Ak B o R A 1 R
A0 A 4 M P38 S 57 A I ) S A o DL B T
il JT i

FALAf S5 BT PR TE A W B3 24 B R R AE 2l 25
FAVREARL I A Ao i 4 PR Ay O o J Pk, AE F 4
PEZ R

TR

B

.

2024 45 A5 59 #5510 1

TN PEAR S A 1 B s i e B . BN
DAL T S SR AR Y P B S L B
TS0, 3 S T LA S B R A SRR AR R A s
ARSI ST T BN DX L Pk e PH S T A i B
b7 R AT FE A T 2R NS i A 1 ) i A S
PRGN o 75 i HE 2 , AR TR (0N P 55 4 1A 1) 2% G
OYEAT T IR R, B RN HL A S A R IR i
RABIIE . RSN S 5 3 1 S 7 1 4 A L Y
WL SR A SOy d B A 2 T B
IO FH , AT AT SRR PR BRI LIR30 3 B 5 LR A
AT

R IR 23 B 2 8 3R IR — A 58
REVE RSV R T i E 2 IR YR
P I 3 i i JIK B A 4 e S R A, xR

- 943 -

Chin Pharm J, 2024 May, Vol. 59 No. 10



BB DL S T E A9 5 1R R R R e 81 R AT A A
AScae sy 1 E AL AN WAL XL
VIS 79k SEBL T 1751 100% VA8 . % 8 5] 4l
R TR S T SR, S S AR R X i
PIERA IR I I8 0 DUy ™ i D) K3 , I 36 ik
AT

SN ARSI A S T FE E 2 IR YA
JE IR A ) A5 5 3 1T I A DRAIE ™ 2 A
R T AT AR L D R 2 DR TR AL i
H B AR AL T 25K

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(1]

- 944 -

ABAYAZEED A, HAYMAN E, MOGHADAMFALAHI M, et al.
Vascular type Ehlers-Danlos Syndrome with fatal spontaneous rup-
ture of a right common iliac artery dissection; case report and review
of literature [J]. J Radiol Case Rep, 2014 ,8(2) :63-69.
EXPOSITO J Y, VALCOURT U, CLUZEL C, et al. The fibrillar
collagen family [J]. Int J Mol Sci, 2010,11(2) :407-426.
GELSE K, POSCHL E, AIGNER T, AIGNER T. Collagens--
structure, function, and biosynthesis [ J]. Adv Drug Deliv Rev,
2003,55(12) ;1531-1546.

BAO X, ZENG Y, WEI S, et al. Developmental changes of
Col3al mRNA expression in muscle and their association with in-
tramuscular collagen in pigs [ J]. J Genet Genom, 2007 ,34(3) .
223-228.

JENSEN LT, HAST N B. Collagen: scaffold for repair or execu-
tion [J]. Cardiovasc Res, 1997 ,33(3) :535-539.

HOUZM, LIXY, LIM, et al. Preparation and characterization
of recombinant human-source collagen [ J]. Chin J Biotechnol
(W TRE2:IR) , 2019, 35(2) ; 319-326.

KUIVANIEMI H, TROMP G. Type Il collagen ( COL3Al) :
gene and protein structure, tissue distribution, and associated
diseases [J]. Gene, 2019,707:151-171.

YE T, XIANG Q, YANG Y, et al. Research, development and
application of collagen: a review[ J]. Chin J Biotechnol (“:4) T
FEFAR) , 2023, 39(3) : 942-960.

LIU X, WU H, BYRNE M, et al. Type Il collagen is crucial for
collagen [ fibrillogenesis and for normal cardiovascular develop-
ment [J]. Proc Natl Acad Sci USA, 1997 ,94(5) :1852-1856.
TANG Y P, ZHENG Q, HU B, et al. Research progress on
preparation and application of recombinant collagens [ J]. Sci
Technol Food Ind (£ TolkRHE) , 2016, 37(18) : 384-386.
LO S, FAUZI M B. Current update of collagen nanomaterials—
fabrication, characterisation and its applications; a review [ J].

Pharmaceutics, 2021, 13(3) :316. DOI. 10. 3390/pharmaceu-

Chin Pharm J, 2024 May, Vol. 59 No. 10

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

tics13030316.
SUN L, LI B, JIANG D, et al. Nile tilapia skin collagen sponge
modified with chemical cross-linkers as a biomedical hemostatic
material [ J]. Colloids Surf B Biointerfaces, 2017, 159:89-96.
YY/T 1888-2023. Recombinant human collagen ( 21 A\ JE AL i
JEAE ) [S]. 2023 1-20.
SOME D, AMARTELY H, TSADOK A, et al. Characterization
of proteins by size-exclusion chromatography coupled to multi-an-
¢le light scattering (SEC-MALS) [ J]. J Vis Exp, 2019,(148).
DOI:10. 3791/59615.
PERDIVARA I, YAMAUCHI M, TOMER K B. Molecular char-
acterization of collagen hydroxylysine O-glycosylation by mass
spectrometry ; current status [ J]. Aust J Chem, 2013 ,66(7) :
760-769.
LIU X, ZHENG C, LUO X, et al. Recent advances of collagen-
based biomaterials: multi-hierarchical structure, modification
and biomedical applications [ J]. Mater Sci Eng C Mater Biol
Appl, 2019,99 :1509-1522.
ZHU C, LEI H, FAN D, et al. Novel enzymatic crosslinked hy-
drogels that mimic extracellular matrix for skin wound healing
[J]. J Mater Sci, 2018, 53(8) :5909-5928.
SONG X, ZHU C, FAN D, et al. A novel human-like collagen
hydrogel scaffold with porous structure and sponge-like properties
[J]. Polymers ( Basel), 2017, 9(12).:638. DOI. 10.3390/
polym9120638.
FAN H, MI'Y, HUIJ H, et al. Cytocompatibility of Human-like
Collagen/nano-hydroxyapatite Porous Scaffolds Using Cartilages
[J]. Biotechnology, 2013, 12(2) :99-103.
XIE J H, FAN D D. A high-toughness and high cell adhesion
polyvinyl alcohol PVA-hyaluronic acid ( HA ) -human-like colla-
gen (HLC) composite hydrogel for cartilage repair [ J]. Int J
Polym Mater, 2020, 69(14) :928-937.
ZHANG H. Expression and purification of recombinant human
collagen-like and its application in cosmetics| D]. Jinan: Jinan
University, 2017.
ESPINOSA-de la GARZA C E, PERDOMO-ABUNDEZ F C,
PADILLA-CALDERON J, et al. Analysis of recombinant mono-
clonal antibodies by capillary zone electrophoresis [ J]. Electro-
phoresis, 2013 ,34(8) :1133-1140.
CAO J, SUN W, GONG F, et al. Charge profiling and stability
testing of biosimilar by capillary isoelectric focusing [ J]. Elec-
trophoresis, 2014 ,35(10) ;1461-1468.
ANDERSON C L, WANG Y, RUSTANDI R R. Applications of
imaged capillary isoelectric focussing technique in development of
biopharmaceutical glycoprotein-based products [ J]. Electropho-
resis, 2012,33(11) :1538-1544.
CUI X, MI W, HU Z, et al. Global characterization of modifica-
tions to the charge isomers of IgG antibody [ J]. J Pharm Anal,
2022,12(1) :156-163.

(ki H 151:2023-10-20)

HhE 227705 2024 4E 5 55 59 5 10 4





