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Fig. 2 FITR spectra (a) and enlarge spectra (b) of collagen cross-linked with OCMC
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Fig. 3 2D synchronous (a) and asynchronous (b) spectra of collagens cross-linked by OCMC
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Table 1 Cross-peaks intensities and the response order of cross-linked collagens
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Fig. 4 Temperature-dependent infrared spectra and enlarge spectra of native collagen (a, b) and cross-linked collagen (¢, d)
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Fig. 5 Temperature-dependent 2D synchronous and asynchronous infrared spectra of native (a, b) and cross-linked collagen (¢, d)
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Table 3 Cross-peaks intensities and the response order of native and cross-linked collagens
FE i 75 Dy v2) Yy s v2) i Jo7 I P
i did 1 o1 655, 1 555)>0 w(1 655, 1 555)~0 T 1 1
2 @d(1 655, 1455)>0 w(l 655, 1 455)>0 1655 em™ Y4 F 1455 cm !
3 (1 655, 1240)>0 w(l 655, 1240)<<0 1240 em™ "5+ 1655 cm™!
4 @(1 555, 1455)>0 w(1 555, 1455)>>0 1555 em™ Mg F 1455 em ™!
5 @(1 555, 1240)>0 w(1 555, 1240)<<0 1240 cm '6F 1555 em !
6 (1 500, 1 240)<C0 w(1l 500, 1240)<C0 1500 em™ "4 F 1240 cm ™!
PR R D 1 @(1 730, 1 655)<C0 (1l 730, 1 755)<C0 1730 em™ Mg F 1655 cm™!
2 (1 730, 1320)>0 w(1 730, 1320)<C0 1320 em™ Y F 1730 em ™!
3 O(1 655, 1555)>0 W(1 655, 1555)~0 T 1 H4 7
4 @(1 610, 1500)=>0 w(l 610, 1 500)>0 1610 cm™ '26F 1 500 em ™!
5 @(1 500, 1435)>0 w(1 500, 1435)>>0 1500 em™ "4 F 1435 ecm™!
6 (1 435, 1 240)<<0 w(1 435, 1 240)<<0 1435 cm '"J6F 1240 em !
7 (1 320, 1 240)<<0 w(l 320, 1240)>0 1240 em™ "4EF 1320 cm ™!

B JEL: 1500 em ™1 >1 240 em™!>1 655 cm™ !, 1 555 em™!>1 455 cm ™!
PRSI : 1 610 em™!>1 500 em™!>1 435 em ™! >1 240 ecm™!>1 320 cm™!>1 730 cm™!>1 655, 1 555 cm™!




5093

i 5 I ST 2181

gia B ELE 5Cas o) 15 57 2 EILE S5 b, d) 0] i ik
W PR MR LN NS 3 s o TR AR RO TG M A 45 4
A0 TBE % 1L 05 SE R B, HE U Sy R 45 R A e LA A T,
A R A AN CH SO AR PR 30 s ok I 47 4R 2 I It
To R A 45 0 A I B T T3 2 A= v . G OCMIC
PR R IR T, i A R DR A R ke TN TL Al . SR 2k

B = AR e L, T B REE I E 3 £, OCMC & %858 it
R B 5 5 ORGSR 1 IR B B R 0 R AR W AR
Wi J T Ak 5 e I 22 ) K A A SR R I LT A 22 IR ) AR
HAEH LAy R0 38 WE B ol . Bk 4h, OCMC BBl AT T
2 JEF R HE A5 s PR R T SR AR e R S R MR 25
ob 5k 2 V1 R A I, L MR 25 ) S 3R 8 4 ) 7 e A U

P T M T 245 A8 A T R kA IS . AT IE S8 OCMC X i R Y
R Ve F B T = B e 45 4 9 fm [

34 ®
AT ) 8 AL FR PR ik 21 48 2 4 COCMO) AR £ 1 38 i
References

[ 1] Duan L, Xiang H Z, Yang X, et al. Polymer Degradation and Stability, 2019, 161 198.

[ 2] Dewle A, Pathak N, Rakshasmare P, et al. ACS Biomaterials Science &. Engineering, 2020, 6(2); 779.

[ 3] TIAN Zhen-hua, HE Jing-xuan, WANG Ying(H 4, fif#¥E, £ 5. China Leather(fP[E £ H5), 2020, 49(11): 1.

[ 4] TIAN Zhen-hua, WANG Ying(H{E#, £ ). Leather Science and Engineering (& #Fl 2% 5 T.#), 2020, 30(4): 7.

[ 5] TianZ H, Wu K, Liu W T, et al. Spectrochimica Acta Part A; Molecular and Biomolecular Spectroscopy, 2015, 140 356.
[6] WuYQ, Zhang L P, Jung Y M, et al. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 2018, 189 291.
[ 7] Schmidt-Engler ] M, Blankenburg L, Zangl R, et al. Physcial Chemistry Chemical Physics, 2020, 22(40): 22963.

[ 8] Duan L, Yuan J J, Yang X, et al. International Journal of Biological Macromolecules, 2016, 93; 468.

[9] SunL L, Li BF, Yao D, et al. Journal of The Mechanical Behavior of Biomedical Materials, 2018, 80: 51.

[10] Andonegi M, Irastorza A, Izeta A, et al. Pharmaceutics, 2020, 12(12)

[11] Tian Z H, Wang Y, Wang H, et al. Environmental Science and Pollution Research, 2020, 27(25): 31300.

[12] Tian H L, Chen Y H. Ding C C, et al. Carbohydrate Polymers, 2012, 89(2) . 542.

[13] Morita S, Ozaki Y. CHEMOMETR INTELL LAB, 2017, 168; 114.

[14] LiJ., LiSJ, Dong Z G, et al. Energ. Fuel, 2020, 34(8);: 9154.
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Abstract Collagen was modified by oxidized carboxymethyl cellulose (OCMC) and then their interaction and thermal stability
were investigated by two-dimensional infrared spectroscopy (2D-IR). One-dimensional infrared spectra showed that the positions
and intensities of the main characteristic absorption peaks (amide [ , [ and [l bands) for collagen had no significant change
upon cross-linking; additionally, all the absorption ratios of amide [l bands to 1 455 em™' (A /A, 155) of native and cross-linking
collagen were close to 1. 000. These results indicated that the triple helix of collagen was not demolished by the introduction of
cross-linking. The 2D-IR spectra were constructed from OCMC amount-dependent infrared spectra, and then the interaction
between OCMC and collagen was further analyzed. The response sensitivity and order of collagen structure and the groups of
OCMC showed that electrostatic interaction formed firstly between carboxyl groups of OCMC and guanidine or amino groups of

collagen. Then Schiff’s base reaction occurred between aldehyde groups of OCMC and amino groups of collagen, which was the
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dominated interaction. As a result, the thermal stability of cross-linked collagen increased. With the increase of temperature, the
red-shift of absorption bands and the decreased Ay /A, i55 value reflected that hydrogen bonds were weakened, and the unwinding
of triple helix occurred for both native and cross-linked collagens; whereas the fewer changes in red-shift and Ay /A, 155 value for
cross-linked collagen also confirmed the increase in thermal stability. Furthermore, the 2D-IR spectra were constructed from the
temperature-dependent infrared spectra and provided information about the thermally induced structural changes. It could be
conjectured that the triple helix was transformed into random coils for the native and cross-linked collagen, resulting in the loss
of secondary structure with increasing the temperature. Nevertheless, the response sensitivity and order of the triple helix to
temperature changed significantly. (1) For native collagen, the most temperature-sensitive structure was triple helix; whereas,
it was random coils for cross-linked collagen, demonstrating that the triple helix of cross-linked collagen was less sensitive to
temperature than that of native collagen. (2) Moreover, the response order of the triple helix for cross-linked collagen to the
increased temperature lagged. It was illustrated that the stabilization of collagen by OCMC was due to the reinforcement of the

triple helix.

Keywords Collagen; Structure; Thermal stability; Oxidized carboxymethyl cellulose; Two-dimensional infrared spectroscopy
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