-

. o o -
View metadata, citation and similar papers at core.ac.uk brought to you by .i CORE

provided by Xiamen University Institutional Repository

fo ¥ ¥ 3 -

ACTA CHIMICA SINICA DOI: 10.6023/A19020060

BAREHEEARARNGEHNAERE
%7&]5”?’ a 2 \X% 2 \Xiﬂ; a ﬁﬁj‘fﬁ*’a )‘(]J l-éj I}E] *,a,b

CHEITRHMIER AW E KT AR R ThEe MRl S50 = JE1] 361005)
CF ML E ST R B gk 117542)

WE Tk, (AN KIS T2 8 ek 2 BRHEAT moks 2 ) 24k, HE3h T AR AU IR 298
RSO R R, IR, ERAEANNFEE KRR EDE AR, BARIAENE R EDA A AT
PRI REMEPE, (HT M B 0 5 ANRE 0 2L REE M 2% s LA AN 5, R, SR BB A hl s el g, ik,
B A 1A R R A AR R IR . AR ARl A A A M 50, FE M B B D AR, A 2 1 3R A UK
Pk, PRIU T ICO AR % AT R Gl 25 44 A1 8 IR RT AT PR, I 3D WOt H B KA WAL 2041 i AN
HH AR R LT AN SO RS R AT T RAL. SRR, AR RO %03 T DU B A A A e AR s I R
JiE. AR AR B AN SRR REAT TR R, LR ERA DO AR T — PO 2B 26 B AT R i 4
Fey i 1y 2 LR D525, i HoA B A A P SR SRR TR iR AR,

KRB FBMED, POzl JUAgk; BI%M, R

Preparation of Free—standing Micropatterned Keratin Films by Soft
Lithography
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Abstract Recently, the use of micro-nano manufacturing processes to fabricate high-precision spatial patterns of proteins or
peptides has provided important applications in cell biology, tissue engineering, pharmaceutical science, and optoelectronics.
As a natural biological protein, wool keratin (WK) have excellent water solubility, good biocompatibility, and controllable
degradability. However, WK usually cannot self-assemble to form a gel network or other insoluble forms. Therefore, it is
difficult to prepare molded WK materials, such as a fiber, a film, and a gel. To solve this problem, this paper explores the
feasibility of preparing photocrosslinkable WK. WK was extracted from wool fibres, and its side groups were reacted with
the reagent 2-isocyanatoethyl methacrylate (IEM), yielding a photoactive WK precursor. And then, WK films with patterned
microstructures were obtained by a covalent cross-linking method. This method can also be used to obtain other forms of WK
materials. The as-prepared WK films were characterized by 3D laser scanning microscopy, UV-visible near-infrared spec-
troscopy and Fourier transform infrared microscopy. The experimental results showed that after two pattern shifts, the pattern
on the WK film still maintained good integrity and conformed to the original pattern on the silicon wafer, which indicated
that the pattern transfer method can achieve perfect reproduction of the pattern. In addition, we also demonstrated that the
formation of structural colors caused by periodically arranged microstructures on WK films. Our experimental results not
only provide a facile method to prepare WK films with surface microstructures by soft lithography but also give a new way
for the preparation of molded WK. We expect the good optical properties and controlled degradation properties of WK open
up new directions for the manufacture of biodegradable optics and implantable flexible microelectronic devices.
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Figure 1 Fourier transform infrared spectra of pure keratin, IEM and
photosensitive keratin
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Figure 2 UV-visible spectra of aqueous solutions of dissolved uncross-
linked keratin, cross-linked keratin and pure keratin
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Figure 3 Schematic illustration of preparation of wool keratin film with
surface microstructure by soft lithography
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Figure 4 Laser scanning microscopy images of linear keratin micro-
structures with a line width of 2 pm and different spacings. (a) The line
spacing is 2 um. (b) The line spacing is 6 um. (c) Line spacing is 8 pm
(left) and line spacing is 2 pum (right). (d) Line spacing is 8§ pm
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Figure 5 Laser scanning microscopic images of circular keratin micro-
structures with different diameters and spacings
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Figure 6 Structure-induced iridescent images (letter “B) and corre-
sponding magnified images of SEM
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Figure 7 Mechanical properties test of keratin films before and after
activation with ultraviolet light
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Figure 8 Optical microscope images of different kinds of keratin mi-
crostructures on the silicon wafer by photolithography

3 #ig

V2 s B TSt B A TR 2 —, HOLZIEAR
HA G B ABORAS AMRHR . DhRE 2 FEALSEIL 5
ARILETR T REE B A E O I E AL A B 1 10 5%,
T B FOEEWUERE, AL AT DUE I BOBZ1E kAT
HA BRI FEBME AR, kT HaTEBME
PR 2 R S5 (M, (A F B E AP )2
(FISeBr T, 45 RAEW], i Pix B R PR, ik
FIBE_E K S BEORRR AP I SE 86 0E, IR HE L
GISES i Rt ORI FACY 22 FIRrN- U RS NS ES P

Acta Chim. Sinica 2019, 77, 533—538



W F F R

RIEZ

KA. Fhh, AR T AT A E A R
JESIPEHR R A K 7 B Ak . SEaR 5 R A A B
T AT T el 2 FAy 2 T el 4 K0 10 A1 4 BRI O 0%, T
HOysEB s Al s S Rt TR, 284
AR RO S R RE M RT3 A R AR A A i3 T AR
Py AP ) DG 2 A AT R T RN AP Bl - A T T 40 T8
MR, Besh, TR A AL, %
PERI S — 0 N T A 2 4 ),

4 KIGERS
41 AEAFRTHIEHEE

06 g JLK AR, 24 g IR ZE A1 1.44 g+ ki iEhi
FRAN(SDS), MM R RN, hEaik 4 50 mL,
B R AR, BEEE 5 g LRSI NIEF,
BT RETEW T, ¥NVHON 60 ClEi:T
FRAAT, PRIV 8 h. R B aWiR)E, HEEME
FI W 8500 r/min AL Ly, BRIAE IR,
VTR NAR B 2 15k 3500 Da BT, M LB T
IKBEATIENTALEE 72 h, RIS E0E WA & . ¥
ENTAS B A B MU PEG-20000 (15 wit%)
AT BOBEAT, IRARRIREERT 5 wi%, K153 1 sk
FEMEEWIRE T —80 CHIUKA T Ak, wn, B
VR0 41 B VA BURN — 107 CHRT-HLAR, JBCE 72 h A
FLURT Bk AR A H
42 AREAWMLZFE

AR AR E A oS B A R R
FENI IR 7 3 3k LB (IEM) A S SURR MR 3 T e A A 2
TR R R, AR T L 1EM 42T FE RNV TR
AT, 5 AT B R B B A LA TR LA 1 1EM 1 B
KRR o . BT B ISR LA 120 C RANE T4 24
h, fEENITE 60 C FEA T4 24 h. ¥ 0759 fAEA
FHr LA 1.5%(W/V) R BE il A2 — FE R EA(50 mL)Hr,
TEREANEAR IR, ZRAYEEN AR R T
FREEBEFE, 76 60 CF W 45 min {8 158 7.
B J5 K 1IEM Lh—2 b 2505 (94 pL) A B D& 5¢ A%
R R s, 7660 C R 8h, ff IEM 5tk
F R L 7800 S N 27281 S e i R B AR B
Tk 3500 Da [IEMNTRET, 7E2:8 T KHIENT 72 h,
B8R AR R SRR o K, R IR
AR,

43 WEERMIZITSHE

H CAD il I A v vk BT il ZERI I %8, A
TR RS (EVES) il £ B AT B B 5 1) 56 8 35 B
AR (RN 4 FL A AR D ). K S-1805 S ZI i in
FE A F, L4000 r/min (L ed 30 s G4
MR R, FPRBRE R CE T 96 CHUIE S Lyt
T4 min B 2620 L A H MA6 JEZIBLIE TG

Acta Chim. Sinica 2019, 77, 533—538

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Z, VEPERE AR, Ll 365 nm TEATCTEIEG 4 s
JERUCHRE R, R R 30 s, R OE X I
TR, AN G 1) DX SAN S A A S 5 A e I B
BILHCR, B E AR
4.4 BZHRERSIRERAEE

I3 PR — 2 o 1 26— F ik 4L e (PDMIS) FIAE
BEANA R (wiw 10 © 1), TGS JE N B2 T+,
FAAR S 1 %8 50 kPa Hi & 15 min BR2<3. 50 pL %
Fre AR (3 SR A BRI R ALRE F 30 min, 1%
KILHKPEET PDMS A, 4 PDMS YA # BRI iy
R ST 2210, 5 PDMS 4l & E, BILE T
60 CHAIFAZHE 4 h {ff PDMS [EALEIE. G 74
PDMS Mt )34 &, 19 2L 45 H & % PDMS
P 129300,
45 BERUAEAERNHE

H51 &5 Irgacure 2959 LA 2% (W/V) I S i 4 2
LA A ER D, R LA 10000 r/min [ IE
B0 15 min, BREAEZL, 19218 1A E A e
A W0 200 pL AR FOGZIIR T S PDMS Btk
b, TR A R AE PDMS #f, BJSAE 25 ClE
IRTEVRAE TP BCE 24 h, AF I8 RT3 BH 11 B R4k 2
I, AT LN PDMS K N 4384 & (1
. 122 #1881 RS T SRR T 82 R R A [ 4k 7 29300
(56 2 min), A f 8 AN S AN T 7K 1R 25 )
WY 2 G546, DT SRAT R 1 L 28 Ak A A 1

Buigt

BT VR ZA5K WL Fo s Mo AUk
A R AL SR

References

[1] Kane, R. S.; Takayama, S.; Ostuni, E.; Ingber, D. E.; Whitesides, G.
M. Biomaterials 1999, 20, 2363.

[2] Xia, Y. N.; Whitesides, G. M. Angew. Chem.-Int. Ed. 1998, 37, 550.

[3] Duffy, D. C.; McDonald, J. C.; Schueller, O. J. A.; Whitesides, G. M.
Anal. Chem. 1998, 70, 4974.

[4] Boots, J. N. M.; Fokkink, R.; van der Gucht, J.; Kodger, T. E. Rev.
Sci. Instrum. 2019, 90, 015108.

[5] Wehner, M.; Truby, R. L.; Fitzgerald, D. J.; Mosadegh, B.; White-
sides, G. M.; Lewis, J. A.; Wood, R. J. Nature 2016, 536, 451.

[6] Bhardwaj, N.; Kundu, S. C. Biotechnol. Adv. 2010, 28, 325.

[7] Tao, H.; Marelli, B.; Yang, M.; An, B.; Onses, M. S.; Rogers, J. A.;
Kaplan, D. L.; Omenetto, F. G. 2015, 27, 4273.

[8] Kuang, M.; Wang, J.; Wang, L.; Song, Y. Acta Chim. Sinica 2012,
70,1889. (R, EulEE, EFIMW, RIEH, LR, 2012, 70,
1889.)

[9] Bernard, A.; Renault, J. P.; Michel, B.; Bosshard, H. R.; Delamarche,
E. Adv. Mater. 2000, 12, 1067.

[10] Nie, Z. H.; Kumacheva, E. Nat. Mater. 2008, 7, 277.

[11] Wang, Y.; Zhu, G; Qi, W.; Li, Y.; Song, Y. Biosens. Bioelectron.
2016, 85, 777.

[12] Ye, C.; Kulkarni, D. D.; Dai, H.; Tsukruk, V. V. Adv. Funct. Mater.
2014, 24, 4364.

[13] Luo, W.; Zhu, S.; Lin, Y.; Liu, X. Y. Acta Chim. Sinica 2017, 75,
1010. (¥ 3CHR, Aokt MRAOME, ximBH, L2k, 2017, 75,
1010.)

http://sioc-journal.cn 537



¥ F R

[14] Unger, M. A.; Chou, H. P.; Thorsen, T.; Scherer, A.; Quake, S. R.
Science 2000, 288, 113.

[15] Lin, Z.-Y.; Xue, S.-F.; Chen, Z.-H.; Han, X.-Y.; Shi, G.; Zhang, M.
Anal. Chem. 2018, 90, 8248.

[16] Filipponi, L.; Livingston, P.; Kaspar, O.; Tokarova, V.; Nicolau, D.
V. Biomed. Microdevices 2016, 18, 9.

[17] Galeotti, F.; Andicsova, A.; Yunus, S.; Botta, C. Soft Matter 2012, 8,
4815.

[18] Fernandes, T. G.; Diogo, M. M.; Cabral, J. M. S. In Stem Cell Bio-
processing: For Cellular Therapy, Diagnostics and Drug Develop-
ment, Vol. 5, Woodhead, Netherlands, 2013, p. 143.

[19] Rouse, J. G.; Van Dyke, M. E. Materials 2010, 3, 999.

[20] Tu, H.; Yu, R.; Lin, Z.; Zhang, L.; Lin, N.; Yu, W. D.; Liu, X. Y. Adv.
Funct. Mater. 2016, 26, 9032.

[21] Pal, R. K.; Kurland, N. E.; Wang, C.; Kundu, S. C.; Yadavalli, V. K.
ACS Appl. Mater. Inter. 2015, 7, 8809.

[22] Guglielmelli, A.; Nemati, S. H.; Vasdekis, A. E.; De Sio, L. J. Phy.

[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]

D: Appl. Phys. 2019, 52, 053001.

Yang, M. S.; Song, C.; Choi, J.; Jo, J. S.; Choi, J. H.; Moon, B. K;;
Noh, H.; Jang, J. W. Nanoscale 2019, 11, 2326.

Prum, R. O.; Torres, R. H.; Williamson, S.; Dyck, J. Nature 1998,
396, 28.

Yin, J.; Duan, Y.; Shao, Z. Acta Chim. Sinica 2014, 72, 51. (& 1#,
BUAR, HBIEH, {L%%4R, 2014, 72, 51.)

Shavandi, A.; Silva, T. H.; Bekhit, A. A.; Bekhit, A. E. A. Biomater.
Sci. 2017, 5, 1699.

Kurland, N. E.; Dey, T.; Kundu, S. C.; Yadavalli, V. K. Adv. Mater.
2013, 25, 6207.

Kurland, N. E.; Dey, T.; Wang, C.; Kundu, S. C.; Yadavalli, V. K.
Adv. Mater. 2014, 26, 4431.

Sun, Y,; Jallerat, Q.; Szymanski, J. M.; Feinberg, A. W. Nat. Meth-
ods 2015, 12, 134.

Whitesides, G. M.; Ostuni, E.; Takayama, S.; Jiang, X. Y.; Ingber, D.
E. Annu. Rev. Biomed. Eng. 2001, 3, 335.

(Cheng, B.)

538  http://sioc-journal.cn © 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2019, 77, 533—538



