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A1ZdA  E

Aaadel vpEe wwde sol=wA[3], WAEMA], 2HA

A7 E(6] Btk e AFSaA s AT B

o] WhHE zidaly WO JlwAlzE He o AHo]l UANL
okt 2 7= A stol=z o] A= o] 3tH[10].
olggt wAIHE syl S8l e TtwE FE A vH=E<]
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ol A3 FHEEQ de EolEAl WUE gdoR 34
Zhushs AT7F s AyEa QUvk(13]. 2
peroxidase (HRP) & g3t akr 7t [14-16],
2 B Z ekl (riboflavin) & €83 F7Fw (17, 18], HE REE (Fenton

reaction) & &3 7FwH[19] Seo] Atk o] AF=9 AP NA



HAE AXA Ze A7 vHFEQ NS vlE Flo]|=Z Ao A Zo

ARG = glom, ARERE 31eF RES-O] HAdo] mlaw A Ytk Zlojth
A

APt AHo] 9lo] vheket wEAY slw W sol=z A Az
ATH20]. A=A FJREAE AFs= dHel HALH= &4
7} HRP 9} 1 71421 #AksteAie] Abs) - 3he Whgo R, A=
HEZ o Epo]2al 719 H=7lel grZe] IAEW Sz 1t
HEgo] dojub= ZEs ol&sl FEtA Jtns fEgth 58 A4
HEA= Efel2al Z77F F 5 mol% EAE7] witel whg-o
B3] ol = QIth[21]. &4 7w A HHEQ Jlo|lmxAl

&
g0l gl 7€ =Eld Tk A= dERQ spe|=r Al A7) %

)

AL FEAQR, Ea W /1A FEE v daa YA 47

S, HRP S Hal29 el A b 2 wge 7R AbgEe
Bseart o EANA 9 W odly Ei BYE W
WSS Asdtks Aolt22]. AW Eh9l 719l Foly el
77149 AEel Aol EAstel FAsrAE AL el gint
ot s1de WAE WYl A A% Er W Aed

AT o maHdh W YHER HNneaE JYse o

F3 Al g A (glucose oxidase) [23], L—ofv]i=AF AFslg A (L—
amino acid oxidase), ZEE X A3} 8 4 (galactose oxidase) [24] =
Abg-stH Zhzbel 7]l
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T3k 4 Sl
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F, L-opuliedl, ZHEARRE wEE
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A2 ED AT

2.1. A3 ¥yBEQ Fol=EzA

2.1.1. 43 7tuy

Aa duRQ dolmwde Adst /g ABAL PHe e
ANES POz A dFHEA 1A AMES EYAOE Jtushe
Rolt. ol thket Moz A Bz Folo] JUAE s}she]
A3 suEQe] AdstHow g we NEES FHFES e
Hholth[10]. Aa JEREdE  AFAY  ofviile]  HEEHE=
TIHGAGAGS EE GAGAGY)el $AsHAl vehdr] e [28],

AUAE 7hetol AREe e STRATIAY a8 gsdE

oyl WAOR oF 29 AFH JEAEL EAWh ol A
nRA A 2 AL ARAAA Hel FUAW A AFS
WEl AE FE7E gYEel MR sluwArt AL glo] shol =z Aol

FAHTHE o] lvk[29].

Kim et al. [8]2 &% 4 Ca®'. K'ol2 Fxol we} slo|=z s
Aste] A3 gHZAo] Ay FTUoA HE AE FERE FHo|dh=
AL FRlepdrt. 257 H&555 A3 FHER] AbE P AdEAEol
S7kste]l wlmd wEA Fx dolrt dejwkow, Kfel e Ca®t
o2& HEPS W A BRI A& golei gy ko] 9]
SAgoR <l HwA wWE Astrt Jojue Zom Rl
W oolgle WAo® sojmzAs At FAs shFelAM AAE
AT o] o] Alte]l A= wo] Qi

Chen et al. [30] A= FHZ] FMof ofgh&S AN S W<

T2 HolE AU, LIS AT JHEQ Folo Brishd A3

x;rx_'! _CI:I : 1_]|



of #lellt= pH 9 AsH[31], =59 8l 249de T3 Ay F7H9,
32], AagAgdA AHE[33], AV1F w=E[34] 59 WHoR =94

s % A4 vER solmr A AFE gl

2.1.2. 3}8+7 7ta

B4 7tug Fo A3 9rEQl sfol=2AE AxeA = g
2 didoz Z AAE AA(brittle) 9 dto]=ZAo] RSO XTHS]
olggt Ao AL tRI|7F 4A Yorwr olF FH3| fdF EE 4
7huzb obd i Ade F9 e JtuR sol=rAs AlFes
A7 GEsiAl olFojX . vk olefgk WA ow ol AL
Az g Fi ghdo] gl (elastic) 3ol ERAL TS = Qe 9]
Aol

WA, ARk ow wEAe] Jhae] Abgshs oy FERESto| =™
(epichlorohydrin) [35], ZE}=ekd)slo] & (glutaraldehyde) [36]
s 22 sEA StuAE ARgstel Aa JBEEQ stolmEAs
A= AHZE BaEdoh o] Rl W mEAel Aa
B Eele] FHaHA EAdte TS S2 ofilVE U o R TtuE
skl shAl AstE dorl= Aol Stk sHAIRE AREE
7t Aol wet 54 EAZE EAE] wizel &8 wokel Algeo] St
ol wel HTs Fdo] AL WhHoRE A3 JHEAES Tty
stol =z AS A AstuA skl Stk @ FA] Fo sFoE, Ad
e g FFHel 7hed AEVE EYst] FVta stol=EAS

Azel= A0l Uk o] AFES HEAHH 0| ET] (methacrylate)

;-;';-.! “,‘I- 1__l| F’

5 | —



[12] == =AY HWEetaZE ol E7] (glycidyl methacrylate) [37]1&

i YAl (Lysine) ol =9fsko] A= dBH=ZI] F7RAIA <]

=4 el @7t HEE v o] Wo® stol=mAS Az

steba 7wl E AREShs Aol wlsl SAeo]l Ao, A vE=Ele

A S W Y AAk 7] wEel 1 Aol wwd H3skar
of .

uebA JhE S ARA i FAo] AL TtuAE AHEshe

ghetA o Zhwdh Ao vHEQ StolmR S AFshs A AbE7t

30
o
£l

th o] Af Az FHB=FAY °F 5 mol%

i
A Eel Al ZV[21]1E W e® st d=r] 3 Ade
&

Jo
kit
o,

2.

A9 ¥BHZQe FAVIwE Partlow et al. [13]e] 9@ Alet=

ol g Wo Atdle A7 Hux1 9ttt &4 7FuE horseradish

Kuang et al.[18] gREZHS o]&st Frlw WHOE
stolt2 A Atk gRESN S TR HE F%t &
HRP ¢} w72 glol2Al z7le) guzs @At 2oz 1b
- Aol doju tho]-EtolrAl AFE olFH TtuEol A=A
B EQl stolErAlS AT £ vy Frin sol=RAl] e
o] g3l MAET B AES Z selEEAS AXRT F UTh

Choi et al.[19]2 #E HH&(Fenton reaction) = ©]§st
stol=z Al Az TheAde skl bkt as) Fe”r O]iol

. x, T ll



A A Absh-gkd whgo] Aoy Epol 24l Zk7

st to]l-gol2A Adsts #F5g F dee B gk
ofAF =2 B A (Ascorbic acid) %! #H3HA (iron chelator) & ARE-3HaL

Mnzel solmrAe] AL £AAAY. oFA AZH solmr A

O

A =4S HolA ggton TCP thxw ¥ ¥l FFo= ME7}t



Table 1. Methods for preparation of silk fibroin hydrogels.

Crosslinking Method Reference
Temperature changes [7, 10]
pH changes [31]
Physical . Sonication [9]
rosslinkin Shearing --------mmmmmmrmmm e
cross g Voltexing [32]
Electrogel [34]
Surfactant [33, 39]
Glutaraldehyde [11, 36]
hydroxyl/ -----memmmmmmm
amine Epichlorohydrin [35]
QIOUD  -rrmmmmmmme s
Genipin [40]
Methacrylate [12]
Chemical Lysine  ---oo-ooee R
crosslinking Glycidyl methacrylate [37]

Ruthenium (42, 43]
Tyrosine  --------mmmmmmmm
Riboflavin [17, 18]
Fenton reaction [19]




2.1.3. £ 3338 7w

A3 VRS Fedozgt slwsle] solmzAs AlZed
ggo] Qe slolmzAe dg £ o Aa yrze AA 9 HE
ANE 722 A8 ZA8(rigid) A7) (tough) AHES 9 5 9l
olg]g solmrAL ke Furt eFHE X S8 & Joe

AR A7) wizell, 384 Jtue] FrrHew =84 JtuE ek

g

M

o BEZ 2= o]F stu AA NHEQ S|z AL Mg
FTH44, 45]. °lF sbm SolEAL Y EA st T EFI
i AY F 9 okt Aol WA A JUAT FAAA ¥
AEE wolt Row WA UrH46l. olF stw A vpwq

AR th= HE AJE 72 U9 &3

flo

.

Su et al. [44]+= A4 3H=EE HRP & 7twsgh ¥ slo| =24
bk AAe
solzae wes] Zedoww slus solszAst el tol-

Eolm4l Aol BAHe i AR ol FEAF AHYY] W]
s Aol el wiek A EQ o] AFtE 22 A9 HEF AE
Folol FAHUT. o= A& IE] =9F Thw sfol=gAlo]
MAE e 2o d A 22 d4de fAst dEs =9 A=
A & Q3ich ol dol AHRE W Be Aslel WE AE

godo] 3|A Ast (sacrificial bond) °o.& Z831%17] wjFo|t}.

Oft

gzl FAst] olF i sol=mAs Al

-~
o
N

Kim et al. [45]% FH % Ruthenium)= 7|¥lo®2 3 #7tw

WMoz A3 vnzEel sel=eAe ARE ¥ WEe] A shel

O
9 | =2 Y



atd s AEE AAER S W 209 WHE AJY Fob o=z Al
S A ¢k 5 ojuell oA RAF AETF AL Ao =EEkqlth

=, 39 Zha Feoll 294 7taE sk x2 A (toughness) =

Hol olF 7t A3 FHEQ sto]=2AS A&t

2.2. Horseradish peroxidase ¢l &3 a4 7l

2.2.1. Horseradish peroxidase 7}2. 7|%+
HRP & Atg} - 89 G409 dFow Yo 3 1Fo] glo] ¥k
Aoz Fojsitt, HRP o Fv] REgS w3 o2 dojupr, 3

TI550 AbsE - g ZF 71H-o] Fojdow A HRP + dd AHE=E

Zote i Hhgel dofd V|FAS A3 B gddnh o] REFolA

st as AR, dEvie @Az Fgdu(47]. WA,
RSt Al EA) Stel] HAksrAE BEE 953 HRP 9 @ 150

Fe(M) o)A Fe(lV)Z AFstE™, compound 1°] dAdHC. Atstd

HRP &= #dAQ sle727e dxs

&

o} compound D& A3
T UE duEriERY AxE s W o ol Ao AHE HEoRitt
[48]. =, HRP ¢} #ArstsrAo Su wkgof o8] F 719 #=7]
git]Zho] @A dtt. H=rlol A9 duEde guEd 1He] whgE 5fod
ttolH (dimer), EgFo]H (trimer) 52 &8 319 (oligomer) 7k4] /4 &
T St

A= dBEERlel= oF 5 mol%d ERel2Al A7 EAjshs Jow

&

2=

dHA Utk BolAlE HmrIE EFE ofn|xmAto®, HRP 9
HrrstrEae] kel ok gz gAY 9 stw whgo] &kt
dojubs oz RuEI QIth49, 50]. A3 HHEEAN Fo] izt
uj ol ¥ =717} A 5FA] arels, Bl 2}9l (Tyramine),

10 =



Elo] 241 (Tyrosine), 3—38Fo]EFA| X 2 3] 24H(3-hydroxypropionic
acid) % #Zo] dHuA IF=ES LA Akl =9ste] HRP ¢}

YArstpae] o3t Fu 9SS T adk Jhw sfol=2AS A &=

Y

pol

oM el saksgael o8] HRP 9
g0l AsEE Ao GAHAY. A WBHH LFEE HRP 9
sarsieael rel wel gelw, wAsFast v 2Aew

19} 22 84

O

HRP = compound ME #Aste] v @A 3t [54].
g4 st YAge] dis] HbeE5E=84 w45 3 43, compound 17}

HAakshg el ol AbstE o] FhE# o] X (catalase) $F #> TS st

&7 3= compound ME FA = Aox FAHAUTH [55]
ol &4Vt sto|l=RAs Al di= s A7 EHo = AR,
PEG[22], PPO—-PEO[56], Azt [57], 3| AFZA[58],
AUl E[59] 7I¥F sfol=m A2 AlArer uf A o]9f T2 whAo]
UElSth Bkt ael ot HRP v &3] JFoz At Hx9

Ha7h YERRHR AL Barskal QT
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(a) Compound I

Fe™ H,0, H,0 Fe'

o] OH
N iy
HO (o]
N
§, )
(b) Compound II

i & "R
O 0_.. %H or 8H

\ 4

Figure 1. Mechanism of HRP—catalyzed crosslinking process. (a)
Formation of two phenoxy radicals by HRP, which is oxidized by HsOs,
in one catalytic cycle. (b) Radical coupling reaction generated by

HRP/H,0s system. Adapted from reference [50].
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2.2.2. Horseradish peroxidase 7} A3 B2l 3ol==4
HRP 7lu A3 ¥HZ2ol sol=zAale kA dust Zly o]
Hr ol 271 HE B4 glo] 1 EA AFE o] A5 Elo] 24 )

e e wkgow siwate] AFFTE 54 Jtw AT vHER]
2

<l
B

W A0 ¥EE 2]
A sfolmm Ao SHE 44 24 4 vk 4o ST,
oo wheb thabdt S8 Wobel HEE 5 = & sbw A2 WpEal

sfol=Z Ao st Ag7p FshA o] Foixa AuH[60-62]. wpEbA

Tabatabai et al. [63]2 &4 7w 213 9 H 219
TFEsto], 7twdQd thol-glol2Ale] FAH I FHEH AFo WHItE

Axzrow pAEAT Aa wuzal

P
~
2
oty
=

2
2

flo
Ku)
rlu
r2
st
2
>
2
An)
~
=
IS

ol FFom hol-plo]RAlo] FAH= A= #FEE £ Ude
ol del[13] z=7] A3z Ass 242 F Add 27de
FAUS S7FHANE FRSE A AESkS w o] oA Fd
Ao Hof tho]-vlo]2Al Aete] Aol Ak el WA FA]
He ZoR FFeth o] F AF F to]—Elo] 24l Aeto] 4w
A HAE #ol Trlsk=dl, #ol F4sHA Srlske b AA
ypgel wdz  #a F Fibsk= UIE 9 A (system—spanning

Atk WA ol % ekwtetAl AR
SAE ol Srhete FRelA e FREe] Sk dEhbA fstenw
tho]—Efo] 24l Bt} mape] Al Egto]l- Zo HEZI-Elo] 24
AT FAoll o3t e w THsAdE AAAT

network) 7} @A EHE= Zo=z Foly
T}

Mcgill et al. [64] A3 ¥BHE FE9} HAEFro FEE

gelelel solueae Adey, AR soluwAe ua Fro

ANA RO E4E Aty w4 fEe S RE LCo

13 =



MS & &E&sto] stol=zde FA4E 7wl vol-gol24 (Di—-
tyrosine), Eg}o]—€}o]ZAl (Tri—tyrosine), B|Eg}—EFo] 21 (Tetra—
tyrosine) & $HFS FASA oM, AAA RO AT MR
54 S 7 A A AR AEer A W kst Al
sE7F 54 3l W 7t e §kol mkew AR dAES U=

EHE @ 5E29 BAkstr Ao e gt o] %

A7NA 9L, =2 RS dbsELd s a4l A7 Ao

Nakahata et al. [24] & XS5 AE e gkdt 45 &8319]

Haksteae AHAJD F7F Qlo] sol=rde AAE + Sles

14 | =



BEdct, o] dAFoaE L-olnxAt AFg & A (L—amino  acid
oxidase), =d 2Fs} a4 (Choline oxidase), et EA
bk g 4 (Galactose oxidase) & &-&sto] 1 7|He HAE HIoH,
Al A a4 B 7149 s5E S7MRS ol AsE Agro] FobA =
Ae &4 F Atk o= HRP 7t stel=zAs AZels o
HAbstrE el sEE F7HA7I™ A Afko] HojA= R Adolsh

Aom, A% asn Wee AEstd A ael os) HRP 7F

dtstAl A7 olHAL Y Ehv EET Abstai(glucose
oxidase, GOx)Z, LA Uo]E[26], PVA[25], 3LFEAH66],
AR [27] 5o 1&EAS &8sto] stol=mdS AFet A7 9l

GOx/HRP A% & Whg5 slo|=2 o] 7o Agetd ¥rgoR
43} wkg-o] JHAIH M e BAE AREElS wWel FARSHA R
5 EdaE Ast Aol ZAdith 53], doou Ay Fol

Eedol grEe]l U7l wEel olRHE Aspr AAE & due

¢
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Al 3F AR B FH

3.1. A&

ok

=13
-

flo

A4 JHRAS HEd A Ed o2 E Al

~
>
i,

un &
b G EF (sodium carbonate) 2t PFEA H]Y(sodium oleate) &
JUNSEI(Japan)olA Fuistgion, A3 uH=REelo] £3o ALEH
2§ EHEEulo]=(lithium bromide, LiBr)+ Alfa Aesar (UK) °fA]

o a2 %] (Bombyx mori) oA F=3FH T Tl a2 x o] Ao

TujEtdct, 7wel AF8-¥ HRP (Peroxidase from horseradish, Type
V), GOx (Glucose from Aspergillus niger, Type VI), HyO5(30% (w/w)
in H,0) = Sigma—Aldrich(USA) o4, XX (glucose)
Gakask(gh=n) ol A kit o] 9]e] Aok ESF Sigma-—
Aldrich (USA) ol A vl ko] Ab-g-a it

3.2. A7 duzeol LM A
POl mARKE AL AASL FEEAL Ay & uF Ao

AFHTH AP YEF 0.2% (w/v), FEAS 8% 0.3% (w/v)

o
o2
o

FlaAE 1:259 EH|E T3, 100ToA 6087t
7vdstgint. ol & Fabdl FAste] AEale 3] AAst dxske]
AErE Atk FHEAE 9.3 M LiBr 899 10% (w/v) o2
60CellA 4AZF F3F &3k & FRTel s dE2 e FA6-
8 kDa)oll#l 3 zF FASGITE Qo A FHEQl gHe 4TofA
wBystgon, g o] A B FEE FE 547 (MB45,

0

- 3.3 wtn2 A4

g
N
i,
)
wW

OHAUS, USA) & o] g3te] =439
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3.3. 4 7lu A3 dB=ZEQ Jojtz2d U Z=AAZX
AHA 9] A Z

sfolmrAe A3 FBge U eolzal 79 HmrrF Jtays

WSS Bl FAEUY dERFoEE HRPWHS AMES &5 a4 7t
WS AT OoRE GOx® HRPE AR A% &4 7lw WS
AFEE G, Tt AFEE = 9l HRP ¥ GOx #92 HF 5L
100811 500, 1000, 2000 U/ml& A Zated a1, Hy0.8F EE f-o0o
50, 100, 200, 400, 800 mM= A &a}gitt. sto] =2 A A= WA
A &N 1 ml T 7 ah §98 10 w Hrrsto] ddsHl Aol+
T =24 5o B s = x5 98 10 W FUMEe] wrSS

MABEATE  Stol =R A 37ToA 2413 sk FRs] AsE

A9 akgict.

m
o-Yl

ghel osf ArS sAUAxXT A¥AY Azl oARE

At 712 A7) s 24 well plateo] 1 ml® FF38k] Yo
2 A =alol ), Ax7b dng Fole ¥ Ras oo

o] 4ol Ad & AEF skl

[>
)

AN

A

pol
B>

17 e



Glucose-induced gelation
with glucose oxidase (GOx) and horseradish peroxidase (HRP)

Glucose+0, H,

0, H,0
\GDx} QRP}
'y
L4

7~ Silk fibroin
@ di-tyrosine linkage

. SF solution

Figure 2. Schematic representation of enzymatic crosslinked silk

fibroin hydrogel preparation.
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3.4. 7] A3l A&

WE AT wlolet 71&7) WS Ba SPskRch Aa vpza
gl EaT Abst] FUAA HolF F, Bsrs Bt TEgg

H7tslo] wEES JAISt 30% (HZAo® nlolds FHAO © oAt
522 9= NS Azt Azte R ARSIt 5 ml wpo] Lol WSO

AAE s 250 A Lkl wal, 37Tl Eysiy AsE

tho]—elo] Al FAo| mE FFES w457 HEl vlolA=EHolE
2] 7] (Synergy H1, BioTeck, USA) & A3t} Hk-go] 7iAlE A=A

JHZ N5 96 well AAN wlo]A= ZHo]ES 200 m

BFstel wa 37CAM 4% 9E ABL st WA
sfol=mae] A 9% WE IS SFe7] A 200 @A FFtol
e galg 247 EQr @ds] WeAZIE 315 nmelA

o1 7] (excitation) A1 71 ¥
2 A3 405 nmellA HulE FFS WEShE Ae Ao olF
g FF S S st A= 405 nmelA 9] FF UES
1A &<t SHst 27 7t 585 WYsteE 3% AYERS
x7] 71&7v dieA A A5 V7= ekl

sk Aol g olux = FF dwu|H (Celena S, logos Biosystems,
South Korea) £ DAPI ZHE Abg&ste] AATh(67]. A= sBE=Q
ool EAE bt ddetA AolE F, drstrs B AR
H7bsto] Wb-&-S AlstaL 5 HFH o R oluXE FYSIATE I
olmlAle]  AHFAQl vl EAE fld ol AZEE o] §3
olmlAl W = FAe] RGB % B #= F=stal Bt o] AAtsit

=

A8 274 1o AxESo] A3} A7t wHE JEFS Fostr] 9§

= =
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o
.

Habstar 2 of 2= (Gle)

;‘é_]o

10 U/ml=, 7]

=
R

F4<21 HRPSF GOx

ol o, GDLE A7}

7}s
ol 2 mM

S

=]
(=i

2 mM=E

7Fstsiet.

=]
(=

S
=

73

B
—_
10

0

NI
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Table 2. Concentrations of each experimental group.

HRP GOx H>03 Glc GDL
HRP/H:0, 10 2
"""" wRPfGOSGIe | 10 w0 || 2
""" WRPALOJGDL | 10 | 2 |2
ComRemLOJGe | 1022
""" WRPGONALO, | 10 10 | 2 |
RPGONILOJGIE | 10 10 | 22

% Units for HRP and GOx: U/ml
* Units for HsO9, Glc and GDL: mM
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3.5. 54 WEEEEF £4

- U

olo

T 5249

off
krt

D
<
12}

B3 FT=A (UV-Vis spectrometer,

o

Optizen POP Bio, Mecasys, Korea) & %3] A#3t . GOxe 274
A 280 nmol M 2.67x 10° M 'em™'o]a, HRPS A% A4+ 403
nmelA 1.0 % 10° M 'em™'o]th[68]. Alztel] wE & A UV-
Vis 3 354 (UV-Vis spectrometer, Optizen 2120UV plus,
Mecasys, Korea)& o]&3dte] FAsqlt. HE APES ABTS
gty ool 29l AA AFE 415 nmolA 3.6x 10* M 'em o]t} [69].
HRPO 24 HAA= Sl8id HEFHS=2 1 nMe HRP, 2 mM9
ABTSS} 6.25-200 M9 H,0.,5 13 STHFl &dllstel ¢8998
Azttt GOxe 24 Ade fdldes HAFH 2 1 nMe| GOx, 20
nM¢ HRP, 2 mM® ABTS¢ 0.78125 — 200 mM¢] 2= 13
Siael galetel F&ds AFsTt. A B R Ad A&
Zelsl7] AsliA stol=2 A A&k A ARGehe AA vBEQD & (~3
wt%) & HEH o xE HRP $4& vz 34 5ko] AFg-al3itth

UV—-Vis #3F J%A dFe 255 37CE fA8 415

Enzkings AFg£3F9] Michaelis—Menten plotting %! Lineweaver—Burk
plottinge X3t [70]. olZFE & & A5 2 A4

snzele AdA 2§ ol sk

292 =



¢

3.6. 9

o

&

A&t sfolmrAol AebdS 3dy ¥ evwH (HAKKE MARSII,

A

Thermo Scientific, USA)& ©o]&3to] A3 whgo] &y
sto]ER AL 24A7F FF 37CelA PBS(pH 7.4) ¢l HA|to] FE3]
AEEY T, o] AAE &ds] AAs @ sfolurAow W (O hr

ANHor AAsUer. HEAS e-H3 3 0 hr, 24 hr A1H9

sfol=z Al 7z AlFvuitt 8 mm A% #A (biopsy punch) &
ojgatel A 8 mm, ¥°| 1-2 mm=E AFsA. Fa& YH G
sfelezAel @ % G & XF EE(oscillatory mode) % strain
sweep REE WHE 0.1-100%, s+ 1 Hz, &% 25T o=
743ttt 574 Alelli= parallel plate geometry S ARE3F31 o, Adt
A BAHAES A8 HAwAd 99 (linear viscoelastic region,
LVR)olA e Hdgtoz Arbsilvy. msh, ojglA fde Ad A%
BEERNE sol=rAdl Jtw WR(v)E o Al 9
Tttt [71]. o] Wl G & A A @AE, RS VA A (8.314
J-mol™' - K™, T+ dd =K e]th

G' = vRT 2 (1)

Ag o=z SF AEE W AR AE71(Lloyd
instruments, Chichester, UK)& ARgsto] SAskqv. ¥h3o] £
sl =R A2 2447 5] 37TCelM PBS(pH 7.4) e FA|ste] 3]
WaEeka, o] A e ¢kds] b3t ¢ sol=xEAle® ®Hi 0 hr
Aoz AAATt. 4F FEs b¥s & 0 hrf-H 120 hr AlH S
stol=2 Ao s 2

stol=2 A2 ZF AWtk 8 mm 83 AA (biopsy punch) &

23
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o]g&to] AZ 8 mm, ¥°] 1-2 mm=z AZEUTE 0, 24 hr
solmgAL 10 N 25 AL AFE30], 48 hr o3 sjo]jmg Al
500 N 2= A& A3t 5 mm/min 9] 5 £L 2 sfo|=2 Ao
gk o

=
10%714 ¢ 71972 Axrsract.

*7]

rlo

sH-MIdE IYzE A E SAHE

AR o= B FHFL FF 59 % ALS B Tagch

Hk-go] Fu slo|=2 A 24A)7F Fot 37ColA PBS(pH 7.4)°]
ARt FEs] WESS A, o] AlHES ¢ds] ks @

stol=mdow By 0 hr Ao AR & a3 st

o

O hri8 120 hr A sfoj==Ade] s 24413t 3HAC

olezAe ZF AlAwmictt 8 mm A7 HXA (biopsy punch) =
o] g3t A7 8 mm, =°| 1-2 mm= A &35SI sfo| =2 A H&
FAW) = 543 5, PBS €& AAsH] &l 752 A8

o] & F&d A st SolErAE Axd F dx FAW)E

2 (2)

&
24 | =

31



3.8. 74 AwAL FE o A& HeJd £F £4
stol =z Aol AIZE AIte] whE o)Ak x4 e S8l 4] ARbAL
Feo A Al P4 7] (attenuated total reflectance—fourier
transform infrared spectroscopy, ATR—FTIR, Nicolet 6700, Thermo
Scientific, USA) & AR&&FATh Whg-o] it sfo] == A2 24413k &3k

37CeA PBS(H 7.4)° At F

5] AasiaL, o AHEE

r

3] s ® Sol=RAoeR B3 0 hr AlFO®E AT

Ao FHEAe f&dA Hdst = 0 hr#EH 72 hr AlFH 9

sto] =z o] thalf 24A1%F 7HA o2 FA Hdxsto] AlRE FHsHTh
amide I AFEH (1705 - 1595 cm™ )2 % 8

32 37 SAste] Lotk o] § Stol=rAl ol 7x A9 A

A fetel el A= o EFHA (Fourier self deconvolution,

FSD) % 7}9Al¢k A B ¥ ¥ (Gaussian curve fitting) 2 %33} ).

FSD+= OMNIC AXEgojor AFHEH Ho]A glg "+

o

-

25cm™'9] WrAE ) 2.79] Enhancement® 338ttt FSDE %3t
SAde] dla] 7H9AIQE AR WG AAss] 98] seld mZEg o)
LMFIT (non—linear least—squares minimization and curve—fitting for
python) SH7|AE ARGsIATH[72]. o] & Z7lel wet 11702 ofAt
Tx vaE AAske] AR JY it (Table 3).

25 =



Table 3. Conformation assignments of the secondary structures of

silk fibroin in amide I [73].

Wavenumber (cm™}) Conformation assignment
1697—-1703 Intermolecular B —sheet
1686—1696 Turns
1671-1685 Turns
1663—-1670 Turns
1656—-1662 @ —helices
1647—-1655 Random coils
1638—1646 Random coils
1628—-1637 Intramolecular A —sheets
1622-1627 Intermolecular B —sheets
1616—-1621 Intermolecular B —sheets
1605—-1615 Aggregated strands

26



3.9. X-4 33 £4

TS ARE A mE oz R W AASE A4S 98 X-A
3d 471 (XRD, D8 Advance with Davinci, Brucker, Germany) &
AbgaRglTth g0l i dfo] =R AL 24413 F<k 37 CelA PBS(pH
7.4)° HAste] FEs] WEea, o AlFE fds] b3 #

stolegAoR ®H (0 hr AFoR AASFYL. X—-4 FJHAEAS

N
=
_OL
32
)
o
o2
>
[>
i
I
ki

HoleA SAHSAT. 7€ do w29, silkk 1T 24 Fx2+ 12.2°
19.7° , 24.7° , 28.2° oA FA 3737} YEYL, silk T 24 F+x2&
9.1°, 18.9° and 20.7° oA =7} ERIT [74, 75].

APHER)E AAELS UARFHAES Adste] TRP vaA9)
4499 ¥ag o F A4 wyol ¥l 29F W= Wyolw
Ferglom, 1 Ae thes 276,
Xe (%) = —¢_ x 100 43
A + 4,
3.10. AA WAHE FAF AA &Av]F
AzE ATe] WE stel=aA R mA 23 T2 BEe 9

AA WAbe FAF A2 dAu) 7 (Field—emission scanning electronic

microscopy, FE—SEM, Auriga, Carl Zeiss, Germany) < AF&3}3t}.

REgol Ey sfe] =R AL 24A43F Fb 37TCelA PBS(pH 7.4)°]

HAA st Fws] Haskda, o AFAE s kI #
0

stolEmdor KW 0 hr AJFoR ARSI FAF A dAv]jd=

27 | -I_I

= 0.5 sec/step® sl oM 260 =5-40°



3 #2S 9 <eHAst & 0 hryE 72 hr AAY FlolmzmAS

2477t RAoR FA AZH F 9w BLY 5 Y= ARD

3.11. FAstra ¥E 4

24 7t S| ERAR RE WEEH= sl Ass A6
A& FAaksrEA~ AH AAY 71E(Pierce™ Quantitative Peroxide
Assay Kit, Thermo Scientific, USA)E AF&3Itt. o] 71E+=
Ta7b Fe'E Fe’'Z AbgiAl7lE Wes T8 atseas
.

stol=mAde] IAbskrEA WE Aes flE, 24 well mpolAR

i)
o

A
Qi

g

o
o

ZolEe] 1 mi¥ da vBEld givt ddsiA A A&

ot & AksteAa W X oS HUbske] HESS AISTE 303t
AsLE A7)|W Aol FEHE §X sty PBSOEH 7.4)5 H7M89S o
ges] o] BElH o R PBS MHE ZF wellel 1 ml® 7183l

o]F AlAWE 20 mo WHEZ AH3 ] 96 well nfo] AR Zo] Eo
ol AA 7|ES L9 200 wA Hrledrh oA 15587t
HS-8l & mlo]3 2 EZ#olE 7] (Synergy Hl1, BioTeck, USA)E

AREEl 595 nmelA FFES FAslT. s e 4

2
G B flsto] solE=RAS AlFelrle] oM, A vB=RQl

g4 g ma-7E E9s 0.2 m BEC FaAA HAE A

28 |
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G AP @AEAC] st AYgelt. a4 Jhw

stol=g2 Aol  E. colilEscherichia colii ATCC 8739) 4 S

o,

aureus(Staphylococcus aureus, ATCC 6538) #Fol o3t -+ &

H& WA= E. colic Nutrient medium= A3k 3L
extract 3 g/L, peptone 5 g/Lo] %t} SF/GOx/HRPQ] &S &l
e F7H4 2 glucose 2.5 g/LE H7FEE g XM A
AeES ekt S, aureust  Trypticase soy medium=
ARE-SFG o 1 A pancreatic digest of casein 17 g/L, pancreatic
digest of soybean meal 3 g/L, NaCl 5 g/L, KoHPO, 2.5 g/L, glucose

2.5 g/L olt}.
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A4 A3 9 aF

4.1. &2 7ta A3 FJBZEQ] stz Ao A%

2 dATdME 54 7tu Aa JHES sfol=m Al A &) glo]
Hitsk Al HRP wEA s 245 sidstr] fs 2 71de] W9 E
Welxzk HRPSF GOxE 7 Abgste] xxddel o8 Asis=
stol=2AS Aty 1 548 FAEGIT wEkA A% a4 vt
A= ¥HgQl Flo|=2 A (SF/GOx/HRP) & A&sta, thxzFo
Batghp el o8 Agb AFEE 9% g4 vta A3 9A
sto] =24 (SF/HRP) & A1 2H8eith. Figure 3% #o] o=z S
AZetgon F sfo|mRA R 37Co|A 2417 ok &
Ao F QdEFR stk eds Asyp dod F
PBS(pH=7.4)°] A F FHAsk] 37TolA 2423 <
ot statqitt. Az SF/GOx/HRP:= SE/HRPSF H-A eHAl T st

30 =



Co—i=
SF/HRP =
) single enzyme = / e
reaction : Reaction at 37°C, 2 hours
/ Stabilizationin PBS, at 37°C, 24 hours g
SF/GOx/HRP )
tandem enzyme - f "
reaction =3
Silk solution as-prepared stabilized
(~3 wit%) hydrogel hydrogel
(0 hr)

Figure 3 . Preparation of enzymatic crosslinked hydrogels via single
and tandem enzyme reaction. After the reaction was completed, the
hydrogel was sufficiently swelled by immersing in PBS (pH 7.4) at
37C for 24 hours. This time point was regarded as a fully stabilized

hydrogel and was determined as the O hr time point.
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4.2. &4 7l A3 ¥BEQ doluzAe 7] AF
A%

4.2.1. A3} A+ 9 Jtw

4

=

Zb bAoA stelERAe]l F FAHE= S gelsted, WA
SF/HRP®} SF/GOx/HRP7} %7] A3 ATl oydt ZpolES Hol:=
A Fels BuA ity 27] A3t AL stol=w A Azt A7}
gPoz BAH.

HA vpolek 71&7] AIRE Tl 37TCeAM 9 At NS FAAS
o (Figure 4 (a)), SF/GOx/HRP7} SF/HRP H.t} oF 2.7 wf wi=7] A3}

7F Aol RS FQ1E tH(SF/HRP: 5.4+0.2 min, SF/GOx/HRP:

off

2.0£0.1 min). o] g 2
AN
stolERA2 gof AEel hEA ANHOR 33 FERAS FAE

Sl mAA BYA - e WEDD Fx7b S48 FeHTS.

FRAE g8 ot 2ol 3 RS

¢

Ak bm A3 fuRe tol-telza Ay FPor MEY

TEE olFo A3yl dojdtt. AA vBE RS tho]-Elo] 24l IA

(Figure 4 (b—c)).

Figure 4(b)olM= ¢kx1s] Asp7p o]Fo|x 5 sfol=2 o] s}
&

315 nmellA o]7] (excitation) A= We] &FF WE AHERS Atk

ot ANTHOE thol-EolzAlY FAHL wAI/ ] AFHES 43
PO B GHS PESE AU FAsy] dgeldon, T s

Al B5F 405 nmollA Ha A=E Bh wekbA Figure 4(c) & 315

32 =



o|EEA L] tho]—Efo] =S %7 FA Aol s A rgith
SF/GOx/HRP& Z7]° w=A &3 A7|7F S7kstgl ot oF 53 F-of
FE7F 8 ol SUFekAl kol AT, W SF/HRP+= Hlw 4 =
A FF MA7I7F S7kskal oF 304 3 1 AEvh SUEeE & AAEA
of 9 HEHor =9d ¥ Al7I= SF/GOx/HRP7F SF/HRPe
vl oF 2w O okt o] Wl Figure 4(a) 9 nlold 7147 NS &

3 o

ot

A3} A A-S Figure 4 (c)ol w7k Ho7 F A8t}

g

B EAN HReld, 39 Ande B stelmmde] e

Bl 2 DAPI B2 #ste] AAztow o]vA5 shelrh. WA
Figure 59 o @8] Azl 9 slolozde pasge v, A=

Bl o] FFE AF Holx o= I gy & 7t shol=
2AL A FFE UehdiSith webA stel=2 Ao Ayl x3E o
g M71e WMsE Figure 6% o] FFdu|E oz FRlsigitt. A&
oA & AFAow A S8 7 o]n[A 2] RGB % Blue #& F
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Figure 4. Gelation kinetics of SF/HRP and SF/GOx/HRP hydrogel. (a)

Gelation time assessed by vial tilting method. (n=4) (b) Intrinsic
fluorescence of di—tyrosine linkage emission spectrum after excited

at 315 nm. (n=4) (c) Crosslinking kinetics investigated by intrinsic
fluorescence of di—tyrosine linkage emitted at 405 nm after excited

at 315 nm. (n=4)
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Figure 5. Blue fluorescence emission images of enzymatically
crosslinked silk fibroin hydrogel (left) and precursor solution (right)
when irradiated with DAPI filter. (a) Transmittance image and (b)

blue fluorescence image. (scale bar = 500 /m)
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Figure 6. Blue fluorescence emission changes of enzymatically
crosslinked silk fibroin hydrogels over time. (a) Blue fluorescence
emission images of SF solution, SF/HRP hydrogel and SF/GOx/HRP
hydrogel after adding each substrate when irradiated with DAPI filter.

(scale bar = 500 ¢m) (b) Blue color intensity extracted from images.
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Figure 7. Gelation time of hydrogels with different enzyme/substrate

conditions, assessed by vial tilting method. (n=4)
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Figure 9. Gelation kinetics of SF/HRP and SF/GOx/HRP hydrogels
with different substrate concentrations. (a) Gelation time assessed
by vial tilting method(n=4), (b—c) Crosslinking kinetics of (b)
SF/HRP and (c) SF/GOx/HRP hydrogels with different substrate

concentrations. Intrinsic fluorescence was emitted at 405 nm after

excited at 315 nm(n=4).
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Figure 10. Gelation kinetics of SF/HRP and SF/GOx/HRP hydrogels
with different enzyme concentration. (a) Gelation time assessed by
vial tilting method (n=4, #**p<0.005), (b) Crosslinking kinetics of
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concentration. Intrinsic fluorescence was emitted at 405 nm after
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Figure 11. Representative rheological properties of (a) SF/HRP and
(b) SF/GOx/HRP stabilized hydrogel over time, by strain sweep
oscillatory mode. (c) Storage moduli (G') in the linear viscoelastic
region(LVR) (n=3).

After the crosslinking reaction was completed, the hydrogel was
sufficiently swelled by immersing in PBS (pH 7.4) at 37C for 24
hours. This time point was regarded as a fully stabilized hydrogel and

was determined as the O hr time point.
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Table 4. Crosslinking density for SF/HRP and SF/GOx/HRP stabilized

hydrogel at O hr and 24 hr time points.

SF/HRP SF/GOx/HRP
O hr 1.479 mM 0.656 mM
24 hr 2.630 mM 4.677 mM
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(a) SF/HRP hydrogel (b) SF/GOx/HRP hydrogel
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Figure 12. Representative rheological properties of (a) SF/HRP and

(b) SF/GOx/HRP stabilized hydrogels over time, with the shear
stress( 7 ) plotted on the x—axis.

After the crosslinking reaction was completed, the hydrogel was
sufficiently swelled by immersing in PBS (pH 7.4) at 37C for 24
hours. This time point was regarded as a fully stabilized hydrogel and

was determined as the O hr time point.
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Figure 13. Representative compressive stress—strain curves of

(a) SF/HRP and (b) SF/GOx/HRP stabilized hydrogels over time and

(c)mean compressive modulus at ~10% strain(n=4).

After the crosslinking reaction was completed, the hydrogel was
sufficiently swelled by immersing in PBS (pH 7.4) at 37T for 24

hours. This time point was regarded as a fully stabilized hydrogel and

was determined as the O hr time point.
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Figure 14. Swelling ratio of SF/HRP and SF/GOx/HRP stabilized
hydrogels over time, measured by gravimetric method (n=6).

After the crosslinking reaction was completed, the hydrogel was
sufficiently swelled by immersing in PBS (pH 7.4) at 37C for 24

hours. This time point was regarded as a fully stabilized hydrogel and

was determined as the O hr time point.

. 2 A2 gt



4.3.3. o]z} F+x Ho]

olx UERY A7 Aol w}E AskA A

()

g 7ba W wske] 99l

2L fle A T solmRAY ox T2 HelE dolum st

o]+= Figure 15(a—b)¥} #o] amide I AFEHOZ It} o]
w, 4.3.1-4.3.3 Aol 48 hr A3 o|FolM= 574 W37t A4 43k
71 wj@ell 72 hr AA7EA 9] oak Fxuk At AHER AleA
Uehd A3t 2 3E SF/HRPE 24 hr A &7H4] @Y 7

h7b 48 hr A1A o)F ®E} AE Fx27F F45H @Hests A4S 9l
g = 9tk WA SF/GOx/HRPE %7] 0 hr AlEoME 9d 7Y
TE2E YERARE 24 hr AR o] F5-E Hat wek A E FrF Syl
ct.

o]z} F+xo] kel tjsl Kk J &3] Hlwaty] 913 Table 3% o]
11709 93z qaafas Agsigleh. 2 7h¢-AIQE 419 WA
Arkstar 5709 olab 727 AHAA AAShE HlES ALl
Figure 15(c—d) 2 o] Webit}. SF/GOx/HRP= 0 hr Al ellA] W

B AJEQ] &l oF 16%°131 o, 24 hr AlFlM HEL A EZF ¢F 29%

7b =Stk o] % 48 hr AlRlelA thAl FThete] HlE Al EZE °F 37%7F
Hlow 72 hr ARl olE FAISF . ¥ SF/HRP= 0, 24 hr A
Aol WEl AES @3] oF 16%°19°em ol 0 hr AH
SF/GOx/HRP 9} fAFst =3olt}h 48 hr AldeolA & HEl AJE §hafo]
2 9 7t w43 F7ksko] of 37%7F W om AR 72 hr AA
o © ol F71elA gttt amide 1 AFMEZHO RBAS Zg F 5
ol KT AFto] Augrel| wet o]ak 7xe Holrh ot A

gl gt SF/GOx/HRP= vl 4 w=7 Wl A|EL] dhgho] Al 2by] Q)

-

7] W&o Figure 11(c), 13(c)9 A¢ 8AE 4 = g4

5
A SF/GOx/HRP®] 24 hr Al 8] Zdo] o A7 yEd Zle = Hlt,

60 i



YW 48 hr AlF o] $-of SF/HRP ¥ SF/GOx/HRPeA Hlel A|ES] &
2ol Aoty wiiel F ARl EF @A EC] AA FTekiAh
H 48 hr A1 AAAL HEL A ES H &2 F gfol=rAdN FY

=

AU B8 SF/GOx/HRP €4 Eo] ©f WA et
HEAQ st JA Q) zpolef HlEF AJE Fxo] Frgo] Fash
obd AL & + qlth

o]y gt zfolof thgt slo]=2Ae] A AL fld XRD +4 <
288tk XRD 2829 Ao ok, 31.6° oA yvERd A% 3ol
2SS Bag PBSS NaCl fell g8 yehvs daz2 ®BAtH88].
Figure 16(a)olA veld SF/HRPE o]zt % o] AES Atur
0, 24 hrofA= Hgk AN E 725 Yehd= Silkk T A2 deA s
20.7° ¢ A7 vEpA g uket AFEZ S dEepdith shA R
48 hrelA= 20.7° 9 H=A7F F3H8HA Yebde Silk I %2 79

N

o

R4

ko
rlo

1 218 & 4 9tk wbd Figure 16(b) 2 SF/GOx/HRPE o]k +%

gl E™ 24 hr¥ 20.9° & 3 A7F vER 48 hrell
A 20.70 9 Azt vebgth AR HFEAoR vERd 3T o3|
A3 o] A= X) +4= AFerd SF/GOx/HRP+=  oF

17.3%, SF/HRP+= °F 18.8%% F+ A I+ 538 xtol7t vt~
Ispeh. %, solmEAY AT oA st JAel Aole] v

dge e Qow Azt

61



(a) SF/HRP (b) SF/GOx/HRP

g 8
c e
© ©
a o
[ -
: ;
a o
© ©
3 ® frshet
. -She .
% random coil ™ % random coil 1620 cm™
1650 cmr? 1650 e
— 72 hr —72hr
% L a8 hr % L aghr
| 24nr 24 hr
z 0hr =z 0 hr
1700 1680 1660 1640 1620 1600 1700 1680 1660 164D 1620 1600
Wavenumber (cm™) Wavenumber (cm™)
(c) _ SFHRP (d) _ SFGoxHRP

[ 0 hr [ 24 hr [ 48 hr I 72 br [ Johr ]24 hr [ 48 hr [ 72 hr

EN
(=]
1

IS
o
1

W
S
L
w
=1
L

N
o
N
ny
[=]
L

5]
L

Relative proportions (%)

Relative proportions (%)

Bsheets  a-helices aggreagated random coil Bsheets  a-helices  tums  aggreagated random coil

strands strands

turns
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Representative ATR—-FTIR spectra of (a) SF/HRP and (b)
SF/GOx/HRP stabilized hydrogels over time. (c—d) Relative
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multi—peak deconvolution (n=3).

After the crosslinking reaction was completed, the hydrogel was
sufficiently swelled by immersing in PBS (pH 7.4) at 37T for 24
hours. This time point was regarded as a fully stabilized hydrogel and

was determined as the O hr time point.
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Figure 16. The transition of XRD diffraction intensity of (a) SF/HRP

and (b) SF/GOx/HRP stabilized hydrogels over time.

After the crosslinking reaction was completed, the hydrogel was

sufficiently swelled by immersing in PBS (pH 7.4) at 37C for 24

hours. This time point was regarded as a fully stabilized hydrogel and

was determined as the O hr time point.
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(a) SF/HRP hydrogel

(b) SF/GOx/HRP hydrogel

Figure 17. Inner pore structure changes of (a) SF/HRP and (b)
SF/GOx/HRP stabilized hydrogels over time, investigated by FE—
SEM. (scale bar = 5 m)

After the crosslinking reaction was completed, the hydrogel was
sufficiently swelled by immersing in PBS (pH 7.4) at 37T for 24
hours. This time point was regarded as a fully stabilized hydrogel and

was determined as the O hr time point.
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Figure 19. Representative antibacterial activity of SF(a), SF/HRP (b),
SF/GOx/HRP(c) hydrogels showed by zone of inhibition. (A)
Escherichia coli, (B) Escherichia coli with glucose in growth medium,
(C) Staphylococcus aureus. (n=3)

After the crosslinking reaction was completed, the hydrogel was

sufficiently swelled by immersing in PBS (pH 7.4) for 24 hours.
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Figure 20. Gelation of SF, SF/HRP, SF/GOx/HRP lyophilized sponge against glucose solution(conc. = 5.5 mM).
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Abstract

Gelation of silk fibroin
via tandem enzyme reaction triggered

by glucose

Jeon, KyoungHwa
Biomaterials Engineering
The Graduate School

Seoul National University

The  enzymatic crosslinking reaction by  horseradish
peroxidase (HRP) and hydrogen peroxide (H,0,) is getting attention
for fabricating silk fibroin hydrogel. HRP—mediated crosslinked
hydrogel is elastic and optically transparent, yet has the drawback of
HRP inactivation by excess H,0,. In this study, the tandem enzyme
reaction was applied to avoid the direct addition of Hs0Os, which
triggered the gelation of silk fibroin by glucose and glucose
oxidase (GOx). In the tandem enzyme reaction with GOx and HRP,
GOx converts glucose and oxygen into glucono— & —lactone and H50s,
and subsequently, HRP consumes indirectly provided HsOs. In
consequence, HRP oxidizes tyrosine residue and induces di—tyrosine

linkage of silk fibroin.
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The properties of serial enzymatic crosslinked
hydrogels (SF/GOx/HRP) were analyzed by dividing them into two
parts: initial gelation behavior and time—dependent stiffening. The
effects of chemicals in the reaction system were investigated since
the gelation time of SF/GOx/HRP was approximately 2.7 times
shorter than SF/HRP. To sum up, the indirect supply of HyOs can
inhibit HRP deactivation. The elasticity was increased over time
despite lower modulus than SF/HRP at O hr because of the A —sheet
development. However, the final modulus of SF/GOx/HRP was lower
than that of SF/HRP because the pore structure was not relatively
dense. In addition, SF/GOx/HRP showed antibacterial activity
because hydrogel releases H>0O5 by GOx when glucose was supplied.
As aresult, it is expected to be used for glucose sensing hydrogel or

hemostatic agent.

Keywords: silk fibroin hydrogel, tandem enzyme reaction,
horseradish peroxidase, glucose oxidase, glucose, antibacterial
hydrogel
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