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2.1 &) 354 ug3gt
a0 FeA wAse] FE olg¥HE A8V Gh ouly|olnh
ARAZA A FA 7 SFHF =S8 gD

Z,:
ol #AZVE wWel zt= AAAG oz AL £ v

= 2 e 2R ARE PSS T g v g A Qld (25,
26]. AAZ Euperigit® C [27], Euperigit® 250 [28], Sepabeads
[29]6 oFAI7IZ 2443 | AAAA AAAE grobs 5 . o=
A7z dAdste A A A ah

GAE AAA dok A 9AA dAE= T4 pH Rke 2eM maTt A
AA FHO WE £E2 FEske WAlolth T WA dACM = &7

d omaet AAA xEHel EAske AFAVIVE ¥R de A H A

Al ojul AgrS FAslY] g EA sl At A

2
[29]. oWl S FAskz Wheoliz AFA7Ieke W 22 &

5 Ak



Ashs WA DL glo] Y AAASL 254 AAA BFe] o) go]
Fed lels] mEe] EAVY AAE FHE 5 oAtk 53] okul
NE e AAANE AT A%, AAA BEe S B

A717] Yl AHEE= A EA 2 glutaraldehyde (GA) 7} Ut

GAL #7449 Lo FuF =S 2 BAZ, W20l AEA o
oF & 1B Vel A Pl AHEEE BARe AbuAelnt [31]. X

Wl ohul7]| & 2 AXATE GASH WS Hw, Ewel ofu) s} o
HEl=slz @43 so] Exel okuls ARE & A At (1
D). 2, GAE AAA ohrle Gxol oknrlg setHos A3

F oo Amege @ & av (17, 321,

2.1.1 133 A9 &

A= FAY A Theedel ke, daE sl wbs, ol AE s

dHow & dds v v (2, 10, 34]. AAR e Hpo] 2.t
As H3ekA e sHow dux Sz 143t 2upAlE o] &5k
AL oskal Stk [6]. g3t HuAE o] &ste = old= AL stehA ¥
YAl E A5 Tl o8& A5, 7HAol v, b /do] HolA A
JA < o] o] o] wiEoltt [35]. Salis et al. [36] & th34d &
Yredds AAAR Axste] daAE F2HA7= HeR oL

ARoH, 143t YAATE w2 a&S ZAEte AS Flsdin ®

g ol & ol g8t e A= VS HeledAdR AN F Sl
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Figure 1. Covalent enzyme immobilization, surface amine groups
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= FAsklvh ARt F22 WS o] &Syl wlEel @ W &8
o] %, AMAREel thet At AEA eftth gk glubAle] AA
Goll B3t A= T AAAel et or uAset HyAE ol
§F AFellA] o] FojFth Xie et al [37]1& H=E o]Folxl A Vsl
Apel obl7]E H-ofgt F, o] dAtel|l spacerE ol&dte] YIAlE T
AdRor AN A UFF25E volends D & vk AR
= FAe L, FAF wkg2 4% 7HA] AYAIZD o] fo = FAd o] ¢

89%E %A FA8 the 22 FAsgh Holorld Buk ohet 1

a9

)

2.2 &4 1% AAAZAY A7t o] &
Aeghe gaAE 1A gstr] e AAAZA Ak A (201, A
27k 42k (19, 21, 22159 vhFet FH= ARSI Qlth Salis et
al. [40]1& LHB|=7] & o FA #8772 BWS YA A
A7t PR Azxste] HFHoze dnter NG5 o] &35ke] nho] et
AL kst A5 etk =3 de Lima er al [41]-2 3Edef of
g AEE AN g3 A AE ol gste] dFREFE v
oletAS AgAtst= @& tis] ATekSlth. Moreira et al. [42]
212]7}+9} poly (vinyl alcohol) EFA o] 2lHAS QA A FHEF
Bl vlolo o) Alg Aatstal, o] & FASH: ATE 3l
stehal wmlow @A Ayt AAA e BAELS

A= vlole Al e a4k AR AAAZA S5t A S

[-‘Ef
)

N

Rl

!

A7 A= Qleh [9, 43, 44]. Kuan et al [43]1< polyallyamine

. SE-ROIE:



S olgatel AAE AFHFL, THH AT el dAAS A
AA ARG ANE ASHERE dolotAe Yt A
b7 vhol oAU AhE Ea0) HetH 1S 9 AAAL SET
A7} G Wk ok, wlol e del7t B4 WEIOE A B
S 9ENY QAL do] Aelteg A Ea wF wHE wan

s A et @A A WA A s

2.2.1 vlo] 2 A g 719 A

A 328 (biosilicification) o] & ArolSlE F-71&Ee & F71&2
Aol Azt ez FEE HES wehe, 0~37C =S o
2 2%, A%, 283 4 pHEbe 233 24 wg wE SeE
A7t P HE= 5498 2t vk [45]. ol gA A E AgIHE Bt
oleAdE|ztet dAoH, ol FES dh= dEAQ AALEAZRE
TERFEREH de Agd (silaffin) 3 SHAZHE 4 Aggte
(silicatein) o] <& gt [46]. olgfdt AAEAFo] F& HAFA9
SEOE Eeta 235 A Aerts AT F Qe ol e #
2 el f1A sk 54 ol Agut S A4S ouAE wHE
WE Fule s syl wiEoltt [47, 48]. ol EWelo] tuR
[49], =tz [24, 50]% 22 A A 4 HfEpol= [51]152
2 Agts Fets Aol AHAeE Iy E T gl

71E9 AFte] wEw AFAE degt AFAZEE ATtE #3393
T AT TYS zeths Akdol WA Stk [24]. AlEAlS A=A
Ny 9 shuz, Ay &4 AL ARgk ATAY JhEEs whgol

whe Wash ok, deeel esd x4 A AFAZTE

(U

i}
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A4 AAE GEHOR FHE 5 ok £ FA Fol APAS A
3]

g7hel HoAl o] FHe AT de A v [24].

2.3 &4 1 AAAZA LY AgAlg o] &

Agas 34 a4 ste] &89 ATEE S A AAAR 9]
&35 Abel= ol AIRE Lee et al [52]9] A7-Adel| &std A 9B
2 Aol EfjAle 1438t s o, Algile spacer® ARG &
gk &gdo] FH= e FAskdv. Miyairi
at al. [63]= 7V WA Algils AAAR o]&ste] ais 1S
71 ATE STk o] dAFeA = AlgAle R dE5E Alxstal, GAR

DX
lo

O
o
o
%
N

»
2

o % ZAE LZNT= A AAATE s WA =4 o] w4
of A=l Sl lapAeh 1¥o] FEsA Hol and FxE WA
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A BHL AL+ Yk W, AR wi AAAS ALEE
A g gAleke] AEAgol qo] Eae Tz wWa 9 B4 AsE =

A & dvkar A ok [11, 54] webA] A5 Algals 2 ahA
uY AAAZAM ARGETE Al e 84 AstE =Y s Ve

Fojd Zlor 7igd 4 qlth
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A 3 A AAAE 9 U

3.1 s " Ak

Foll (Bombyx mor) 1A= =35 3a7)edoa] ol A8t}
Ag7h AFAR AFES tetraethyl  orthosilicate  (TEOS) 2t
(3-aminopropyl triethoxysilane ~ (APTES), 4—nitrobenzaldehyde
(4—NBA), 4-nitrophenyl decanoate (4—NPD), 4—nitrophenol
(4-NP), ofgt2, W&, glutaraldehyde (GA), Candida rugosa
lipase (CRL), olive oil & X+ SIGMA-ALDRICH Al#& AF&35}S)
.

3.2 A7t MglAle®E FAE A uAF3 A A
9 Ax

FoluxE 1:259]  &H|E 120TCelx  60EZF  uetE ]
(50—ATC—-60, =FA#o]ll, Korea) oA G4 FE3&te] A3 Algal &
fals A} ¢ WHo g FEF W AgAle ExaFo] oF 17 kDaollA

3 2t} [55]. o

off

of o] &3ttt

g7t A7AIQl TEOS® APTESE olgh&S ARg3dlo] HAMAIA S
o, #HE A7t AFAY TS 45 mME AT AA At
AFA el g3 APTESS H%= 0, 1.5, 3.0, 281 9.0 mM& T2

A sl & 47k AT ATA B FAS AzFAY. TH FE

] i =
- 22 - h-_g-l'-]'li.



Table 1.

obtained by hot—water extracted method

(%) HS
Asp 13.3
Glu 4.54
Ser 34.68
His 0.89
Gly 18.5
Thr 7.2
Arg 5.26
Ala 4.48
Tyr 2.97
Val 2.54
Phe 0.47
Ile 0.47
Leu 1.09
Lys 3.6

_23_
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Aal Fgds gAste] 0, 0.25, 0.50, 1.00 wt% &N-& AxsHA

Agal #89 Z2 FHRTE vho]lAE FHeo) 0.5 ml¥ Y1, Az
o At AFA B4 A8 1 mi® H7e & golo] A
UEF WHEFQITh o] ol AreoA] 3UZT HEEAIZ o, oEEs o
(18 2). Ay
3

o}
SN srEek vkt A7k drAl e vl wek w29

o

.

_

k:

Azet AAA L] Fel ol A8k das EA48k7] A8 field
emission scanning electron microscope (FE—SEM) (JSM-7600F,
JEOL, Japan)¥ transmission electron microscope (TEM)
(JEM1010, JEOL, Japan), energy dispersive spectroscopy (EDS)
(JSM=7600F, JEOL, Japan)E ARGsF3lvh ot AZ2eh A A A7 =
FAE FAstL AFS FlEy] 9leke]  thermal gravimetric
analysis (TGA, Q-5000 IR, TA-Instrument, USA)<®l Fourier
transformed—infrared spectrometer  (Nicolet 6700, MIDAC,
Japan) = A&

Azxd A=Y &S A gt ey =2 ZH7t 334
TASEA, 50 CeEA sl AFXAZ & FAE AT
Zyzrol AlmefA AEFE olF1 Q= HlES ¢V YEl

(LEF215P, Daihan LabTech, Korea) 3tol 600CA 6A17F

i
s
ofo

- 94 - A - |~|' 1_l|



Silica precursors
(TEOS or APTES/TEOQS)
in ethanol

Sericin

Synthesis at 25°C
for 3days

| =<

Centrifugal
Collection

V
!

v

Figure 2. Overall synthesis procedure of silica or sericin/silica

nanoparticles.



Table 2. Sample identification for silica or sericin/silica
nanoparticles
Sericin solution (Wt%
TEOS | APTES | Total (wt%)
(mM) | (mM) mM)
( 0 0.25 0.5 1
45.0 0 45 SO0_AO S25_A0 S50_A0 S100_AO
43.5 1.5 45 SO_A15 S25_A15 S50_A15 | S100_A15
42.0 3.0 45 S0_A30 S25_A30 S50_A30 | S100_A30
36.0 9.0 45 S0_A90 S25_A90 S50_A90 | S100_A90
-2 - = A=

ST H aﬂ T



3.4 AlFA/A= 7 vedA 29 opvly] A U

GASI W JRsE thwdd wHel olwsE RFs] gletol

i |

(UV/Vis Spectrophotometer, Optizen pop, MECASYS,

Korea) & o]&3] 264 nme IFFoNM SF=E S433ct. 4-NBA

e}
AFAS F

o Alm EH ofulV] 9] £F AFET 5 A}

_ o7 ___;rx_-l! _'\:I.'I_ -|_--li t



NO,
N
NO,
hydrolysis

H. 0
NO,

Figure 3. Reaction scheme of 4—NBA with the surface amine on

the supports.
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oEtZol FAtE] = Wi Aol AxAIA s 9
e AlRs A 39 FEe] AR 10 mge 545 7FH

a, off&kE¥ 0.1 M sodium bicarbonate buffer (pH 9.2) AellA 10
% (v/v) GAR 7oA 1AZF FQF Aefste] yweqiAE -dskal Sl
= AgA Aggk £3e EAEkE oblvIE &3t AF
Eua W Fo= nuke GAE AAGY] Yste] e 23], EHF 2
3], 0.1 M sodium phosphate buffer (pH 7.4)% 33 A5t A&
Azxskit

o

3.6 g IkA] g3}t Ui

FEol GAel oell ddHs|=r|z g3t # ARl WA 2aAE 1
mg/mle F%E= 0.1 M sodium phosphate cold buffer (pH 7.4) el
AT AxE gupAl fele FA3 @ AgThAgA YA 10
mg ° 1 ml® 37}sto] 4TCellA 16A13F &<t RESAIA B IAE 2H
of st AZT wkE 5, sEAow Adetal A I HIAlE
AAs7] 98kl 0.5 M NaCle] *3%t#l sodium phosphate cold
buffer (pH 7.4)% 23] FAsAt. 3 o5 7|22 Rbg5 9135}
0.1M sodium phosphate buffer (pH 7.0) & 33] A3}t
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W

Bound Lipase(mg/mg) =
A7 kAl A A" AegpAlgAl v atbel Adsk
= ok, G Gz Rbs &9 EAldts 27 sR9 HF vE
(mg/mD) & 242t 9vjgttt. V= vk 842 F3(mD)E ovlst, W=
aart Aol AAA L] FA (mg) & & gt
wgstst guAle] sagA S S48k 96 §4714< 4-NPD &
NS A Z3EATE o] £HE 50 mM sodium phosphate buffer (pH
Ol 2lgA &4 F+ Triton—X& oMHES H7lste] 50TC=
T = %, 7140 4-NPDE 10% 3 Fo] Azt o] &9

Iml 2 @342 143 3 A A A7}se] 1087 kLA 3 &

. .. Ay
Relative activity (%) = A—X 100
FL

AZIM Ape AA AA A aAZSAZ eupA ] #dE ovlskaL,
App L 3belA] ok 2lupAle] &Aoo =AM, vawstalal sk a7 gt

aal gt FhE = 22 71 NS 2N A w@E v



3.8 L3S oAl AR B

AR SE e S B flete]l ngsket gabA| o wkE 2 =
e Tl AxEAd dis Frre RAEsith 1 gstel g ubAl e vk
o7 AMgEtlE B0l FAHEA Fsr] Ysto] Ao wid &
e 73] wbEste] FAd ®okth 139 71A g % 0.1 M sodium
phosphate buffer (pH 7.0)% FAg ¥, AFolr AZAA A A

o AE9 Eolsk AEoA 4-NPD9 st 270w uleA|A
4-NP9 ZT#EE =H3to] A4S F71ega, 7 Ae ugd gs
100%% 273t ol F #te AbEsirt

3.9 LASE %A wloletA AN A Bt

nho] oT)AE Agaketrle] oA mhol Tl AN A o] H = W EhEo
de nYE e IS Bl olF AA AEY J1EA
2B GE o g3l volorl e AAAROZH $E FEHS A
ughet,

|

9

ot eSS 1N B AT F, FAA /)1 w3 AP
A Aelelr) Ao #43) vlae woth UEFoRE nYstA e
DoAE ol g9, AT G PatAE B FAR AL 5
WA A AT

3.9.2 LASE PHAS o] §& vol oA A
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Azet Agal/dest ezt 14 stet 2l atA 7t AAE bho] ot
A Aatell &8d & AdeA Brhsh] A8 SYB e vesS o] g5t
of nlol et ik AdS AT A viol et kel glolA
7153 HREe] o]&AQl ¥hg EHl= 1:30AINE B HE e g
Al B4E ASAL 5= Q7] WiEe] 7] EnE 2:5% A5 6
ASt ko] WigkbES Frbstel HF EH] 1:67F
HEE sto] 24417 744 WESS FAIZ T 3A1ZE, 6A1%E, 24 A1 wE

N

AlbE WEEAITL

off

’

& 5, A== 100 pl AF 38k ©]= heptaneel 2¥) 3AAIZ FH, 7k~
AZvtET#HI (Agilent 7890A, agilent, USA) & ©o]&3to] AAE
wAsEITE o W, gukAle] e FAA7IV] fel wheel SRTE
7149 0.4 wt% H7bsh $ RES A

Hho] e Al 2 o] M eh&5 Albstr] fleiA WA 71Ho] He YR
= A%e A ZF=49 A AAYete], SgB Aol 7HE wol
A&t oleic methyl ester®] s GC A& T3l d=Fstsidtt. o
T, AA B ATelA wAsket YaAE o] &k wUI o HB

f-9} 9FSAIZI F AAE oleic methyl esters ETUsHA GCE 43
=

B o

B o EdH AA oleic methyl ester %32 vlwE E3) A
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Al 4% A3 g uF

4.1 A7t AFA =18 AL sEd ©E FE&

AR R 23CM ATk AFAY wRe AlgAlY] R 44
He Ao wAE dFE gotry] flste] A7 AR AFE® TEOS
¢} APTESY &%k nl&el wel, 52 Agal 849 sk uet A
BE = AdY7ke] s&S vl Bkt

4.1.1 A= 7t AFA sx=07F A7 4 mlA= 9%
a9 4= Agale] EAEHA] & AElClA APTESS %
A7t 34 FE&S dEhd Zlolth olF Fall Mg WA & & 9l
AL APTES7F 41514 k= AdHl, & 5U% vhg 231olA TEOS
gk 45 mMe] FEE EAT we= At FAEA BdSS
& 4 9otk ol HAl Wb & Eo] 0.5 ml EFHo Slof
TEOSS] 7hpits] AbEolwA A FFel 7best Jud ks
(SiOHe] APE S o, debse] 3o dod 243 oyA

g 9HE S0 =

b FAEA ke Ao wWelt) [56, 57]. AR 5 v glo|w

APTES7F A7 dell EAlstAl =™ Azt g7 Al&eta,
Fold s A E= At F&o] Fole AT

I AT} o]= TEOS7} 4712 <3t alkoxysilane 2H8-7]

2 zl= i, APTESE 3709 alkoxysilane 2ZHg7] 9o 1719

1 3
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aminopropyl 28715 2Zta 17] wjifolth. =, aminopropyl #8719
EAEHE obu7] (pK, ~ 10.6)+= Wb 79l pH 79 A4 S
stE WA Ha, HepbsEe] Fdstele] Ax71A AsAE (-NH; -
“0Si=)E A FAA olFo] douA Hol TS MAE F
Hop 9k oYzt APTES+ 37019 alkoxysilane= 7F4 TEOS<®} 3
A ST Fold & Qo] FAH= Al e (&EH 02 ofvly| &
HofstA wol & Yol & 7Fsst TEOS7} SAFHH A &40 w
T8e T @ F dval A Ao [68, 59]. AAlE & AT wE
T A= At dxedAe A717F APTESS H7ho]
S7Hgel mek AYS FE-SEM< &3 Zelsiitt (2" 5). 44
Y=l xke] AA Hit A7) APTESY %7 1.5 mMY o ¢k 3
nm, ¥%7F 3.0 mM¥ | °F 48.6 nm, 123 F%=7F M =&
mM< of ¢k 70.5nm=E °o|E ¥ 3¢ st
o8l AellA APTESE A7k EH 9 ofvl7|& ={1A1717] S8l
ARESE AFAANE, A= AT Ak &3 AV)edE &

e VA A AT 5 ATk

9.8
9.0
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Figure 4. Effect of silica precursor composition on the yield of
silica nanoparticles prepared after 3 days of synthesis. The total
molar concentration of silica precursor was 45 mM. The sericin

concentration was 0 wt%.
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(c)

Figure 5. FE—SEM images of silica nanoparticles prepared from

different silica precursor composition. The molar concentrations
of APTES in the mixture of silica precursor was (a) 1.5, (b) 3.0
and (c) 9.0 mM. Scale bar of 100 nm.
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Table 3. Particle size of silica nanoparticles prepared from

different silica precursor composition

Sample SO0_AO0 SO0_A15 S0_A30 S0_A90

Particle Not

Size (nm) | synthesized

39.8+4.8 48.6+4.3 70.5£5.8
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4.1.2 APA 7t A7 T uxE= Jg

ojMell= A7t 4 HANA AeAle s gotr ] ffE AA
ATFAL % F APTESY $%F 9.0 mME 3GAIZ 7 /3l A
3t AEAl FEA Fro] wE F&S S8 Btk o714 A

7F Aol Y& vIAl= APTESE Algldle 3= KB A A7t

3 ol g g ogkgo] EdHo] i E A4 W A
A APTESE #H7stA A = Alglale] o)s TEOSO +8 SEk

o olerel % AP S D Fdol o ME SR Ao} At
Mo Aerks e AL o] YA WRolth A% APTES7H
EASA AW Aol FAA S, §o o] wEA BAHAS
F ot 2 s

WA Aeae] Frel wE ezt &L FARS W, A
N Rk 0.25%2 W okrre] $E F7PF Aoluiyl WA Aelt
gl APale]l 2 GBS vXA Ay (1Y 6). /1E9 Oh et
al. [231] AL o3 Aelzk Aol that AFA AL 5
b Aeigt B FEOl 4TS MATT HPAW B AT A3} A
P49 FE7t Azt §A FEolt A9 AL MAA B 1

olfri B AT A%, Al vl At ATAY Fo] S1E AT

A

o
fo

N

| wjEe] ol vh-g xS AAsginh &

of Wl =3] vEkolojA AgiAls H7ket 45 vk & W Be A
TAZE oln] Tl 2FH g0l ¥ oY T ¢ Ao H
Atk o5 #Rlety] flsko] 4Udr HFA Y] &S S & 43 3

ANAE F&o] A& ow Frlsted W ol FREE o o 7}
A e Zlo® Wol whgo] gr¥E Zow guksk 4= Qg (19
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Silica yield (mg)

0 wt% 0.25 wt% 0.50 wt% 1.00 wt%
Concentration of sericin

Figure 6. Effect of sericin concentration on the yield of silica or
sericin/silica nanoparticles prepared after 3 days of synthesis.
The total molar concentration of silica precursor was 45 mM.
The content of APTES in the mixture of silica precursor was

9.0 mM.
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Yield of sericin/silica nanoparticles (mg)
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1 2 3 4
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Figure 7. Effect of reaction time on the yield of sericin/silica
nanoparticles. The content of APTES in the mixture of silica
precursor was 9.0 mM. The concentration of sericin was 1.00

wt%.
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(b)

(©) (d)

Figure 8. TEM images of silica or sericin/silica nanoparticles
prepared from different sericin concentration. The content of
APTES in the mixture of silica precursor was 9.0 mM, and the
concentrations of sericin was (a) 0, (b) 0.25, (¢) 0.50 and (d)
1.00 wt%. Scale bar of 200 nm.
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Figure 9. FE—SEM images of silica or sericin/silica nanoparticles
prepared from different sericin concentration. The content of
APTES in the mixture of silica precursor was 9.0 mM, and the
concentrations of sericin was (a) 0, (b) 0.25, (¢) 0.50 and (d)
1.00 wt%. Scale bar of 100 nm.
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4.2 AlEA sxe wWE AZA/AE HEA 9 &<l
AAE FAE AE7F o] AT d HAAL FHE EAst
oA etry] fsked AA ATAle] % & APTES® w%F 9.0
mME IZAIZ F, Mgl sXel wet dis FF 24 AASH
Atk 2% 1004 dEsl sEFSAe AR Agile] xE3hEo] gl
A 9k& SO_A90 gl Alglile]l EZgtso] = S25_A90, S50_A90,
7231 S100_A9004 X5, oF 250C AF-oA AFe] a7t dolwt
= &3 Al EAE e = QST Oh et al [24]2 Al
= AR A 600TolA = A& oF 304 =w 9A ¥va st
gl=dl, S25_A90, S50_A90, 18|31 S100_A90 Al= A E5F 600T
AME F 50~70%7F Holdaa Fall HeTte Algale] HEA R &
Agrk= Zs g0 & F e E=3F ol AERIsty] S5k
FT—-IR= ol &stltt (19 11). Ag7te] SAE S99 &+ U= F2
=]l Si—0-Si¢ asymmetric stretch vibration®] &3] WER=
1100 cm™!, symmetric stretchel <8 veRti= 800 ecm™, 1|1
bending vibration®ll 28] YER}E= 450 cm 'elA e A7t Alg]Ale]
FOEA 942 SO_A90 A58k Algjile] E9FE S100_A90 Al=ellA
B i Hdw, wbd, @ o] 541 opnpol= 1S YER=
1650 cm™' ¥ ofufel= 115 YERE 1520 cm™! I AE
S100_A90A = NARE &1, o]F 600TeA 6AIFERE &4 3
Sl o] Azt AR ZE FAT F AT o] F Fste] Alglale]
A7k Algele Aezkel AlgAl
I, dAY Fols Agale] s ZEeliEa At EaskAl HA
w

o}

dlo
o

(A

rlr

) S S I~
e AT = A3t
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Figure 10. TGA curves of silica or sericin/silica nanoparticles
prepared from different sericin concentration. The content of
APTES in the mixture of silica precursor was 9.0 mM, and the
concentrations of sericin was (a) 0, (b) 0.25, (¢) 0.50 and (d)
1.00 wt%.
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—— S0_A90_Before sintering
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Figure 11. FT—-IR spectra of silica (SO_A90) and sericin/silica

(S100_A90) nanoparticles before and after sintering. The content

of APTES in the mixture of silica precursor was 9.0 mM.
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4.3 AFA sEH S AlYA sR ©E oV A

% At

4.3.1 487t AT7A skl W& ofnlV] A

APTES: TEOS® T3& AH MAE = e 7l
AFAE oA ERIRATE # ATelA APTES7E AH8® F8 5242 2
27 Bl ofvlZ]E Fojshy] el mEM AlEale] FE 1
wt%E G A71aL, APTES®] ¥E& o2A F4% Alse] ds)
4-NBA test® #e dart 15 136 vebd vk A A o
o] APTES® H|&o] sobds5 nbg 7hsdt ofuly] 9] 7F wWolA =
A& & 5 Atk ol APTESE s%7F 9.0 mMo] ¥ w74 &

mlo
-
2
o
v)
rlr

TEOS®] F&ell APTES7} Sel Folats wE® F7kste] mHe
obul12 o @o] EIAFHTE ARG FA 5 gt o e #5
A nAE M E el e oluly]h a7

A A AAe] gigk APTESS] $%E 9.0 mME 174 3k3it.

- 47 - -'w-.E - ||'1_-.]i



2.5

——— 250uM
] 200uM

—— 150uM
204 100uM

Absorbance

0.0 T T T T T ]
240 260 280 300
Wavelength(nm)
] Y = 0.00792X + 0.0198
RZ = 0.993
2.0
[ ]
E 15
<
©
N 4
©
8 1.0-
C
3]
2
5 ]
[ %]
Q
< 0.5
| ]
0.0 T T T T T 1
0 100 200 300

Concentration of 4-NBA (uM)

Figure 12. UV absorbance spectra (a) and calibration curve (b)
of 4—nitrobenzaldehyde. The calibration curve was deduced from

the absorbances at 264 nm.
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Figure 13. Effect of silica precursor composition on the free
amino groups concentration on the sericin/silica nanoparticles.
The total molar concentration of silica precursor was 45 mM.

The sericin concentration was 1.00 wt%.
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4.3.2 APA T G2 otwy] BB
AR A/ Aol EAsE okulzlel el dha ALY
T Gobn] SAste]l WA ATFAY FE F APTESS W&L 9.0
mM=E 3G AIZ1 SO_A90, S25_A90, S50_A90 Z¥]3L S100_A90 A
2ol th# 4-NBA test® Fato] £99] oulzlE JLaArh. ol o
)

N G ety Agols] W] WA, 4 ARE FA

[

FAZ FA% H, 2245 Tl Y dedAd v Al Akl
TN E Zolrsitt (Z¥ 14). AgAe] EFHA o A5 A
7F Bl &S 100%et3 il Alglale s wet gAE Aeste] v&
S At BH, S25_A900] ¢k 84%, S50_A90 63%, 181 7HE =
S Ao F57F ghgel o] 8 ¥ S100_A902 97 °F 43%= A
AERT F, w2 sE AN wEEdsE FAFA Y
ol Ael7ke] uj&& dopx o, Algjale ulgo] FeolAE Zg g
T AT A/ Gl mde EAlEE Siel SR
EDSE %38 galdtozm, T Agale] Hlgo] ol ubat A
217ke] vl go] Yol s g 4 Stk (1Y 15).

e AgghAga Gregate FANE e, 9 FAL AR
st 4-NBA test 237} 2§ 169 Yebdt otk o714 F5 AL
B34 Yol Algalo] oF 16%% A% EAs= S25_A90 A 59 35
7 Mg B2 ol E Ztethe Holth ole A FHE AW

T H, 2™ 99 FE-SEM image°l|M k= 2491 X, Alz]alo] vkg
of Folgtowy HFAES TS YAkl AV|7h gds] Hopgow
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Figure 14. Effect of sericin concentration on the silica and
sericin composition in the sericin/silica nanoparticles determined
from incineration at 600C. The content of APTES in the mixture

of silica precursor was 9.0 mM.

a 2 x] 2] 8

n’



40 -

30

20

Si content (%)

104

0 wt% 0.25 wt% 0.50 wt% 1.00 wt%
Concentration of sericin

Figure 15. Effect of sericin concentration on the surface silicon
content in the sericin/silica nanoparticles determined from EDS
analysis. The content of APTES in the mixture of silica

precursor was 9.0 mM.
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Figure 16. Effect of sericin/silica composition on the free amino
groups concentration in the sericin/silica nanoparticles. The
content of APTES in the mixture of silica precursor was 9.0

mM.
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Al obiZ1 9] AG7E ElE ol AlgAlel 9% S HETt mobAl
7] WO 2 Heltk S50_A909] A9+ :ZWA F7F a5
2 Q13 ¥WA 7 anEt A7) Wi o [ds] ofwr e JHETE Al
glalo] 23 A ¢4 A7l SO_A909] A-¢-wrh wAutk ok 5799 7}
A we APAs ekl Qs S100_A909 A% e A7 Aa
2 WA F7F R Agale] og FmEeh oz st
WA A anrt 24 dvebd 2ow wdd = llth

S

4.4 5FA U A Sl wE oA 13 5 &
Aale] s wE 53A] owv]|E FZF o]F GAgLe] whE
S S HFA e oflVIE dus|ErE @57 Whes WY
atoith. olWl GAE FEATASE A8 olVlE EAIANII= BAR
ARSI RE, okl 7| 7ke] vt BB R FEE & Stk AAlR GAE
GulAs VA Qe EXEE Z deA o [60]. Alxw
gallel]l EAsE Agale S Eol7] sy dA T A=A
ke tu% FeEARE BA W stwrt wo] dojds vk
=7 Hol Q7] Wil EluAlete] A 9
of lojAl 7w A EAPE ol e] &t vEo] AEAzte] st A
T LS Fedh AR ARG, A ¥yl stwrh dojud
Schiff base (RCH=NR' ) Aol FAdxo] Ao W37l dojdvtn
defA Qlvk [61]. ¥ ARA Mgl sxel wet AT AAA
zwel &GS s GAE A e W, dARZ Schiff base 392=
AF AMWsrh etow FAHUAT (¥ 17). Alglale]l EAskA ¢
T S0_A909] Zg-olx oFzte] A Wyt dogAnt Algale] F=7t

|

ol
[
2
q,
N
1o
=
i
lﬂ

N

X

- 54 - ;-;';--! -:‘:i 1_l|



Figure 17. Photographs of synthesized silica or sericin/silica
nanoparticles with different sericin concentration before GA
treatment (top), and after GA treatment for lhour at 25T
(bottom). From the left, SO0_A90, S25_A90, S50_A90 and
S100_A90.
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Figure 18. FE-SEM images of synthesized sericin/silica
nanoparticles (S25_A90) before GA treatment (top) and after

GA treatment for lhour at 25C (bottom).
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Figure 19. Bound lipase of synthesized silica or sericin/silica
nanoparticles after GA treatment for lhour at 25°C. The content

of APTES in the mixture of silica precursor was 9.0 mM.
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Abstract
Preparation of Sericin/Silica

Nanoparticles

for Lipase Immobilization

Yesol Yang
Biomaterials Engineering
The Graduate School

Seoul National University

Lipase has been used as a biocatalyst in various reactions
such as hydrolysis, transesterification, and alcoholysis of fatty
acid. In this study, sericin/silica nanoparticles were prepared for
lipase immobilization supports. The sericin/silica nanoparticles
were synthesized using two silica precursors,
(3—aminopropyl) triethoxysilane ~ (APTES) and tetraethoxy—
orthosilicate (TEOS). The increase in APTES concentration
resulted in an increase of nanoparticles’ vyield and particle size.
In presence of sericin, the product yield was not changed, but
the particle size was reduced and the particle uniformity was
decreased. In addition, aggregation of particles was occurred

when the concentration of the sericin solution was over 0.5 wt%.
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The quantity of amino groups was Increased when the
concentration of sericin was increased up to 0.5 wt% due to the
reduced particle size. Although the bound lipase quantity on the
sericin/silica nanoparticles was lower than that on the silica
nanoparticle, the activity of lipase was higher when the
concentration of sericin was 0.25 wt%. Reusability of the
immobilized lipase on the sericin/silica nanoparticles were tested.
The activity of immobilized lipase was retained even after seven
recyclings. Finally, the immobilized lipase on the prepared
sericin/silica nanoparticles showed higher stability against
methanol than free lipase. Therefore, it can be concluded that
the immobilized lipase on the sericin/silica nanoparticles could

potentially be utilized in the biodiesel synthesis process.

keywords : lipase, enzyme immobilization, sericin, silica
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