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Abstract

This research is aimed to study efficiencies of lipase immobilization on PS/PSMA e-spun mats.
Solvents and conditions utilized in electro-spinning process have influences on morphology of the
obtained fibers. E-spinning process is controlled by adjusting voltage (kV): needle to collector distance
(cm): concentration of polymer solution (%w/w). It is found that the suitable conditions for e-spinning 1:0
PS/PSMA, 4:1 PS/PSMA and 1:1 PS/PSMA are 8:10:20, 6:11:15 and 8:10:12, respectively. While a
suitable solvent for preparing 1:0 L8z 1:1 PS/PSMA is mixed solvent of DMF and THF at mixing ratio of
1:1, the solvent for 4:1 PS/PSMA is 2:1 DMF:THF.

When using the e-spun PS/PSMA mat as supporting materials for immobilizing enzyme, It is
found that 1:1 PS/PSMA e-spun mat provides the highest immobilization efficiency. Protein loading and
hydrolysis activity (U/mg support) of enzyme immobilized on 1:1 PS/PSMA e-spun mat are higher than
those on 4:1 PS/PSMA and 1:0 PS/PSMA, respectively. Moreover, pre-treatment of 1:1 PS/PSMA e-
spun mat with alcohol, before using in enzyme immobilization, can improve the protein loading by ~2.9x
without effecting enzyme activity. From the re-usability test with hydrolysis reaction, while immobilized
enzyme on 1:1 PS/PSMA is possibly re-used for 6 times, the lipase on e-spun PS/PSMA with PSMA
content less than 50% can be re-used much less. In addition, the study on efficiency of lipase
immobilization on commercial support as NKA (PS bead) is conducted in order to compare with that of
e-spun mat. Results show that shape (form) of the supporting materials has an influence on the
immobilization efficiency. Immobilized enzyme of NKA has lower protein loading but much higher activity

(U/mg lipase) than that of e-spun mats.

Keyword: enzyme immobilization, lipase, e-spun fibers, PS, PSMA
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e X fia dfismldilaunudinisganiunauuasi 650 wilwwas luaunisf 1
v fa tBinasesmsazaslawaflslumsedagy (mu)

fmmSinalysauluings (B) drusunsf 3
B=  [XeVe1000]/100 (ug) 3)

a A . de v A ' A a = a
1iia X fadfismaliilounudinisganiuaduuasn 650 wiluwas lugumii 1
V fatSunasuasinanudazase (mL)

AwrnaranugiawladeIagyd (protein loading) uwaziasaz184n1303931
(% immobilization) @T’Jﬂawmiﬁ 4 U8z 5 USAY

Protein loading (ug/mg support) = (A - ZB)IW (4)

% Immobilization = (A-ZB)/A (5)

o ¥B fa nanwvasdsinmlysdulwihdoudazass

W fia iwiin (mg) vasingaauiily
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3.5.2 MIrmauwaniiiavadianbod (activity)
3.5.2.1 gunnWaIasgImarIasa1uwI lulasituaa

- espuansazaewlulasiiues 0.1 Sadnsusefadaas lasldinawuer
azaNy

- Tuamsazaomniulasinas inau uasWamwaiWinasamusasininaasly
mswﬁ 2 adlu well 284 microplate LLS'hﬁ’le‘lJ‘ﬁ'@]ﬁ’m’lig@ﬂﬁuLLad‘ﬁl 410 nm

- arenvinasulasuny x uwdSinasesnin lulasines (ug) uazunu y 1ue
mig@nﬁmmo‘ﬁ' 410 nm mﬂfumaumimmﬁwﬁuﬁ%aLﬁumwaomﬂwyﬂmgm
Femanyougasldeaunisi (6)

Y = 0.1748X (6)

A135199 2 AadINVBIFITAZTAILNII IlasHwoa wuinanuazWaanatinasnlslunis

v
a39naaIzm
- U3a1as (lalasdag)
mnlwlasiwaa ~
o - 0.2Twasvleawla | o
(lulasn3u) wnlulasiues et e winan
uWiantes 7
0 0 50 150
1 10 50 140
2 20 50 130
3 30 50 120
4 40 50 110
5 50 50 100
6 60 50 90
7 70 50 80
8 80 50 70
9 90 50 60
10 100 50 50

3.5.2.2 myaanezdduaniitdvasian loidarzuazionloiaTagy
- SpuEIarany A Selsznaudianin ulasifial sudina180 Saansy szanely
isopropanol 30 JaRENT
- I@ILNRITALAY B S‘fmﬂsgnauﬁm triton X-100 0.8% L8z gum arabic 0.2% azanglu
Wnaw
- Ansutlidamsazanasngg aslu well 289 microplate mwﬁm'suﬁs:qiumswﬁ 3
- WaTUW 30 Wil 71 37 aveaaiToa ﬁ'}vlﬂ’i'ﬂmmsg@nﬁuumﬁ 410 nm

- Ymsneseasdi ldasnin 3 ﬁaamﬂuu@ia:mﬁaaﬂw
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= o A A9 o A ' P ea & =2
M19N 3 RARIUVDIRITINERLTUANI 9 ﬂl“ﬁLWi’]Vﬂﬂ'\LLﬂﬂ"ﬂ?(ﬂ"ﬂa\‘iLauvlsﬁNaﬁizLLazLa%‘lsﬁﬁJﬂiﬂgﬂ

A7a89 Ysaunm | ssazats | ssazane | 0.2 Twand -
USn1a3
&5 A B Noanm
% [ £ I3 g’ o if“&l
M0819 uies winan
- (bL)
Nay 7
ranlasidase 30 pL 9 81 50 30 200
rowlaainozyl 4mg 90 810 500 600 2000
Blank 30 uL 9 81 50 30 200

(2
o @

o : and ea & = Y P
- AMWITUATLLBNNIAEG u’]ﬁuﬂvlal,wa"ll'P]ﬂl:auvlfﬁllaﬁszLNXLauVL‘ITN@]iﬂEﬂ@']Elal]ﬂ'ﬁ‘ﬂ 7

o

LAz 8 ANNSIAY
S 1 &

aa o Q fa .
1%3] ﬂ‘YI']G](ﬂE]%’I‘Iﬂ%ﬂIR INdva9 LE]%I"ZF&I 9d3¢ (U/mg lipase)

= X /[ (139.11) « 60 « 30] 7

Wa U de USinawwnnlulasiuea (umol) Aifiedlundanmsidaiian 1 wfl
A Ao o Al ' A A A
x fia dfisnldiaunudinsganiuafuuasfi 410 wilwuas

A
lusunsn 6

[%

] o % 6 N
LLanﬁ"sﬁmam'ﬁunlamammmul*zmm?agﬂ (U/mg lipase)

= X /[(139.11) ¢ 30 «C] (8)

“ & ' eal o a @ @ %
La C A ﬂ”lﬂ’J’m‘ﬂ‘Lﬂ%vlfﬁll“{]vl,ﬂ‘ﬂ”lﬂﬁlm’ﬁﬂ 4 @jmmﬂ 4 LLANKR1IANY

BSA equivalent

(2
o o

o : aaa & = 'Y P
- AMWITUALLDNNING u']‘lﬁ%ﬂ"llﬂdl,a%vlfﬁ&l@li\‘lzﬂ@nElﬁ&lﬂ’]i“ﬂ 9

(%
o a

aa 1 ¢
waniifaeiminaasenlosiaieszy (Uimg support)

= X /[(139.11) « 30 « 4] (9)

35.3 minaseuanumanInlunslidasenlaiaigldindjisolalaslads

[ '
[ (3 o @

3.5.3.1 ﬁnLauvl,ﬁnﬁﬁagﬂﬁmums‘?@mu,aﬂﬁ’i?]u,éhmmdmsmnamu?xmaomsa:mwmvl,ﬂ

mnﬁumiqaﬂummﬁammﬁmmm@ 30 Uadaas inmMInaaasiieada 3.5.2.2

aaddl v A . o

3.5.3.2 M Inaaestiauta 3.5.3.1 auninawaniian laasldardranldaunniale
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4. HaN1INAADI

a A § a & a a1 o a {
4.1 dndwazasnzilrlunsdidninsaluitsnadmgwinavasdulafiedaala

o 1

411 wWalwa3suan PSIPSMA Niaasawuaitilu 1:1 Iaawwtin (1:1 PS/IPSMA)

Lﬁaﬁaﬁmg'ﬂ SEM saudulafiieionain 111 PSPSMA lagldevazaenausznite DMF
was THE A8aTain 1:1 (wiw) 520299szninsdaaduiuainiy 10 om wasUSutasuanududu
VYDIRITALANUNDALND A9 9 (gﬂ"?'i 2-4) ﬁl:LﬁuvL@i"iwma:ﬁLﬁaﬂsl,%ﬁN@I@umsu@iaé’num:é’mgmﬁﬂmmm
dulofedonld ns@ildanudududn 10% ww) @ulsfdnsaduuesdufadudoldandlnin
luz14 6 §19 10 kV (gﬂﬁ 2) wtiilarRuanSWAAlE wuiduwdunlpddsneazaessduismiuanas
& uailowsngnanaasslagiuadns il > 10 kv wodrlisansoesouduleldiiosnnn

& a o £
qﬂnsmm@m'ﬁ“ﬁamu

(n) (2)

;sﬂﬁ' 2 idwlpBianinsaiiu 1:1 PS/PSMA fia3oudaonnuidudu 10% wiw) uwazdnsind (n) 6 kv

(V) 8 kV uaz (A) 10 kV @819

WanaaadiiuaNdNTwaIrsazaewaR eI dn 12% (wiw) 3UN 3 uaadliAnindulan
U, Qd ] a I}/ g: { U ] Q/ 1 { AI v v
wisd ladansamsSouuas liduRetunsnldanudrsdng 6, 8 uaz 10 kV udtlatinanudutuwad
arazaanadineasidn 15% (wiw) wuinfianudednd 6 kv uaz 10 kV iinsuwiidulodanwucisouldd
a £ v AN o A ' e A a & o ' Y a
Yufadu udidulofldzdvwmaldadniavansannnuenn (U 4) nnadanuiawazandulsd
v IJ { Qs IQ' v v <
wwhliulngdwiedsuiuanududuaasssazaisain 12% 1Ju 15% (wiw)
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317 3 duloBidninsadu 1:1 PS/IPSMA Aesuadsnnudutn 12% (wiw) wazenglWi (n) 6 kv

(V) 8 kV Uaz (@) 10 kV U816

()

(@)

31]‘7; 4 uldidnlnsstiufiiesoaan 1:1 PSIPSMA daganuidudu 15% (wiw) ussdns i (n) 6 kv

(1) 8 KV Uz (A1) 10 kV aU&1AU
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snwazdugwinswenduladiflénduuaasliifuienuduiusasmszaanodiued
1:1 PS/PSMA ﬁmm:auﬁm%’ul"ﬁm’%wLﬁu‘l,zl'éLﬁﬂimaﬁﬂﬁﬁLé'mhugluﬁﬂmdﬁLﬁmLa:ﬁmmaﬂ'ﬂ
wwnaaaaaauelasliiiaidu bead fiber da 12%  (wiw) Lﬁaﬁvﬂ’agamumﬁumuquﬂ‘ﬂmwaa
wWuleBdaziannin SEM fitnadomssaens 500 ludunisfidrsinadnaton 3 39 Fwawla
Wauni 100 1dw) eaduunnidusasiosazuasanuifnnuiduloudazawia woudrdnsluing
HARIWIARAZNINIzsdadwlouniwduloBianinsadu 1:1 PSIPSMA (12% wiw) Tagidulof
wison'len 6 kv (g'ﬂ‘ﬁ' 5 (n) a:ﬁminizmﬂﬁwawm@Lﬁumuguﬁﬂmamnﬂ'jﬁLﬁulﬂﬁm'%wvlﬁﬁ 8kV
uaz 10 kv (FUT 5(1)) uaz(e))

(n)

Frequency (%)
40 6-10-12

30
20

10

UIIIII-IIII I.

700_79‘3 900_999 \\00'\\99 \300,\399 00.\599 1TQQ‘\799 \900_\999

A5
diameter (nm)

(1)

Frequency (%)
o 8-10-12

30

20

il
OI I.

=) o ) 9 e} 9 o
70019 0029 44001 A9 \30Q_\39 \50&\5‘3 A1 o019 \900499
ciameter (nm)

(@)

Frequency (%)
40

10-10-12

30

20
. | 1n

100799 go9%® \\00‘”99 \300,1399 \505,\59‘3 \—molﬂgg 1900‘\99‘3

diameter (nm)

311 5 SaazanudnfusivIWaIERUguInasvanduly 1:1 PS/PSMA ialFandlni (kv):
28z IS UNLAINTY (cm): ANNLITUTWUBIENTRZANY (%w/w) A (N) 6:10:12

() 8:10:12 L&z () 10:10:12 MURIAL



Tyl MRG5280089

wonanitenluani 4 Sougasliifuindaiudndluian e kv wde 8 kv @RI
gudnanaiedvvesduluaanas udillaiudngluiudu 10 kv dulpfuunlduifvwnalngdu an
Nams‘ﬂ@maaﬁoum%’m;ﬂﬁhma:ﬁmm:aﬂumsﬁmﬁﬂu 111 PS/PSMA @@ anudNduwed
syazansweawas 12% lagldmrasaonauszning DMFTHE fisandn 1:1 dnglnihildae 8

KV uazszpzvingszwivdmedniisainiuda 10 em hasnldiduinugudnarefiiniga fa 1.01 pm

@137 4 FuRuguEnaaaisaaduly 1:1 PSIPSMA flaiounnanuidutu 12% (wiw) szazving

sznisdansdunuainsuds 10 cm uazdns IWHN619 9

dndlnvin (kv) Lﬁuﬁﬁuguﬁnmamﬁlﬂ + SD (um)
6 1.20 £0.29
7 1.04%0.23
8 1.01£0.16
9 1.05 £ 0.21
10 113£0.29

o 1

4.1.2 WoRLNDIWEN PSIPSMA Nanstaddnuantil 4:1 laakiwibn (4:1 PSIPSMA)

INMIAnwdnswazasanuduTusasgITRzaenaf SN dasn B A ugIwInevasiEule
4:1 PS/PSMA (3U7 6-8) Mia3uulanlddainazananauiznine DMF uaz THF N8amau 1:1 (wiw)
BRZITHLWITERTIU M eI NNUaINTU 10 cm wuinnsaiiesoalasldanudutuuesasasanodn

(n) (2)

(®)

3171 6 iduluBianinsaiu 411 PS/PSMA fia3udioanuidudu 10% (wiw) szpzisszninsdaady

AUANTU 10 cm wazans I (1) 6 KV (@) 8 kV Uaz (A) 10 kV au§au
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()

(®)

37 7 duloBiininsadu 4:1 PSIPSMA filaSuneananuiduiu 12% (wiw) szaziisszninadaeida

AUAINTU 10 cm wazandnd Wil () 6 kV (1) 8 kV W&z (A) 10 KV aNday

6.

L a Qs &) J lﬂ' 1 el = v
10% Waz 12% (wiw) L§uloaziiaanwaciiududu (bead fiber) aanudidndnliaa 6, 8, 10 kV
(37 6-7)

dadanldanudutusasansazaodn 15% wiw 3ﬂ°?'i 8 usasliidwinaulodanwasiiGoy
LigduAadwamziadanldansini 6 kv LwiLﬁuslyﬁvlé’ﬁmm@Lﬁumug{uﬁﬂmoﬁmﬂ@mﬁuazm
winldda aaeuldlEmrazasnan DMFTHE Adamaiwiu 2:1 (wiw) wouindwleflddvue
dwrnugudnansfisiianennnniy widvwnaduilngninduleildanmsléfadiusas DMFTHF
W 11 (wiw) (g‘ﬂﬁ 8(N) Uaz gﬂ*ﬁ' o(n)) udilaiadSanm DMF navdsmaliidulofumlinfiazlng
Tu Gariusanasasiuszazinsszwnslmodutuainiy Lﬁaﬁmimgﬂﬁ 10 waza39i 5 wui'lal
Wosnaand Wiudszosirssznitsdaoduivannivifinsdesnwuedmugiuinervasduladidn
Insatlu I@ﬂ"ummmLﬁumuguﬁﬂmamﬁm:ﬁﬁwa@mLfiai:ﬁ:maﬁml,ﬁu‘fu INTIEENUDIRNTASANY

a & 9 o a Ao o v o &
WaaLNQTY]QFILLSGVLWV\h?JUﬂﬂﬂll']llnaqluﬂqiﬂ@l(ﬂﬂlﬂau@ﬂﬂixﬂuu%ﬂqﬂiuiﬂuqumu

InMInaaastsdurinbiiaenltnzlunisniasoudule 41 PS/PSMA Lﬁalﬂﬁ'l,umm’%agﬂ
Wb Ao ANNNTUTBIRITRZAIENaRNET 15% laultairinasanuNanssnine  DMF:THF @
DATIEIN 2:1 ANTIAAN 6 KV wazIzusrasenisUmududsainiude 11 cm lasnnliidudng

& P A
ﬂuﬁﬂaqﬂ'ﬂlﬂﬂ'ﬂq(ﬂ fa 1.86 pum
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317 8 duloBidininsailu 4:1 PS/PSMA fileSundinanuduiu 15% (wiw) szuzwisszninadasdany

21NTU 10 cm uazAdng Wil (1) 6 KV (1) 8 KV uaz (A) 10 KV auda

gﬂﬁ 9 1éuldiinlnsailu 4:1 PSIPSMA fia3ussnannuidudu 15% (wiw) samsiuzas DMF:THF
o 2:1 (wiw) Adng1Wi 6 kv uazszozvinesznisdmoduiuannsudu (n) 10 cm ()

11 cm WAz (A) 12 cm ANEAU
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(n)
Frequency (%)
30 6-10-15
20
11 Il” I |II . |
900999 1300 399 \ ooAT 99 2100 2199 ,250()—'2599 2900_2999
diameter (nm)
(2)
Frequency (%)
30
6-11-15
20
10 ‘
o L1 I I I | I | I | I I
9009 43001 299 47007 9 21002 %9 7_500-2599 2900"2999
diameter (nm)
(a)
Frequency (%)
30
6-12-15
20
10 ‘ ‘
o il 1 I I 1i1il
90“‘999 \300/\1399 \100"\799 2100’2199 2500’2599 1900’7-999
diameter (nm)

311 10 SonazanudfiFuRusIUIMaEUHUgUinaIvaaduly 4:1 PSIPSMA wiialgand Wil (kv):

3282 19TR UM BINNLAINITY (cm):ANUTUTWIBIRIIRZAY (%w/w) LW (n) 6:10:15
(V) 6:11:15 LA (A) 6:12:15
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M1329N 5 Lﬁumuquﬁﬂmamﬁwaa 4:1 PS/PSMA ALa38uananuLtutn 15% (wiw) luaivinazans

Wy DMF:THF 1Jw 2:1 Neng Wl 6 kV uazszazvinsszninsdaadunuainiuengg

szaziesEnIdangda Lé‘udﬁuguﬁnmamﬁ'ﬂ +SD
AUaINI (cm) (um)
8 2.08 +0.46
9 2.01+0.39
10 2.03+0.34
11 1.86 £ 0.38
12 1.93+0.32

4.1.3 waddlnIw (1:0 PS/PSMA)

msanswnzizaalumaedouduly 1:0 PS/PSMA dradarinasaungy DMFTHF
saman 11 duiiumilesdsuidaauanudutu 10 — 20 %wiw wsznaziltlunsie de dndlnii
Tug9 4 — 10 kV uazszpzisznisanniusazUsodalugag 8 — 20 udiues Lﬁ'amwaauﬁmgm
Snendae SEM wuinasidulefiesonlafisnsasSouusslinaduly fa (1) 8 KV: 20%: 10 cm
(2) 6 kV: 20%: 10 cm Az (3) 6 kV: 20%: 15 cm Faflannaseuiduimgudnasadonuindulud
iz ldannnsi 1 fuwmadnninnaesnne asiuiadonnnzi 1 1iwansimanzanlunsedoy
wwuloan 1:0 PSIPSMA lEwlafiasonlalan s as gﬂﬁ 11(0) BRZAMINTZNBAIVDIVINALFU LA
Eﬂﬁ 11() ﬁaﬁmmmﬁumuquﬁﬂmamﬁwauﬁﬂuﬁm‘%yuwﬁa 1.47+ 0.23 pm

(n) _ ) (1)

§-10-20

3N 11 (n) 31970 SEM uaz (1) mim:mﬂé’]’wawmﬂLﬁumug{uﬁﬂmwaalﬁﬂﬂ 1:0 PS/PSMA 1

LATHNMBANNT DU 20% (Wiw) TepzvindTeninsUaedunuannIu10 cm AENS WA 8 kv
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{ aqda & A A
4.2 nsasstanlasilamauwanlawluiniasoalaainisdianinsatluie

RRIIN B AITNANILFUFIATULATNLEWLEIN PS/PSMA  IUueiazdasaInuaInaflasHay
v = o a £ 1 dl' & £ % o d' I ny d'd v 1 6
ud hmdadulowuudaflenduna 2 alus lasldanivfidugnnisniiamaiduiiugudnais
30 cm 817 57 em Auiduloflafiansuzdiuaasluzun 12 uazanunwvasdmdulofaionan 1:1 uas
4:1 PS/PSMA @8 30 pm §IBANNAMIIHULERlaNaToNaIN 1:0 PS/IPSMA fa 50 um 19fkiiaany
&) U U U U = g =1 U A& tﬂl =
Wldleiwnltanudutuaasansasan o wadiuasuIndn ANURwITaIRwEWleBLAN INTawiiaTay

v AI &/ v [ Q-
vL@]ﬁLW&I&J']ﬂ“II%@’JEILﬁuﬂ%

317 12 AwsuleBianinssduiieould (57 cm x 97.3 cm) Minmisadulodaionduna 2 Talus

4.2.1 ﬂ15m§o§ﬂ1aLwafmﬂ‘l%'té'fuslﬂﬁvlaﬂﬁﬂ%'uamw

nmsfnsuNansluuuinzan aamﬂ%ﬁmﬁu‘lmﬁLﬁﬂ‘[maﬂuiumm’%agﬂLauvl,sﬁﬁ'l,@i”

Fiunslasaaiwaulodn 2 anwue fde Lﬂu“ﬁvmﬁmﬁﬁgﬂs’nLﬂmanau%'ﬂﬁﬂs:mm 5 cm uaziiu
Twane gﬂ‘mlﬂu?}m'&‘w ijamaaam‘hLﬁulﬁgml,uué’and'nﬁmﬁfﬂ 10 mg lagdszanaluasaiaw s
awitlude 3.3 Msssazaslaimaanududu 2 mg/ml U5uas 1.5 ml frluansnsit 6 uaasliifinia
fasiurad PS da PSMA snadadszinininvasnisaigtienloivudulodidniniadu YL
ﬂ'%mmiﬂﬁuﬁﬁ@agumﬁulﬂ 111 PSIPSMA  Sdnannninns@nldidulosfio 41 uaz 1:0 PS/PSMA
azha"l‘sﬁmugﬂLmuﬁl,ﬁanslﬂﬁ”l,sjvlﬁdma@ia % immobilization ~f1ANLewled uazdwanfiifives
Lauvlsnﬁméagﬂﬁm%wvlﬁmﬂﬁfn Lﬁalﬁmmmﬁﬂmﬂiz%ﬂ%mwmaomsﬂszyqﬂ@]“l;’ﬁl,auvlsnﬁm‘%agﬂslumu
dudna g maespaewlodaisgllaludiinmeing Salusedndu iasenuansdnslwdasdud
wu:i'lgﬂLLtumJaaﬁm&uisﬁﬁmﬂu%mﬁﬂ 9 Wﬂi:%ﬂ%mwmaamm’%agﬂmnﬁlﬁmﬁ'mmuﬁé’mﬂw’ﬁyu
TnTwde aaulunsinsde g 11’1%%5Elﬂl‘ﬁé“].]LL‘]J‘]J‘llEl\‘iﬁuLﬁuIEJLLUU%uLgﬂ‘5] flasannaansatia
ﬂ’%mm‘waaLﬁulﬂﬁelﬂumi@%agﬂvlﬁazha"[u'sjamﬂ
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®137197 6 % immobilization ﬂ‘%mmiﬂsaw,m:mLLaﬂﬁ‘iﬁmaaLauvl,ﬁnﬁ'l,mwam’%agﬂuw,ﬁuiﬂ PS/PSMA

Iﬂmﬁaﬂl*ﬁgﬂ BULNITAAHN WL AN

suluuuzas - n waniiafea waniifea
. USanmlisin v Yoo .
PS/IPSMA dwly Immobilization wwmwnlana winiknTaga1aw
(g/mg support) )
% (U/mg lipase) (U/mg support)
1:0 AR Lﬂ%')\iﬂa&l 10 4.58 £0.031 0.076 * 0.0006 0.0023+0.000003
4:1 ~10 mg 19 8.88 £ 0.077 0.097 * 0.0002 0.0055+0.000036
1:1 ‘ 28 12.87+ 0.993 0.077 £ 0.0077 0.0065+0.00015
1:0 dafluduidn ¢ 12 5.28 +0.104 0.066 +0.0022 |  0.0023£0.000029
4:1 WU ~ 10 mg 20 9.30 £ 0.554 0.088 + 0.0015 0.0052+0.00022
1:1 BN BN E. 30 13.57 £ 0.177 0.071 £ 0.0006 0.0063+0.00032

A ' . . . ' . . ' Pl & =R A a
AN 7 ULRAIAT % immobilization A1 protein loading LLa:mu,anm@maaLauvl,snumagﬂmmuu

ldanmnaaesdiuiduihminvasdulousziTnnaszasmaazans lawanlglunisedogyd Waien %

immobilization sz protein loading duNuEALNzAlFeTNUaaTUNTINGLN 13 Funaldin

AN 12 uaz 3 s'fiaLﬁan’l%z%’@dmﬁmﬁfni’a@ﬁwﬁgu@iaﬂ%mmm’m:mﬂmwmﬂu 6.6/1 NMIMUTI 1

o e = v a a = X o VoA v &
°1JENT|aej‘ﬂﬁ‘p‘uuﬁﬂmuﬁdNalﬂﬂi:aﬂﬁﬂ’lwmadﬂﬂ‘i@i\‘lgﬂgwu@’m LL@]LN@W@NQGI“H@@@'J%UJ% 16.6/1

@13197 7 % immobilization YSanmldsfuuazduaniidvesanlodlawanisgdumauly PS/PSMA

WalSusasiwasinninidulowazySunasznsazas laing

wmknidule s s
.o - - UanNnNIfaD UanNnNIAaD
g fadIunm % dSanmldstin r . Y. ¥
do o PS/PSMA winlana WIRRNITAAI1YIN
nle d19azany immobilization (ng/mg support)
(U/mg lipase) (U/mg support)
Tawna
1:0 12 5.28 £0.104 0.066 + 0.002 0.0023+0.000029
10 mg/1.5ml
1 4:1 20 9.30 + 0.55 0.088 £ 0.0015 0.0052+0.00022
(6.6/1)
1:1 30 13.57 £0.18 0.071 £ 0.0006 0.0063+0.00032
1:0 19 6.01+£0.20 0.049 £ 0.002 0.0027 % 0.00004
20 mg/3ml
2 4:1 38 12.32+0.16 0.047 £ 0.006 0.0054 £ 0.0007
(6.6/1)
1:1 44 13.84+0.19 0.053 £ 0.003 0.0069 * 0.0005
1:0 75 22.85+1.07 0.009+ 0.0005 0.0020 £ 0.00004
50mg/7.5ml
3 4:1 (6.6M) 82 26.60 £0.18 0.007 £ 0.0002 0.0017 £ 0.00003
1:1 89 28.38 £0.21 0.023 £ 0.001 0.0064 £ 0.0002
1:0 1 1.34+£0.08 0.156 £ 0.010 0.0020 + 0.0001
50mg/3ml
4 4:1 26 2.93+0.10 0.057 £ 0.002 0.0018 + 0.0001
(16.6/1)
1:1 60 7.54 +£0.32 0.089 £ 0.005 0.0062 £ 0.0003
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Preparation of electrospun fiber from polystyrene and poly (styrene-co-maleic
anhyvdride) blends for lipase immohilization

B Pudvenchuen! N. C]J,amnpamch‘ W. Chulalaksanamkul®,
P. Opaprakasit™, M. Opaprakasit’*

'Diepartment of Materials Scenca, Faolty of Sciznce, Culaloegkers University, Bangkek, 10330 Thaidand
"Deparmant of Industrial Chemestry, Faculry of dnplied Sciwice,
King Mocgkut's University of Techoology Morth Bangkok, 10200 Thailand
"Deparment of Besamy, Faculy of Science, Chulalonskorn Universiry, Banghok, 10330 Thailand

“%rhool of Bio-Chemical Enprssring and Teckmola
Thememazat University,

gg“‘:mnd.tm.nhema.u.cm]
thumthami, 12121 Thailand

Institune of Techmalogy (SIIT),

*E-meil: mantma ogickalaac th, Tel: +65-2-2185558

Abstract: Thiz study & aimed fo develop an enzyme
lipase catalyst system by immobiliring the enzyme on
supporting material:. Feasibility of wsing spun fibers
prepared  via  electrospimning of polvstyrene’poly
(styreneco-maleke anbydride) blends as seppertng
materialy for the lipase immobilization has been
imvestigated. Effects of preparaton condidons om
morpholezy of the electrozpun mats are mvestigated It
can be concloded from SEM results that types of solvent
(DME-THFE at 1-1 and 2:1 weight ratic), concentration
of polvmmer solufion (10-15 %ewiw), elecirical podential
{6-101V) and the distance between tip and collector (10-
1! om) sgnificantly mmpose sn mfluence on fiber
Lﬂurm and their average dimmeter. It wa: fonnd

the switable condifions for espining PS/PSALA
blend (1:1 weight ratio) are 3V, 12%nwiw in DAF
mimdwiﬂlTHF:.tlzlweightralh,md.w]dng
distance at 10 cm. For PSPSMA 41 Mend, the optimal
conditions are dkV, 15% ww in DMF mived with THF
at 1:1 and at the divtance of 11 cm. The:s optimmm
conditions are defined as the spun fibers have bead-free
sfructores and the smallest dismeter. The study on the
efficiency of lipase immobilizatdon oo the espun mats
obtained at these optimal condidons is cn-going and will
bee forther dizcnsised in separate communicaton.

Introduction

Uhilization of enzymes as bio-catalysts has many
advanrzzes over chemuical catalvets In many rezctons.
However, their hish co limins the nse of enmymes in
indusirial scale process. Imemehilizadon of enmmne
[1-8] on supporting materzals has besn reported as a
feasible snd econonucally efficient approach for
copmenercial nse of the chemical, a3 the marerial’s
rensabiliy resalts i a reducnen of production cost
Therefore, various enzyvine immobilizadon techniques
hawve been msearched for specific applications
Typically, lizh surface to muass rado 13 3 major
property o generate high perfonuance supportng
materials. Thiz can be achieved by reducing rtheir
dimevsions o submicron scale.  Elecmospinning
techmique bas recently proved as 3 potendal process
for producimz polyueric vaoofibers, wiech are
snitable for nse a3 supporting msterials for eamyme
immobilizasion [6-2].

44

Therefore, the mam ofbjective of this smdy 1= to
develop su enzyme lipase catalyst system for use m
prodhaction process of biodiesel by iomobilizing the
enryme oo elecmospun nansfiber supporming marerials
produced from polystyrens'poly (shrene-co-mualsic
aphydride) blends Effects of blend ratios and
alecrospinning  conditons, e ope of solvents,
concenirations, elecmical potental and working
distance, on morphology of the elecrospun mats have
besn vestigated. In addicon, measmrements of
iromobilizaton efficiency of the enzyme on the
alecoospun mats are coEoms.

Materials and Methods

Margrials: Poly (sorens-al-maleic  anbvdride)
(PEMA, Mo 3300000 and polyshoene (PS, Mw
280,0000 were suppled by Aldrch Solvems, ie
dimethyifonnamide (DMF) and  tetrsloydrofuran
(THF), ware obtzined from Labk Scan Condida
rugpsa lipase was purchased from Sigma-sldrich
Potassium dibydrogen  phosphate  (Carlo  Erba),
sodimn  kydrosude  (Agax  Fipechem) snd  as-
(pdrosynedoy]j-aminomeshane (Scharlan Chenye 5.
Ay were uzed in a1 enzvime munobilizston process.

FPreparation  gf elecoospum fibers:  Polbymer
solufions &t vamouns concenmations and  different
weight ratos of PS/PESMA were prepared in a mumed
salvent of DMF and THE (Tsble 1). Elecoospiming
of 3 polymer solntien was condacred ar a flow rate of
1 ml'h nzing voltage: and distapces from pesdle op w
collector (screen covered with alwmmnm foil) as
srnmiarized in Table 1.

PACCTON20L] (Pure and Applied Chem sy Intemational Cooference)



Table 1: Electrospinning condidons of PSPAEMIA
blend solutons prepared in mixed solvents st varous
CORCEnTanons.

. Tip-tor
] o [ e [ e | 5
rags ratio (o) &v) ditenca
[omy
11 11 10-15 §-10 10
EX] Tl Wi | &-10 ]
21 13 § 1g-12

Characterisaiions Morphology of the electrospun
fibers was examined by a scamming  elscmon
mecroscope  (3EM) (TEOL, ISM-6420LW). The
sverage  dismeters  were  calonlated  from
spprowirastaly 100 fhers observed m SEM images
{20007,

Eesults and Discussion

Effects of polymier concenfraton and an alacoical
potendzl on morphology of fibers prepared from
PS/PALIA blend ar 111 weizht rano are revealed in
Figure 1 - 3. SEM images m Figure 1 obwiously
present thar bead stuchwes are obmined when a
10w solaton was spum with § - 10 V. Figure 2
shows that bead-free fibers are successflly obained
when the e-spinning was perfoned o the ranze of § -
10 BV with the concenmation of 12%ww, Dismetars
of the e-spun fibers monitored fom these Images are
ploted as histoprams of the dizmeter dismibudon
(Fizure 2} and the averszs valhwes are sunmunsrized in
Tzble 2.

Figure 1. SEM mmapes of fibers prepared from
10w soluons of PS/PSMA blend (1:1) fabricated
s (g) 8 () &, and () 10 KV in a mived DMF-THF
{1:1) solvent.

It iz clearly seen from these plots thar the
distribamon i3 nawower when the spinming process
was camied out at E-10 EV (Figue 2b apd 2
compared to thar prepared at 6 KV (Figure Ia)
Fesults in Table 2 indicase thar the incresse in

7

alecmical potental from § to 8 KV results inoa
decrease in rhe averazs dismesr of the fibers
However, upon increzsing the potential further up o
13 kW, the resulting spun-fibers are thicksr. Ir is
oiserved from Fizgure 3 thar fibers with bead-fres
siciure are obiamed ouly st § and 10 kW when the
concentraton of 15%wiw solnton was employed.
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Fizawe 2. 3EM images and dismeter dismibuteon of
fibers prepared from 1 2%ww sobations of PSPSLA
blead (1:1) fabricated at () & (b) & and (2) 10KV n
amixed DWE-THF (1.1} salvant.

Figare 3. SEM mages of fbers prapared fom
15%w solatons of PS/EPEMA blend (1:1) fzbricated
at (a) & (b) & and (&) 10 KV in 3 mixed DMF:THF
(L:1} solvent.
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Table I: Average diameter of e-spun fibers obamed
at 10 oo (distance of fp to collector) from PSPSMIA
(1:1) blend solutons ai 2 concenmaton of 12 %ew o

Voltage (V) | diameter = 5D (jum)
[ 120020
T 104023
2 101016
] 1.05 =021
10 1.13=0.29

For P2/P5MA blend at a 41 weight rafio, Ghers
with bead-free structure are not possibly obtained
from soluttons of DWE: THE (1:1) solvear ar the
copcenmation of L0 Faww (Figure 4) in mved solveat
of similar to what obsarved in the 1:1 PS/PSMA
blend However, productdon of bead-free Sbers is
feastble at 15%w'w copcentation ooly when an
alarmical potendsl of § EV was spplied (Fizare 5a).
E-spinping of the 4:1 F2P5MA blead was alo
conducted with 2:1 DAEFTHF mxed solvent As
envidenced mn Figare 5a and Sa, the nse of weizght rato
of DRETHEF at 2:1 seems to provide nmch narmow
dismeter dismibufion than at 1:1 when sinular
spimning conditons and sohifion concenfTation wers
armployad.

Figure 4 SEM mmsges of fibers prepared from
10w w solntions of PS/PEMA blend (4:1) fabncated
at (7) & (&) &, and (c) 10 KV in a mixed DME-THF
{1:1} sobvent.

Mot ooly the elecmical potential but a tip-to-
collector distamce also play siguificant mole o
morphology of the e-spun fibers. This can be verified
by the dismbution plots presented in Figure § and
value of fibers sverage diameter (Table 3) wiuch
indicase that the thinner fbers are oypically received
by incressing the distance between need fip and
collector.

II-- -

Fizare 5. SEM mmages of fibers prepared fom
15%paiw solutions of PSEERMA blend (4:1) f2brcated
at (a) &, (b} & and () 10 BV i mixed DME:THF
(1:1} mobvant.
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Fizare 6. SEM image: and dimmeter dismibution of
fibers prepared from 1 5% wiar soladons of PR/PSAA
(4:1) fabricated ar § KW nsing tip-to-collector dissance
at (2 10, (b3 17 and {c) 12 an

Table 3: Averazge dimmeter of e-spun fibers obined
at GV fom PAPEMA (4:1) blend sohubon in 201
mixed DMF: THF &t a concenmation of 15%ww

Tip-to-collector distance | Diameter + ST
{icm {puomy
] 2082046
o 201038
10 203 =034
11 136 =038
12 1932032
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The preparztion of e-spun fiber mar for nse in
lipase inwnokilization was carmiad our nsng a rotyting
steel cylinder (diameter x lepgth 30 onx 57 an) as a
collector. The g pll:cmug was performed contnouously
for 2 hovrs. 3x3 oo’ piaces cut from the elecoospan
mars were incubated ar room tenperange in lml
lipase soluton (2mzaol) for 30 min aed Sather kept
overmizght ar 4°C. Subsequently, the samples wers
washed with phosphate buffer (pH 63) wnbl oo
leachme of lipase was observed. Lipass cowtents of
the remsinme sohmon after mopebilizaton and the
washing solwions were measured and emploved o
the calovlation of the amovmt of Hpase immobilized
on the elecoospun fibers. Lipase concentrzton in
these solutions was decenvined by measuring protein
loading (BSA equivalent) according 1o Lowry method
on a UV-wis specrophotormeter (Anthos Zenyth 200
). Emdy oo effect of blend composition nsed o
preparation of the fibers oo the mmount of
immaobilized epzyvme is oomently mndergeing, and will
be discussed further.

Conclusions

Elecmaspun fibers with bead-fres smucnmre ars
sccessfully fabricared from PS/PEMA blends with
1.1 and 4.1 waight rato. Fibars with averags diamstar
of 1.01 = 0.14 - m wers obmined from 1:1 PS/ESMA
blend ar & KV, 12%w/w soludon in mixed DMF-THE
(1:1) solvant and the distance fromn op to collector of
10 o The corresponding fibers obamed from 4:1
blend show averzge dizmeter of 1.86= 038 ~m with
the following preparation conditdens; § BV, 15%ww
in DMF mixed with THF at 2:1 n&ighxraun and the
distance of 11 cm Since high swface area is one of
the most Important properties required for supporting
marenials m enzyvmne inumobilizaten applicanon, the
span mists with smallest dizmeter prapared ac thess
opiinmnn  condidons have been wudlized in the
immeobilizaton of enzyine lipase. Efficiency of the
immeobilization  process s under  onmently
imvestzanon
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small strain of 5% in graphene reverses the charge transfer between Au clusters and graphene, and
reduces the reaction barrier of the catalyzed CO oxidation from around 3.0 eV (without strain) to less
than 0.2 eV. These findings provide new opportunities for future development of graphene-based
nanocatalysis.

Following that, we will also report a study on strain-engineered adsorption of metal atoms on graphene
and hydrogen storage capabilities of metal-decorated graphene by using first-principles approach based
on density functional theory. We show that an applied strain not only stabilizes the supported metal
atoms and prevents them from clustering, but further increases the hydrogen storage capacity.
Specifically, a tensile strain of 10% in graphene increases the adsorption energy of Li (Ti) atom by
around 75% (71%) and the gravimetric density of hydrogen storage up to 15.4 wt% (9.5 wt%), with a
binding energy of ~ 0.2 eV/H..

Keywords: Graphene, strain, nanocatalysis, hydrogen storage, DFT.

Electrospun Fibers Derived from Polystyrene/ Poly

(Styrene-co-Maleic Anhydride) Blends and Their
Use in Lipase Immobilization
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Abstract. This study is aimed to investigate feasibility of using electrospun fibers derived from
polystyrene/poly (styrene-co-maleic anhydride), PS/PSMA, blends as supporting materials for the lipase
immobilization. Suitable spun conditions for the electrospinning of PS/PSMA blends are first examined
by inquiring the fiber morphology and average diameter from SEM images. It was found that the optimal
conditions, i.e. the conditions where fibers with bead-free structures and the smallest diameter are
obtained, in terms of electrical voltage/concentration of polymer solution/distance between tip and
collector, for fabricating PS:PSMA blends at 1:0 1:1 and 4:1 weight ratios are 8§ kV/20%/10 cm,
8kV/12%/10 cm and 6kV/15%/11 cm, respectively. The average diameters of corresponding fibers at the
optimum condition are 1.35+0.40, 1.01+0.16 and 1.86+0.16 pm, respectively. The resulting fibers are
then used in the lipase immobilization, and their immobilization efficiency is examined by measuring
protein contents of the remaining lipase solution. Without pre-treatment applied on the electrospun mats,
the protein loading of the immobilized lipase is in the range of 5-12 pg per mg of support. It is observed
that enhancement in immobilization efficiency is possible by pre-treatments of the electrospun mats with
alcohols. In addition, the hydrolytic activity of the immobilized enzymes is under investigation and will
be further discussed.

Keywords: Electrospinning , Lipase immobilization, nanofiber, enzyme
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