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The aim of this research was to study the immobilized lipase on three supporting materials, namely,
chitosan, celite and sodium alginate. The lipase was immobilized on chitosan and celite using physical
adsorption, whereas it was immobilized on sodium alginate and chitosan by an entrapment method. In the study
of immobilized lipase on chitosan by physical adsorption, the effects of glutaraldehyde concentration and pH
were investigated. In addition, the effect of temperature on lipase activity was studied. The immobilized lipase
obtained from the optimal conditions was then characterized and used as a catalyst in the transesterification

reaction for biodiesel production.

From this cxperiment, it was found that the immobilized lipase on chitosan by physical adsorption gave
the highest activity of 856.76 unit/g at 37°C when the glutaraldehyde concentration and pH were 0.05 % and 7,
respectively. And, the activity of immobilized lipase on celite by physical adsorption was 753.39 unit/g. The
activities of the immobilized lipase on sodium alginate and chitosan by entrapment were determined to be 778.21
and 651.42 unit/g, respectively. The activity of free lipase was also found to be 2,136 unit/g. From the study of
the immobilized lipase on chitosan by physical adsorption, it was found that the immobilized lipase was stable
and active within the temperature range of 30 to 50°C, the activity was decreased only by 11 %. In addition, the
activity of the immobilized lipase which were kept at 4°C for 30 was decreased by 8%. When the immobilized
lipase was used as a catalyst for biodiesel production from sunflower oil and methanol, the highest methyl ester
conlent obtained was 25 % when using the molar ratio of oil to methanol of 1:3, 100% weight of immobilized
lipase, water content of 20% by weight, at 50°C and stirring rate 200 rpm for 24 hours. In the case of using frce

lipase as a catalyst, the methyl ester production was 33 %.
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Immobilization of Lipase from Pseudomonas fluorescens for Biodiesel Production

from Sunflower Oil
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(carotenes) Haros (sulphur) ez W1DNLANUDY (Srivastava and Prasad, 2000)
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139N 1 Tassadamaadvesnsa luiuna'ly

Fatty acid Structure name Structure Formula
Lauric Dodecanoic 12:0 C,H,,0,
Mpyristic Tetradecanoic 14:0 C,,H,O0,
Plamitic Hexadecanoic 16:0 C,H,,0,
Stearic Octadecanoic 18:0 C,H;0,
Arachidic Elcosanoic 20:0 C,,H,,0,
Behenic Docosanoic 22:0 C,H,,0,
Lignoceric Tetracosanoic 24:0 C,,H,O,
Oleic cis-9-Octadecenoic 18:1 CH,,0,
Linoleic cis-9,cis-12-Octadecadienoic 18:2 CH,,0,
Linolenic cis-9,cis-12,cis-15-Octadecatrienoic 18:3 CH,,0,
Erueic cis-13-Docosenoic 22:1 C,,H,,0,

117 Srivastava and Prasad (2000)




A 4 ~ g’ C
A15199 2 99AYsznoUmMaAN VeI TUNY

Vegetable oil Fatty acid composition, wt %
16:0 | 18:0 | 20:0 | 22:0 | 24:0 | 18:1 | 22:1 18:2 18:3

Corn 12 2 Tr 0 0 25 0 6 Tr
Cottonseed 28 1 0 0 0 13 0 58 0
Crambe 2 1 2 1 1 19 59 9 7

Linseed 5 2 0 0 0 20 0 18 55
Peanut 11 2 1 2 1 48 0 32 1
Rapeseed 3 1 0 0 0 64 0 22 8
Safflower 9 2 0 0 0 12 0 78 0
H.O.Safflower 5 2 Tr 0 0 79 0 13 0
Sesame 13 4 0 0 0 53 0 30 0
Soya bean 12 3 0 0 0 23 0 55 6
sunflower 6 3 0 0 0 17 0 74 0

Tr = traces

W7 Srivastava and Prasad (2000)
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4 J Jd g‘ o . EZR
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H Y
M13199 3 AuananiamenintazmaniveainiuluTefma

Lower
Vegetable Kinematic Cloud Flash Sulfur
Cetane heating Density
oil methyl Viscosity point point content
, Number value o o (g/)
ester (mm’/s) () ()] (Wt%)
(M)
Peanut” 4.9 (37.8°0C) 54 33.6 5 176 0.883 -
Soybean" | 4.5(37.8°C) 45 335 1 178 0.885 -
. o 0.880
Soybean 4.0(40.0°C) 45.7-46 32.7 - - o -
(1570)
Babassu’ 3.6 (37.8°0C) 63 31.8 4 127 0.879 -
Palm’ 5.7(37.8°0) 62 335 13 164 0.880 -
0.872-
. 4.3-4.5
Palm o 64.3-70 324 - - 0.877 -
4070C) o
(1570)
Sunflower" 4.6 (37.8°C) 49 335 1 183 0.860 -
Tallow" - - - 12 96 - -
Rapeseedb 4.2 (400C) 51-59.7 32.8 - - 0.882 -
Used o
. 9.48 (30 °C) 53 36.7 - 192 0.895 0.002
rapeseed
Used corn o
. 6.23(30°C) 63.9 423 - 166 0.884 0.0013
oil
0.830-
. 1.2-3.5
Diesel fuel o 51 355 - - 0.840 -
407C) o
(1570)
JIS-2D° o
2.83(30°C) 58 42.7 - 59 0.883 0.05
(gas oil)

17 “Srivastava and Prasad (2000)

*Varese and Varese (1996)

“Yamane et al. (2001)
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2.1.3 nszuIUMsuanaasalennuion (thermal cracking or pyrolysis)
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Triglyceride (TG) + ROH

Diglyceride (DG) + ROH

Monoglyceride (MG) + ROH
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A. calocoaceticus

A. pseudoalcaligenes
Alcaligenes sp.

A. denitrificans
Amylomyces rouxii
Arthrobacter sp.
Bacillus cereus

B. megaterium

B. laterosporus
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B. stearothermophilus
B. thaiminolyticus

B. thermocatenulatus
B. thermoleovocans
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Bacteria
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Chromobacterium sp.

C. chocolatum

C. viscosum
Corynebacterium arborescens
Crytococcus laurentii
Enterococcus faecalis
Flavobacterium arborescens
F. ferruginem
Lactobacillus sp.
Leishmania donovani
Malbrancheae pulcella
Micrococcus frendenreichii
Mycobacterium chelonae
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Propiomibacterium acnes
P. granulosum
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Pseudomonas sp.
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P. stutzeri

Staphylococcus aureus

S. hyicus

S. wameri

H. insulens

H. lanuginosa
Microthrix parvicella
Mucor sp.

Mucor javanicus
Moucor lipolyticus
Mucor miehei

Mucor pusillus
Nocardia amarae
Penicillium crustosum
. camembertii

. cyclopium

. roquefortii

. candidum

. citrinum

. simplicissimum

. solitum

ja-Ae I - RS I v IR B A

. urticae
Phycomyces nitens
Rhizomucor miehei
Rhizopus sp.
Rchinensis

R.. delemar

R.. japonicus

R. oligospora

R. niveus

R. nodosus

Sporotrichum hermophile
Talaromyces thermophilus
Thielavia minor

Torula thermophila

Ustilago maydis
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4 :
AITNN 5 (§919)

Bacteria Fungi Yeast
S. xylosus R. oryzae

Streptomyces sp. R. nigricans

S. lactis Rhodotorula minuta

S. coelicolor R. pilimonate

S. fradiae R. glutinus

S. panayensis Rhodopseudomonas

Rhodococcus rubra sphaeroides

U7: Godtfredsen (1990); Pandey et al. (1999); Mayordomo et al. (2000)
n. eu'lmi lanlanndeswazdad

v v
lawlanldnuuninarelumemsaaaulvg ldningest  1dun  Mucor
Javanicus, Humicola launginosa, Rhizopus sp., Geotrichum sp. 19g Jad 1dun Candida lipolytica,
4 { U yo/ a
C. antarctica, C. rugosa Wag C. cylindracea W13 lanai ldanuvasiidniionlelums

resolution U89 secondary alcohol esters

v, wpulmilanlannuuanGe

v

A A [ A g aw Y
llmﬂﬁi]'lﬂllﬂﬂ‘ﬂliﬂhﬂ’ﬂhﬁ"l iyﬂq@iu@ﬁ1ﬂ!@u1‘;ﬁ3\l!Lﬁ$ﬂ1i’)i]ﬂ‘1/]'l\1ﬂ'lu
¢ A (=1 a FY a T A 1 I 1
mu"lqm mENmﬂ"lu!,W&Nmmmwm%iuﬂammum 9 uagaaNuAINUaen U uNTA-A19
a ) a 4 o v . .. . .. { 1
PUNIUIN Haz@IMaza1eduUnso uazmﬁﬂmamm regioselectivity Ua& chiral selectivity Ay

[

9 r'd 1 dyd 1 [} A
Fade ou laianuvasiiil 4 ngulg) o Ao

oA = a a I~ Sy Y .
nauUNn 1 U 2 ¥UA yiausmilweonlain1dan Pseudomonas aeroginosa

J a ! a A 3
Uag Pseudomonas alcligenes ulailszneudlonsaeziiTu 258 Tmaqa GRITEATIN T GRISTAY]
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sy 9 B~ o Y
o lwin 1d9n Pseudomonas glumae Wag Pseudomonas cepacia Fauouladlseneudionsaey

4T 320 Turana

1 1 J P
ﬂ’ejﬂJ‘ﬁ 2 lduneulminddan  Pseudomonas Sflurescens LAY
. . ( 1 dyd 1 J 1 =
enterobacterium, Serratia marcescens oU lwilunquilli Twanavualuginiinguusn uagd
o w Ay Aa Y = S 9 v oA
YALAEAIAUNTAREN TUNLANUAAIBAA (sequence homology) tantioy sniil a Uiy N-

. o w a d' 1 9 v a 1 AA . . .
terminal L1QY m@mﬂsm)zuTumgclﬂaﬂumnmm«mu (active site serine)

nqui 3 uaz 4 lduseulesdlenlaRdon  Bacilius  sp. uay

4 oA L:yd a . <3 a v
Staphylococcus W a1 Tunguil 3 4l nsaozd 1y alanine (Ala) HlunsaoziiTudmsnlu
consensus pentapeptide sequence (Gly-X-Ser-X-Gly) unuiaziy glycine (Gly) suueu laila

~ A o A
wWannuuanseaenusou ] (Lee et al., 2001)

42 anuduwzved lanle (¥afna, 2535)

=2 [ . . 1 o o oA
WANIIANEIANNIUNIE (specificity) mm"l,mﬂﬁm@ﬂm“lwum!,mm‘n 1 1u

k4 [
Tuanavesasasduiignlalas lad inlwawnsadwunlanta 18y 3 ngu (Macrae, 1983)

A R A

naufivil fe lanladtinnus umznudwmuad 1 uag 3 (1, 3-specific lipase)
Q o a v A a
#1'laTas lad laseFandwesea lansa lviudaszuas 1, 2- ¥e 2, 3-laoFandwesea uay
FY a ~ A a = ~ ydyy [l ~ 9 Y [
18 2-TuTweFandyesoa uaipinneFanayosoan laiain luades a1 ldnarlumsdos
2 g Aa A 9 " a o MY a o & Y g A A
wulunznamsnaeudenjiesai 14 ldnaasusigamedu 1, 3- lawdandwosoauas
A a =) 19 Y (aaa [l a [l 73 Yy A
1- 50 3- IuTuwedanawesoa uanlilgnseimsdeanaodnauysainag landiwesoauas
Y

nsa luiudase ﬁ’)@ﬁiN"UﬂﬂﬂLﬂﬁﬂﬁjwﬁ 1dun Aspergillus niger, Pseudomonas fluorescens,

Mucor javanicus, Rhizopus arrhizus, waz lanlannsiin

1 td‘ =} td‘ = o 1 09/’ ) 1 a v
nguiiaes Ao lanlaii lutianws umnzasnaduisazsiavesnsa luguluy
TuanavooFanaisosen (non-specific lipase) awniniaylalasladlnsioFandiosonld
I v A = [ a =} a = I
Wunsalviiudaszuaznawesea  userany laeFanawesoaras IuTueganaesoalu
Y
@15 intermediate 1WURATOT Aredved lawlalunguil wu lanla Candida cylindracea

Corrynebacterium acnes, Staphyococcus aureus waz lawle mﬂéfu’éauq N3
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1 d' A d’d o v a / . .
nguiteny Ao lanlanlinnudumziusiavesnsa luii (fatty acid-specific

a A d

. £ "o ' wady = ) A a ]
lipase) ¥4 lawlaningauniddmIvaiinliuaasnaaulidil  ualigaunidunayida  wu

{ a { d a { % %
Geotrichum candidum wan lanlad lalas ladiegandesoaninga luiiuao Tuanas s

@ A g o oA 1 ] A A [ a 1A o [l
Usenoudrenuszanily cis-form Tudmmuan 9 adrunsalusiuriiaoudivisoviia luoudaaly

U

@ 1

tiiusea ludwmiai 9 vzgnlalaslad 1dedned

5. mansaeulullanla

oA = . . = oA ° A o q U '
LE]lIvl,clﬁJ‘l/]QﬂG]N (immobilized enzymes) HU1YDY mu"lcmﬂgﬂmwu@ mamflwmag

Ao 9 ~ ldgl 9 A @ = A (=Y = :I 9
GluGlJfJTJL"UGI‘VIﬁ]ﬂll'J Eﬂﬁ]iJIN!@Qﬁiﬁﬂﬁlﬂﬂ’)ﬂﬂ?ﬁl%'ﬁmwu‘ﬁglﬂu ma”luuwufﬁzmu ﬁ%ﬁWﬂuﬂ,ﬂ
42' A [ =1 9 4 = [ 1 Aaaa A I~ o [
&nﬂmuma"lu"lmaﬂ MWﬂGlWLﬂukl“ﬁll L‘IJaEJ’L!%Wﬂ@]’JL‘NTJj‘]ﬂﬁEJW]L'IJu"UfNLWa’J ﬂﬁWEJUJL!GI’J!i\?

UgAsoniluvewdisuaz i §nTe (solid catalysts) (U518, 2535)

5.1 w1 (J57al, 2535)

Ao = av Y =y o P = Y a d?
’J'JGJJLHﬂﬁ"UfNﬂTﬁﬁﬂ‘]&JTJF!]EJﬂTHﬂTiLGlﬁEliJLLﬂ%ﬂWﬁuWL’E)uhlG]ﬁJﬂgﬂﬁiihﬂ%mﬂﬂlu
1 I o w Y o o [ o & A Y v 1 S A
GIANBITESREHT) umﬂu‘ﬂ%ﬂuugi1%$8ﬂuﬁ1uﬁamq@iﬁmwizualwmmmmu"lmmuﬂ
R = Y ad 1< 13 1% Aav A dy o P YA 1
wm%mqgﬂmmﬂﬂﬂmu Lmnuwaﬂgmuazwmma%awamz%m"lmmaﬂsmﬂﬂ aauilse

A A 9 I I = 1 I av A =
ﬂ"ﬂ‘ﬁflTWLLa$ﬂ'J'13JlfﬁNTgﬁiJsllﬂﬁﬂ'lianINWuﬂLﬂUﬂﬁﬂ! 9 th ﬂﬂ']\iulﬁﬂﬂ?’nﬂ FIAUINITLIDINITANY

9
v A

P = a d? 3 o w <Y A A A 9 Ia =\
Lﬂu"lcﬁuﬂgﬂmﬂ Lﬂﬂ‘l]ulﬂua’]ﬂﬂfﬂu:ﬂfﬂﬂﬂuuﬂﬂ'JfJ!fViiﬂNﬁWﬁﬂlu@ﬂﬂWﬂ’]ﬂﬂ'ﬁi“Mﬂu‘l%Nﬂﬁi$1]

Q

= o U % dal
Vasnau1alszmsaail
Ja ] =
5.1.1 oulyidasy liwdes
Ja Y o oA A Y o o
5.1.2 wulxidasylsanuludavas ludeioanse l¥nsaune (batch)
Ja ]
5.1.3 oulanidase 1y in viro 15un1 multi-enzymes system il

4

Ja vy Yy aan Y o Y a a 9y
5.14 Lau"lcmaﬁizamz“lwuua%mmgwmwﬂwmqmﬂaumﬂ%am
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Ia o a o Y
5.1.5 1w lyisasveznantuas I luasazaevesduansnuaznananin 1duen
[ 9/
pon 1114 uaziiiosnineu lniidulusAusrtuilouludnyae proteineous contaminants 1ag
9 L] a 3 A = Y] a A =\ a Qa: 9
mwzieglueiswzinailuaznouiioiiszauguygil eyves Tsauatiaiu wenoon 1@

Y} ) ax & £ A ' = &
@]’f]\ﬂ"]fﬂiﬁujﬁtwu"uu NATIAD ATUNUIYLLINDNATI

Ja 1 1 :’ 4 2/' o Y
5.1.6 wulwisase dulvgazainit azaelumsazae’la agiivaziunlylu
[ ] ] [ 4 a o 1 ]
anbue solid catalyst 1114 mwald lienunsaldiunTeslfnsaitlszinna1eg 15U fluidized bed
e packed bed luszuunonies (continuous) 184 0199214188V sitrred tank ttazultrafiltration

v o : o
membrane 16 (N581U91 ultrafiltration membrane da1dugUnilavouou laingagil)
Ja =9 9
5.1.7 oulmivasz lugaamnssuiidunums ldaugs

7a S a ad . A o ] Y '
5.1.8 mu"lcnmaiﬂumaaﬁ;aumﬂ (intracellular enzymes) W lFaudeaniu

4
NITVIUNITANA Llazﬁ"l‘]_lif]:%‘ﬁﬂﬂu

519 oulmidaszionvaedly ludnvazveimsga mols msdudalulsum

Un

Y A o v Y Ia A Yy 9 =2 g A o ' P
ﬂ')il"llﬂﬂ1ﬂﬂﬂl@ﬁﬂ131°ﬁl@uhlcﬁ11@ﬁ3$‘ﬂﬂﬂTJiﬂ"UNﬁu ﬂﬁlﬂuﬂNfJ@ﬂﬂuWhlﬂQﬂWiLLﬂ

HamarematiunaTuladvesonlsifgnaianly  @1w3tmsan q  wazudym lilaw

U

Yy 9 14

™ wa S =2 A 9 So 1Yy o 3 A ' <
anvauzauiavesou laifignaienla dmnud lavuanivilddszaunaduioss odrelsn
ng} = 9 d =X <} = 9 Y aag

awlunnasawansznunnmanionazms Ieu laiaieginesithe 1dun ueadlneiny

A A = du W a P Aa
RANITNUNIZINOU io91nmsoa luanavewou linudingelina ¥ Insegdamia

H 1 A 1 a [ ey, % @ { [~
(conformation) 1/asu liluazenniinanenyiedluninaussdie Jilgminudumasan lidu
Y

1191A8I0 U NIDUANYULLUIUADE (suspension) fMumMInemuIa (mass transfer) AL YUAUD

9
AngeoIzinansznudonanan 1wy duilou nehlgnsenunanan
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4 4
5.2 sz Temivesou lainsagy (sdl, 2535)
=\ A aag =~ Y Y axd
52.1 #lemaniiuuenaia taziadesnmveaeu lal1d 133 muzay
522 ld5z10 multi-enzymes TudnyaE in vitro 1A
v qui A v
52.3 1% loneoiiles]d

5.2.4 l¥anzmatnlfnsonas ldnneu lmisase viewu lsdanla
9 Y Y

AR a an =
MNUVUNUFUANINIIULASZITNITATIG

Q U

9 Y Y
v AR [

5.2.5 1 ldmnzauduniesfnsaitonled 1@ fefivudugdsedanegs

HazanHUSTUAATA

7

s o ' o a a3 o
5.2.6 toulaiminnaiegl lidesihlduSgnsnannsaiaulaa mileu

d a = 3 dytg v Aad =
Li’)l!"l“]m‘]ﬁﬁ‘ﬂ‘ﬁ MUUYU U?‘ﬁﬂﬁﬂi\ig‘ﬂ

L)

5.3 wilansogl (form) vouou laf (1514, 2535)

o ™ Ja J a
oulani Taena 113 2 31/ Ao tou lanidass nieton lawiiu (native enzymes) 1az
v . ~ v o Y an o
o lasidauilas (modified enzymes) lunsaiveaeu laddautlasainsai lavaieds msi
P 2 do & axa gy = I Yo
ulyingnase nimiuisnilveuou lmiaaulas Fseunsoagihiuowuningnldaann

i
=

Nl



tou |

ou laidgauilas (modified)

s = ) -
U lamiag 33 1/ (immobilized enzymes)

d Aa
U lliAy (native)

g Y
L’e‘)u'lc]mwmgu (entrapped enzymes)

<

d 1Y a 4
oulmiverdulummsng  ouladuallgadn

(matrix-entrapped enzymes) (microencapsulated)

At 11 gilveueu lamd

nu: 15191 (2535)

4 a
ou'lwsiinzaa (bond)

4 o

o d‘ [y =
ulwigady wulsiiFouiuszind

(adsorbed) (covalently bond)
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an = 4 []
5.4 35mMIasuou la (WOIWNN, 2537)
Mya3aeu lriivaienuy au35ved Kennedy and Cabral (1987)

Fmsasaoulmil¥egluzvenis

axloy K ad
153VYA AU
ax A 9y an Y an " Y 9 an "9 an VY9
’J‘ﬁ!,"lfﬂiJulle’J A5YAINIENY IN1TVOUAIY I5N1TVONY IN1TVOUAIY
Aang idula Arenaa uadagaidn

an o an o 9 ant o 9
ITRAFUNN A5YAIUNIY 15YNIUNIY A5YAIUNIY

o a [ o 4
NIYNTN NWUDSDOOUN ‘Wu‘ﬁ$1ﬁ'ﬁ$ ‘wuﬁﬂmnaum

A ad =< J
NINN 12 aﬁmimmu”lw

nu: Kennedy and Cabral (1987)
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5.4.1 mawou'lyd (crosslinking method)

= Jd =2 an s v Aam 9 o A o Y
maasoueu lming gl Taeds londeismsasaiuszmlounumsaig
o s oy Yo & g < @ = gy Yy
wuszInnuauy e lideelddmgesniiuvewds  ouleiazgnaiseyldlaomsasiaiuse
A ¥ ' ¢ o qU o o &Y aa X o q9
wou'ludnelu wazszninluanavewoulad sldeulmivuswiudouawida daild
1 3} 4 { J d z 1 1 4 %
Tuanaveweu lxi hiazaerh eadeulvinez 1deelingquilasdudud 2 nquau'lyl Feans
A Bh:y [ JY @ 4 A I Y a a 2
wou lvdtvzdunuTuanaveseu lasddieiuse Tnruaun asrenlad 1dunezavhan lawiiu
(aliphatic diamines) latunFasz@Anun (dimethyladipimate) lawnsaduiUeIien (dimethyl
.. (Y J 4 Y g v Aa { aaa
suberimidate) 11azAA10aA lga (glutaraldehyde) Feensibiludintenldnige Ugnaserns
A e "o a & yq ¥ A A Aq Yo
wou lvduegnusiiavosmsdoulvinlyd  Tasasmariiselinyan 9 fldauTuanaves
d A A SId'd 1 4 a v @ = Jd  a [ .
ou'lal Ao asyouluintinymsvetia Uiy uoa- laduveueu lawd (RamMsIuLDY Schiff's
A Sld'd YY) = a2 A ~ Ia A A
base) a13tren luAni laoz la Judutea-ladu uoa-dadnu uoa-1nlsdu 1ea-01594iu 130

Y

uoa-Famodu  (Aemstunudleiuss laozley)  asidoulvintivgloTalseuua vy
a [ o J 4 { Ty A Ju o
primary amino group (tRamssuiudreiuszitilInd) arsdenluininydanalele ladsuiu
1a a J a aaa v Aa o i J v v
withaalelWa (Aelgnsedadandu) vazvylelolaezisnmiud UMY uea-Tamdu
a aaa v Aa % A k4 ! J v v A 6'03/} = =
(tAmlfATedananady ) maren lviszniuenlaifungmdad lamiudinnuadesnnuas
] a Aaaa 9 ] Y X 9 a ~ A < A
Tumwsanalgasendoundula fadgungiuaziewlasumlaslduniaw iiesnn
a v o a o $ <3 & 4
AAMITUAUIUY Schiff's base NANUTE aldimine FIWANUUTWTINN UBNINTUNITTON
v a Aaaa ] a Jd o 1] .
lvdgunaninlgnsemyjosii Tuvewen el Tuasaiusy ethylenic double bond V@4 a,p-

@ 4
unsaturated oligomers U4 ﬂgmﬂaallﬁﬂ

[ v v [ Y v
anmzimmnganiivh 1 1deu lmifigniden lviuas liazanerh Taoh higay

LT

=S 1 Aaaa d? (Y 4 1 A Yy 9
Lﬁﬂﬂ3']3Jﬁ']11']3ﬂ11!ﬂ15li¢]1]§]ﬂi‘c’ﬂ "Uu’ﬂgﬂ‘]_lﬂ’ﬂllﬁmﬂﬁﬂl@ﬂﬂﬁﬂﬂi%ﬂﬂﬂﬁ%‘] €l A9 ANULUVNUU

a

P A Y A Y v a ..
youeu lyinazansonlad ey anududuvesdoouluaisazaiy (onic strength) gaIngil
~q Y ° Aaaa A a s Y Y o
saznailslumsinlgiser  Wodumsazangeu lsdnlinnudududiasduamsazaroves
- N Y4z
amayoulud luszezusnazldTod Tnmesnansoazateldluii emuanudutuvosais
4 d? a = PR g} o 1 31 Y 9
azageu lsinnuszina Indwesniliiin lwanagaes luazaienh ANUTUIUVDI
~ d' =1 1 1 Aa Aa o 1 Aa Aaa =1 L addya
TsAunmimnzaulumsaisedlurie 50-200 dadnsudoiadans msasuou laidlaeI5iing

4?} ya A o Aaaa A A 9 o a a o qu
Julaisnnniesinljsenieslnanuyale Tadianasavoaueu laiiu o
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a A A 1 = 9 Y 1 ] 3} d'
sssumavesou laiianinanensaiwon ladledlugid hiazaneirlaoh
P a I~ o ] a o 4 ] ] g’
ulmintinsaeziluladu iWuesdisznoveglullSinageilfiouladeglugl luazate
v 2 A ) v A 7o ] A A =2 A 2 9
ladwdu  mamuanududuvesngadan lea ldlszansamlumsas uniniudieTagaz
A = & 9 [ 1 ~ [ = v Yy 9
MNAUDNR 9 Milwd9zanad oAT@IUNIMANZ ANTZHINNEAIDAA laanuATuT UV
% 1 [] g’ @ Y P 1A
TsAudneglusng 10-100 Taerhwiin Tasanududuvesngadad lsanldmninssuves
o (] ] S I Jd Y A = dY Qddyd 9
ulaigega azoglurie 0.3 - 0.6 wosisua Jofvesmansuou luidreisine awisnld
A F=1 a = = 09; = aaa A Y a Y ] 9
aayou lviiswsiiamen asaneluduasufeazlgnsemsgon lviine1ddie daudeun
1 3 A = A 9 a 9 aaa A 9 v
w30 fe lanwenlumsidenldangdlduasmuanliiseimageon lviseniTuana
P A ¥ M 2 da ' o PPN
wowoulywi  eld ldvunaveseu lyd luazaerhnlivuialnauazion lxidensdinenssy
A ' o A Y v a A A o =2 9 ax
miavadge uenaniu weh 115w funailynusesms lvaiosninou laningnasdieds

dy = I
Hazdanyaziluma

5.4.2 AFMIQAFUNNNEAIN (physical-adsorption method)

b4 H
[ I

4 a, I ]
msagaeu lyiare35i wWusenlsezidluiuse lalasou (hydrogen bonding)
& a A 4 o
UsINUA®INIaa (van der waals force) Lag ”laTmTwimaumamaﬂw (hydrophobic
. . &£ 2 ' du A o A d o = ’Y

interaction) #90A35z119luanaveweu lainuivesdangsiluvewis msaTuoulxmidqe

v [

% =

asd o Y Y Y = ] A L yy & Yt
'J‘ﬁlﬁ/ﬂllﬂTﬂﬂWﬁNﬁWﬁﬁ$ﬁ1ﬂlﬂuhlG]ﬁJﬂUﬁ’JWEJ\WIGl“]fﬁiQ ﬂ?ﬁli@lﬁ’fﬂTJ%‘ﬂLﬁNWgﬁﬂ 1/1\111'31,1/‘!@11411

q

v o o oa = o Y a &
N173UNU zﬂ’]ﬂuuuﬂﬂlﬂu%“ﬁﬂﬂgﬂ@ﬁﬂ@@ﬂﬁ')ﬂ’)ﬂﬂ’]ﬁLﬁ')f]\iﬁﬁ@ﬂ’]ﬁﬂﬁa\i

@ o @ 4 (5 a @
ﬂ'J'l‘JJﬁ']iJ']ﬁﬂ1uﬂ1§@,ﬂcﬁﬂlﬂu‘l“ﬁﬂ‘Uu@l'JW‘c’J\i ﬁuﬂﬂﬂll NOY FITUIAVOIA

U

0 Yy 9 A Y 9 7w adq ¥
Mazas anuduiuvesdeonlumsazats anududuvouou lsinunivy wazguvigiinld
E4 k4 [
uennniididesefosssumnaveaon ladiazdangs 1y AuRRIVEIRINGS dasraIuYR N
A oy 19 = 1 g’ & 1 a P [ @ a 4
ey lyei FalinadelSunaseu ladignivuudings uazianssuveson lal
v o ' ' dy 9 v Y = ) YA a
WANIL. Masnuguanzan q il ldmunzanszselnimsasuouladlda uazia
o = o = 1 [ Y o Aa v a P o v

nssuveou laiignasdinidioggs  denanninadodsuaeu luiigngaduuuding
A Y 9 v v W = ] dy a o a P =K A
Ao Anududuveweu lwinduiaiunilanitenuAIveIRINgININT TNV MO lriNgna il
A4 4 A ) s = A o K2 g A Yy 9 e
Aunnan Womuanududuvesou ladaudgeduiinudazimuanududuvesou lanidn

] 1o Y 4 =2 A d?
a i Idou lanignas unuau
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= <Y Qddyd am A o Y 9 o = = '
myasueu lmiared st uismsni ldde AUNUAMT uﬂmﬂaﬂugﬂiw
4 A a [ 9 = Y Qddy
(conformation) ﬂlaﬂmaqamu“lcm 139 UINIULTI (active site) UDYININ mM3sasueu lriare35H

Aq Y I 1 (% 09.:’ 4 o 4 @ Y !
usan I ilussoou muummimmmau”lcmaaﬂmﬂquﬂﬂ Tago1fedn 1IN ONA dl|

v o

A ' < = 1 a U o Aa ' = Y 1A
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Y
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iﬂL‘lJuG]fNﬂ’J‘lJﬂﬂJﬁmﬁm’mamJﬁN 9 LﬂuWLﬁHLmeﬂzﬁlWJNﬁﬂi%ﬂﬂﬁm@u]l“b’um)ﬁm’qmmﬂ

= 4
aﬂmiqmmmau"lw

@ ! @ {a @ { g a o &

Anganldgady (adsorbant) Ntlen 14 2 uuy Ao AamgaMiluasouns dd
laun 15ag Tad activated carbon ABAANIU 81U (charcoal) ADUAIUINAY 19 (concanavalin A)
I ] Y a 4 1 a 4
iWhudu nazdmgaiiluaisoiunid 1dun DEAE-Sephadex pzgiiun una leasendainlng

(hydroxylapatite) 1A% Fan Audu

v v v 9
daumsdunedoiuselalasTida  dmgaldagliaunliddlaomme

2
' ~ = v v

oA g a & 4 o a a J
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oy % <3 o Yo dy zﬂy Aa o o w
1.1 YU HNAANIUAZIU lrl,ﬂ'i‘]_lis'l'J"IN!,’l’)’ti]!fl/\l’[’:l’i]"l'ﬂ UIHNDTUINTIINGA

1.2 wulmilanlamamsdviianaan Pseudomonas fluorescens EnzOS grade Fluka,

Switzerland

g Y a Ja s
2. Q‘]_]ﬂiﬂl‘ﬂclsb'[luﬂ"lifllﬂﬁ”Igﬂﬂﬁ]ﬂﬁillsll@\ui’]uul"]fﬂ

2.1 1n3eeemilnTas I Tnsiimes (spectrophotometer): model Anthelie Advanced,

Secoman, France
22 ’éNﬂ’J‘UﬂN’Qﬂmgﬁ: model SBD 50 — Cold, Heto, Denmark
2.3 m?aﬁ@mmmﬂuﬂm— A9 (pH meter): model 420A, Orion, Thermo orion, USA
2.4 N5¥ATUATOI Whatman 1103 41

A EY a a 4 a o
3. Q‘]Jﬂimﬂi%’iuﬂﬁNﬁmm%ﬁlﬂ’i"&ﬂm‘ﬂm@ﬁm’ﬂi

3.1 193pmarTasanTasns il model CP3800, Variance, France
carrier gas: He
column: SPTM-2560, 100 m x 0.25 mm ID
oven: NN 245 DIFIHATYA
detector: FID, Qmwgﬁ 260 DAY DT

injector: split 20:1



3.2 m%i’lefUEh (orbital shaker): model SK2-DO, CTL

33 Lﬂ?mmsimuuﬂ%’uqmmﬁ"lﬁ’ (incubator shaker): BINDER, Germany

34 Lﬂ?ﬂﬂ%ﬂﬂﬁ1ﬂﬁﬁﬂu 4 @11 US: model BL210S, Sartorius, Goettingen, Germany
3.5 Lﬂ?ﬂﬂﬂﬂlﬁ%ﬂd (centrifuge): model PLC-012, GEMMY, Taiwan

3.6 Lﬂ"ﬁéfNWﬁ U (vortex mexer): model KMC-1300V, VISION, Korea

3.7 479 vial YA 1 1Az 10 Naaaas

3.8 Syringe VLA 10 1aaan3 HATNVA 18 1182 23 G

3.9 Microsyringe Y119 10 lulasans

o A o [ = 4
4, Uﬁﬂllagﬁ'lﬂﬂuﬁ'lﬂﬁﬂﬁiﬂzﬂlﬂuq‘;}fﬂ

4.1 laTagnusiiauny, food grade

4.2 TR0 adUn, food grade

43 ¥'la 545 (celite 545): Analysis grade, Merck, Germany

4.4 NIAOSTAN: Analysis grade, Carlo Erba Reagenti, Italy

4.5 Twdoulaasonlyd: Analysis grade, Merck, Germany

4.6 19NMUBA: Analysis grade, Merck, Germany

4.7 Tmdeunaelsa: Analysis grade, Ajax Fine chem, Australia
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v A S Y Y -4 . 3
4.8 ﬂgmaaﬂ‘lammmu 50 1osIFua: Analysis grade, Fluka, Switzerland
49 uaaiFeunan l3d (CaCl,): Analysis grade, Carlo Erba Reagenti, Italy
410 Tandeu lnsneaneawla: Analysis grade, Aldrich, Geramany

411 TwunaFeoulalalasinuoe Inswomwa (KH,PO,): Analysis grade, Ajax

Fine chem, Australia

4.12 laTwunadeoulalalasinuoe Inswomwa (K,HPO,): Analysis grade, Ajax

Fine chem, Australia

5. AN d M UIATIEnanI suaeaey la]

5.1 4 -Nitrophenyl palmitate: Analysis grade, Fluka, Switzerland

5.2 2-IWSWIUPQ: Analysis grade, J.T Baker, USA

5.3 Triton X-100 : General purpose grade, Fisher, UK

5.4 Gum arabic: Analysis grade, Ajax Fine chem, Australia

5.5 Tadewnlalalasnunomvla: Analysis grade, Merck, Germany

5.6 lalmaesylalasnunoava: Analysis grade, Merck, Germany

5.7 TReumsven: Analysis grade, Ajax Fine chem, Australia



=~ o [ o =
6. t’fﬁ!ﬂhﬁTWiU’JLﬂiW‘ﬂIﬂi@]u

6.1 Coomassie brilliant blue G-250: Analysis grade, Sigma, USA

6.2 nyaloaneI ity 85 115 Ud: Analysis grade, J.T Baker, USA

6.3 91IUINTY 1 711/5AY BSA (bovine serum albumin): Analysis grade, Fluka,

Switzerland

7. Al S uRaaLaz N LN A amnes

7.1 1UNIUBD :Analysis grade, Merck, Germany

7.2 180N U: Analysis grade, J.T. Baker, USA

7.3 UTn51@e38mM03: Analysis grade, J.T. Baker, USA

7.4 Iﬂgau: Analysis grade, Ajax Fine chem, Australia

7.5 N- methyl-N-trimethylsilyltrifluoroacetamide (MSTFA): Analysis grade, Fluka,

Switzerland

7.6 FITUINTIIUN EJTL!, methyl capylate: Analysis grade, Fluka, Switzerland

7.7 n-Heptane: Analysis grade, Labscan, Ireland
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