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—Microenvironmental Optimizaton of Immobilized
Invertase for Methyl- 8 -D-Fructofuranoside Synthesis-
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Abstract

In order to enhance the selectivity, productivity and yield of methyl fructoside, which
was synthesized by enzymatic glycosylation of sucrose and methanol solution, controlling of
surface property of solid support using different immobilization procedures optimized
microenvironment of immobilized invertase. Silanization and polyethylene imine coating
methods were adopted to give a hydrophobic and hydrophilic environment of immobilized
invertase. As a result, polyethyleneimine coating method gave higher loading of enzyme,
effective activity, and relative activity than silanization method, because it brought on
increasing the functional density of amino group and enhancing the conservation of activity
by regulating of hydrophilicity. And then, hydrophilic environment was possible to restraint
the assessing of methyl fructoside molecule, which was more hydrophobic than sucrose,
fructose, and glucose molecule in the reaction mixture, into the active site of
immobilizedinvertase. Consequently, hydrophilic microenvironment of immobilized invertase by
polyethyleneimine coating obtained higher yield and productivity with increasing
conversion than silanized and native invertase. Thus, this procedure optimized the
microenvironment of immobilized invertase suitable for the enzymatic synthesis of methyl
fructoside.

1. A—]i

7 I 7eAdH Qg

32 33 didte BE gAY gAY g gz
E}H oA =AErh[l17, 22] FEAE ofwr] w©ao £

2718 o] 247180 95t

s s 2het3 e
“FEdgm A B



260 333 . 91" 8 Methyl- 8 -D-Fructofuranoside #4& 9% 243 Asly 549 o487 HH3

Uehts dAA Foldd 3t &4 ASFE AAL] s 718 SHARA o&Hm
Atk ol wzl F nEA(sugar polymer), F AWAt ol 2l E(sugar fatty acid ester), @ 2
Z2|o| AH Z(sugar polyester)s B& EAZ tyd 75L& Fd5y] 943 I §dg)
Y= 1 A4, 6, 15].

7 B g4 F5vlY BE B3 4 €X2E AAHL a2 3ehd e
T 4A 2 HA MEgE o] B3 14 FAYol BETAE Y 4 dn BUAA y|
48 294 glenZ vt FAMLE HriHa gtk 53, viFAldlA S49 EZ0ig4y
of #AES Hud ofef14], #7144 ¥Sufd, FEul wrEalEd E 2UAN S uiRA
164 B BHEY gl BE AT @83 A3 x 31 gIeH5,10,11].
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g X E A S(methyl- f-D-fructofuranoside) 2] £g]3}82 Exo] 7|&e] & 58 ¢ £%4
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ojate] wiFsla] ztzbe] o} AA 7 EF AiEHE S 23 gldle). 1¥EBE, &4
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metA dE ZYHEA=S §4F AYito] AL Hu Y e Fe AUMLE YriHemn
=Y T e ko] AAs ok =], o8 wise HE ¥ vlolya, diF@FAdMe] s}
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Glycosyl-OR + R'OH <« Glycosyl-OR’ + ROH (1)
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Fig. 1. Schematic diagram of micro-environment control of enzyme-bound
microsphere.
(E: enzyme, F: fructose, G: glucose, MF: methy! fructoside, MF: methyl
fructoside, and S sucrose)
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31 M3 gAe NHE

%38 HA#dF &A(P-D-fructofuranosidase, EC 3.2.1.26, 140.7 U/mg, Fluka
Chemie AG, Buchs, Switzerland)®l W 287& 2Hdr) 4 FA2E F7IAL
Aol 71AQe] Aede Hdsgc Y NYeze F44 2 KUY 4@
82319 Zajo] "aAolwl TEW(S 191 AEs AR AF R 2FHE =
a4t

Aelsl Ade gHes Rl g Azd o3g HeAsHBEEYZ 40~50
i, B EDA 330 mYg, AZHA 05 m AFE 0869, AEAMA 321 cm7g)st A7t
A60(HFY A 63~200 m, 70~230 mesh ASTM, Merck, Germany)< A gERT, &
Bal Ade gH2E olay FFEA ddx EY0(AA 03m, RFE 456%(w/w),
pH 4~5, styrene/acryl ratio 55/45, acrylamide® @ 0.3%(w/w), e W (F)IE
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a4 deitet At 609 84 d@stE pH 3~42 23 10 %(v/v)Y
3-o}v| = 2 2 J E 2] o) § A] A @ (3-aminopropyltriethoxysilane, Fluka, Chemie AG, Buchs,
Switzer land) 8% 54 mLe GA 2 g& 75 ColA 24 7HF¢ HEAA &A1
T A3 A 115 T dx71eA 10835 AR A ALt

714 ATste 2%(v/v)Y 3-olv| = Z2HEGEAAT-olNE $£89 167 mL
o FA 3 gg 45 TAA 24N NES HEAA A8 & F o3 AR L ARAA
ARS8t 3, E]olE /o] Y(PEL, MW. 40,000~50,000, TCI, Japan) EX%¥ 0.1~1%2]
PEI-&2t9 &% (pH 85) 10mLe A 100 mgg 25 CTollM 1ARES HEAA
EEAYS £ FA4E g5 Ao mutg PEIE o3l AAsGch g A Zay
g Zdddovlos X387 et 01%S PEI-2449 &3 A(pH 85) 9 mLdl
g A Egv degd | mLE JFeta, 25CAA 1A B¢ EHAEEY ofnxr]E
EUAY g, 02 me] AT oez o AAHF & pH 859 HAIE $E o] X
33 4 C YR B ALE3to o] &3l

Adst @ PEI T¥HOZ o7t U9 zHzte Ao snd A ==
Edd3Es 848 FRATS] A4 nHE 52E20E AzSAD olvxr]s)
e Ao &3 100 mge 25%9 SFEIEUUI=(25% F8£9, Merck,
Germany)-14 9 &S H(pH 7) 10 mLY 25 ToAA 2A1 -5 A &3l gydl=r)&
EYAIL F, A7, AAY vEkgd SREl24HI =g S48 AASAT 99
Wo oty Alxd Z74e @9 pH 489 %AY g de 4 mg/mlLe FEZ
ZAE AT a2 $8Y 15 mLE 4 TAlM 3417 5¢ AEXNA 548 A8 s}
Aot Wgol Ed F, uA 4hE 02 e dF3Loz g3 A g, 244
$ZH(pH 48)°] FA 3t 4 T2 YA R B8] A3t}

185 FE 1P HAFye gandm oiede FFLE YH FLEZY)
(UVIKON 820, Kontron, Germany)Z 280 nmol|A &#A3sle] A&stgct 238 &4
o BHE+E pH 48 A3 54%% 1~4 x 10° mg/mL, 2831, F X 0.291 mol/L
o] AFTEAE 25 TEZ KA E FEY G yda Hego] 1-2%7 H=E 28n
712 murete] wEAl7IL 02 mol/Le BAVEEFFEAoR e AHAAAZ F
DNS(3,5-dinitro salicylic acid, Sigma, St. Louis, MO, USA)H{ o2 &A% 38U
o ¥EEFEH 2JV|EEE ZAANZ 29 GHAFE J|FoeE & U/mglu
mole/min-mg) 2.2 YEMAJ T Ed Ao YT E AdELe BT e 13
Btase] 4% HELE UEMUY, FEEHEE 143 529 FAE 1A
kel Foz el

Gl
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S84 A8, #7014 des 2 EooRdoln EXYoz HHNEAY wAEH
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e A 1YY B AUt vlagFol 248 229 1A L%
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2 olg3te & FEHel P A3l oste] AEY vlE THEAE= FAHY HH v
2 zA[EABANE 2 U/mL, A& &F 30%((v/v), &3¢ Z7]% %= 0291 mol/L, pH
482 g2d) &x 25 ClAA A% vege s H§e £, 8ke
23 YPEY xE 2AE HAZ7](R401 RI detector, Waters, USA)Q} g3te 7
Y {High performance carbohydrate column®, 46%250 mm, Waters, USA; ©]&4}: o}
AEUEY/E[75:25%(v/v)], 41 14 mL/min}& AMEslE HPLCHOZ EA3HT

33 2% nHs gHHeol MY

PEIo} olsled :4A maftzdo] 249 AYstg €A SAFAA vE ZHE
AE P4 g 2RHA FAE AASAT o5 AT FEAANA AFe H3
W23 APF-ue2(30%, v/v) FEANAY vl ZYEAS FAEEEA digd
PEI-A 2 7}9} PEI-28]d ©o nAstd ¥ g2 Hd ¢S =(Vm)FH 7|7}
dal A A=(Km)e HESATH weeE 25 C, pH 48 ZA®E 1~4 x 10°
mg/mLe ¥gZFAGH AFEEE 005~0291 mol/LE ASFA7F|AA HsH&o] ]
2% g5 d A& 1 mLE AFHsn HHUEF £84(02 mol/L) 1 mLE
A2 A H o}

{

o
olo
o

Z}zto] Htg B9 i HPLCHLZ &Add x7] 7l4RsiSEst 27 43 e
BEHEEE AAsr) ol wyes gL AP Wit A B IS
T2 Lineweaver-Burk plot$} Hanes-Woolf plot& ©]&¢ HFH# 71&7]|2HY &F
& 2P F8AT AF-we&E(30%, v/v) FEAAN ZZe] Vst KmE& 23
t},

4. A3 2 nF
41 IH3E 540 95 Mo Al EAHTO E &M EFHELS FE

A3 b sedozxy WY THEANSE FA437) HillAe 71AY A
go o3led A7 BEAHE T WALA godd WY ZHEAE=Y F&H A
AL Y 5 JEE aAFos EdMIE P FAE ez It ol e
BN 1 F2AH EAol &4 nAsH HAPREE A1 o3td =ddE 4
gAde daA e AdHez AuHn de HYstd 60, 2l 2EAA
do el Zo g HAAsAH.

S FAEAHLE FE&Y 4 5}9} Zaloiddlolr] =2y Ssir HFAHeE,
S8 Aaste s AFAdes AT o|2FE HA EHI 7‘05}% 1R

3 549 FARHESY FUEANE % ¥l 3le) Table 19 YERHATH

SETHEE 1%9 PEI-tEA A717F 162000/g2 7Y %3, Ad 4=
PEI-&tel =~ Zguj7} 753%2 714 A Jdewd. o34 dgste vEzERHH AF
Aol A7) W §& FHE/ A Jebd i, 25 FFol w7 Wi nA
3 BAENY A3 g4 AN 43 YAFHNE FHHmE Hd 8=
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ot AoeE BdEn.  PEI-OFA Huste 49, 1%9 PEIZ ZUAad A
7 01%2 ERX2e Z$Ro nA4s die EFEUEs} Zold §& BAEE =
ARk o] FAl A Gl ozt AU GHEE F2dE RoZ e

O34 de7le ARy 4&59 PEI S¥X o] o8 g Fusigy =4

Table 1. Immobilization characteristics of bound invertase on different carriers.

» Relative Effective
) . e Activity of o B
Carrier type Carrier Method of binding activity activity
free enzyme .
(%) (U/g—carrier)
porous silica 0.1% PEl-coating 140.7 U/mg 711 12000
" 1% PEl-coating " 64 16200
Organic silanization " 14.2 2400
Silica base
Aqueous silanization " 14.2 2000
silicagel 60 0.1% PEl-coating “ 13.2 164.6
Organic silanization " 43 345
Styrene/acry!
Styrene base v ] i 0.1% PEl-coating " 75.3 6357
latex micro—
spheres
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Adste 1-AAEL 2 (1-kestose) Z 6-AXE L 2(6-kestose)7t WA HE
b1k t}20]. wWetA, g&d 7139 FeAds o 29 %= #
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ST Eali f=k

= AU T FAA7717F ¢ oal e e ¢ F s EF, £ v
FgAdol &7 WEo EAEHoY Al 24E Py Y=z 7Aoo W
Boe giZue BeANe $FHo2 Ao uFAT Jew H

oo o r

olsjte BHAM, YR AFAEL Ho)EAE AHEFHAY 2ABNALE AHE T
Ao Aaed £&2 FAANE ATFEHE AAFATHITL. 22y, HojEi 9
7#4S ugol e =3 EAIEL AFTHAU, AR FAE] ANHZZE FAH
ol oA Adte] wath T A} BAE AEIE AT, ofdE F2 (EWL)
dad2solel Ao 2, widde tald Tax vlAE 2dd BF =&
Baso] A &,

Fig. 2, 3, 2283 45 A3 % PEl S¥yog 7o) Eusgstsy E4o] =44
18 A3dF FTAE ol &sld HFEFH AR ATFEFZFEH e HAHULS
ZAdAN Y ZHEANS FANL £t AAdEh F¢e FA vze 23
o}, 2¥A ¢ 4 Y& vitEol PEI EX W B 47t #84 A@sdH AAE
29 ASET ALl ALHeE F/EE RE ¢ £ Ut °ol2HH PEIYe=
TASE ANFEAE AAHEQ vE ZHEANES JIFEHE AT 5 UA=E 2
g g FEEAo vd ZHEANEZY FANE FYI=E 2AANSS ¢
4 At ol wrate] F8A A@IYPY AeE FUSAHel 254E YEHWHEZE
WAYEQ ve ZHEA=E adHog wHHWA Rt WA 9AZL o] FFH
HEAsgo] EEslE AL 2 4+ Utk Fig. 30 Ueld upe} Zo], Adge] B¢
= Asgd W &9 #a7F FASA JAHHAL, Fig. 49 Hebd vig 2ol
ARt o APEY FEgAV AAEA dojue AL & 5 AW 2
A%, Adste] A9E A FE AQEALY ASRUE 23] AsEH 44
Eo %7} oj$ B JEhA HE22, gAe Uity Ao Qe AL
dhgo] Hlg S Auste W Fad IAYE ¢ F A

matA, tEA Aade gEA Zgn Ede =X @ PEIE R olvxrlE &=
Qdatz, AEF TA9 FAd FIP AFAH AR YAV Ao nHs FF
3 BAEE ZgAZAY 283, odune B BHHLH 542 549 843
oo wisAL A 49 FAHAE vE ZIHEAN=EY AUFHez A
Zio] 7 EASo] RoEm WY ZHEAES Eze FIo| ¥ wWEd W3t
&7 £¢ 2 557 24 9ol 2o #ddEH

AnHoz nA FAQ mi BFLE Zoddolwl =ERoz IFFHANZ
PEI-d 7} PEI-atedl 2~ Eg 18 G2t Astg&o] F71%d o £+&2 ¢A
Moz JASA FAHAL, Aagol U vE ZHEAN=Y YHFE7F ASHL
2 Zvtetn ez 1A gAe] FUSHo vE ZHEANS F4uNsdd st
52 1AL E ¢ F IAHt
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Fig. 2. Time courses of methyl fructoside
synthesis by different invertases.
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Fig. 3. Effect of conversion on yield of methyl
fructoside by different invertases.
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C Native Invertase e
i ” PEl-coated porous silica
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040 - & Silanized porous silica _ <7 g’
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|
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Conversion(%)

Fig. 4. Effect of conversion on dimensionless concentration
of methyl fructoside by different invertases.

43 @A EH S4of wE 0y dag g4 Vmo Km I
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rpt B2Z& E & (alcoholysis)EE 745 2+2ZF Michaelis-Menteno] 2] 3te] A} oF

.7’ dCF - VmH- Cs (5)
H at KmH+ Cs

- dCMF - VmA~ CS ©)
A dt Km,+ Cs

o3t AB)H A6)2 UdEd = Ut Vg, Vs 47 9 2ejwes 938 2
intgel At WEEEolny, Kmy, Kmue 229 nstda|aysol, Cs, Cr %
Cwrz 2zt 2%, 39 agn vYd THEASC] ExTolu) uwala,
oste] 4YA8E ¥ Lineweaver-Burk plot# Hanes-Woolf plotE Ol%
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ol 7Rt e FFE A T Eaurgd
Mggo] whgdte] HE ZTHEAN=E AAste gL Baurg fd é?- 2] (6)—4
ez vehd 4+ o

Table 2 “etd vhel o], Km& PEI-42l7le] % $7 PEI-gtdl A Eave] 7
TEG % 2~3MAFE WA JeEwon, Vm g PEI-42 57} PEI-gld A Zgojn
o 29 E wA YElRt Kme 713 3858 Yelded), PEI-gd A Z2n 9
714 As=7h 24 dehd AL desie gWE4ol FeYa Zeviug A4y o]
Botel 148 F2FH AFY FEI Yo w3tv] gEoz 4Zdn 1
i, PEI-2tel~ F)oeo PE-48719) Vme] ¥4 deld R& PEI-dgste =
B3t ##ol £3, 714 & Es} PEI-gE2 v &7 gEoz g u
2, e ZHEA=E $A57) A H4 148 g2Z0)2 = PE-AE $4
g Aoz veyith

Table 2. Apparent kinetic parameters of immobilized invertase for sucrose
hydrolysis, sucrolysis and methanolysis.

vm
Carrier type Km{mmol/L)
(Umg)
Sucrose hydrolysis PEl-coated silica 36.5 71.3
in 2queous medium PEI-coated latex polymer 476 375
Sucrolysis PEl-coated silica 43.4 20
in agueous methanol medium PEl-coated latex polymer 47,0 104
Methanolysis PEl-coated silica 240 8.68
in aqueaus methanol medium PEI-coated latex polymer 29,1 ™
5.4 &

238 714 te gAY EUSEE S4usary o a TYENE g4 &
H49 Ao 520 va® 2ARAt DHY AT 52 HABEE 2ds)
71 e gAZE 2rAL 4ste 474D 2Eu g_- destga, 295 7y
o2y £84 2 4714 AVsst EPY oY =XYe Hustel FAED
a4 9 A54e =Ha,

2 A, PEI 2249 F97 Adstel 4900 02 oprlns)g F45n o)
A Z7e BAHE TIB2ANCIlY FANEE 4717 ME Bad @
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