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Sanehisa Nakamura, Mitsuo Sumr and Masakuni Tako
! Preparation of sucrose—bound syrup

Summary

Cyclodextrin glycosyltransferase was prepared from the culture fluid
of Bacillus macerans and was purified partially by the fractionation
by addition of ammoniun sulphate, and the adsorption method on
starch. In order to prepare sucrose—bound syrup, cyclodextrin glyco-
syltransferase was allowed to react with a mixed solution of soluble
starch and sucrose. In the initial stage of the reaction, specific
viscosity of a reaction mixture decreased remarkably and, then it
increased at the starch concentration of 20% in both of 10 and 20%
sucrose—mixed solution. Cyclodextrin production decreased with an
increase in swcrose. The final product separated by paperchrom-
atography was identified as maltooligosaccharides substituting sucrose
at reducing end.
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Cyclodextrin glycosyltransferase (LIFCGT — ase L8879 i, &< 25 Bacsllus macerans
DT ZBRE LTA ShBBBMICER S 2 L2 TFREBIEAIC XD cyclodextrin 2457 Z,
Cyclodextrin &%, D—glucose 256 ELILERRICa — 1,4 A L4 ) BT, HFAICERROZE
REETERD, BeOWEEIERSHETRT 2 C LHHREE 7, BEBZBEOET R
BITERSE 2 LN FRIEBERICKD, BRI 2 v vBEEB IS Z2ERALZHE L, COR
&id Coupling RIGEFHINT WV 3, EDMIECGT — ase i3, =+ Y IHEET b Coupling Kt
L, EAEORNUZEAO= VT ) TBEERT 2, T DKKIZ, homologizing, ki3
disproportionation, L PRI T\ B,

PEDESICCGT— ase 34 OREE KT 2RKBEVBRTHD, BRILENDZWVITZOR
AEENE LTBEBAIHASh, cyclodextrin OBER KT cyclodextrin %F|A L ARmbLE
BERMLINh T3, SOKEBRIGERAL, RE#DO /v 2 BPOIHE, T LRERATEHER
DERLFTONTY B, ED—HTIRCGT — ase EEBEDORE LFTbN, B. maserans 2Oftic, B,
megaten'umS), B. circulans, B. species (T WH Y waEE Y B stearother mophilus B L U,
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Klebsiclla pneumonice SICHET 5T EBBESN TS,
KBTI, BtEEKRE LT B. macerans 2, BEEEZAKL LT, BRiCt ) TROBEL
KRB OBERRA T,

EBHEBIUFE

1. EBHHE
R, MAEARBREFR (KR) £ W AF LK Bacillus macerans 1 F O 3490 H\ 12,
BEE LraadEsnia bt TEG0, 5%, EEEMEBEER, B TRV

2. BREIHAEE 4
BEik 0.5ml12.0.05 M Acetate buffer (pH 5.5 L 72 0.05% Tl #¥& 2.5 ml ZRAEL,
40°C, 103G &Y, 2@ 0,5ml 2R D 4.0nlD0.01 M I; (0.25 M KI &) BRITNZ, 2B%:
AT0nICER Lk, BIZ139BANEETFICED, 660nmTHRAEZREL, KA KDE
BRERDT,
ODg— 0Dy ./ 0Dy % 100 (1)

ODy : Ri6¥u4s300ODE

ODy @ KE103% D0 D
nE, BEEHOFRTIRIOZETTI MK 10% ZBFEHRIEIBRE 1ML Lo

3. R—n—ya2brs574— (PPC)

PPC i3HAEM&ENa51 (20x20cm) 2MAL, 65% 7 vy —VERBRBHELT, EREICXD 3
BERE%IT- 7o

BLERT=Yr75—-LE, 7 r—RREREX-) VBREE, cyclodextrin i3 1.0%23VvETNVI—
BRI O REBIE, EBHEET- T

4 MEONE _
BRGEMICE 2 RKitH%E, 10nlk—rEexy b TRO LS, BTEEZREL o HMERRIGY
o ROMTEEE100L LT, HMMETERDL

5, SR ORDOER
280nm IKBT AWEESE, BI139BAEAEFHICIDBIEL 72

x B ER

1. BREOomN
500 mIARO 7 3210 FBI—YRF4—TVh—, 05 FHBET ¥ E=V 4, 1.0% KON
vo LB LU 1.0 % TEEnEAUAEK (pHT.0) T0nl%53E L, b 550 UhRIBGEEICHRE
THE LT B. macerans % 5.0 mlEE L, 30°C, 70~ T2 IRBMISEREIT-Tc. BOOALERK %
10,000rpm, 2053fEOMEEITY, BELEREL - LELHEBERBE L1
RICHBERIKIC0.258aFIIC L 2 X SICHT v 2= 2%5MA, 1BRELELAREWMESH S0
¥ 0.25%af0ic L TR\ 7=Celite 546 TRMBL 726
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2TT, TOMRGBRICBREST ZHEEFAL T, @ 100 izt LT 0.5~ 1.0g DEMAERY
2MA, 40°CT1 EBHL TRFBUEBEET- T2,

LEOMRERLE~S, MROBEHET L LAHEBL, LEXF1Y NRE, BFBLH ) —
v 250 ml T 3[ElRkH, ZORN T X7 4 V5 — ETHKK 200 nl THH 21TV, BRBERWA B~

Eoic, MEGRERBICACORTKSNEMALC, 0AMHEL, #5274 V5 —TRA, &
HEER L Be COBRELHERDEL, FHOBVRILEYD, UTOXRICERL RS

Table 1 ICHBHBIRIC 11 2 EROHIEM R L fro AHIBERD BRI 57.22 unit, /OD 280 nm T
SRR LB L TO0REBERE R LTt IXRIZ 11.66 B TH » 7o

Table 1. Purification of cyclodextrin glycosyltransferase.

Vol. Activity Total OD 280 Total Specific Yield -
ml  unit/m] activity nm OD280 activity @
nm

Crude enzyme 800 7.78 6228 84 6720 0.926 100

0.25 saturated
ammonium salfate 246 5.59 4729 7.2 6091 0.776 75
*Eluted enzyme 805 9.01 725.6 0.16 1272 52.72 11.66

* Enzyme adsorbed on gramule of starch was eluted with hot water (40°C).

2. CGT—aseDHEMESTRMBA~DER

AROHFETHEB L BHEER 5 0%, 10%0)EdBnEg (FEBE@®K, pH5.5) 50nlicAEEEO0,
25, 5.0 8L TI0HKIT/E 2 & 5 ICHR L fAmITERmm, 40°C 100rpm TIRBRUIGE 21T > 7o Fig. 1 38
RO & IR E L, BROSREELRELLBRTH 2, BERESE ORI EBHOS
BEEMMEEINTVWEZ b3,
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Fig.1 The enzyme activity as a function of reaction time,.
substrate : [], 10% soluble starch; A, 10% soluble starch+ 2.5 % sucrose;
0O,10% soluble starch+5.0 % sucrose; W, 10% soluble starch+10% sucrose.
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Fig 213, SRIGEMC & KBIGBOR T EEERIEL, EHBETEDLEbDTH B, i, K
i 2 0 B ¥ TR 23.3sec TH - oo HER, KISTMICRRIETL, To®RRBE—EEEZTR

L7

specific

1

L
OTI 1 1 |
1

4 12 24

40

reaction time(hr)

Fig.2 Specific viscosity of sucrose—bouud syrup as a function of reaction time.
substrate: [J],10% soluble starch; A, 10% soluble starch+2.5% sucrose;
O, 10% soluble starch+5.0 % sucrose; W, 10% soluble starch+10% sucrose

glucose 1
oo 00000
moltose 11 o) 0 O O
maltotriose 12
Q O 1
0 5
0 4 12 24 34 40

reaction time(hr)

Fig.3 Paperchromatogram of sucrose—bound
syrup as a function of reaction time.
substrate: 10% soluble starch+10%

sucrose
reagent: aniline hydrogen phthalate
1, fructose; 2, sucrose; 3, @—maltopyran-
osyl—p#—D—fructofuranoside; 4, @—malto—
tripyranosyl—p-D—fructofuranpside; 5, @-
maltotetrapyranosyl —f—D—fructofuranoside.

Fig 3 BEIRDORIGEDR—/¥—7 0
2 NS5 ATHEZ, RIGERIICHA LT
Sua—R, =wNb—-Z2BXV=NVE b
Yz —RERFRIEARIEOFY THEHLE
BRLTVEL LB ohl, BBRE
7=V r79—VvBEMBAL .
Fig. 4 3REBHIRRK ) v BAXTRAES
HbDTH5, RIKERRIGERRHDE
fTicRk-> THEBEL DRIEOEVA Y I
BERISATVWELEBED ORI,
Fig.5 i3 10% a8y ic b U T REME
25, 5.0 BT 10082 SULXFORIG
KRTHDR—N—yu=w by 54LT, &
BRI 1IEBIIRT V- VEEEEL,
H+470FF2 M) YORBET-720
DTHZ. WTFNDORFICOEED R H
w b @D a—CD (cyclohexa amylose)k
U#EBD Rty b D F—CD(cyclohepta—
amylose) S S i, FEREME &Y
HBILTHA 7 07+ 2 b Y VSRS
Nz &bz,

Wic AliAE R OBE X220 & L, £
NICHERA10E 23208 E B2 XD IE
m, 7AHEEsEK15nl (145unit) 2EH
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1 Reagent
2 OOO O@Q , H
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Fig.4 Paperchromatogram of sucrose—bound Fig.5 Paperchromatogram of cyclodextrin,

syrup as a function of reaction time. substrate: soluble starch+sucrose;
substrate: 10% soluble starch+10% 110+25%, II 5+10%, III 10+10%.
sucrose

(1), @= cyclodextrin;

reagent: urea—phosphate (2), B—cyclodextrin,

1, fructose; 2, sucrose; 3~ 9, sucrose

derivatives.
100
$ | EE—S )
5 /o
E e
E so—f
a9
£
n
c
[14]
= 0 ] ] 1 | 1
0 10 20 40 60 80

reaction time(hr)

Fig.6 The enzyme activity as a function of reaction time,

substrate: O, 20% suluble starch+20% sucrose;
A\, 20% soluble starch+20% sucrose.

50mlicnZ, 40°C 100 rpm TRIG &€ 7ce Fig. 6 iIFUCHE & BREM L OBIRERLIBDTH 2,
Fig. 1 G ERRMBOL OCRIEKDF DS, BRIREEMEES QTR LBbh 2, Fig TRE
FRIGERIC I 1 2 M EAR LD TH 2. T L THRIGHIRICHELED Lo LA LEHDS,
HEREOBREAT ZERMBRON, KT EERI ¥ 053 T295sec T, KDEHNIL14.3 sec TH- 1o
Fig. 8 KHRDORIEHDR—x—s a7 b I 5 L (REFT =YV 75— B &R LI, $7Fig.9
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Fig.7. Specific viscosity of sucrose—bound syrup as a function of
reaction time.

substrate: A, 20% soluble starch+10% sucrose;
O, 20% soluble starch+20% sucrose.

fructose

glucose 10 Lo . i A -

' . ‘ sucrose 2

maltose 11 § R ! g . 3

maltotriose 12 K I xt 3
: LB ,.‘~1 %- 4
* 5
6
7
8

« © 2 5 15 25 35 45 60 B84 8 2 5 15 25 35 45 60 84

time (hr) time(hr)

Fig.8. Paperchrmatogram of sucrose—bound Fig.9 Paperchromatogram of sucrose—bound
syrup as a function of reaction time. syrup as a function of reaction time.
reagent: aniline hydrogen phthalate. reagent: urea—phosphate
substrate: 20% soluble starch+20% substrate: 20% soluble starch+20%

sucrose sucrose

RIIRE- ) VBEAETREIEL /o= b 56%R LI WIFhd, Fva—xz, v b—2B&
U=b b )F —RERED—HKTZRAEy FEIRHINT, TAEEORMBIVEVI Ry b bRH
Aot BEIORIEOEVAR y PRIT F—REZATHLELEDL L, EHEASLL ) ITHET
HELEZON S,



49
hriEH : ERESE LYo 7

x ="

CGT—aseld, BMBMICERASEZ2E, cyclodextrin 24ERKRL, 2 —20BEBEEDEMT
ZERVEETNZ LEEBRILEIT). AMTII B. macerans %AV, SAREKELTHEEEERL,
RBEBRIGERNTo CCT— ase 3EMUBERRICREILZC LIkt (6065 Stri,
F, BBOSREIGIE, BERINEDFHERNEEIDECEREEEL. COTLISAKOREI
L0, BRORRPEEESNEZTLEERL TV 2, —F, RICHOHEMSER, RISVicasicl
Lo LALEHS, ZORMERIBKT ZHEMBEROLN, THRIGISEDSICE - T ) IHHEARK
INnzETEickzbnEBbhz,

¥7-, BIEKE N2 cyclodextrin (2, FEEBRMBIHEAT ¥ - THLTA28EBR SN, TH
i3, —EER IO/ cyclodextrin &, SBRVBBBEATEE, F—F—tRbaREhET Lick
ZHDEEDLNMZ,

RICESIEPPCREDDFTLEBR, Frva—2R, = —2BLT<TR MY 4~ B0
HROBRIRHENT, EELORIEOEVZ ) RSN, b —2ARGIKBEDOR £y b BEET
BT itd, BMESUL Y THTHE L LARRBS e XM ORIEE D, ThODH Y 8L GF
(maltopyranosyl — fructofuranoside ), GsF (maltotripyranosyl — fructofuranoside), G4F
(maltotetra pyranosyl — fructofuranoside ) B&HEL s

PEDXSicZEhe L TEEEZAY, CGT - ase DBEBRISERANH, TOEBRIE, 7
Navy—¥EFLL-THRESNZ, ALT—WODae—-7I5—-¥, f-H52bv¥—¥, $hF
FRAMFIVRI S —¥, hRF) T —CEIBEBRIGERET S EBMONTV B UL, ¢h
OOMEETRAVTRIEETS &, HELTEBLESMOSHR, DMSHRELLZ, & TAH, CGT—cse
PRAVZE, BEBERANENT, BOROSE SITEBEBYPERT 2, L b, BELRRNESE
EoAHT, BHOEBLERYY, ERCABKEBONZFEEET 2, #-T, TENCERELSAK
ELTZY TEBRESN, Ho TV VS va -0 THERSh, REABCHERE LTERS
nTVzS % 1z, BMNADHAREENEZANZIRY D UYHOBOLAEARRYFY P Fnhrave
J7navF (HDCG) i, WD 10050 HKEET 205, KiCHBEIDOTCGT—ase T/'Y
ULEREBSE, BRELI10~20/E0EIEOWELTON, D AREELT L2 2 M 3 BOAR,
Z O HIEBEOEROH|RSITOO TV 3,

SRCGT— ase DFROEL OMBIEREZFIA L, ThoF L VWAFNOCHASEREINZ,

= ¥

B. macerans DT 2CGT—ase 2\, BHEAZIAKL LT, BEBERLZE~T.

7, BEEHTIEE LB OSR EERCHBERE U, 0.258FNMER Y E, MITGE, S TH
BIL, 60fEDHIFEHOBRBEELABL 12

RICZOMELHVT, B, BEREARICTERIE . ERENBREWKRT 28~ T, BBOS
RROEESHMA L oo FHISES, #1036 LU20% L RGP MITHE DL, 20 RIGH T3ZD
gWKIZ2HEES RSN,

PPCitkp s wva—x, =t —2BLU=LVE M 2 —23BHENT, REEORE >t ) I
BHARIMEN, THhORY -+ —2REKBETHEZ T L b, BEEESUL ) THETHE L LHRD
ohtc, Fh, XMREXD, £ 2 Y I'8i3 GF (maltopyranosyl — fructfuranoside ), GsF
(maltotripyranosyl —fructofuranoside ), G4F (maltotetrapyranosyl —fructofuranoside)

HETHELHEEL 1
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