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Synthesis of Maltosyl-B-Cyclodextrin through
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Abstract — Synthesis of maltosyl-B-cyclodextrin using maltose (Gy) and B-cyclodextrin (B-CD)
as substrates through the reverse reaction of pullulanase was investigated. The optimal condi-
tions for the condensation reaction were as below: mixing ratio of maitose to B-CD of 12.7,
mixed substrate concentration of 70% (w/w, 70 g/100 m/ H,0), and amount of pullulanse of
350 units/100 m. The concentration of synthesized maltosyl-B-CD concentration was reached
up to 2.31 g¢/100 m!/ at above reaction conditions, which corresponded the conversion yield of
43% (w/w, g of branched-CD/g of CD). The synthesis of maltosyl-a-, 8-, y-CD was also attemp-
ted, and conversion yield was in the order of a>y>B-CDs. Condensation reaction between
various maltooligosaccharides (G;~Gs) showed that maltose was the most effective oligomer
for condensation reaction with B-CD. To increase the conversion yield various alcohols were
added into the reaction mixture, amy! alcohol was found to be the most acceptable alcohol
for increasement of convesion yield which increased from 43.0 to 83.0% upon addition of same

3t Maltosyl-p-Cyclodextrin®| &

volume of amyl alcohol into the reaction mixture.
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A28 4 Bacillus sp. uioko g &3 Agd £
pullulanase(Promozyme 200!/ : Novo Co.)%t}h 1.0%
(w/v) pullulan £9(20 mM maleic acid-tris-NaOH
buffer ; pH 6.0) 5.0 m/l| pullulanase 0.1 m/S 7}
gtod 50CelA] 10% wHS-AIRl ¥ AAS maltot-
riose®] of& HPLCZ A=kslo] ol 1 umole?) mal-
totriose eqivalentE A A7)+ &4:2] <¢fF& pullula-
nase lunit® = 3}gicy A8-F 49 specific acti-
vity<= 4.4 units/mg, 2 * pH % &Xx+ 4.92} 60T
QL pHe 2x<kAAe zHzk 4.3~7.03 60T7}A]
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F7Vsleda, 87t 12.7(64.6 g of maltose+54¢g
of B-CD/100 m/ H,O)? wf HFgo] Fhl 43%
(w/w, branched-CD 2.31g/CD 540 g)el o}=28 3,
olHrt £ EFulsAME oAl F53] HFish=
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Fig. 1. Effect of mixing ratio of maltose and (3-CD
on maltosyl-3-CD production.

O: maltosyl-3-CD, @:conversion vield, v: $-CD
Mixed substrate 70% (w/w), 350 units pullulanase/100
mi, pH 4.9, 60C, after 24 hr.
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Fig. 2. Effect of substrate concentration on maltosyl-
B-CD production.

O: maltosyl-8-CD, @: conversion yield
Maltose/B-CD=12.7, 350 units pullulanase/100 m/, pH
49, 60C, after 24 hr
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Fig. 3. Effect of the amount of pullulanase on maltosyl-
B-CD production.

Maltose/B-CD=12.7, mixed substrate 70% (w/w), pH
49, 60C, after 24 hr.
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Table I. Condensation reaction of pullulanase for syn-

thesis of branched-B-CD wusing maltooligosaccharides
(G;"“"‘G{,) and B"’CD

Branched (G~ Gg)-B-cyclodextrin

Maltooligo-
saccharides Amount (g/100 m/)  Conversion vield,
Yo (W/W)
Gi+B-CD 0 0
G+ B-CD 2.3 42,6
Gy+ B-CD 14 25.9
G, +B-CD 1.0 18.5
Gs+ B-CD 0.8 14.8
56+ B-CD 0.8 14.8

Mal tose;B CD=12.7, mixed substrate 70% (w/w), 350
units pullulanase/100 m/, pH 4.9, 60C, after 24 hr.

Table 2. Condensation reaction between a-, B-, v-CDs
and maltose (G;)

Cyclodextrins Maltosyl-a-, B-,
with

maltose {(;) Amount (g/100 mf)

Y*CDS (Gg*CDS)

Conversion yield,

% {w/w)
a-CD+ G, 2.8 51.8
B-CD+ G 2.3 42.6
y-CD+ Gy 2.6 48.1

Maltose/a-, B-, v-CD=12.7, mixed substrate 70% {(w/
w), 350 units pullulanase/100 mi, pH 4.9, 60C, after 24
hr.

% malto-oligo™ 5ol ©W}2 branched-B-CD2] A
dek HE8-S HES Haks Table 13 2} Glu-
7d--oll+== branched-CD7} 7] A== ¢k
sttt v maltoseol| 4] maltohexaose7}*) = 7}
malto-oligo*gel] Ar8-3= branched-B-CD7} A =]
ol.em, A8-3l4= branched-CDe¢] A A)ere z}zk 23
14, 10, 0.8 283 08g/100 m! H,02A4, o]& =
g2 3hibslm zhzb 426, 259, 185, 14.8, 12l
14.8% 3}, Maltose 2] - branched-CD 4§ Ad =k}
A3k-8o] 713 =9t 0™ malto-oligoe] Az o]}
:“ng-o] ?L ;_r,-}.o:l ] ]

cose ]

T

= S Kobayahsi &

(4)e] EAZF HAale}l {FARE A dkolgich
Malt{:.st,,fl--(;(,r B-—, -1 y-cyclodextrinzl A
47142 maltose® AL AR CDE B-CD

M4l a- ¥ y-CDE A3t Gro-, B-, ZE]T y-
CDe gHa88 FHEsgdch Table 2= CDe &
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Table 3. Effect of the amount of alecheols on conversion
vield of maltosyl-B-cyclodextrin

Alcohols (m alcohols/100 mi H.O)

Alcohols

100 20 40 60 &0 100 120
E-A“ 44* 37 35 35 35 33 30
1-P* 44 43 37 35 33 33 31
2-P 44 43 43 41 35 35 32
A AY 44 4 45 58 69 83 72
B-Af 35 3> 33 33 33 31 25

“ethyl alcohol, *N-propyl alcohol, “iso-propyl alcohol,
‘amyl alcohol, *N-buty!l alcohol, *: conversion vield.
Maltose/B-CD=12.7, mixed substrate 70% (w/w), 350
units pullulanase/100 mf, pH 4.9, 60T, after 24 hr.

ol e Goa-, B-, 223 y-CDS AAeFa) s
& vrebd Zolch 24417 vk # Gy-a-, B-, 282
v-CDe] AAeke 28 23 -18]7 26g/100mi H,O
Aal, o] & A& sHibsld 7z 518, 42.6, 18]
48.1%%ith. =& maltosyl-CD YA =ka H3tg-&
a-CDE maltasef?]r-‘?l Z-3teh-go| o]8-3 73—?" o
2 v-, B-CDs2 5 Yoshiyuki 5(2) ]

o 23hE 2sich
Maltosyl-B-cyclodextrin  $HA1 § A H20]|
alcoholf® H7Ie| %t

Pullulanase®] condensation reactionoll A+ ®wh$-
F71ell G-B-CD2] AAZE7L F43] 7haste =l
o]+ hydrolytic reactionol] 2|8l G,-B-CD7} thA| 5-
slul= 7 wWlEo2 Al ET o] 5 ukx]Ey] gl =
G;-B-CD7} &dll=l&= #7]8903 -§83t two-phase
o]-&3led & aukg-o] Yot T4 “*3’011
A AAAE G-B-CDE #7]8ulle R ol g AA #
2] 3]st A, gk Ayt 5780 & %ﬂ?}ﬁ]%ﬁi
A BE-2-ol o} water activityE 734:A]# pullulanase €]
hydrolytic reactiong- A 2] A(18) Gy-B-CDe] A A]
wg F7HA7I= W o E=glo] Fgsio)

Pullulanase &AF§MEg-o alcoholfHF7} vlx]+
A8F& HES] sl Z4F alcoholfr& 894 42
0.1~1.2v(v/v, 10~120 m/ alcohol/100 m/ H.Q)
7}afe] 24217F wRgA1Hl F Gp-B-CDR2] HE|ES
%% A 7+= Table 33} Zc}. Ethyl alcohol, N-pro-

pyl alcohol, “12} 1. iso-propyl alcohol& A-gF A7}

7‘3% 7}e) G,-p-CD HEHg2] Z7hrh Was oL}

0|x|=

system-—a-
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Table 4. Distribution of B-CD, maltose, and matosyl-
B-CD on aqueous and amyl alcohol predominant pha-
ses

Amount of materials (g/100 m/)

Materials
Aqueous phase Amyl-alcohol phase
Maltose (Go) 39.4 19.7
B-CD 0.5 04
Go-3-CD 2.3 2.1

Maltose/B-CD=12.7, mixed substrate 70% (w/w), 350
units pullulanase/100 m!, pH 4.9, 60C, after 24 hr.

Table 5. Changes of pullulanase activity in aqueous and
amyl alcoho! predominant phases

Reaction Pullulanase activity (units/100 m/)
time
(hr) Aqueous phase Amyl-alcohol phase
0 320 ND~?
6 300 ND
12 278 ND
24 257 ND

Maltose/B-CD=12.7, mixed substrate 70% (w/w), 350
units pullulanase/100 m/, pH 4.9, 60C, after 24 hr.
“not detected.

1 o)Akl A= 239 A steic) ®3F N-butyl alco-
hol®] #H7l= G-p-CD A HH85 49
7y A2A]7 e}, ¥bH N-amyl alcoholE A7 4% A
7heke] ZrtepE AZEL v|HEle] dAF F7}
sted o™, E3| amyl alcohol-g& A ABHE-N3) F8Fa)
1.0u8 & 7}8 d maltosyl-B-CDE&] H 352 83%0]|
Ny, 2 ol Al ohal MR gashs
=dl ol AAaA"RH dAAEE Jdeg oo

=gk Table 4 2447k wHg 32 847 amyl
alcoholAtel| -3 3l+= maltose, B-CD, 28] G,-f-
CDe] Bk & vell 3 Qleh 8- Abel] &2l 3)
= maltose, B-CD, 2| i maltosyl-B-CD2] <f-& 394,
05 22|32 23g/100 mi2d a7, amyl alcohol”de] <oFS-
z+z} 19.7, 04, 28]lx 21 g/lZ A, B-CD&} Go-B-CD=
285 amyl alcoholitel 712] vB]4=%t n|& & ¥
F &k

e} 7H& amyl alcohol 7] A FH-&eo] Fr)dle=
712 PAE Go-p-CD7} amyl alcoholit o] E-5-
A2} micelled 3AISte] ol o F pullulanased

‘reverse reaction®] equilibriumel| v]X]+&= 3-8 7}
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Fig. 4. Progress of synthesis of maltosyl-B-CD at two-
phase system containing same volume of amyl alcohol
and water,

O: maltosyl-B-CD in aqueous phase, ¢: maltosyl-g-CD
in amy! alcohol phase, <: total amount of maltosyl-f-
CD.

Maltose/B-CD=12.7, mixed substrate 70% (w/w), 350
units pullulanase/100 mi, pH 4.9, 60C, after 24 hr.

AIA ALH o2 F3HEE-o] 2 EH7] wEo] A
T amyl alcohol®] FEAHFEH 2] water activityol]
d8FE FHv} £& pullulanase®] active siteel] ©F

Fe Fv A8 E 733
Faad47 g asio)

Table 5+ amyl alcohol A7} ¥F-8-o) F2] pullula-
nase actvity®] WH3LE HA|AHOoZ el Zlo
amyl alcohol#tell XM= activity7} HEER] v F2
TgH Aol A HEE ) Pullulanaser= amyl alco-
hol T3S M vli® A3 o 24274
A3 Folx 80%2] #EAE wAIHHTh

 glont olel Tk

Amyl alcohol HI7HSHM|AL] G,-B-CDEH kA

Fig. 4= amyl alcohol¥ &N A} FaF H7 718}
b2 A1 7| A 8 A3 amyl] alcoholAt2] G,-B-CD
o] o TE|A F AoA AR FEE AAHez
vl Wit d3elo) Gp-B-CDIAS 122]7170A] o H-%-
AP Elgler, 53] kg 4212F Fof AHA A
Hboj FAEQA, L o) Fofle F7lEo] $huksled
g F7lell 23k 12417 A F 843 amyl
alcohol 2] G,-B-CD A Adgre- zhz) 1.92F 1.7 ¢/100
m/$ 3, 24A17F A Feoll= 233 2.1 g/100 mi 2 H,
A wbg71t F 847 amyl alcohold WA =&
G-B-CD AAdeFe] BEnli 10092 AAsA &
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pullulanase?| A¥t-g-55 o} &5lo] maltoses} B-
cyclodextrin . 2 H-€] maltosyl-B-cyclodextrin-g &%}
gAsh7] Sigk HAH A LRS- JESIITh Mal-
tose®} B-CDE 7] & E maltosyl-B-CDE 3HA)s}ei L
A5, 7132 5 70%(w/w, 70 g¢/100 mI H,0), ma-
Ito-oligowd/B-CD2| &{w] 127, 18]y Al8-aisf
350 units/100 m{ ¥ wf ZHchHEg<d 43%(w/w, g
branched-CD/g CD)E <d9lx, AA=Ee 2.31g/100
m/3th Maltosyl-B-CDe] HAZHA el A=A pH &
5+ 27 499 60C9ch =& maltose2}t a-, B-,
12y y-CD 22448 71 A 23&ked maltosyl-a-, B-, 7L
358 51.8, 42.6,
123 48.1% 5, AR 7h7h 2.8, 23, 194l 26
g/100 migic} g8 ZHE malto-oligo (G, ~Gg) 3} PB-
CDE 7] A Z malto-oligot°l Ar3-8l= branched-p-
CD= FAstds 2+ AEEL 747 0, 426, 259,
185, 148, 18]3 14.8% 24, 713 HAFFo] &
malto-oligo™d2 maltose(G,) At pullulanase 5%
Axukgd va&= aleoholFH¢ <38ke HESZ Hx}
amyl alcohole] 7}&F -§-pdlg] oy, &N A3} F-af
¢}l amyl alcohol& #H7PFEA|Z 7% maltosyl-8-
CDZ2] dahg-2 83%= Z7}3}¢irl. Amyl alcohol
Tl 412 pullulanase®] FEARES- oFde 3
dtode B3I

HARR| &

2 Aqe AR Y FHAEA A AT
AE] 199113 AR Rl & 7oz XY 732}
=l
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