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The Product Specificity Evolution of Cyclodextrin
Glucanotransferase Problems and Challenges

ZHAO Xin-Shuai WANG Zhan-Kun and QI Qing-Sheng ™

250100
Life Science School ~ Shandong University ~ Jinan 250100 China

(555 A 1000-3061 2007 02-0181-08

Abstract Cyclodextrin glucanotransferase the essential enzyme for the production of cyclodextrins has become the focus of
scientific research nowadays. Although many related enzyme properties are well known the crucial factors in product specificity
determination remain to be answered. Here the recent research progresses of cyclodextrin glucanotransferase especially those

about the evolution of product specificity were reviewed and the scientific problems were discussed.

Key words cyclodextrin glucanotransferase three-dimensional structure catalytic mechanism product specificity
Cyclodextrin CD

Cyclodextrin glucanotransferase
CGTase 1911

B . macerans

EC2.4.1.19 o
13 1 4-o-D-
4-g-D-

Received September 5 2006 Accepted October 19 2006.
This work was supported by the Key Project of Science and Technology Research of Ministry of Education No.105102 .
* Corresponding author. Tel —+ 86-531-8365628 Fax + 86-531-8565610 E-mail qigingsheng@ sdu. edu. cn

No. 105102 © FERZERMEDARFATIKSHESL http://journals. im. ac. cn



Chinese Journal of Biotechnology

2007 Vol.23 No.2

182
a- 6 B . circulans 251
B- 7 Y- Tyr89Asp
g 13
a- B- -
: 3 a- B
INYSGVN N v-
HP-GGF- 4 -
3 « B
X 5
Baeillus ~ Paenibacillus ~ Thermoanaer- B. circulans 251
obacterium  Thermoanaerobacter ~Actinomycetes B. circulans 8 Bacillus sp.1011 B. stearothermophilus
Thermoanaerobacterium thermosulfugenes EM1
- B.
Klebsiella pneumoniae sp. M5al N circulans 8 ** 5 A
2 E A -
15
2 TIM
B
B C
41%  99% : N E
31
51
a- 5
5 17
D
Asp Glu E
6 18
a-  B-
V- 9
+2
T -7 o« B -7° +1
SSTDPSFA -2
SSDQPSFA Y- -7 +1
6 v-
8 2 _3 10
S0 o B Y- Lys
Arg Thr a 87-93 Asn9%4 3
12
Cyclization reaction Coupling

cenetione i 4 i 5 i 417 ispropertionation; aeagtion, ac. on



183

R1 R2 R3 n

3
n=6

Hydrolysis reaction

H0r~'-“»~0 R — o
+ HOL7’ lHO -y OH
R, HO O—& -0
— HO S,
Disproportionation HO R,

o 0m o o Asp229
Rlﬁ'g%ga.l‘*‘ OHO Rlﬁ--\:-f/O\ ) +H,0 Rie OIEI)HZO

0o HO =5 ™ 0~d 0 —_— Pk Ho- oo

tHOEﬂ'“-:\ — HO H0~L;-~\,\ Hydrolysis HO Ho‘\ * ﬁyu-\

H 0.0

0x,.0 Gluzsﬁl: .

Glu257 Y Coupling

Intermediates <
—_—

Cyclization

1
Fig.1 The different reactions catalyzed by CGTase

Glu257
a-D- 1 4 Asp229
Asp328
2 3
6 60 v —
2
2
a- B - 4
o-
20 5 6
Glu257 1986 B . macerans
+1 2
30 Bacillus sp. A2-5a
Asp229 -1 Thermococcus sp. B1001
Cl1 2 1
3 +1
Asp229
10
Glu257 ’
Asp229
a-D- 1 4

© thEREEME TR TIRE S %EE  Ptp://journals. im. ac. cn



184

Chinese Journal of Biotechnology

2007 Vol.23 No.2

Xanthomonas axonopodis pv. citri

1
Table 1 Genetic modifications of CGTase for improved product specificity
Mai s of Genetic
Origin C]a;mplt(})’dplel;(t)l mmlif?iitilt({on Results of modification Reference
A223K & A223R &
A223H & A223K & A223R & A223H enhanced the y-CD
. .. . L Nakagawa Y et al
Bacillus clarkii 7364 Y G255K & forming activity in the neutral pH range G255K 2006
G255R & & G255R &G255H reduce the v-CD production
G255H

B. circulans A1l

Paenibactllus macerans B&a
[AM1243
B. circulans 251 §
B. circulans 251 B
B. circulans 251 B
B. circulans 251 B
Alkalophilic 8

Bacillus sp.1011

Thermococcus sp.

B1001

Construction of chimeras
with different combinations

of domains

Y167F &
GI7T9L &
GI80L &
NI93G &
NI93L &
GI1791/G180L

F263A &
K232L &
K2320 &
F259N &
FI83S &
FIS3N &
F259S &

F183S/F259N

R4TL &
R47Q

Y89G & Y89
& S146P &
Y89D/S146P

H233N

Y100W &
WI91Y &
Y26TW &
WI9IF &
Y267F

Most chimeras showed reduced activities ~several

ones showed altered product specificity

All' mutants  showed reduced cyclization

coupling  and  disproportionation  activities
mutant G179L reduce the «-CD production
GISOL & Y167F & NI93L enhanced the o-CD
production N193G & G179L/GI80L reduce the

-CD production

All' mutants  showed reduced  cyclization

coupling  and  disproportionation  activities
F259N & F183S & FI83N & F259S & F183S/

F259N enhanced the hydrolysis activity

R47Q reduced the cyclization
disproportionation activities while enhanced the3-
CD andy-CD production R47L decrease the
while

coupling  and

cyclization  activity increase  the

disproportionation and hydrolysis activities.

Y89G  enhanced theB-CD production  while
reduced the coupling and hydrolysis activities
Y89D & S146P & Y89D/S146P enhanced theo-
CD production

Mutant lost the ability to producea-CDs

Y267W enhanced theB3-CD andy-CD production
other mutants showed no significantly alterd
activities

Rimphanitchayakit V
et al 2005

Leemhuis H
2002

et al

Veen B A van der
et al 2001

Veen B A van der
et al 2000

Veen B A van der
et al 2000

Ishii N

et al 2000

Yamamoto T et al

2000
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1
Main types of Genetic
igi ssults of modificati ference
Origin CD produced modification Results of modification Reference
D229A
B circulans 8 19 S%V(SZ D229A lost the cyclization activity Y195W & Parsiegla G et al
- cradans g . L194T enhanced they-CD production 1998
L194T
T. thermosulfurigenes 8 F196G F196G enhanced thea-CD production while altered Wind RD et al
EM1 * the pH optima 1998
DIOTH & Altl ITltl.llEIIltS S(im:lid rzducltjld cy?lzallonDlgr;uI[{)hrg
T. thermosulfurigenes F284K & activinies an ered pll - ophma . Wind RD et al
Ml o/ N327D & D371R enhanced they-CD production  F284K 1998
enhanced theB-CD production N327D enhanced
D371R .
thea-CD production
Alkalophilic N94S & Y89F N94S enhanced thea-CD production Y89F & KimYH et al
Bacillus sp. 1-5 8 & Y100F Y100F enhanced theB-CD production 1997
YI95L &
FISIL & YI95L lost the ability to producea-CDs while
Alkalophilic 8 50L& enhanced they-CD production F183L & F259L & Nakamura A et al
Bacillus sp.1011 FIS3L/F259L EILS-3-IL-/F259L & Y283L reduced the cyclization 1994
& Y2831 activitiy
. . Replace W188 with other 19 W188Y enhanced they-CD production  other Sin KA et al
GBacillus ohbensisG B . . . C L
animo acids respectively mutants showed no significantly alterd activities 1994
D229N &
Alkalophilic 8 E257Q & E264Q enhanced the3-CD production  other Nakamura A et al
Bacillus sp.1011 E264Q & mutants almost lost the cyclization activity 1992
D328N
" This table includes all the published genetic modifications of CGTase for improved product specificity.
1
o _3
1
-7 87-93 Tyr89
B. circulans 251
B Tyr89Asp
His140 a- Bacillus sp. 1-
a- Glul53 5 a-
Tyr89Phe * B-
B. circulans
251 Tyr89Ser
Ser146Pro B- Asn94
V- Bacillus
a- B sp. I-5 a-
6 B. circulans Asn94Ser ** a-
8 B- 145 151 B. circulans 251
ASp v- © PERERMEDARIATIKSHES http :_V?Journa I's. im. ac. cn
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- 5
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1 T.
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