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Optimization of Cycloamylose Preparation by Recombinant 4—a—
Glucanotransferase
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(1. State Key Laboratory of Food Science and Technology,Jiangnan University , Wuxi 214122, China ;2. School
of Biotechnology , Jiangnan University , Wuxi 214122, China)

Abstract: 4-a-glucanotransferase can catalyze intramolecular glucan transfer reactions of amylose
to produce cycloamylose. In this study,a recombinant E. coli BL21 (DE3)/pET-24a (+)-AaAM
derived from Agquifex aeolicus was constructed for intracellular production of 4-a-
glucanotransferase. The AaAM produced in culture medium activity was 0.99 U/mL after 27 h in
shake flask. Furthermore,the condition for cycloamylose preparation with potato starch by this
enzyme was optimized. The optimized conditions for the conversion as follows: substrate
concentration was 1 g/dL. debranched potato starch, the initial pH was 7.0, the reaction temperature
was 75 ‘C, 4-a-glucanotransferase concentration was 20 U/g starch. Under this conditions, the
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cycloamylose yield is 24.8% for 10 h, which paved the way for indnstrial production of cycloamylose.

Keywords : 4-a-glucanotransferase , cycloamylose, enzyme conversion , optimal conditions
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y=IWPRS , T K IC IR (cycloamylose , CA ) j& 45 2R
GHEAE 9 ZILHMARMIREY, KT EA K
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d—a- MR E  (4—a—glucanotransferase , EC
24.1.25) M I B, BA H L G B
K St DU RR TG 7 e 3E a a3 N R R AR T (R Ak T
BL) AR PR U IR, W] 3 R — 2K e
HKIET AR d—a- Wi BB, Q0 ER WG B hErh
A W Jir 08 S TRl Y 2 6L AT B 1 ORORG A 2 L
FEBOILL S 22 W AR 5] — 2R R T
1) d—a—WEEE G R T, AN 2% A 20 i) D-Til, [
ARXT d—o— W8 I 5L RS il A I 5% R AR R AR s PR R IR
B FE R I 5% LG 1 BORT SR AR 25 R Terada
G AE Ecoli W LYy 3 BE R 3K T ok A Thermus
aquaticus ATCC33923 1) % 2F B ¥ B 2 iy 3%
(MalQ ) B R A5 B4 T BB VE M, IESE T
% W RE Ak 2 1 N O R e R8T AR L K T B
FEWIFWER T 2 D 55 K S % R A DG R A a5 R
58 HOF FRAL T 1 K A 38 i s e, O A B AR
TAERR A LB, £ 2K B 55 EAE RT3 b 5
G Feikok A F Streptomyces ssp. ST66 [ 27 2F Wi it il
29 S R K A =W 5 S L SN i 1 NPTVE 2 F
B AR AT AL T R B B R R I Y S B = D

il 28 B B, 1T L VE A A A B B R R T R AR ()
A7 SRR DG N o VR HELL 1 g/d L = BB
FORVER R IR, 4 5 E B I I S WAk B S  7E
HOIE B8 Sz W AR & v ) Thermus aquaticus ATCC
33923 AR 1Y 4—o—Hi 5 5 7S il 5 I ST 14 IR A it
ATHAR SO B R TT IS 19 e K% Ak 32 h 24.55%
PR F 45.58%M T i ELBE TR TE R U A A X T
3 YE AL B, WS DL R SR VE M TR A RS o A
KIAMIRG | 68 R K BEARA: 7= A A 32 5 By
MM E . 1R LS S BB N IR, 40 7 UE
9 g i S AR B, R A quifex aeolicus U5 ) 4-
a—WEEL AL R I 25 K Ou MG | 3 Pt TR

1 #rsoma L

1.1 Bk R

B W IME (Aquifex aeolicus) F& K4 E.coli
JM109 \E.coli BL21(DE3) ;. MAE#H T 76 5L 5 %= - A7
oo B AR pMD18-T® Simple vector: T H TaKaRa
ST FRIBFAK pET-24a(+) . H Novagen /A Fl .
12 ExE

LB Ff 755 F S (g/L) . WEBE B 5, FE 1R 10, 5
B4R 10; RIBEE E (Kan) & 8 K E 4 30 pwg/mL,

TB K BEREF7 3 (o/L) - BERE A 24 8 AR 12, 8
MR — B0 2,31, BER A A 1254, Hh 55 RIRE R
(Kan) Z R H W E R 30 we/ml,
1.3 RXF 5=

S VE MY Tt A 6 2 TR VA . 4 T TR S
il & IR AT, BERG J153 509 3 0001 200 U/mL,
KRICAWIKGARHE . M B Rhizopus sp. K 5 B AL 1
Amyloglucosidase: WK T sigma 23w, W& J120°8
36 U/mg,

R Ry R A S Oxoid 2 ) 5 F R TE
by RBEVERY R TR X T B A SE R
PCR 7 2l Al i3] & | e Il Azt 5] 6 R JBAer il 412 3
A& T KRB ARAE RIRER AR
R W TETAEY TRARA R PrimeSTAR® HS
DNA &G/, A%RR BRI A I T4 DNA % 0 |
B IRAH X 431 5T B A v SRCNE R | 2 1 A X O3 1
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Bt br i W B AR TR (R ) A w5 HoAth i 7]
W F ] 24 4 A AL 2 iR A BR S )

PCR A 358 52 1 A5 ASC RN 2 11 5 L UK AS T 56
[ Bio—Rad /A ] ; DYY-6C B R AL kA . 1 FJb 5T
N AT A0 ML R AN T B LT R 2 AR
FHE By A1 B 7] 5 5840 0] 643 6o B It e F
H A Shimadzu 23 ) 5 & 0K AH €354 . 18 FH &
Agilent 2\ 7] ;TSKgel #E B 0 3% £ SuperMultipore
PW-N. Iy F§ HZ4 TOSOH 2\l .

1.4 IEHFMHE

141 AaAM A R & 2% ULKBEHAEN
Aquifex aeolicus FLIRZH R, 53519, 1 1n) A
i 51 9 ¢ 51 4 5 A 5" ~GCCGCCATATGAGATTG
GCAGGTATTTTA -3’ fil 5" -GGCCCAAGCTTAAAC
TTCTCTTCCGTAAAT-3", B I 55, 43 5 4 Nde 1 Al
Hind 111,38 3f PCR §" 3435153 H ) FE . AaAM .,

PCR [ W & & (50 plL) . Z8 18K (2 K 5§ )33.5
wL,5xPS Buffer 10 pL,dNTPs 4 pL, 4 1 plL,1E
514945 0.5 wL,DNA A 0.5 wl,

PCR &IV %514 :94 °C 4 min;98 °C 10 5,55 C 5

5,72 C 110 s, {3 30 %, 72 C 10 min,
1.4.2 kA #4R pET-24a(+)-AaAM ##32  PCR
PP AiAL I i B B AR pMD18-T® | % 2 /= ¥ fk
A E.coli IM109 J&Z 5401, 78 LB BifgFA (&
100 pg/mL Amp) I F 37 CHEIEEEFFE R R LK,
PRHCER 58 B AE LB W3 32 55 (% 100 pg/mL Amp)
HE 3% 8~10 h, AL TR A3 pMD18-T® —AaAM, Jf:
XUBGD) AT P %02, P AN B B A T A ) TR
A BRA A 58

pMD18-T® —AaAM 5 R ik ikl pET-24a(+)
4392 Nde 1 A1 Hind TIT SUBEEI AN AZ [BIUCRS , T4
HREGAE 16 CH W&, E# W A E.coli
JM109, 7€ LB AR P-4 (7 30 pg/mL Kan) 1= F 37
CAE R B FRAR HE AR . PRI SO BETE LB W AR K
F2 5 (% 30 pg/mL Kan) 155 3% 8~10 h, il 42 Jit ki
pET-24a (+)-AaAM J#E 17 XU D) 45 IE | %6 9IF 1E 7
Ja %% A E.coli BL21(DE3)H,37 CHi 3% 8 h, P47 1
i, B4 ) H 2 B R T AR W E.coli BL21/pET-24a
(+)-AaAM,

1.5 BHEZBET 4-a-BEEEBEH AaAM

T -80 CHML I E U H E.coli BL21/pET-24a

(+)-AaAM DL 2% #2 R R B0 B Fh 2 LB 15 5%

3L 37 °C.200 v/min ¥53% 8 h J5, UL 5% AR
Iy BUERE R TB K597 3% 37 °C.200 r/min 535 2 h J5
A 0.05 mmol/L IPTG 5%, FFiRZE 25 CHFTE
HEEMFETFEIL, GRS DI ERE B0 U R
&, 1 50 mmol/L. Na,HPO,—#7 15 % 2% #h i (pH 6.6)
T A R P R S 0 A RE VR, Rl 4
o MR AL AaAM MBS,
1.6 4-o-tEEEBE AaAM EFENE

S35 HC0.25 mL B IR Y (0.5% T ¥ M UE ¥ 15
W) .0.05 mL /1 g/dL 2 ZF BE % W F1 0.6 mL,0.05
mol/L Na,HPO,—F7 15 2 2% #h ik (pH 6.6) Tl 1,
70 C/AKH T 10 min o A 0.1 mL F B 19 B,
PR IRAT, B 10 min, # 7K 15 min 28 11k 2500,
] L3 e W AR & A 10 mL B (0.2% KI+
0.02% 1,) 1821, 7 620 nm I K 6AE B 0G
BN X AE BTSN AR R T B4 B R 1 mg/mL
TE M3 T 1 il S
1.7 iR

A1 0.05 mmol/L. ,pH 6.6 Na,HPO,—¥7 1 i 2%
W] 1 g/dL D48 B yE M 5 Wi 70 Cm Ak 4 10
min; I — 22 2t i I S, 78 40 TR 50 J5 78 35 F I B
T TR IR SN — B8] 5 52 25 R, Wk K v
30 min K,
1.8 ATHMBEHEEURSENE™

F 0.05 mmol/L .pH 6.6 Na,HPO,— 7 {5 il 2% i
WHC ] 1 g/dL D48 B yE M I Wik 70 Cm #Ak 4k 10
min; A —E &1 4—o— PR RSBl AaAM , T80 1R
A1JETE 70 CREHEIR H 200 v/min 20— Bt I [A]
F S5 WK 30 min KR, 78 SN I
50 U/g Wikl 50 Ulg 5 V€ B g A1 50 Ulg 56 = i
U 58 431 57 I E 40°C /K VR FE IR R 10 b )
s B KU 30 min KB R B 12 000 1/min
B0 10 min, B EVE W, 2800 U8 BT U8 (0.45 wm) 5
F HPLC 0¥

22 1) R TT FRARE A o ih £k FR R ST BRI A
HE dh R AR N Y BT kR (0.01,0.025,0.05
0.075.0.1,0.15.0.2 g/dL) W, 2k 8 g i i v
(0.45 wm) 75 o AR o0 PRRIRS JoT 2 R R R 06 T
FUZIR] YOG R A5 R IC H MRS br o it 22, 1T 5 236
& R ITHMIRE 1 FE 507

e A2 LAY KO PR RIRG 1) o i B
A= BT L %x100%
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1.9 HPSEC & HEfE & i 5 E E 0 KT IR

FIH] HPSEC 74 B2 Hl BEL €2 335 75 I 1t 2K 0 24 MRS
M 3k 2% F &4, H 37 Hitachi 8 3% 12, Super
Multipore PW-N (6.0 mm x 150 mm )& 3%, H
37 L-2490 75 22K 2% , i 3 AH 0.05 mmol/L pH 6.6
Na,HPO,— #7115 2 2% #h ¥, i 0.3 mL/min; # I 3%
FEH 50 C,

|2 =55

2.1 E4TH E.coli BL21/pET-24a (+)-AaAM K
HE

2.1.1 T4 pET-24a(+)-AaAM #9# 5 LIS
B E AT 1Y Aquifex aeolicus FE K 24 iy , i i
PCR #343k45 AaAM BE[R Fr B, HL R /NG 8 e v Uk
BSUEN 1.5 kb, K AR B 7 BE 5 v R 2 AR A 7 15
F H A TR pMD18-T® —AaAM, il 77 35 B (7 )7
G, Bt AaAM S [H gt () 2 LR )7 511 5 NCBI
Aquifex aeolicus K5I 4—o— W 5% 78 il 5[4 7 51
[ J5PE 10091, H4 RIK AR pET-24a(+) Fl 8 2 T
i pMD18-T® —AaAM XUV | 41k [ml i 5 % 32 | %
A E.coli JM109, 55 57% 5 41 18 -l 4 00k #E 47 XLl
YIKE , anfE 1 iz, 78 5 300 bp A1 1 500 bp Bt
A B S0 RN 5 BUB AR AT, R W] 8 Rk
M pET-24a(+)-AaAM KT,

1 M bp

PET-24a(+) N

AaAM

M:10 000 bp DNA Ladder Marker; 1. 5 241 i fi pET-24a(+)-
AaAM
1 EARKH pET-24a(+)-AaAM EE Y] I8 E
Fig. 1 Restriction analysis of recombinant plasmid pET -
24a(+)-AaAM

2.1.2 F4H E.coli BL21/pET-24a (+)-AaAM #
MRS K EA TR pET-24a(+)-AaAM 1L
AME F W E.coli BL21 (DE3), ## & 4 1 E.coli
BL21(DE3)/pET-24a(+)-AaAM, HAHRHL LB B33
JR R R TB B3R 3% IR I IPTG 5 %, BB 5 /I

Pk R 5 O WAL T AR, 20 8 75 0 O A REL R Y 2
it 5%, TG it ) ) A2 Ak v ol 28 D T 2 i B ] 1) 4
B, A d-a— Rl FEFE LB AaAM BTG AS T3S I, i
27 h kB R 0.99 U/mL, 4k2:88 ik St
[E], 0 T R, S Bk SDS-PAGE 45 4
UL 3, 7 d—a—WEILEE AL AaAM 358 AH X 43 F i
it 60 000 &b i B — 45 85 11 BT 45, AaAM 7E E.coli
BL21(DE3)H i ik,

1.254

1.00 4 §
E 0 75.-
SO
& 0.50-

0.254

0.00 T T T T T T

0 5 10 15 20 25 30
75 S [ /h

B2 HAEEEMLE DL
Fig. 2 Fermentation process of the recombinant E. coli
BL21(DE3) in shake flask

M 1

200 000

116 000
97 000
66 000 AZAM

45 000

M : protein marker; 1 :supernatant of E.coli
B3 4-o-tEEEBE SDS-PAGE 5317
Fig. 3 SDS-PAGE analysis of the AaAM

22 BEAM-o-HEEBHBHISATAMBEIZM
4

221 4—o—¥E K A B m Bl T K T IR SR 1L
FoyHm  A-a-PEELEE RIS —Fh Z D RE AU A, L
AL A AL FK A A EAE S
TR AA Z v B e A G DRI R TG PR RRG (14 5% AL
RO Z B A m, FEF DL o/dL /Y D48 E
¥y Y, H pH 6.6 Na,HPO,—F7 15 118 92 i % i
B AE 70 CHIEHMIL 10 min, AR [E E AaAM ,
g 430 1.5.10.20.50.80.100 Ulg iKW, 8
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FEH X R IC ARG e AL 52, R0 58 18,
AL BE R U5 0 WE ARG | 5 8 I 22 i A 3R
J L , 7= ) B HPSEC 32 dEA 7 A, &
4 Fr7R Bl N A 3G K, KOG ER RS e fb R B
Wik, FENNEGE 20 Ulg YL AL KRB B ik,
K 14.8% , ZJ5 I 3 0 b R 2 T R, o
BT T A8 04 D DR il ek 14 K KA R G R
Jal L CL A= 1 R T8 T RORG 7 Ak Sk LA = 4 DR A

TRFEAR, % RS PR R | BE Bl 20 Ulg,

16
14 4 \f\
12 4

=104 \

® ]
4 ]
2 4

80 100
JJHHE*;/(U/g)

B4 MEgEXEEANZIT

Fig.4 Effectof enzyme dosage on the enzymatic conversion
222 REERMA AR E B X BB X B AN 4
a- RSB K AR MEHELEG YR EH
DL 1 o/dL 1 DU b UL VE 3« B 5% S8 e by | ml i 1k v
L EOKRTER A TE R IR, IF R T 50 Ulg &€
Ky 50 Ulg 36 =2 B 53 53l 56 X5 V& M3 2E A7 i 5 i 4k
PR RS BN 58 L I I S A 20 Ulg 1Y
A—a-BH LG RSB AaAM il £ KT HMIKG . INEL 5 7]
LB, 2008 S Ak B0 VE 43 IS 400 i e AL A50R 4
S VE o il O S TUAL B AR RSCRAR T L,
H DL S Ak S 0 T U T T R A RS I S I e Ak
R Ik H] 25.8%, 1 A 28 it 32 A B A T 4 BE R
AR R 15.6% 45 T 1.65 fiF 3 i 32 5 i) B 4% 3
TER AL RN 23.6%, AHXTT A 4 S Ab B A ] %
PEVE B e bR N 14.8% 48 T 1.59 fi5, X JE 1
AR JE M K TE B 1 5 AL AR X AR, O 19% 72
Ao 1 X R G T BE A i R A [R) U ) 25 ) 45

P LA B LB A S B 1 2 B L AN TR S 2 )
S B E R A AR BR , O B AR A 77 A 1R AR
HIE

223 ¥ pH X LI MAF AL R 09 Hh  pH
A5 Ak T LS e IS e S5 AT A i S AR 0BT R
WA 4> T 5 R W4 T 254, AL RCR % ok

A5 VEF FH pH 6.6 Na,HPO,—H7 15 iR 2% i 80 %) 3
1 70 CHIHE 10 min, A 50 Ulg 55K Bt
AL B K S S, FH NaOH FUAR 5 52 14 9
pH 4344 4.0.5.0.6.0.7.0.8.0 9.0, i A 20 U/g )
A—a-FEILFLE RS AaAM il £ KT IR . IR 6 1]
PLE W16 pH N 4.0 B, KOG MRS 1055 bR B
10.9%, W RERETEMFRTE AT, A —B o 2k
% BEE pH TS, ROTHWIRG I 4% 1k 235 i
5,2 pH R 7.0 B, RGN e fb R i | 6 3
24.2% , 5 CHEKHGE 4-a- WL AaAM i ib
pH 6.6 4231 Y pH 4k 22 T = i, KT IR 16 4%
L TBE

[ 1AaAM

.
M FENE

04 ‘ Z
TORTERY  ATAMEIEN BAEEN  REEH

5 RHTHEE LB

Fig. 5 [Effect of different sorts of starches on the

enzymatic conversion
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AL /%
s @ 8

W
1
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B 6 ki pH ¥EEEL AR M
Fig. 6 Effect of pH on the enzymatic conversion
224 B EBEINKUFRMBEELEG S w B
JRE X ik ) A8 P A A R AT S SE S AR TS
28 T ANTRRIREE XS AaAM il # R TCER MRS B2 0, i
iﬁdﬁwﬁ%f‘m pH 4 7.0, AaAM Jil i & 20
Ulg, 53 I7E 60 .65.70 .75 .80 .85 °C ) i ffil & KT I
WIKS, 25K 7, 78 60 CH, 5L R BN
11.9%, BEEWRIZATERE, KRIWIE LR 2 i e
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BE . FM A—a—E Ik B B 2 AL IT ) & K T IR 6 R AL

s FET5 CF, RITHMIRS I 1k 55k 81 fie KAE
24.8% ; Tk 5 Uk B2 TV =, KOTSRS 1 5 AT R
7E 85 °C B ¥ b [ K 19.6% , R 5 SCHk iz 3 ,
AaAM i R 90 °C(HAE ML BT, 5 fb R [%
I, 33 T BB P TR A v AR 1 AR R AR 2001,

AU EHEZER, ®H 75 CHER IS SLHE 580 RN

25
20
S s
5 15
kS
& 104
5
04
60 65 70 75 80 85
TELEE/C
B 7 REEBEXNEELHZIE

Fig. 7 Effect of temperature on the enzymatic conversion
22.5 B af i sf R UM ARG Hea AE
F ) 4—ou— Il 2 52 7% Tl ) 4 KOT SRMIDHG S 7 o, B
A SN IR E] A S Tl R AR B N /N TR
JRAE I, AEHE T d—o— bl R AL WA S A T T 980558
T HIMETE P A5 R ITTEIRS 1056 AL AR B AR, A
W FEAE W S S5 T SE W pH R 7.0, AaAM il il
B 20 Ulg, £ 75 CF ROV il & KOCHRING . BB
3 /NS BORE I 2 AE Y KT OIS 7, TE B 1L
L4 Bt R R TR] f) 3800, R T8 B0 RS % A
R—H EJHE 10 h AR iR w5 24.8% , 2
AR W R s WA 8, T A A B
A 7 58 B SR IR A] B GE S 10

SE Tk

)
il

)
i

/“A \;\I\*\{

AL/ %

wn
1

15 20 25

HifA]/h

10

(=]

8 5 Rz i) X B A K B 82

Fig. 8 Effect of time on the enzymatic conversion

H Al R T RIRG (4 1 85 75 Ak T 55 56 B 5E B B
Z UL ELEEVER IR, A% B 5t DT AR S BL RS i Ak o
T R R v o il 4 R TT BB O BIF 5T, 1 2l 5
fdi 2 S PE R BRI AL BRAG 1 o/dL W T BE T OKIE
¥y, £ W NAK R P 5 Thermus aquaticus
ATCC 33923 SRR Y 4—o— W5 IE 5% B8 il 00 17 6 b )
N, R IT IR 1 B K% AL 38l 24.55% %% & %
45.58% ", AW 58 R R U T B IR Aquifex
aeolicus ) 3E K AaAM 7 K W7 #1 B h & 1 v B 56
K, N T K 4o BRI LB AaAM (0 H
T E.coli BL21(DE3)/pET-24a(+)-AaAM , % %
P2 T % e KR 0.99 U/mlL, A #5044 B 1) 2
SETEN , 2 A I |5 A [ I S A TG PG
R G pH I R FE | B B T 7 JES 4 05 o R
1 g/dL B, e 2ead 50 Ulg iS4 5 U by I =2 73 4k
B G S mE S VW 4G pH A 7.0, 7E 75 CF
A 20 Ulg IR 4—a— W5 L5 RS il AaAM B, 7E
10 h B R ITFRMIRG 1 5% AL 23R B e i 24.8%, AR
JCFRRIRG 1 Tl 2B 77 B8 T Hefi

A
gn 131:5[

[ 1] TOMOHIRO E,HARUHISA U. Large ring cyclodextrins - recent progress[J]. Journal of Pharmacological Sciences,2004,29:

27-38.

[ 2 ] WANG Shuixing, GUO Yong, XU Yang. Cycloamylose and its application prospective in food industry[J]. Food and Machinery,

2006,22(2):113-116.(in Chinese)
[ 3 1 WANG Shuixing, GUO Yong, LI Yanping. Novel annular starch
Feed Industry,2006,9(3):23-26.(in Chinese)

the latest research progress of cycloamylose[J]. Cereal and

[4]1YOSHINOBU T,KAZUTOSHI F,TAKESHI T. Thermus aquaticus ATCC 33923 amylomaltase gene cloning and expression and

enzyme characterization : production of cycloamylose[J]. Applied and Environmental Microbiology, 1999,65(3):910-915.

AR5 it £ %10 2018 £ 5 37 B 12 19 [EERI




RESEARCH ARTICLE ZHU Rong,et al: Optimization of Cycloamylose Preparation by
Recombinant 4—a—Glucanotransferase

[5 ] MICHIYO Y,HIROKI T,AKESHI T. Cyclization reaction catalyzed by glycogen debranching enzyme (EC 2.4.1.25/EC
3.2.1.33) and its potential for cycloamylose production[J]. Applied and Environmental Microbiology,2002,68 (9):4233-
4239.

[6 ] YOSHINOBU T,HARUYO S, TAKESHI T. Comparative study of the cyclization reactions of three bacterial cyclomaltodextrin
glucanotransferases[J]. Applied and Environmental Microbiology,2001,67(4) :1453-1460.

[7 1 TAKESHI T,MICHIYO Y ,HIROKI T. Potato D-enzyme catalyzes the cyclization of amylose to produce cycloamylose,a novel
cyclic glucan[J]. The Journal of Biological Chemistry,1996,271(6):2902-2908.

[8 1 INGO P,KOJI T,YOSHINOBU T. Crystal structure of amylomaltase from Thermus aquaticus ,a glycosyltransferase catalysing
the production of large cyclic glucans[J]. Journal of Molecular Biology ,2000,296:873-886.

[ 9 ]HIROMI I,SHINYA F. Crystal structures of 4-a-glucanotransferase from Thermococcus litoralis and its complex with an inhibitor
[J]. The Journal of Biological Chemistry,2003,278(21):19378-19386.

[10] WIRAYA S,AREEYA P. A novel amylomaltase from Corynebacterium glutamicum and analysis of the large-ring cyclodextrin
products[J]. Journal of Inclusion Phenomena and Macrocyclic Chemistry,2011,70:369-375.

[11] KAZUTOSHI F,HIROTAKA M, YOSHINOBU T. Protein engineering of amylomaltase from Thermus aquaticus with random
and saturation mutageneses[J]. Biologia Bratislava,2005,16:97-102.

[12] KAZUTOSHI F,HIROTAKA M,YOSHINOBU T. Use of random and saturation mutageneses To Improve the properties of
Thermus aquaticus amylomaltase for efficient production of cycloamyloses[J]. Applied and Environmental Microbiology ,2005,
71(10):5823-5827.

[13] WANG Shuixing,FJ Jinheng, GONG Yan. MalQgene cloning from Streptomyces ST66 and the original nuclear fusion expression
[J]. Journal of Agricultural Biotechnology,2007,15(6):1024-1028.(in Chinese)

[14] XU Y,ZHOU X,BAI Y X. Cycloamylose production from amylomaize by isoamylase and Thermus aquaticus 4-o-
glucanotransferase[J]. Carbohydrate Polymers,2014,102.66-73.

[15] MINSU K,JUNHYUCK J,YOUNGWAN K. Overproduction of a thermostable 4-a-glucanotransferase by codon optimization at
N-terminus region[J]. Journal of the Science of Food and Agriculture,2013,93:2683-2690.

[16] SHAKHAWAT H B,MOTOMITSU K. A cycloamylose-forming hyperthermostable 4-a-glucanotransferase of A quifex aeolicus
expressed in Escherichia coli[J]. Journal of Molecular Catalysis B : Enzymatic,2003,22:45-53.

[17] WANG Ning, WU Dan,CHEN Sheng, et al. Preparation of a-cyclodextrin by mutation Y89D of cyclodextrin glycosyltransferase
from Paenibacillus macerans[J]. Food Science,2011(3):165-170.(in Chinese)

[18] L. Bacillus clarkii 7364 - YRR 4 %5 0% 5617 £% il 1Y) 85 41 3= 38 SN F D). 64 VL m K% ,2010.

[19] TAKESHI T,MICHIYO Y. Cyclic glucans produced by the intramolecular transglycosylation activity of potato D-enzyme on
amylopectin[J]. Biochemical and Biophysical Research Communicatons, 1998,247.493-497.

jPis¥] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.12 2018



