3
i
&>
s

Thermobifida fusca SEFe Ry HEITEHIBHLE] 5 Hr

Fohdh, FwR, K F, LM
(REERBETZS5HARER TGS VL RS, 1L L8 214122)

WE ., TR T KA a-1,6 W4k, D MIRKBAT LM, 1R E S 7 &
i sb K BEAE R AL 09 AT B A R ILIRIE . Thermobifida fusca 5+ Ay Be 25 B F % Ao &% 45
1L, VA E K Z 4 5 8 (maize amylopectin, AP) A &4y , SR RH ML &% H LM BT Lk &%
R o 2 3 A ) 35 R R RN B M R EAR AR £ RE AP 5T 6943t 5
FRE A 2 812 000, A MR 2 h e &R EH RAELS AT ME A A 760 000 4=
7.2 000, Yo % 1:4.4;TAM FEALK AR 344 540 2 F 89 o-1,6 4t S T A 2-3 AW &
MR A M > L EEREFEREZF =M Mt o-1,4 BHELER, TERBIERDE
PAA o 3P AR K ke B4k o4k B & B, T 4 B4 (degree of polymerization, DP)
F& 41535208, IAMAERMRGHFRT AL Tk A LT Krh,

KB LAY F R, AR EEL; SN BT X EE-IRT RN E; EGE 2
H* kR
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Mechanism Analysis of Thermobifida fusca Isoamylase

XU Jingjing, LI Youran, ZHANG Liang, SHI Guiyang"
(National Engineering Laboratory for Cereal Fermentation Technology , Jiangnan University , Wuxi 214122, China)

Abstract: Isoamylase is able to cleave a—1,6-linkages in amylopectin,which is essential for starch
saccharification. Research on mechanism of Thermobifida fusca isoamylase (IAM) by instrumental
analysis methods has not been reported. In this study,IAM was purified by affinity chromatography
and used to hydrolyze amylopectin from maize (AP). Results of size exclusion chromatography
(SEC) indicated that IAM hydrolyzed both inner and outer branching linkages of amylopectin. The
polymer structure was completely destroyed by IAM and the mean molecular weight(Mw) decreased
from 2 812 000 to 760 000 and 7.2 000 after 2 h,the ratio of large glucans to the small ones was 1:
4.4. The population of starch fragments released was characterized by high performance anion
exchange chromatography with pulsed amperometric detector (HPAEC —PAD), the degree of
polymerization (DP) of final hydrolysates distributed mainly in 15 ~35,released maltose and
maltotriose demonstrated that the smallest units hydrolysed by IAM were side chains with 2 ~3
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glucose residues. 'H nuclear magnetic resonance ('H-NMR) spectrum showed that IAM specifically

and completely cleaved o -1,6 glycosidic

linkages and produced amylose chains or

maltoligosaccharides with a— or B—anomeric reducing ends. The mechanism analysis of IAM could

lay the foundation for its applications.

Keywords: amylopectin,isoamylase,SEC,HPAEC-PAD,'H-NMR
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R4 B (degree of polymerization, DP) 73 1l 2 %)
o AR S - A2 4 4 35— ik ih &2 15 2% (high performance
anion exchange chromatography with pulsed ampero—
metric detector, HPAEC-PAD) EL.F Jo 75 117 A& M 7F ik
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magnetic resonance, H-NMR) #0851 , 7l 76 A i
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FE 7 S E Moy Tl R PR ) 07 32 | S T o il 1 il 2 1
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oK TR RS il ) 45 4 e A AL D RE B 22 S A AT
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n Park HS U942 1B 19 Sulfolobus solfataricus 5 €
Ky AN RE VI T SCBESr 7Rl A 2~3 A 4 ik
B9 M 4% , 1H Imanaka T % ™ W} 3% Bacillus
stearothermophilus &% & >~ /E I J7 =, & B
BERTER T o-1,6 8, XA{EMT a-1,4 4 ;Choi
JH Z5UYE Nostoc punctiforme ™1l % 38— F n [A] B
VR T P FloBl 7 B, O 2 00 % W B0 OB Tl . A S
35 FH oK 3 4% JE 5 (maize amylopectin, AP) MW,
g5 G bR AR T7 I 43 B g O TE Thermobifida

Sfusca 57 VE R EEK A AP (VE HALSE, B 45 K ff it

T KA TR A BT AORITRR 28 2 R 3K — i 7
Tik ) 790 157 P ) T 42 B kAl

1 wretsoma

1.1 #R5{E

FEHL Thermobifida fusca e B ARFE R 41, LI Ry
B 1 0 S vE b B B R, B D) S 5 2K pET-28a
(+) A% ¥ T4 TR S A E. coli BL21 (DE3) 3545
HA R .

T oK HEVERY bRUE DP 22 ZESEME BRUES TR
B T 9 [ Sigma A A HAF Y Ry i B
ES DR il
1.2 AERIE . DB R At

B E AW A TAH 30 we/mL KAREE K LB
R WIS E-B-D-w AR A A T
it WSO TR AR OB B A 50 R4S Y R BB VA, 48
BB R R A R TR A Ay, B SR
Histrap HP #%,D 0.7 emx 2.5 em; i & 1 ml/min; %%
W ,0~0.5 mol/L Bk +0.5 mol/L NaCl+50 mmol/L
Tris—HC] 28 M ,pH 7.5 e PEREBE VR . 25 F1ZHT
JITAS T PR AL 43 B U8 bR R 5 28 SDS-PAGEM I 45 5
1.3 1AM BEgiENE

£ 300 wL a4 1% AP R (pH 5.5) jn
A 10 wL i, 50 C/AKVE K 30 min, BUH 100 pl
R, T 2.5 mL 5 mmol/L i il ¢ J 1 3
SE Ao, LA S8 BRI YD IR & W0 VE R 25 H
USI S E e IR A TR AE T 30 min, 4380 A A
ELHEVE R BUR A T 600 nm R OGS i 0.01 /Y
it % 5 Ry — > S L (U)o AR 15T T S A A5
5E K ] Bradford ¥, FH 45 L 1A FABORR I
1.4 HPSEC ##HiEX S FREH

5 L aifb B (173 U/mL) A 4.5 mL 1%
(1) S5 SE IR TR, 50 CARIB AR, 4391 T 0,0.5, 1
12 h BUREI 22, BEASZWEK 5 min ff TAM 2%
7% ,12 000 r/min 20> 3 min, FiEWHT 022 wm €
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JEEBRZe R fS, H HPSEC & 4843 M Al A 435 it
oA

HPSEC 1K % 2 —%& Waters 600 & %0 AH 5,315
(S Waters 23 7™ dh ) , B # 2410 78 247 0K
W 2% A Empower T AE ¥ . 407 540 . A3 4
Ultrahydrogel™ Linear 300 mmx7.8 mm; Jisli4H,0.1
mol/L. NaNOs; ¥ i# :0.9 mL/min; £ & .45 C; #F#¢
.20 WL F A OB AR Y (A X 2 S
2 500~2 000 000,Sigma)
1.5 HPAEC-PAD 4} #7 DP 4} %

¥ 10 WL TAM ZE AWM A ImL 57 & 53 %20 1%
AP W, 50 CKM RN 6 h J5 it 55 B B 0y B
A5 A o0 o TELBCRH X 23 J5 ik 53 A 1 0 B PR [8] 3 1A
AL ULET TAM AEHI S84, HEAFBE R 1 mg/mL,
WK 5 min i IAM 2335, B0 FREH 1T 022 pmiE
X BR 2 55, 1 Cairns 5 P HEWTRE &b DP 4341

HPAEC-PAD % %t 5 5% [H Dionex 23 ] i 1CS-
5000 B F 354, B4 GP 40 B5EEAE (ED 40 fi1k
2F K I 25 F1 Chromeleon 6.8 {63 T AE v (4% 21
@354, CarboPac PA-200(3 mmx 150 mm ) 53 #7441
CarboPac PA-200 (3 mmx30 mm) {f##£ ; Ji &t ,0.5
mL/min ; YEFE 20 pl, #3040 :0.25 mol/L. NaOH(A),
1 mol/L. NaAc+0.1 mol/L. NaOH (B)+H,O(C), i s #H
el an sk 1 Fron . HIARHE DP 2~7 9 4 2F 58 4
(Sigma ) bR EY) , Peaknet (Dionex ) #4473 B B4

% 1 HPAEC HZh#E AR
Table 1 Composition of mobile phase of HPAEC

0 4.0

38.4 57.6
40.0 24 40 36
40.1 38.4 4.0 57.6
60.0 38.4 4.0 57.6

1.6 'H-NMR #3#i5Z EREFH#E

i TAM ¥ AP 52 & BiES | IR -A K bR R
F, EIE AT RORR . B 20 mg B E T 500 pl
D,0 1k K ¥ 30 min A8 FR I T, HKHE Nilsson
SR I 1 T LA S S A R 43 S R

'H-NMR 75 % Jf AVANCE III 400 MHz 4> %+
AL R LR %A (75 [ Bruker 2 & 7= i) SE R, T
J#:60 °C;5 mm 3k &t (AR R R Sk
DU IE e P A M b (SN R 32 6 e R ) 3 B4

Bruker UXNMR 524k B R f — 4k B30 4l 22 o B A
P 5 5] 1 i

TR

2.1 IAM W5 B4k

TSR SER)ZHr2ifb )5 3745 1AM & A
ali i, ZARFAN B 12% SDS-PAGE Ha Pk A& il 75
TAM FRXF 43 i £ K /N2 R 79 000, 4608 15 %] 95%
VLB D), fTHFIE SR80, g 2 nl A, i 8
BT R REAT AR AR R W 0 aE R T 49.7
£, 5B T REF T, e TAM Kk B 4 4lifk
FiG ik %) 1 460 U/mg, 36 11800k 53.1%,

1 M

— — 170x10°
S — 130x10°

e — 100x10°
e — 70%10°
- 55x10°
— — 40x10°
e —35x10°
. —25x10°
S —15x10°

- 10x10°

1:IAM; M : protein marker
B 1 SDS-PAGE % #7454k B9 IAM
Fig. 1 Purification of IAM analyzed by SDS-PAGE
R2 HUBERILFEANE
Table 2 Purification yield and enzyme activity analysis

. B E LA | FEE/ Purification
A 2R [0,
A (W) (fold)

Supernatant 932 2754  29.5 100.0 1.0
Histrap HP 1.0 1460 1460 53.1 49.7

2.2 HPSEC ¥t 5> FRES

HE 2 BT, A AP URRLH B —0 M, H
2 812 000, IAM #E ] 0.5 h Ji7 BV H B4~ vk Jit g | —
MG ER A AP, M, A 1716 000; — 4~/
Oy F LM R RUINY TSR (M, 3.6 000) , P
W 22 ) TR R A 43T M T R W R S A A SR (M,
4 10 000~500 000), K% i E) 484k, K AHXT 23 7
2V U T RS T U /N 1T /N A X6 43 JB R T I 0
TR, UL R B AP B Wi Bk o i, Ko T
AV T SROWE R SR A SROME LA /N a3 2 A SR
FUNF SRR RABAER i, =1 h 5, RES
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AP K i A B R R K G 4R R R A S B R
Wi, MRAA AP 55 401 BWE /N7 1 S0 1 06
AL T 0.5 h BFAY 5.3:1 248 K 1.9:1; /K% 2 h
J& PR BRI 4 ) Mw 4351 2 760 000 1 7.2 000, 5
JEE A FL A3 I8/ T 3.7 4% K 390 %, WA i i A L
144 BEEE TAM ARG AP Sl A 40 32 5
1) R AH K A 0 4, A RO d /N o) T 2R P R R
8

Harada T 4§ 1 fff ] % i HE BH )2 BT 3% 43 B
Pseudomonas 5 1T ¥y B A1 Klebsiella 3 & = fiff X 57
HERER BT ¥ 0.01 mg FIEM AL 1.3 mg
WEEEIMA S 1 g ERZHEERWER T, AR
18] BORE A3 A JEE 0 A8 4k L K f# SN 8 h S, S 3 8 i
YEHTI IR v 5 8 S RE VE R T O, B A~ i
N M TR UG ) A — A T RE O S R
SRR T L WA IR A RE S
SCEEVER AR, RS LB RN E] 13 me/g £
KZHEVERY 12 h Ja SCHEVE MY K R 58 4, K it 72
B EETERY A Pseudomonas S UE N BEE FH T 45 7
Yy A5 S 1k R R OB R S BE T R MEAE A, &
Klebsiella ¥ = BiE I =P A LR A,
Pl S 00 Y S5 G A9 Tl DA S B Ry A1 A P S B L
IK A3 S RAL o1, 6 TR T A 2 il T A AR
i DA 7K St S A VE By, AE X PN AN 3 S a5 A A
ET U

ARSH T TAM i 58 0.22 me/g AP, I 2
h BPADREE SR A2 AP JEAOK M oE 4, ME 3 H45h
2R 1 728 A6 HL A AT I TAM U0 8043 37 A a-1,6
B R R T X5 Pseudomonas SUEM B, ¥°h
AP 3 (4 ST N BE ALK i o—1,6 B5 4

3363
12}
"
= 8l
pinid
E g
=Y 380 101
0
Ve AR mL
(a)2h
12
i
=R 2260 805 3 163
piuie
>
g 4
0
Ve AR/ mL

(b)1h

12
3087205

AR 58

3080

Ve A/ mL
(©05h

3374584

X5 i
S

12713 14 15 16 17 18 19 20 21
Ve AR mL
(d)0h
2 AP KfEH7 /58 HPSEC &%
Fig. 2 Size exclusion HPLC of AP. Native amylopectin
(time zero) was compared with the glucan
pruducts of 0.5,1 and 2 h digestions. Values show

the molecular weight of peaks
2.3 HPAEC-PAD SR AE
HPAEC-PAD f] %} DP {f <65 )4 B AR &

HEAT M B, X T DP {E>15 094 R4, PAD Il
R N AE 5 DPAE M ZetE C R R AP, AT H PAD {5 %
WA T FRURE 143 B DP (K T 15 14 78 R0 B 17 L 151
KZRP ) W E 3 E AP SE4 RS AR B N
TR AL B RN S () DP J0 A 7E 2~65 Z ), FE
A= B DP B 15~35 119 4 J 4 58 Wi 4 , DP B 43 A 7%
40~60 Z 8] (1 K4 T 7 Ll 5 O HE A A
(2320 e I oA ) 20 8 4% AR 43 T A 162 000 11
58 A RS 0 A SR AR X 4y i R A AR AR
2.4~5.7 kDa [8] , 5 HPSEC 45—, r=4 A % 2
Wi 2 2E = REAE UL TAM A K @A 2~3 N
W58 A% 119 43 S

6

5+

£

AR TR 53 5 %
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Fig. 3 Bar graph showing the chain lengh distribution of
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AP on a relative area basis

LS d i £ F L 2014 4R 33 B T H] 693



XU Jingjing, et al: Mechanism Analysis of Thermobifida fusca Isoamylase

Research Article

24 'H-NMR #HEERTH

Il 4 Sy 3 ¥y FOVE R K fif W) "H-NMR #1355  H-1
(1—4) ,H-1(a-r) ,H-1(1—6) Fl H-1(B-r) Ky 1L2%
PR AT S 5.35,5.21,4.94 Fil 4.65x10° 4k, 4]
4 ha E5 b KN AP 5 AP 58 /K )5 i 'H-
NMR 3%, 2 Hr il AP 1 a—1,4 B S o-1,6
B B LGB Ry 22,501, 47 N 4.2% £ A B A X
kBN TAM LT 00 AP 3 32 S ARY a-1,6 H
TrEE TR, R A o BIek B 7Y J o v 1) A
RWES NG F S0 RS H-1(1—4) 2201
AN HEDN TAM X a1, 4 #H 5 S /E 1T, Takashi K 45
RS IT T VE 53 TG K AR T B A AN () S Sk Bl ™ 0 1Y
B, JE T Sr R R, T R B (CE R «
TR SA J5 A i 1) 7 400 ) 19 T RE AR AL AL < () T BC IF
BRI SNT RN (b )i e — A~ A T A
FEB AR SN2 N 5 5 3k B e B (A B A
B AU S5 A i (1 7= 4 ) 19 0] BEVE ML « (a) JE BB
IEB AR SN1 S (b) SR E Y SN2 J2
N7 o TAM L4423 i BIR i 25 700 1) S A% S oy A= i o 7Y
5% B B ML A RE AT

|3 i

i A it A DI 2 R S D B R
Bl n] L — Y T SCHEGE R SO I 20 S a-1,6
RN SCRE S T OD R AR, 2
Filg rT VR I 2 S22 ZF MR Y o-1,6 B, 57 9 B il
(4 fe /N T B & A — > a1, 6 B & 2F — B
HE a2 2 DUBE B AN RE K ik il A7 22 28 Bl R 1 00 52

S AR S0 Hr vk T AR TAM K f#% AP 1)
A REAE LA ANl 5 TR (TAM N AP 43+ A &8 5%
HMEBBENLHL | L — AR FH T o S AR a-1,6 BT
B AR o B B A R A A i ) T T K B
22 SESERE S TAM vl YR AE A 2~3 /4 2 1 5% 2 1
WA A7 ZE R Bk A 2F = O TR R R) PN 52 4 K iR
AP 5 F,

H-1(1—4)
b ]lHl(ar) H-1(Bfr
H-1(1—4)
. H-1(1—6)
' 55 50 45 40 35 300
§/10°

4 AP KXfEHET/EH) '"H-NMR [E &
Fig. 4 'H-NMR spectrum for maize amylopectin. a)
native maize amylopectin;b) debranched maize

amylopectin.
FLAG, BN o 55 08 by g I 58 /0, i O R A%
B A S VE B B T AR RR LA O BB ML b R AT T
AR A TR ATTH B A AN B4 AR
BE TS E by A AL 78 1 SR Atk b O S vE Ry
Tl A iy B0 W AL Tl 100 P T ) 5 s ) 4 W S B
R T 2P —E S K

eeoe
0000 ee0®® 000000
— —> OOHHOHOHOHOHOOO
0000000000

0000 0000 00000
oo 00
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B 5 IAM /Kf# AP KA 8E1E A4
Fig. 5 Proposed hydrolytic action modes of IAM
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