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WEI Xugin'*, LI Xiaoming', LIAO Dongqging', HUANG Ribo™”
(1. Guangxi Nanning Bioclone Biotechnology Co. ,Ltd. ,Nanning 530003, China ;
2. College of Life Science and Technology, Guangxi University ,Nanning 530004, China;
3. Guangxi Academy of Sciences ,Nanning 530007 , China)

Abstract; Pullulanase is a debranching enzyme that specifically hydrolyzes the a-1,6-glycosidic bonds in complex
carbohydrates and has great potential in various industries. Here, we investigate the structural characteristics of the
Bacillus naganoensis pullulanase ( BnPulB) by homology modeling and molecule docking. Results show that the
BnPulB structure comprises the CBM41-X45a-X25-X45b-CBM48-GH13 _ 14 multi-domain architecture and the
central region of the protein forms the catalytic domain, and the highly conserved Asp619, Glu648, and Asp733
residues are identified to be catalytic triad. In addition, flexible docking studies of the enzyme-substrate system
show the interactions between BnPulB and its substrate, maltotriose, and some conserved residues locate in the
active centre that participate in ligand binding site are predicted. This study may provide important information for
the design of new pullulanase with novel properties.
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SRR IR T REER Tl AR . IR B, K
B 2F AT W 45 % B ( Bacillus naganoensis
pullulanase,, BnPulB) i &cifi VA 62.5 °C |, 1E
pH 9 4.5~5.0 FEFRI N OREF 90% HBHE 1 , 1X LU il
Rt Ve BB A i R B A I (55 ~ 65 °C) T
TRVEIREE (pH 4.5~5.5) MIFT& , R U B 2R F0 AT 1
e 2 A TR Tl

[ Y5 A2 ( Homology model ) 42 M EE 1 5T Y 22
BEWR PP 5]t TN G == AR 1) 8 5 1%, S5
RS EE F BT S RE S AL LAl R B ER S
BEAEE 781 [R) — 1 KT 60% , [ 5 AR 114 25
L S M 5 2R o T R R Y
P AESE M SRR | A B 50 38 2o 0 B 2R A A TR
B 2 AT ) PR AT N LA A0 20 A, O T HC Y
PEFRALAINRELL 1, 0ok R EEAPERESRE AL IIE 2%

I BPR

L1 FoIskiE

K ZEUAT I & 22 B BnPulB 192K 1 T 51
VR T NCBI, % B h 926 IR 5E KL 20 i i) £
K, H: GenBank %[5 A AEV53626 , A8 57 AT K
(14 6 > 65 22 BT 91 M H AR ZE A Bl (L3R 1) i
F 25 A Fi 805 )% ( Protein Data Bank, PDB) (4] Nl
8T F) FH DiAlige il 55 #% (http ://www. genomatix.
de/ ) #AT 0,

1.2 FERERS ST

¥ BnPulB A ¥ 51 #2523 78 2k IR 55 A
SWISS-MODEL ( http ; //swissmodel. expasy. org/ ) #£ 17
F B RN JEARA ) ] PyMol A& 9 51 %
HARIHA TS AT AR
1.3 R4 5 57075 AL m 43 4

H Autodock 4.2 A= Wy 5 A4 %) & & = B BnPulB
SR AT IR X B R AL ST

2 HERE

2.1 BnPulB HEREE

I TELR IR 55 #% SWISS-MODEL [ i1 &
(HZHNBINE) , &L BaPulB 5% 4 2% il 52 ik
B AN ) A% B 9 e 9] [] — M (W3R 1, & T PDB
%5 43 1 2WAN  3WDI, 2E9B , 2YAO0, 2YOC Fi
2FHC, aa Frn 8 790 1) & L R AR 450 , Hovp
EHEREE 2 FRATEE S 28 (Bacillus
acidopullulyticus pullulanase , BaPul13A) & H Jit ¥ 5
[l —1Eik 64% , LA BaPull3A =4EZ5H6 (PDB;2WAN,
1.65A) ik * X%f BnPulB #EA7 [R]85 153 N
Sl C Y 43 2 108 AT 8 AN & KL R 19 I i
Pro109~GIn918 [X. ] 2 3 & JIK B 28 A 1) 43 F- 12 B /)
(I45F , H: QMEAN {EAY A -0.01, /1L BnPulB EH
[P 5N 514 BaPul13A Y [R—PEAR 5, 7T WL BnPulB
[Fi) 5 A P 45 SR A 10 S deri iy 22

%1 BnPulB 56 M EREEHHNTE=EHRFE—K
Table 1 Pairwise sequence identity of BnPulB and 6 known crystal structure pullulanases %
2WAN 3WDI 2E9B 2YAO 2YOC 2FHC
(921 aa) (710 aa) (718 aa) (714 aa) (1072 aa) (1083 aa)
BnPulB
(926 aa) 64 34 31 24 23 21
2WAN
(921 aa) 32 31 21 21 22
3WDJ
(710 aa) 46 22 23 26
2E9B
(718 aa) 22 22 22
2YAO
(714 aa) 20 20
2YOC
(1072 aa) 91

2.2 BnPulB &35
¥4 BnPulB #5715 BaPul13A fSFTEAAARLEH L1
XFA3ATT , A PR A il 45 5% JE 19 €, J 25 ] Ak R L

Toi 4w S, H Ak RMSD {H A A 0.050A, 32 B
BnPulB %5455 BaPull3A A4 45 4 JE % AL, 9 & 1Y
BARZER LT BB —E(WE 1),
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LU-648

B 1 LEXE BnPulB 5 BaPull3A £HMEE ST
Fig.1  Structural superposition of pullulanase

BnPulB and BaPull13A

# 7E. Bl BnPulB 1 25 45 24 ¥ 5, BaPull3A %514 ( PDB % 5.
2WAN) AL AA, BaPul13A fifk =HRAK R Asp622  Glu651 F1 Asp736
AN IEFRIR L X R BnPulB 1535124 Asp619 ,Glu648 F1 Asp733.
2 UL L R (hittp : // swxxx.alljournals. cn/ch/index. aspx ) (2017 4F55
1 4 DOI:10.3969/j.issn.1672-5565.2017.01.201606002 ) ,

# BnPulB A1 5% | TR0 6 Fh & 2
[T 440 et (UL 2) , B T e AT e 3 K
FUFINAGAEER R EST (R 1) BT EIRSS
IR RES(WE 2(a)) HENTHY O
AL AE (IR 255 148 JAEE AL (I 2(b) ),
L R R 5% 5 vo B DR ST, # F 2 ] A s J LT S 1)
Asp Glu Fl Asp = A~58 FE A4 Bl Ak — 15644 ( LI 2
(c)) , RWIAS ] U5 00 38 6 == i 7 12 K 1 5K e ik
b B A R A AT AR BT AR R 8 [ —
PERREARAIC, (A AL X2 m RSP Y, A B i
JoT A W A B A R, AT A B 2R ARAT I 22
it 1) A4 Ak IXC ) A LA 3 22 i 5K 3 (R Y 45 1
FERL.

EA I E M, BaPull3A J2& 1 Asp622 ., Glu651
Fl Asp736 =A™ 28k 1R 5% BE 48 i LA Ak — 1644 7E
CAZY GHI13 i H B o 5, X =M T AL IX Y
FAERRIRFEAR T ST, 16 B 1 # b, Asp622
FE SRR R, GlueST 1E R T LAY R
BT , Asp736 XF - &2 & W i i B S 3]
R PR S g 5 A e R A3, BT R
A BORT I A B 2 FLAT TR BnPulB R AL — B A4 2
Asp619 Glu648 Fll Asp733 =4~ & 3 IR ok 3L #9 Jig
(TP 1A 2(c) Fios) , X =R 53R 1 BTk
() 6 ot [7) 24 45 2% il A £k — I5C 4R 7y 2 ] A b K 3K
HE(WE 2(c) ), B =58 FEAE B 1) 4 1k 2ok

AT RERL ] 5 BaPull13A 4k =I5 4 AH Bl i G gt
fEH,

(a) BrPulBE6FM-L & = B () B 454 LU A

Maltotriose

(c) BrPulB5 670 & 2= iy i b = B4 i Ho X /AT

BE 2 BnPulB 5 6 fi & =B 5L X 547
Fig.2  Structural superposition of BnPulB with

6 known pullulanases

B BaPulB (#5€4) 2WAN (KAL) 3WDI (£164) 2E9B (#
) 2YAO (#fA) 2YOC (Z0f8) 2FHC (JRf) .

P UL HL TR (http ; //swxx. alljournals. en/ch/index. aspx ) (2017 4E4f
1 31 DOI;10.3969/j.issn.1672-5565.2017.01.201606002) ,
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BaPul13A J&H 921 A2 3L R 5% I 4 i CBM41-
X45a-X25-X45h-CBM48-GH13_14 £ 45 # 5 i & H
Hrf X45a-X25-X45b FIDIREA N, CBM48 Ay b It 45
LR AL S5 GH13_14 J& T CAZY GH13
K, H N i 1~ 100 2 3L S Ty 68 A BH 1) 25 #4) 355
CBM41,CBM41 5 JF JC JF 1fif JG o B 0L He 2 4077
Chen 200 f5 0 WF 9% 26 W3, M 1% BaPull3A il 11
CBM41 S5 43k, 58 A 280 42 157 12 il 1) P I 2 18 Tl 43
WK, 5748 B A6 1 2 B AR WY 2.9 £, I H AR
FHOULEE A pH 5 BY AR B A9 AH Y, B U6 AT DL CBM41
SERIRIE I T B OCAR B TT, M BRI 45 e 3 28
SRS A T AR . PRt AT DAHE T < BF 2 4
FF PR 6 24§ BnPulB XFRAY N i 1~ 108 ZJEMR 7]
RESE/E T L TR 51, I B A 45 14 7T RE A5 2]
I3t BN S R SRR E Y 9 AR i

Wang 25 'O T 0 5 4 B, ) 5k 4 B0F 2 A0 4T 5
BnPulB i N ¥ifif 106 P2 HEER R AL, 5 C ¥ 9 1,
5 C Uiy 36 5% B 1Y S AR R, 58 AR Bl 1) 6 1 Tk BE R
pH A AR | 5848 B I 26 A RV AL BB A A
(R BE A RO , 55 ASBIF G Tt %) 235 SR EEA AR AT

AR IERR X A4 A 3 (a) s, 45435 ¥ 3 1E il
A S5 B4 A INE 3(b) frs, Hirp X45a . X25 Al
X45b A S B B AL X (GHI3_14 Z5495) , &
IR REA B T 45 & 3 K F 1R Y, 5 1 i) 45 i
FETE A G CBM48 2 B T 25 44 55, B R A X Y
GHI13_14 Z5Fg 54830 , 3k WS 45 g A 45 & 4k 4 1
AN S B S AT BE . BnPulB A4 M AL = BE AR
T GHI3_14 25935k, I W 67 T 45 4 B Tk v v
GHI13_14 Z5Fa38 5 il ) 4 £k A FH 2 VD AH G | AR 31X
ANGE R I AH G S R T R 2 B S5 W) 8 174 3% 4 R
AR EPE . Chen 250" Dl BaPul13A B T GH13
14 ZERY IR Y 3 S FE R Ak 3 [R) B 58 AF (E5181-
S662R-Q706P) , 2L (R FE 60 °C 12 5 Hi & B AE
AU 11 A% el R il FE A 60 CH2 T3 65 C
TS5 BaPull3A i (1) 25 18] 25 44 4 5 A 0L, 08
BnPulB 25 [H] v B X 9 24 3 R 5% 3 (515, A659 FlI
1703 ) FEATHIR A 2848 , ] BEAS 2 A0 I M R s fa e
(RIS o o Al 3o B X 405 44 2 AL A ( KA 7 A5 1Y
RIEFRIRFEAFAE2ER ) |, I Goach 5 A8 AR I DG HE A A5
LIRS W B D BE Y Ik (R 200 B

S SEAE HEXF S0 AT, BnPulB 5 25 AE R 7> 1 WA 0 Tk ROPRE— SR iR A
1 97 153 257 312 427 926
[ BEZR x5 xaso [CENEEEE GHI13(sub-family 14)

(a) BrPulBorFE5HIR A
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" flkomg

Maltotriose

Ao

\\_) (N \A,:;/g y

(b)y T E =M BrPuIB- X F =R E WL E

f’J“ TRP-504
T
RS
s N

\ N
P (A
P

H\S-%

(0) BB ZMLPuBIEE T LA O K F R TR

B3 KEFFATELESZE(BnPuB) =451 E"

Fig.3 3-D structure of the Bacillus naganoensis pullulanase ( BnPulB)

B (b) 19 BnPulB 454 <38 BUE WoR , G513, X45 44, X25 (9207 (6, CBM48 Sy il (4, GH13_14 [ By £ €6, 22 2F = i or T AR e 5
AL B (o) WD AR S IR IR IR FE AR W/ |, 22 28 =M (R ) 5 R IR MR a3 (M40 () T i) S LA R R b
s % [ WL HE F R ( http : //swxxx. alljournals.en/ch/index.aspx ) (2017 4E5 1 8] DOI:10.3969/j.issn.1672-5565.2017.01.201606002) ,

2.3 [RYFTHEE
FHAAE Autodock 4.2 K i) 5 il 53T 7 X 2
# BnPulB BYMEAL =BEIK Asp619  Glu648 Fil Asp733

WE ISR EE , 24 T A5 315X = A A FE R A% 3L 1Y
HC AR KR K Gridbox H10%5E h X:39.21,Y:37.82,
7:-29.32 %% Gridbox K/NEAE N 30x52x32 (B fir
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TR, 5 AP AT TR 22 WY [ PR AR S L = A5G S By 31

R, A A5 1) B R BROA M 0.375 A, X 22 o 7 ok
Lamarckian genetic algorithm ( LGA ) 3% &8, HAl
SN OB, BT E 2R o1, 4-0H B
BRI 2 R E S A2 o1, 64 H B SR BT
(53§35 2 J1 ~200 T3 Z [ AR 20, A58 LA
P R 22 W BA T 1 22 2 =R O A, 22 28 = b4y
T MR A ZFHAFE LM18-11 (Anoxybacillus sp. LM18-
11) /Y [l 2 3% 4 =2 i & 1K 45 #9 (PDB. 3WDI) H
fREC

ORGSR ILIE 3(b) | R o T R AE B oy
T GH13_14 £yl /b RS & AR 24
ARG HE A B, Fo 456 A g -2.75 keal/mol,
T H £ K, =9.58 mM, IR 43 F 1 v 82 , hy
WESE R 0 9 AH B A R, T 5 il 0 3% 2 v B
TR BEE T B LA
24 EEHRLSH

HRAR SRR HE 45 2R, R B BnPulB HJIEH)
Sh5 XA IX A 25 A AR 5 52 4%, N8 3 (e) i,
H Trp504 . Try506 , Asn552 | His553 , Ser583 ., Thr585 .
Arg617 ., Asp619, Leu620, Glu648 ., Trp650, Thro51
Arg681, Val688 ., Tyr728, Ser731. His732, Asp733.
Asn734 Fl Asn788 20 IR FR I L AU 9 175 1
O, Ho A X 2 5 22 28 = SR A
Ser583 , Asp619 , Glu648 | Trp650 | Asp733 1 Asn734 6
AR ARG S , AL =I5 h Asp619 ,Glu648
H1 Asp733 3 NE LRI FLAL AN, X 3 5% I AE [ 2
A BEORST (LIET 2 () ), BLRE RAR K 2L 1, 7T
R AT 2506 R, AT DA B A4l 3 4 s
A AR il 0B ) R A T, R AT 3 2 1Y S8 ok
AR 5 5 10 A FEAL X A 2548, DT 472 15 Tl
A PEALRICR 5 A AT DA o 9F 5 5 05 2 vp O &R (5 ~
15 A) B SE IR 5% HE e R 14 163 1) ) G2 8 1 A 5 0F ek
SRR

3 ZEigHite

AW I B 2R HUAT B 24 [ BnPulB HE17
AR M T BnPulB 25 B = 4454, i it 33
WAL R, 238 & 22 W 2 A CBM41-X45a-X25-
X45b-CBM48-GH13_14 £ 45 A6 3 i 45 | FLAiE Ak IX
{7 F GH13_14 53k, & ik =Rl Asp619 .
Glu648 1 Asp733 =AM FEMR IR LA N, 75 A B K1 [H]
o 22 LS B 0 A DGR 5 I 55 I 6 ST
PR R TR0 I 3 AT 2R B R 2 S Y IS )
A T ASHEF AL, BnPulB 5 Y1TE B S HE Y 2 3L R
58 FE R Ser583 . Asp619 | Glu648 , Trp650 , Asp733

Asn734 , 575 33 B 5% L] R i 2k K 0E 1, BT DLAE
SRR, W] % BT BnPulB 36 M0 A TE R
S TR TR M R B B R . AR SIS
T ELAG HR AR BT SRR 0L ) S R e, B BR X) fif
Mo FRA—ENSH 5 AR Z A 2T
RS X B[R] R 4 2 0 0 T R A A 4
K 2, A58 7 2 RS R B A 17 3 2 19 S5 50
Ik
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