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Abstract: The pullulanase gene of thermophilic Bacillus subtilis WY-34 was cloned in E. coli to char-
acterize the recombinant pullulanase. The plud gene encoding pullulanase from the thermophilic B.

subtilis WY-34 was overexpressed in E. coli. The properties of recombinant pullulanase were studied.
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Also substrate specificity of the recombinant pullulanase was evaluated in this paper. The plud gene

was 2.2 kb in length and encoded 718 amino acid protein. The recombinant pullulanase was purified to

homogeneity using Ni-IDA agarose chromatography, resulting in a specific activity of 93.2 U/mg.

SDS-PAGE and gel permeation chromatography analysis showed that the molecular weight of the pro-

tein is approximately 76.2 kD and 74.3 kD respectively. The purified enzyme was optimally active at
40 °C and pH 6.0, stable at 45 °C and retained more than 80% relative activity with in pH 6.0-9.0. It

exhibited high substrate specificity toward pullulan. The properties of recombinant pullulanase may be

useful for application of pullulanase in industry.
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1.1.2  EFFE: pHakEsREE/L): REAR 10, B

BRI 5, SA6EN 10, BilE 20, EAE 1L,
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ATNCCRTGCATNAC(VMHGIAG)-3' (3 N: A/G/
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I T 0.1 mol/L MES Z& & (pH 6.0)H, {i
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1.2.8 BEHETEZAEAERIE pH & pH F2E1%: 40 °C
ZMEF, 78 pH 3.0-11.0 A [R] 22 sh ik 2 il 52
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THRE SR ATIEG 7 6 B EETE  0E 4 H
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MR ECE 1% 35S 22 Y, 43 5 26 A W) i B
FE B WG ), DARBTE 1B R R 100%. IR BERR
S T PR I 2 Sy TP (RIS 1 2 o R 3R 05 S AR B )5 40
HETAEERE T AL 30 min, PK/KIBE 4D 30 min,
DA 28 A0h 30 it R O o B, 00 AR A TG D,
Je VR BR AR BTG 7 o5 X RS 000 A
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ZHFRIAREPE R 99%, U C 5w B g HA RE 2F AT
W WY-34 & 2 i, P TE R RIK, &
WA, KBRS A 3.6 U/mL AR, LTS
25.6 U/mg #HEH .

I FRAE B ZEFAT B WY-34 LA 4 i & 718 R
FERRIEE 1, 45 NCBI BLAST X4 HT, M F51
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licheniformis) ATCC14580 (YP 080284)f[5& it £
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168 FEER = F Ebxd

Table 1 Amino acid comparison between thermophilic
Bacillus subtilis WY-34 and Bacillus subtilis 168
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W, AUR T 0B IR & 22 2R AF i DR S AL T A
BRI T

kD M 1 2
170—

130 —

100 ———

ol g —

55 ————. ’B
P

G HEPR A B.S. WY34 =
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40 T I ?
25— ’
46 v A -—
68 P T
10— — ——
112 S A )
i P Q El1 EHEES=MALE
481 A T Fig. 1 SDS-PAGE of the recombinant pullulanase during
487 S N purification
458 < . s M: BURSEAD TRBRAESR 115 13 HLHE 20 Ni-IDA.
Note: M: Dual color prestained broad molecular weight standard; 1:
553 A v Crude lysate; 2: Ni-IDA.
*2 BEHLE=BALR
Table 2 Summary of the recombinant pullulanase purification
i b B MEH G VO 1 &S Al A5 AR
Steps Total protein (mg) Total activity (U) Specific activity (U/mg) Yield (%) Purification (fold)
HIAGIK Crude lysate 137.9 3533.2 25.6 100 1
Ni ZEf4E Ni-IDA 15.6 14522 93.2 41.1 3.6
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=
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Fig. 2 Optimal pH (A) and pH stability (B) of the recom-
binant pullulanase
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Fig. 3 Optimal temperature (A), thermostability (B) and
thermal inactivation (C) of the recombinant pullulanase.
Note: 35 °C, y=—0.0022x+4.6157, R*=0.9289; 45 °C, y=—0.0062x+
4.5782, R*=0.9397; 50 °C, y=—0.0638x+4.3649, R’=0.9866.
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2 Y B R B S e T AL A S 2 A
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TG4 17.5%. WX L AE 0 A 16 MUl D% i
T 1A, SRR R RS Sk A g
B 25 #FF 18 (Alkaliphilic Bacillus sp.) S-1 HYJfLHN
K Hush T A6 22 g ) SIS e S PEAR AL, (H AT Ik
TE R 10 R T R T 1 P M ZE AT S-1 U,
F IR 2 AR SR I IR S, T AT LA
AR T 22 AR R AR 7

R3 BHEE=HMHNEYERK
Table 3 Substrate specificity of the recombinant
pullulanase

e .50 iy
Specific activity Relative activity
Substrate W) %)
e 22 4 Pullulan 93.2+0.8 100
T TR 16.3£0.7 17.5
Soluble startch T ’
HEHEVEN Amylose - _

DL 5 22 5 SR P A5 1 B 000 100%.
Note: “: The activity for pullulan was defined as 100%.
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