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Effect of N-terminal truncation of Bacillus acidopullulyticus
pullulanase on enzyme properties and functions

A’na Chen?, Xiuxia Liu', Xiaofeng Dai', Jinling Zhan', Feng Peng*, Lu Li*, Fen Wang®,
Song Li?, Yankun Yang*, and Zhonghu Bai*

1 National Engineering Laboratory for Cereal Fermentation Technology, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu, China
2 School of Biochemical Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui, China

Abstract: We constructed different N-terminal truncated variants based on Bacillus acidopullulyticus pullulanase 3D
structure (PDB code 2WAN), and studied the effects of truncated mutation on soluble expression, enzymatic properties, and
application in saccharification. Upon expression, the variants of X45 domain deletion existed as inclusion bodies, whereas
deletion of CBM41 domain had an effective effect on soluble expression level. The variants that lack of CBM41 (M1), lack
of X25 (M3), and lack both of CBM41 and X25 (M5) had the same optimal pH (5.0) and optimal temperature (60 ‘C) with
the wild-type pullulanase (WT). The K, of M1 and M5 were 1.42 mg/mL and 1.85 mg/mL, respectively, 2.4- and 3.1-fold
higher than that of the WT. k.,/K,, value of M5 was 40% lower than that of the WT. Substrate specificity results show that
the enzymes exhibited greater activity with the low-molecular-weight dextrin than with high-molecular-weight soluble
starch. When pullulanases were added to the saccharification reaction system, the dextrose equivalent of the WT, M1, M3,
and M5 were 93.6%, 94.7%, 94.5%, and93.1%, respectively. These results indicate that the deletion of CBM41 domain
and/or X25 domain did not affect the practical application in starch saccharification process. Furthermore,
low-molecular-weight variants facilitate the heterologous expression. Truncated variants may be more suitable for

industrial production than the WT.

Keywords: N-terminal truncation, pullulanase, expression level, enzyme properties, application
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T4 DNA
BL21 (DE3)
1
13 BEREMREEH
LB 10g/L 5g/L
10 g/L NaCl
TB 12 gL 24 g/L
2.31 g/L KH,PO, 9.85 g/L K,HPO, 10 g/L
pH 7.0 10 mL 100 mL
50 pg/mL
-80 C 0.1%
37 C 230 r/min
10h 1%
37 'C 230 r/min
5.5h( ODeoo 5-6) IPTG
0.1 mmol/L 20 C
18-20 h
14 HRDE
1.0 mL 4 000 x g
4 C 30 min
10 mmol/L PBS
(pH 7.4) ODgpp=4.0-5.0
25% 2s
2s 6 min 12 000 x g
4 C 10 min
[20]
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*1 FHEBARHESERTAYEASY
Table 1 List of nucleotide sequences used in this study

Primer name Nucleotide sequence (5'-3")* Gene
VVT[F]b GGGAATTCCATATGGATTCTACTTCGACTAAAGTTATTGTTC BaPul

MI1[F] GGGAATTCCATATGCCATCTGTTTCAAATGCCTATCTTG BaPul-ACMB41
M2[F] GGGAATTCCATATGGATTCTACTTCGACTAAAGTTATTGTTC BaPul-AX45

M3J[F] GGGAATTCCATATGGATTCTACTTCGACTAAAGTTATTGTTC BaPul-AX25

MA4[F] GGGAATTCCATATGGTAACTGCCGTTCTTGTTGGAGATTTAC BaPul-ACMB41AX45
MS5[F] GGGAATTCCATATGCCATCTGTTTCAAATGCCTATCTTG BaPul-ACMB41AX25
MG6[F] GGGAATTCCATATGGATTCTACTTCGACTAAAGTTATTGTTC BaPul-AX25AX45
[R]® CCGCTCGAGTTGTTTGAGAATAAGCGTACTTATAG

? Italicized fonts indicate the recognition sites of the corresponding restriction enzymes. ° [F] and [R] mean the forward and
reverse primers, respectively. ¢ The reverse primers of all variants are the same.

0.1 mL 1.9 mL 1% 100%

60 C 10 min 3 mL pH pH
DNS - (pH 3.0 100 mmol/L)
7 min - (pH3.5 5.5 100 mmol/L)

20 mL 540 nm - (pH 4.0-5.0 100 mmol/L)
pH 5.0 - Na,HPO4-NaH,PO, (pH 6.0-7.5 100 mmol/L)
1% ! 18 SERERABEY
1 pmol 40-80 C
( )
16 EHRALURESE 60 C
C His-tag Ni"
[22] 100% In (
SDS-PAGE %)
Bradford 23] Bradford Kq t)2=In2/kg**
( 19 BHESY
) 100 mmol/L - (pH 5.0)
17 £5& pH BB 0.25-16.0 mg/mL (0.25 0.5 1.0 2.0
pH pH 40 6.0 80 10.0 12.0 14.0 16.0)
1% [25]
pH
4 C 24 h Viax K Keat = Vinax/[E] [E]
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110 KM SRR A 2 HR54##
0.25%
L00% 21 HERTHART
BaPul 3D 6
0% (5L CBM41 Ml X45 (
) pH 5562 1 mmol/L X452 X4sb) M2 X25
o 015U ) M3 CBM41  X45 M4
- 15 min CBM41  X25 M5 X45  X25
95 C 60 min M6
(DE  12-15%) 1
pH 22 FIEWRIEN
4245 120 C 10 min
60 °C pelB-pET28a (+) BL21
(120 Ulg ) (0.5 Ulg ) (DE3)
60 C
pH 5.0 CBM41 Ml
10 min [26] M5 84.6 U/mL
Name MW
1 112 164 267 303 366 921 (kDa)

WT (BaPul) iX45a 101.5
M1 (BaPul-ACBM41) e 89.1
M2 (BaPul-AX45) I 92.5
M3 (BaPul-AX25) BN . 90.4
M4 (BaPul-ACBM41AX45) . 0.0
M35 (BaPul-ACBM41A25) I 0
M6 (BaPul-AX25A45) . 813
1 HAERRHEBERTAREHTER
Fig. 1 Schematic representation of the WT and the variants. Different color represents different structural domain.

Numbers represent the first residues of each domain. The names of the variants are indicated on the left. The
predicted molecular sizes are indicated on the right.
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71.0 U/mL 29.1 U/mL
X25 M3 M2 M4
M6 3 Ml M5 2.7
X45 21 ( 2) Ml M5
SDS-PAGE M1 M5
M3 WT X45 M2
M4 M6 ( 2) X45 2.4 &i& pH RERTIR E
pH
[17] pH M1
3
2.3 BEEYLLIL R bLEEE RO E T R
116.0 —
G SRNE 24
12000xg 4°C 10 min 6.2 — I
Ni* SDS-PAGE G
45.0 — ..

C 3

B 3 HEMNELEZMREBERZEKRGEHUR
SDS-PAGE

kDa M1 2 3 4 5 6 7 8
a Fig. 3 SDS-PAGE analysis of the purified WT and

. variants. M: protein molecular mass markers; 1: M1; 2:
130 M3; 3: M5; 4: WT. The values are molecular sizes in
kilodaltons.
100
0 %2 BELEEEBREAERTRTHEEES
EE R LLEGE
= Table 2 Specific activity and protein concentration
of the WT and the variants
2 HHAEREEZHMEEBERTALSARER Variants Soluble enzyme Specific activity
RY AT B 144 4 SDS-PAGE (ng/mL) (U/mg)
Fig. 2 The total cell protein SDS-PAGE analysis of M1 (ACBM41) 725 2 2.2 1167.3 £ 35.0
the WT and the variants. M: protein molecular mass M3 (AX25) 31.7+0.7 1124.4 + 24.7
markers; 1: control (vector pET28a(+) without foreign M5 (ACBM41AX25) 550+ 1.8 1271.1 £ 41.9
gene); 2: M1; 3: M2; 4: M3; 5: M4; 6: MS5; 7: M6; 8:
WT 26.6 £ 0.5 1096.5 £21.9

WT. The values are molecular sizes in kilodaltons.
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4 HEBRHESERTABNRIE pH RERERE T
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Fig. 4 The optimal pH and pH stability of the WT and the variants. (A) Optimal pH. (B) pH stability.

|  —e—M3
AIOO_ 7
S 90 ——WT
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¢ (min)
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Fig. 5 The optimal temperature and thermostability of the WT and the variants. (A) Optimal temperature. (B)

Thermostability.

® 010-64807509

K cjb@im.ac.cn



362

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech March 25,2016 Vol.32 No.3

*3 HERLEMRHEBERTAREEH 2.4 3.1 M3 Kn
Table 3 Half-life of the WT and the variants CBM41
Variants Half-life (min)
M1 (ACBM41) 43.7 (K
M3 (AX25) 31.1 ) X25 Keat/Kin
M'S (ACBM41AX25) 40.3 M5 M1 M3
Wide-type 34.4
BaPul 3D
N
CBM41 [13] 27 EYEHRMRNEA
CBM41
[22]
(95 CBM41
X25
N
26 EREINFSH
M1 M5 Kn
F4 HHEALEZBEEBERTEAMNNEEL
Table 4 Kinetic parameters of the WT and the variants
Kinetic parameter M1 M3 M5 WT
K., (mg/mL) 1.42+0.22 0.69+0.08 1.85+0.10 0.60+0.16
Keat/ Ky (mL/(mg-s)) 1313.0£55.1 1372.5+£83.6 946.8+35.0 1473.29+44.2
*5 HHERALEMRESFERTARRIFRME DE (
Table 5 Substrate specificity of the WT and the )
variants
Relative activity (%) DE 92.1%
Substrate
M1 M3 M5 WT M1 M3 M5
Pullulan 100+1.8 100£1.0 100+£0.8 100+0.4 DE 93.6% 94.7% 94.5%
Dextrin ~ 44.7+0.6 41.2+1.0 38.6+1.2 49.4+1.2 e T e TR
0
Soluble 4 3100 367403 274212 46.9:0.8 93.1%
starch
M1 M3 DE
Glycogen - = _ _

—: below the detection line.
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