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Abstract A complete mannanase gene with two introns was cloned from Trichoderma reesei by PCR. The two introns were then

removed by overlap extension PCR. The gene encoding the mature mannanase protein was inserted into the expression vector

pPICIK  downstream of a a-factor signal peptide sequence. The resultant recombinant vector was named pM242. After linearized

with Sac I ~ pM242 was transformed to Pichia pastoris GS115 by electroporation. After screening the recombinant strain

Gpmf25 that expresses the secretory protein at high level was obtained. The activity of the recombinant mannanase reached

12.510/mL. Optimum pH and temperature for the recombinant enzyme were 5.0 and 80°C  respectively. The enzyme was stable

at pH5.0 ~ 6.0 and maintained over 50% of original activity after incubation at 70°C for 30min.
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n dNTP 25 pmol 1 x PCR 2.5u
La Taq DNA 94°C Smin
94°C Imin 57°C Imin 72°C 2min 30
E. coli 8 x 107 IU/mL " 72°C Smin PCR
10.0 IU/mL "° pGEM-T Vector DH5a
Aspergillus T™C
aculeatus manl 1
T PCR 1
manl 0.22nkat ’ 1.3 x 107* U/ manl manl
mL 1 PCR
1 PCR1 PCR2 PCR4 PCR5
manl 1min PCR6
Gpmf25 120h pGEM-T Vector DH5a
12.51IU/mL T™M24
1000 MF din2
— Ex1 Inl Ex2 In2 Ex3
TMC I  —
1 X VR
v PRLD digl pcr2 [|
1.1 —  EBxl % Ex2 : In2 : Ex3
AN —
Trichoderma reeset QM9414 ME PCR3 [ dind MR
TMDI—— 1
Pichia Pastoris GS115  pPICOK G418 MF_ PCR4 [] din3”  pcrs [] MR
Invitrogen pGEM-T Vector N —
PCR6
Promega T4 DNA La Taq DNA Exl d B Ex3 MR
TaKaRa Locust bean gum 24
Sigma DNA 1 PCR manl Inl In2
Fig. 1 Deletion of Inl and In2 from manl by
Overlap Extension PCR
PCR
1.2.3
1.2 T™™24 manl  c¢DNA EcoRT Not 1
1.2.1 QM9414 DNA pPICOK
15 QM9414 a-
DNA DH5a pM242
1.2.2 manl
1 PCR 1.2.4 pM242  Sac |
Table 1 Primers used for PCR GS115
Primer Primer sequence 1500V 25 L F 2000
MF 5'-TCCGAATTCGCTTCGAGCTTTGTAACCAT-3’ RDB 3~5d
MR 5'-TTGCGGCCGCAAGCTACCGACATCCTATAT-3’
dinl 5'-TGTTCCCCAAGAGTCCGGATAGAGGTGG-3' 1.2.5
din2 5'-GGACTCTTGGGGAACAAACTACACTTGG-3' MM MD
din3 5'-TGCGCCGTATTCTTCAAACACGCAAGGT-3’ 30°C 2d MD MM
dind 5'-TGAAGAATACGGCGCACAGCAAAACCCC-3’
6 MF MR 250pg/mL 500pg/mL 750pg/mL
man PCR 50,1, 1000pg/mL. G418 YPD
S0ng QM9414 DNA 0.2mmol/L  © shE#IZmmEWHEMATIRSHER htto://journals. in. ac. cn
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1.2.6 542bp Ex1 E2-In2-Ex3
50ml. BMGY 250mL MF MR PCR Inl
30°C 220r/min 48h 1.2kb
25ml. BMMY 30°C 1238bp
220r/min 24h In2 Ex1-Ex2-Ex3 manl
0.5% 24h 4°C 6000r/min Smin 3
1.2.7 48h
20pL 0.5% Locust bean
gum 50C 0.1%
1h 1mol/L NaCl 40min '
1.2.8 DNS
6 1pmol
U
1.2.9 SDS-PAGE ) OM9414 man
24 48 72 96h 20pL Fig. 2 PCR product of the whole length manl from
10%SDS- Trichoderma reesei QM9414
1 1kb DNA Ladder 2 manl gene with two introns.
1.2.10 pH  pH " . R R—
pH
3.0—
pH pH3.0 ~ 6.0 50mmol/L 20—
pH7.0~ 8.0 50mmol/L 30°C 1=
24h 3 10—
05—
1.2.11
120min
3
3 PCR n2
Fig. 3 Deletion of In2 by overlap extension PCR
2 1 1kbladder 2 manl without introns obtained by overlap extension of 3
and 4 3 fragment Ex1-Ex2 4 fragment Ex3.
2.1 manl
2.2
manl EcoR 1
QM9414 MF MR
Not | pPICOK
PCR 1.4kb 2
a-
pGEM-T Vector T™C
pM242 EcoR1  Not 1
man]
; 1313bp  Sac I 2371bp Sal I 2083bp  Pst
100% T™C Ex1 Ex2-In2-
1 1242bp 1827hp 2555bp 4357bp  Bel Il 1431bp
Ex3 Ex1 700bp
2403bp 6666bp
Ex2-In2-Ex3 S00bp 739bp © ERFRMENTRFATIRSHED htto:// journals. im. ac. on
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4 2.4 Gpmf25 SDS-
pPICOK PAGE
Gpmf25  24h
120h
12.5IU/ml. SDS-PAGE
6 60kD 53kD
6
kD M 1 2 3 4 5
04—
66—  —
45—
35—
4 pM242
Fig. 4 Restriction analysis of the recombinant plasmid pM242
I 1kb DNA ladder 2 pM242 digested wih EcoR | and Not | 3 B—
pM242 without digestion 4 pM242 digested with Sea I 5 pM242 6 SDS-PAGE

digested with Sal I 6 pM242 digested with Pst | 7 pM242 digested
with Bgl Il .

2.3
MM MD 500
250pg/mL 500pg/mL
750pg/mL 1000pg/mL G418 YPD
1000pg/mL G418 50
24h
200pL DNS
Gpma43 Gpmb44 Gpmb6 Gpmbl8
Gpmfl6 Gpm25 6 Gpmf25
Gpmb44 5

L

s

5
Fig. 5 Detection of recombinant mannanase on
agar medium containing LBG

1 GS115 as control 2 transformant Gpmb44 3 transformant Gpmf25.

Fig. 6 SDS-PAGE analysis of recombinant mannanase
M Molecular weight ladder 1 Gpmf25 without induction 2 ~5 Gpmf25
at 24h 48h  72h and 96h after induced by methanol.

2.5 pH pH

pH

7 Stalbrand
pH4.0 6 pH
30C 24h
pH5.0 ~ 6.0 90%
8 pH4.0~7.0

120

100 -

60

Relative activity/%

20

7 pH

Fig. 7 Optimum pH value for recombinant mannanase

2.6
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100
90 3
80 |
F p-D-
z 6or
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.iEj 40 +
2 30r1 17
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pH
8 pH 18
Fig. 8 pH stability of recombinant mannanase .
1989 Akino
80C 9 1 30
Stalbrand 70 ~ 80°C ° 8
20-24
120min
80C 30min
70°C 30min 50% 60°C 714
120min 60 % 40°C 50°C Stalbrand
10 Stalbrand 70C
30min 80°C 30min 67
80 % 812
120 1
100 |
g 80
E B-D-
2 601
2
S 40l 1000
&
20
0 - pH
20 30 40 50 60 7°0 80 90 100 Stalbrand
Temperature/ C
9 pH
Fig. 9 Optimum temperature for recombinant mannanse
GC 56 % GC
40% ~42% *
S Arg CGC AGG 6 Arg 4
Z
g Gly GGC GGG 45 29
E SDS
- 60kD
6
0 30 60 90 120 %
{/min
10 70kD

Fig. 10 Temperature stability of recombinant mannanase
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