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amds A. niger PglaA

Xho 1 (1989)
A1 (1995)

pUCT00 A. tubingensis TglaA

1. FHRFApGmEL

Figure 1. Atlas of shuttle vector pGm. 4. niger PglaA
is a diastase strong promoter from Aspergillus niger;
Xho I « AfII1y Pac | and Xba I represent four
frequently-used cleavage sites, the numbers in the
parentheses represent their sites in the vector pGm; A.
tubingensis TglaA is a terminator from Aspergillus
tubingensis; Amd is a acetamide selective marker gene;
PUCI100 is an original vector for reconstructing pGm,
and ampicillin selective marker gene is a part of
fragment pUC100.
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o BWes I mAr 0 EgYI0 S, eS| 9m
Xba 1 BV &, W RIZEPTR, PCRIZVAKR N
50 uL, fuffphusion DNARAF0.5 pL, JEH L
DNARHZ1.0 uL, b Fi#F51#452.5 uL, dNTPs
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2. P16942. P331IRARZRIFHIB-H T RIFBIRILFIIEIRIEEL S 547
Figure 2. Sequence homology comparative analysis of P16942,P331 and B-mannanase from Trichoderma. No
background: non-similar residues; blue background: conservative residues; green background: block of similar
residues; yellow background: identical residues; red background: weakly similar residues.
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A RGEHACR E I (183) . M BEAR 35 AT LA
B, X PR T T R AR 4
3, MP16942F1P331 AR JE T A —A~ K433,
BAEX A3, BATA R TSR ) — 900
X, ULHAP16942FNP33 1 ZEHEAL I THI Y 25 72 L 3K

0.03

0.01

0.04

0.09 |: Magnaporthiopsis poae ATCC 64411 (KLU82261.1)
0.05 Gaeumannomyces graminis var. tritici R3-111a-1 (EJT78351.1)

0.17

Magnaporthe oryzae 70-15 (EHA47915.1)

0.02 . .
r Neurospora sitophila (CCI55471.1)

0.00

0.01 007

0.16

0.01

1 004 Neurospora crassa ORTAA (EAA34048.2)
Achaetomium sp. Xz8 (AHK?22783.1)

Chaetomium sp. CQ31 (ADWS82104.1)
Humicola sp. Y1 (ADZ99301.1)

0.08
0.08
0.09

0.20

0.01

Neonectria ditissima (KPM43923.1)

0.19 000 Vervicillium dahliae VdLs.17 (BGY16313.1)

0.14

1 0.04 Verticillium alfalfae VaMs.102 (EEY 19426.1)

0.03

=

Pestalotiopsis fici W106-1 (ETS78016.1)

005 Colletotrichum orbiculare MAFF 240422 (ENH88860.1)

0.04

0.07

0.00

0.15

Colletotrichum higginsianum (CCF34681.1)
Colletotrichum gloeosporioides Nara gc5 (ELA29396.1)
0.011092" . iototrichum fioriniae PYT (EXF84052.1)

0.03

0.09

0.12

Stachybotrys chartrum (P16942)

0.14

Aspergillus ustus (KIA75873.1)

0.20

Stemphylium lycopersici (KNG48040.1)

O Verticitlium alfalfae VaMs.102 (EEY21635.1)

001y rsicittium dahiiae VdLs.17 (EGY19411.1)
0.18

Fusarium langsethiae (KPA38336.1)
0.16

Stachybotrys chartrum (P331)
0.03

——— Rhizoctonia solani (CUA75603.1)
0.02

0.05

Rhizoctonia solani AG-3 Rhs1 AP (EUC61491.1)
0.01 OI:'OZ Rhizoctonia solani (CUAT75602.1)
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3. P16942F1P33189 R Gt

Figure 3. Phylogenetic tree of P16942 and P331. The phylogenetic tree was constructed by using ClustalW and
MEGA 6.0 with the amino acid sequences of f-mannanases from various strains, with their sequence IDs in the
parentheses, which were screened by online BLASTp on NCBI with amino acid sequences from P16942 and P331;
the numbers on the horizontal lines represent evolutionary distances of these mannanases.
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MY . P169425 Aspergillus ustus (KIA75873.1)
FStemphylium lycopersici (KNG48040.1) 5 1) B-
H % RN U3 AT 3 P331-5 Fusarium langsethiae
(KPA38336.1)A 51 T &5 FMHM LU AR
2.3 s16942F1s33 15 H (e e R B B R AR GK
iLiAfz:s

ZEPCRY 152 T R/NEHAITs16942 (1349 bp)
F1s331 (1508 bp)F&H (El4).

X A A (R A AL K AT R DHS sz 253K
3 B 5 AL 3 3R AT 1 T PCRYGIEFN N 5 341,
25 R R WHE A B AR p Gm b (19 73 0 O TE B 1Y
s16942F1s33 15K, HLA 1IEH 1 [ 32 AE
2.4 EYBIMBERNEMEAIE

P4 AEamd STRHEHE IR I LK %Ak 70 il i
R TR AL b, B RARRRIE R AR, UL
PR AL T, R X Se R AL 1 o il R T
TSBA W fish Fe f b A7 R W g Uk, 7Em A4
KA S RICE T I 1 47 SDS-PAGEHL K 43T

AR A HE N RE ., A BNEAREN

PR P R e R B R, X IR T A

bp M 1 2

10000
6000

3000

2000 s331 (1508 bp)
1500 $16942 (1349 bp)

1000
750

500

250

4. PCRI[ B =HIH0eER X 21

Figure 4. Electrophoretic analysis of PCR products. M:
DNA marker; lane 1: PCR products of s16942; lane 2:
PCR products of s331.
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A3 B, DT R B TR AR v 0 R K e i K
HEATIN PSSR, S UEZE R IERR, ILRIh R E
2H T FFRG1-pGm-s16942F1G1-pGm-s331.,

2.5 EHRE=YHSHT

2.5.1 EHAFRKRFYRISDS-PAGERIKIHT: K
ML R 2 A R R G 1-pGm-s 16942 F1G 1- pGm-
33153 HIHERN T TSB A BE /-~ B 7k, RF24 hEX
1 mL& B 1 TSDS-PAGEHL K AT (K15, 6) M fiff
TEE (7)), KEERTEN6 do 4253 SDS-PAGEH,
VAT A, B FRIAFEKRG]-pGm-s16942F1G1-
pGm-s331# A HIE HFRE, HAE X IR R
15 EEGIERTCIL AT, o-TEN) I (a-amylase) M1
FHABME AA SN R E/RGI-pGm-s16942
FE6 dif A& T b ™ Bl S S AR —E R, 1
FoRMME AR A RO SRR T RKA23 gL,
I HARAT 1 KA G1-pGm-s33 1 7RS4 K =
F il B, EHRIARLAIN03 gL, H5-6K
BV TR, BS54SR IR B K,
HEORINA LT %,

252 BEHFRAYHBEEBR BT SDS-
PAGEHL K /M 45 5 /R (X 2k H R F I/ F i
WA MWK, I+ HG1-pGm-s331 T3k H W E )

kDa MGI1 23 4 5 6
1160

a-amylase
B-mannanase (P16942)

B 5. |ATEFEHRGI-pGm-s16942FE = HIHISDS-
PAGE& 1t

Figure 5. SDS-PAGE analysis of expression product
from recombinant strains G1-pGm-s16942. M: protein
marker; G1: host strain; lane 1-6: expression situation
of recombinant strains G1-pGm-s16942 in 1-6 d.
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kDa M G1 1 2 3 4 5 6
116.0

B-mannanase
(P331)
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Figure 6. SDS-PAGE analysis of expression product
from recombinant strains G1-pGm-s331. M: protein
marker; G1: host strain; lane 1-6: expression situation
of recombinant strains G1-pGm-s331 in 1-6 d.
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Figure 7. Activity curves of recombine -mannanases

in 1-6 d of fermentation. I : crude enzyme of

recombinant strain G1-pGm-s16942; Il : crude enzyme
of recombinant strain G1-pGm-s331.
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Figure 8. Optimum pH curves of two kinds of
recombine B-mannanases. [ : crude enzyme of
recombinant strain G1-pGm-s16942; Il : crude enzyme

of recombinant strain G1-pGm-s331.
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Figure 9. pH stability curves of recombinase P16942 and P331. A: crude enzyme of recombinase P16942; B: crude

enzyme of recombinase P331.
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Figure 11. Thermostability curves of recombinase P16942 and P331. A: crude enzyme of recombinase P16942; B:

crude enzyme of recombinase P331.
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Expression in Aspergillus niger and characterization of B-
mannanases from Stachybotrys chartarum
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Jiaxing Yang *~, Huaming Wang™ , Fuping Lu

' College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China

? Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract [Objective] Using Aspergillus niger as host to express f-mannanases from Stachybotrys chartarum.
[Methods] Through sequence analysis of Stachybotrys chartarum genome, two f-mannanase genes (s16942 and
$331) were identified. The primers were designed based on the DNA sequence and the B-mannanase genes (516942
and s331) were obtained, and then inserted to the vector pGm. The expression plasmids were transferred into
Aspergillus niger. p-mannanase producing strains (G1-pGm-s16942 and G1-pGm-s331) were isolated after screening
several transformants using amdS selection plates and confirmed by PCR fragment sequencing. [Results] The
molecular weight of the enzymes from G1-pGm-s16942 and G1-pGm-s331 were about 48 kDa and 60 kDa
respectively by SDS-PAGE gel analysis, and the recombinant proteins did not present in the negative control. Assays
of enzymatic property using the crude enzyme preparations indicated that the enzyme from G1-pGm-s16942 exhibited
maximum activity (521 U/mL) under the optimum conditions (pH 7 and 60 °C); the enzyme from G1-pGm-s331
exhibited maximum activity (84 U/mL) under the optimum conditions (pH 7 and 50 °C). [Conclusion] This was the
first study of the heterologous expression of the f-mannanase genes from Stachybotrys chartarum in Aspergillus niger

host and the B-mannanase genes could be expressed successfully with high activities and protein titers.

Keywords: B-mannanase, Stachybotrys chartarum, Aspergillus niger, genetic transformation, recombinant protein
expression
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