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Cloning and Sequence Analysis of Cellulase Genes from
Hypocrea orientalis EU7-22
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Abstract:  The fungi of Hypocrea orientalis EU7-22, Hypocrea orientalis XC-9, Trichoderma reesei, Trichoderma koningii, Aspergillus niger
and Penicillium decumbens were investigated to produce cellulase. The results indicated that the strain EU7-22 had highly cellulase activities
in comparison with other fungi, and possessed of integrated cellulase system. According to the reported cellobiohydrolase, endoglucanase and
B-glucosidase gene sequences of T. reesei and Trichoderma viride, the primers were designed and five cellulase genes cbh ,cbh ,eg ,eg ,
bgl were successfully cloned by PCR. By conducting sequence alignment analysis with NCBI Blast, it was found that the homology of same
cellulase genes between strain EU7-22 and other Trichoderma were: 99% to cbhl FJ871063 from T. viride 99% to cbh2 DQ504304 fromT.
koningii  99% to egl GU144298 from Trichoderma longibrachiatum 99% toeg2 EF602036 from T.viride 100% to bgl FJ040193
from Trichoderma sp. SSL. Furthermore, the corresponding amino acid sequences were also quite similar. The molecular weight, isoelectric point,
N-glycosylation sites and signal peptide sequence of these cellulase genes encoding the corresponding protein were analyzed. The cellulose-
binding domain and conserved domains of glycosyl hydrolases family were confirmed. By using SWISS-Model, the tertiary structure of cellulase
proteins were predicted and simulated.
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30 min 6 1L
209 pH 2%
LB 10¢g 5¢
10¢ 1L
2%
B-1 4- exo-1 4-B-D- 2% WIV
glucanase EC 3.2.1.91 CBH B-1 4- 40 1% WV 0.5% 2.5
endo-1 4-B-D-glucanase EC 3.2.1.4 g/L KH,PO, Mandels pH5.2
EG B-1 4- B-1 4-glucosidase EC 1.2
3.2.121 BGL 3 121 10°  /mL
Hypocrea orientalis 30
EU7-22 EU7-22 180 r/min 4d
XC-9 ° 6 000 r/min 10 min
EU7-22 XC-9 Trichoderma reesei 122
Hypocrea jecorin Trichoderma koningii 1221 FPA activity ! What-
Aspergillus niger Penicillium man NO.1 50mg 1cm><6cm
decumbens 25 mL 15mL
EU7-22 50 mmol/mL  pH5.0
p- 0.2-1.0
0.5 mL
50 1h DNS
1 100 5 min
11 1 pmol
111 PCR DNA Marker U
pMD19-T EU7-22
XC-9
-B- pNPC -B- 5 3 3 2
pNPG pNP Sigma
1.2.2.2 CMC activity !
EU7-22
1.1.2 H. orient- XC-9 10
alis EU7-22 XC-9 Escherichia 6 6 4
coli DH5a T. reesei H. 05mL 25mL 2% CMC-Na
jecorin 40358 - pH5.0 1.5 mL
P. decumbens 3.686 50 30 min DNS
A. niger 3.316 T. koningii 1 pmol
3.2774 U
1.2.2.3 CBH activity B-
PDA 200 g BGL activity 8
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EUT7-22 XC-9
10 6 3
2 2 50 pL
50 pL 50
mmol/mL  pH5.0 pNPC 5 mmol/L
CBH pNPG 5 mmol/L BGL
50 30 min 1mL Na,CO; 0.5
mol/L 405 nm
U
1 umol pNP
3
1.2.3 DNA EUT7-22
PDA 36h SDS
DNA °
1.2.4 GenBank
cbh GenBank
GL985084  AY368686.1
cbh GenBank GU724763.1  AY-
368688.1 eg  GenBank
AY928809.1 AY343986.1
eg GenBank DQ178347.1  AY368-
688.1 p- bgl GenBank
U09580.1  FJ882071.1 5
1
1 PCR
5-3"
CBH -F ATGTATCGGAAATTGGCCCTCATCTC cbh
CBH -R  TTACAGGCACTGAGAGTAGAATTCGTTC  cbh
CBH -F ATGATTGTCGGCATTCTCACC cbh
CBH -R  TTACAGGAACGATGGGTTTGC cbh
EG -F  ATGGCGCCCTCAGTTACA eg
EG -R  CTAAAGGCATTGCGAGTAG eg
EG -F  ATGAACAAGTCCGTGGCTCCAT eg
EG -R  CTACTTTCTTGCGAGACACG eg
BGL -F  ATGCGTTACCGAACAGCAG bgl
BGL -R  CTACGCTACCGACAGAGTGCT bl
1.25
EU7-22 DNA TaKaRa

Taq CBH -F&R CBH -F&R
EG -F&R EG -F&R BGL -F&R PCR
cbh cbh eg eg bgl
cbh 94
5min 94 30s 57 45s 72
2 min 30 72 10 min
cbh eg eg 94
5 min 94 30s 55 45s 72
2 min 30 72 10 min
bgl 94 5min 94
30s 54 45s 72 25 min 30
72 10 min
PCR
pMD19-T E. coli DH5a
M13
1.2.6
GenBank
http://www.ncbi.nlm.nih.gov/ BLAST BLAST
Primer Premier 5.0
ProtParam 10
http://web.expasy.org/protparam SignalP-4.0
H N- http://www.cbs.dtu.
dk/services/SignalP/ NetNGlyc 1
N- http://www.cbs.dtu.dk/serv

Prosite motif search
http://prosite.expasy.org/

ices/NetNGlyc

SWISS-Model *
http://swissmodel.expasy.org/workspace/index.php?

2

2.1
H. orientalis EU7-22
H. orientalis XC-9 H. jeco-
rin T. koningii A. niger

P. decumbens
1 CBH
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EU7-22 > > 2.2 PCR
XC-9> > > EU7-22 DNA
EG EU7-22 > CBH -F&R CBH -F&R EG -F&R EG -
> XC-9> > > F&R BGL -F&R PCR
B- BGL cbh 1700 bp
EU7-22> > XC-9> cbh 1 600 bp
> > FPA eg 1 600 bp
EU7-22> eg 1 300 bp B-
XC-9> > > bgl 2 400 bp PCR
EUT7-22 1.0% 2
PCR DNA
2.3 Blast
NCBI Blast
40 EU7-22 1680 bp GenBank
[ [ FPAGE
35 | B CMCiT JQ238604 cbhl FJ871063
5 30} -Cffm_'r;z‘.-ttk 99%
| E=BGLiEHE
B 25| cbhl EU7-
£ 20} ' i L 22 cbh 2 462-527 bp
2 T B 1225-1 293 bp Primer Premier 5.0 cbh
% o
%
. 514 Protein blast cbh
L jemrim.orr'enm T.ningi,nger Pecben.; 7A
)«:(:-9EHE ACZ06578
B1 FELREE=FEEMENILE 100%

bp bp

2000
1000

M. 200 bp DNA Marker ; 1. ebh |

bp

M

1000

;2.cbh 1 ;3.eg I ;4. eg 11 ;5 bgl |

2 FHEREEE PCR ¥ K RAOIRAEFERE R Bk

1583 bp GenBank

JQ238605 cbh2
99%

DQ504304

cbh2 EU7-

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved.

22 cbh 3 93-143 bp 528-
583bp  832-894 bp Primer Premier 5.0
cbh

470 Protein blast

http://www.cnki.net
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cbh 6
ABF56208
100%
1566 bp GenBank
JQ238606 egl GU144298
99%
egl EU7-22 eg
2 771-893 bp 1490-
1546 bp Primer Premier 5.0  eg
461
Protein blast eg
7B
ACZ34302
100%
1257 bp GenBank
JQ238607 eg2 EF602036
99% eg2
EU7-22 eg
Primer Premier 5.0  eg
418
Protein blast eg
5
ADJ10267 100%
B- 2 369 bp GenBank
JQ904600 Trichoderma sp. SSL bgl
FJ040193 100%
Trichoderma sp. SSL bgl
EU7-22 bgl 2
66-135bp  1896-1 959 bp
Primer Premier 5.0  bgl
744
Protein blast bgl
3 Trichoderma sp. SSL
ACH92574
100%
2.4 ProtParam NetNG-
lyc SignalP
ProtParam EU7-22 CBH

CBH EG EG BGL

5423 49.61 48.16 44.22 78.21 kD
458 491 472 496 5096

NetNGly EU7-22 CBH
4 N- N®SST N¥ETC
N*TSF N*ETS CBH 3 N-

N*WSG N*¥ASS N*ITS EG
5 N- N®TTL N*™GSL N*GTL
N**TSG N*°PSN  EG 1 N-
N*FTG BGL 1 N-
N TTW
SignalP EU7-22 CBH
N- 1-17 MYRKLALISAFLAT-
ARA CBH N- 1-18
MIVGILTTLATLATLAAS
EG N- 1-22 MAPSVTLP-
LTTAMLALVRLVAA EG
N- 1-21 MNKSVAPLLLAASTLVG-
GVAA BGL N- 1-19
MRYRTAAALALAAAPFVTA

2.5 Prosite motif search SWISS-
Model

core or catalytic domaim CD

cellulose-binding
domain CBD CBD
CD CBD
linker
Prosite motif search
CBH 1
CBD C**GGIGYSGPTVCASGTTCQVLNEFYSQC®™
CBH 2 6
V*VYDLPDRDCAALASNG*® L*LVIEPDS-
LA™ 1 C*GGQNWSGPTCCASG
STCVYSNDYYSQC* EG 1
CBD C*™GGIGYTGCKTCTSGTTCQYGND-
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6 BGL

1

VZWFGIMNEPH?* 1
C®GGIGWSGPTNCAPGSACSTLNSYYAQC™

YYSQC*™ EG

SWISS-Model

A.CBH 1 M1 CD 4 ; B.CBH [ B3  CBD 4 ; C. CBH 11 #8111 CD 5 ; D. CBH [ EF (1 CBD i ; E.EG | 0 CD & ;

F.EG 1 Bi#EE CBD & ; ¢.EG T &M CD &, ; H. EC N A#EE CBD 4 ; 1. BGL | M8 CD 1
B3 SWISS-Model #il4T4 %A CD 5 CBD H =444

3
EU7-22
Goedegebuur ~ *° T. reesei
7 CBHI CBHII EGI EGIl EG
I EGIV EGV CBHs EGs
>50% 20% 15%
10% 1% <1% <1% CBHI CBHIlI EGI
EGII 4 95%
EGs CBHs
B-
EUT7-22
cbh1 cbh1l egl egll bgll

15

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved.

16

17
SWISS-Model
3-A

CBH
H. jecorina Cel7A PDB:2v3i

97.01% CBD

3-B
H.jecorinaCBHI C- PDB:1cbh *
91.67%
CBH 3-C
H. jecorina Cel6A PDB:1gk2 *
98.90% CBD
3-D
H. jecorina CBH | PDB:
laz6  *
70.97%

http://www.cnki.net
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EG
H. jecorina Cel7B  PDB: 1egl
95.15% CBD
C
H. jecorina CBH 1  C-

3-B

18

1cbh
CBD

72.22%
EG 3
H. jecorina Cel5A PDB: 3qr3
94.80%

N
H. jecorina CBH |

3-B

C-
PDB: 1cbh *°
CBD
|
62.86%
BGL
3-1
PDB: 3abz
23.75%
Prosite motif search

SWISS-Model

23

24 25

EU7-22

EU7-22
bgl

cbh cbh

ey  eg
99%

100%
CBH EG EG BGL
5423 49.61 48.16 44.22
458 491 472 4.96

4 351 1

CBH

78.21 kD
5.96

3-E

3-F
PDB:

H. jecorina 1

-G

22

CBD
3-H

H. jecorina

Kluyveromyces marxianus Cel3

10

11

12

13

CBH N

17 CBH N

EG

18
EG N 21
BGL N

CD

22
19
CBD
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