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CBHI c¢DNA
Cloning and Expressing of Cellulase Gene cbh2 from
Thermophilic Fungi Chaetomium thermophilum CT2
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Chaetomium thermophilum CT2 RACE-

PCR I CBHII cbh2  DNA cbh?2 1428
476 CBD CD
53kD
PCR cbh2
AOX1

1.2 mg/mL DEAE-Sepharose Fast flow SDS-
PAGE 67kD
50C pH4.0  70°C 30min

cDNA
Q78 A 1000-3061 2005 06-0892-08

Abstract  Chaetomium thermophilum CT2 can produce extracellular cellulase with industrial value. We designed two degenerate
primers to amplify catalytic domain sequence of cellobiohydrolase [[ CBH II . Full length of ¢cDNA was obtained by rapid
amplification of ¢cDNA ends technologies. DNA sequencing revealed that cbh2 has an open reading frame of 1428bp which
encodes a putative polypeptide of 476 amino acids. The deduced amino acid sequence shows that the predicted molecular mass is
53 kD and the ¢bh2 consists of a fungal-type carbohydrate binding domain CBD  separated from a catalytic domain by a linker
region rich in proline/serine/threonine. PCR product consisting of the entire CBH [ coding region without its signal sequences
was cloned into the yeast secretive plasmid pPICOK which was then transformed into Pichia pastoris GS115. Highly efficient
production of the cellobiohydrolase Il was achieved in P. pastoris under the control of the AOX1 promoter and the expressing
level was 1.2 mg/mL by small-scale culturing. The recombinant cellobiohydrolase [l was purified by using ammonium sulfate
fraction DEAE-Sepharose Fast flow chromatography. A molecular mass of the purified enzyme is 67 kD determined by SDS-
PAGE and this is similar to the native cellobiohydrolase I purified from C. thermophilum CT2. The recombinant enzyme
exhibited optimum catalytic activity at pH 4.0 and 50°C respectively. It was thermostable at 50°C and retained 50% of its
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original activity after 30 min at 70°C . The high level of fully active recombinant cellobiohydrolase [I got from P. pastoris makes

this expression system attractive for fermentor and industrial applications.

Key words Thermophilic fungi cellobiohydrolase [[ ¢DNA cloning Pichia pastoris

cellulase system

B-1 4- EG
B-1 4- CBH
B- BG °
B-1 4
4
50°C
5

1
1.1
1.1.1 Chaetomium

thermophilum CT2
E. coli DH5a JM109

Pichia Pastoris GS115  pPICOK
Invitrogen pMD18-T Vector
TaKaRa
1.1.2 Trizol Invitrogen DEPC Tris
RT-PCR IPTG X-gal
DNA Marker DI2000 A-Hind [ digest
TADNA TaKaRa

expressing
SMART-RACE Clontech G418
Invitrogen
PCR
1.1.3 PDA 50°C
72h 1000mL 15g
10g 4¢ 750mL
250mL Vogel' s 0.1mL
pH 5.0 103.5kPa 20min  50°C
200r/min 48h °
LB
YPD MM MD BMGY BMMY
Invitrogen
1.2 PCR

PCR 1

1 PCR
Table 1 Primer sequences used for the PCR amplification

Primer sequence

CS1 5'-GAYYTGCCNGSYNGSGSYTGYGC-3'
CAl 5"-CCNCCWGGCTTNACCCAGAC-3'

Cs2 5’-GACTTACCAGACCGTGATTGC-3’
DT1 5'-TGCCGAAGCTTTTTTTITTTAGC-3’

CA2 5’-ATAGACCACTCGCCGTITCGAAGC-3’

B1 5'-CCTTGTCTCCTGTCTCGTT-3"

B2 5'-TGGCAAAATCCATACTCAA-3’

CS3 5"-GTATTCGGGATCTGCATGGCTAAGC -3’
CA3 5'-TTCAGAACGGAGGGTTGGCAATTCC-3'

1.3 cbh2
1.3.1 RNA
50°C 3d
RNA Trizol
1.3.2 ¢DNA
RT-PCR TaKaRa RT-PCR
PCR CS1 CAl
I
PCR 25pL. ¢DNA 2pL 10 x
Buffer 2.5pLL ANTP 2uL. 25mmol/L MgCl, 2L
1.5pL. Taq DNA 0.5pL Su/pl
ddH, 0 13puL 94°C 3min 94°C
45s 60°C 45s 72°C 1min 30 72C
10min 4°C
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CS2 DT1 PCR
94°C 3min 94°C
Imin 55°C 1min 72°C Imin 30
72°C 10min 4°C PCR 1%
5'RACE CA2
Bl B2 Touchdown PCR 94°C 3min
72°C 3min 3 94°C 1min 68°C 1min 72°C
Imin 3 94°C 1min 65°C Imin 72°C
Imin 25 72°C 10min 4°C
PCR 1%
cDNA ATG
TGA CS3  CA3
1.4 CBHI
1.4.1 PCR
cbh?2
I
EcoR 1 Not 1
Cl  5-CCGAATTC GCCCCTCTCCTTGAGGAG-3'
C2  5-GGGOGGAOGCTCAGAGCGGAGGGTITGG-3
1377bp
CBHII RNA
PCR
1.4.2 cbh?2
EcoR | Not |
pPICOK
-
1.5
GS115  500mL YPD  30°C
Ago = 1.5 1500r/min 500
250mL 4°C 30001/min
20ml. Imol/L.
80pL 5 ~ 10ng Neo |
Smin 1.5kV 25uF
ImL 1mol/L
2001 MD 30C
1.6
1.6.1
MM  MD 30C

2d  MD MM
1.6.2 PCR
DNA Invitrogen
PCR 50pL 50ng DNA
1.6.3
G418
YPD G418
25ml. BMGY 250mL 30C 220
r/min 48h 3
200mL. BMMY 1L
30°C 24h ImlL 100%
12h 4°C 5000r/min
Smin
1.6.4 I
Ghos '’ 4mg
0.1mL 0.1mL 50mmol/L pH 5.0
50°C 24h 0.1mL DNS
u
1pmol
1.7
1.7.1 SDS-PAGE
BMMY
24h 50pL SDS-
144h
1.7.2 70%
24h 8000r/min 20min
A 50mmol/L Tris-HCI
pH 8.0 24h
8000r/min 10min
A DEAE-Sepharose 1.0cm x 20cm
Pharmacia 5
A A 100mL A
100mL  0.3mol/L NaCl
2.4ml/min 2.5min 1
SDS-PAGE
1.7.3
YPD
10
PCR
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1.8 I
1.8.1 I
30°C 40°C 50°C 60C
70°C
50°C 60°C 70°C
10min 20min 30min 40min 50min 60min
0°C

1.8.2 pH pH
I
pH
2
2.1 RNA RT-PCR
700bp
SMART RACE 3’'RACE  5'RACE
1000bp  750bp
T/A 3'RACE  5'RACE
1052bp 740bp RT-PCR 3’
RACE 5'RACE
1737bp 1
PCR 1700bp  DNA
GenBank
AY861348
bp M 1 2 3 4

2000—|

1 cbh2

Fig. 1 PCR amplification of cbh2 gene and
electrophoresis of the PCR product
M DIL2000 DNA marker 1 PCR amplification of cbh2 fragment 2 3’
RACE results 3 5" RACE results 4 full length of the cbh2 gene.

11
198 214 VVYDLPDRDCAAAASNG
246 255
ILVIEPDSLA 2 1~17
Ala 17 8

CBD
Pro Ser Thr
* CBD 32 N
CBHII CBD 5
5 2 3
9
2.2
(O) N 07
cbh?2 PCR
pMDI18-T DHS5a
pMD-T/cbh 1377bp
2.1
EcoR1  Not | pMD-T/cbh
pPICOK
cbh?2
pPICOK T4 DNA
JM109
pPIC9K/cbh EcoR1  Not 1
3
2.3
MM  MD
DNA
PCR 4
0.25mg/ml. 0.5mg/ml.  0.75
mg/mL  1.0mg/mL  1.5mg/mL.  2.0mg/mL  2.5mg/
mL  3.0mg/ml. G418 YPD 3.0
mg/mL G418 26 > 12
G418
20 25ml. BMGY
48h 200mL. BMMY
3.0mg/mL G418
144h PGS-D
2.4
PGS-D
24h 25pL SDS-PAGE
144h
5
144h
30u/mL
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1 CAGCACAACAGAGTCAAGACAAGCTTGGTCGTCTTTGTCAGAAGTTCATCTATGTCTCAA
61 CCCCGGGTCTGAGTATTCGGGATCTGCATGGCTAAGCAGCTGCTGCTCACTGCCGCTCTT
1 MAK QLU LULTAAL
121 GCGGCCACTTCGCTGGCTGCCCCTCTCCTTGAGGAGCGCCAGAGCTGCTCCTCCGTCTGE
12 AAATSLAAPLLETETRTZ QST CS S VIV ]
181 GGTCAATGCGGTGGCATCAATTACAACGGCCCGACCTGCTGCCAGTCCGGCAGTGTTTGC
32 C66GGI NYNGPTCCQSGS VC
241 ACTTACCTGAATGACTGGTACAGCCAGTGCATTCCCGGTCAGGCTCAGCCCGGCACGACT
52 T YLNDWYSQCTI|PGQAQPGTT
301 AGCACCACGGCTCGGACCACCAGCACCAGCACCACCAGCACTTCGTCGGTCCGCCCGACC
72 S TTARTTSTSTTSTSSVRPT
361 ACCTCGAATACCCCTGTGACGACTGCTCCCCCGACGACCACCATCCCGGGCGGCGCCTCG
92 TsNTPVTTAPPTTTTIPGGAS
421 AGCACGGCCAGCTACAACGGCAACCCGTTCTCGGGTGTCCAACT TTGGGCCAACACCTAC
112 S TASYNGNPFSGVQLWANTY
481 TACTCGTCCGAGGTGCACACTTTGGCCATCCCCAGCTTGTCTCCTGAGCTGGCTGCCAAG
132 YSSEVHTILATIZPSTILSUPETLAAHK
541 GCCGCCAAGGTCGCTGAGGTTCCCAGCTTCCAGTGGCTCGACCGCAATGTGACTGTTGAC
152 AAKVAEVPSFQWLDRNYTVD
601 ACTCTCTTCTCCGGCACTCTTGCCGAAATCCGCGCCGCCAACCAGCGCGGTGCCAACCCG
172 T L FSGTLAETLIRAANZ QRTGANP
661 CCTTATGCCGGCATTTTCGTGGTTTATGACTTACCAGACCGTGATTGCGCGGCTGCTGCT
192 PYAGTIFVVYDLPUDIRDT CAAAA
721 TCGAACGGCGAGTGGTCTATCGCCAACAATGGTGCCAACAACTACAAGCGCTACATCGAC
212 S NGEWSIANNGANNYI KT RYTITD
781 CGGATCCGTGAGCTCCTTATCCAGTACTCCGATATCCGCACTATTCTGGTCATTGAACCT
232 R I RELLTIQYSDTIRTIULVTITETFP
841 GATTCCCTGGCCAACATGGTCACCAACATGAACGTCCAGAAGTGCTCGAACGCTGCCTCC
252 DSLANMVTNMNYQKT CSNAAS
901 ACTTACAAGGAGCTTACTGTCTATGCCCTCAAACAGCTCAATCTTCCTCACGTTGCCATG
272 T YX ELTV VY ALZ KA QLNTLUPHYVAM
961 TACATGGATGCTGGCCACGCTGGCTGGCTTGGCTGGCCCGCCAACATCCAGCCTGCTGCT
292 YMDAGHAGWILGWPANTI® GQPAA
1021 GAGCTCTTTGCTCAAATCTACCGCGACGCTGGCAGGCCCGCTGCTGTCCGCGGTCTTGCG
312 ELFAQIVYZRDAGRPAAVRSGTLA
1081 ACCAACGTTGCCAACTACAATGCTTGGTCGATCGCCAGCCCTCCGTCCTACACCTCTCCT
332 T NVANYNAWSITASPPSYTS SF?P
1141 AACCCGAACTACGACGAGAAGCACTATATTGAGGCCTTTGCTCCTCTTCTCCGCAACCAG
352 NPNYDEIKHYTEAFAPILILTR RNDAQ
1201 GGCTTCGACGCAAAGTTCATCGTCGACACCGGCCGTAACGGCAAGCAGCCCACTGGCCAG
372 G FDAKPFTIVDTSGRNGI KT QPTGAQ
1261 CTTGAATGGGGTCACTGGTGCAATGTCAAGGGAACTGGCTTCGGTGTGCGCCCTACTGCT
392 LEWGHWCNVEKSGTS GFGVRPTA
1321 AACACTGGGCATGAACTTGTTGATGCTTTCGTGTGGGTCAAGCCCGGTGGCGAGTCCGAC
412 NTGHELVDAFVWVKPGGESD
1381 GGCACCAGCGACACCAGCGCTGCTCGTTATGACTATCACTGCGGCCTTTCCGACGCACTG
432 G TSDTSAARYUDYHCGTLSTDATL
1441 ACTCCGGCGCCTGAGGCTGGCCAATGGTTCCAGGCTTATTTCGAACAGCTGCTCATCAAT
452 TPAPEAGAQWTIEFQAYTZ EQULTLTIN
1501 GCCAACCCTCCGTTCTGAACGGAAGCGGAGATACCGGAAGGCGGTGAGAAGAGCGGAATT
472 A NP P F =%
1561 CAAGTCTCTGCTTATCAAAATCCACTCACCAAGTGGATTAAAGCGGATTTATACATCTGA
1621 GAAACAACCTGCTTTAAACTCTTCTTGTACATATTTCACTTCGAGACGTGCCTCTTTCTC
1681 AGGAGCACTGTAGATAACAATATATCTGTCACATTTCTGCAAAAAAAAAAAAAAAA
2 CBHII
Fig. 2 Nucleotide and deduced amino acid and the relevant features of C. thermophilum CT2 cbh2 gene
The CBD sequence is boxed. The glycosyl hydrolases family 6 signature patterns are underlined. Stop codon is denoted by an asterix.
144h NH, ,S0, 10 DNA
50mL PCR
cbh?2 PGS115
20,1, SDS-PAGE I
I 50°C
Il pH 4.0 7 70°C 30min
67kD 6 50% 8
67kD

© HERFRHEDIH R TS 9RiE R

http://journals. im. ac. cn



CBHII ¢DNA

897
bp b
9416 i
6357
4361
2322 —2000
2027
—1000
—750
—500
—250
—100
3 pPIC9K/cbh
Fig. 3 Restriction analysis of recombinant plasmid pPICOK/cbh
M1 A-Hind [Il digest DNA marker 1. pPIC9K/cbh EcoR 1 + Not I
digestion  9276bp + 1377bp 2.pPIC9K/cbh  EcoR 1  digestion
10653bp 3. pPIC9K/cbh EcoR I + Neo | digestion 6866bp + 6 II  SDS-PAGE
3787bp M2 DI2000 DNA marker. Fig. 6 SDS-PAGE of the purified recombinant CBH [I

4 PCR
Fig. 4 Identifation of recombinant P. pastoris by PCR
1-6 PCR product of the recombinant yeast genomic DNA amplified with
5"A0OX1 primer and 3’ AOX1primer Lane 1 3
yeast contain insert and the wild-type AOX1 gene 2.2kb  Lane2 4 5
shows the recombinant yeast contain no insert only the wild-type AOX1
M; A-Hind [ll digest DNA marker M, DI2000 DNA marker.

6 shows recombinant

gene

5 PGS-D
SDS-PAGE
Fig. 5 SDS-PAGE analysis of CBH I[ expression level at
different induction times for Pichia PGS-D strain
M; Protein molecular weight markers 1-7

24h 48h 72h 96h 120h 144h 168h respectively.

cbh2 expression induced

M; Protein molecular weight markers 1 The purified expressed CBH [
GS115/

2 Crude extract 3 Medium supernatant of negative control

pPICOK induced 144h .

100 A
80
60
40F

20

Relative CBH I activity/%

1
20 30 40 50 60 70 80
Temperature/C

Relative CBH Il activity/%

7 pH
Fig. 7  Effect of temperature A and pH B
on activity of the purified cellobiohydrolase [[
from the recombinant P. pastoris strain

100
80
60
40

20

Relative CBH 11 activity/%

0 10 20 30 40 50 60
{/min

Fig. 8 Thermostability of the purified cellobiohydrolase [I
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