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Cloning of a Gene Coding for Cellobiohydrolase from Corticium rolfsii (Part I)

Daisuke YASOKAWA, Kaori SATOH, Ryoji NAKAGAWA, Takayuki IKEDA and Koji NAGASHIMA

To detect and clone a cellobiohydrolase (CBH) gene of Corticium rolfsii, synthetic oligonucleotide

primers were designed on the basis of the homology among known CBH fungi genes and submitted to

a.Polymerase Chain Reaction (PCR).
which was then cloned and sequenced.

The PCR amplified a DNA fragment of about 210 base pairs

The nucleotide sequence (215 base pairs long) exhibited high homology to the CBH genes of the

subject fungi and contained a putative intron sequence.
PCR product showed about 609% homology to the CBH of the subject fungi.

The amino acid sequence deduced from the
When a carefully

controlled genomic southern hybridization of C. »olfsii was performed using the PCR product as a probe,

one or two bands were detected.

BRIRICREVENT, AV —BARBBD L
BIERYI OB EFOEMRITELER TE 2FHEAMNT
FERTHZ, g/, NAARTREFENRBZEFTOY]
DALTFEETH Y, BIcFOEENZHELOOH 5, A
I TOSE T b &M fEE L, SREko R clER
ENTWEEHANL VY, BEMABEOMEIEL 2
AMDLEREBL ZEDBH L,

BIEFEBZ TR, HEMcENE T2BREET
ERECHEAL, HOZOBEFE PRI ¥ Z L
XY, EEEERENCLRESEL 2T TH 3.
F 7B B EMR R BIRT 5 Z L i X D EBER ORI
Ty 7REFRLL, FEIANETT2Z L HEHETH
3.

EELX, BRENTAETOEN T —¥ DIREWFIE
2EHIEL, SETCICMABRINAT IS —VHEERHLE L
THISNTWRHEFTE C. rlfsiit DEETZ2ELT7—¥
BOIZNAF —EOBHEITOZOMEO—LRZEH S
KLTER, ZOHBETE, Bylturd g Fos—
¥ (CBH) B FRITREEOEWER LS 77 1 v —

BREETL, AE DS 2 A DNA 28R & L T polymerase
chain reaction (PCR) %17 /z, WEIBEYOEIEEF] %
PET DL LD, MEKRCBH 07 3/ BEYL~
N TOMENEZRETL 72,

-

1. R tnER

EBCHER Lz 7 —BEERERIZ Corticium  rol-
fsii AHU 9627 (AbBERFEBFIICHEERBE L Y 2
5) Th3. WEBEBOBOREEE X Escherichia
coliXL-1Blue 8k 2R L7z, C. rolfsii D¥EEII R T
b e FF R b u—AE5H (Difco Laboratories) %{#
L, 30°C, 150 rpm T5 HEgEEL .
2. DNA OREsy

BEEOEELELSBCIDEIRL, ¥—FI28A
T 0.5%NaCl B CEE LR L7, BEERE, B
lg 2#ASTTDEL 1I8mlOFE Ny 77— (20 mM
Tris-HCl, 10mM EDTA, 3.3% SDS)ic&&EL 7.
0 SHEERTEEE, T -V —2Z 0ok a—AY

* BEFRAEREFTR SRR BMEY EME

RN A F =7 7 —X (T 044-01 W HEEREBETERRE 138— 1)
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TINTNI—(25:24:1) 18 ml 2h0Z 10 SFRIRE®
PICERLT:, AMEBEA Y v 4 (pH5.2) % 1.8mlim
%, B 30 SRR L 72, 10,000 rpm, 154300, 4°CT
EOL, FEEE 7/ —V—2uakLAh—-A4AV7T S
VTV A—LTHHL, FRCEOL, EECERD
AV Fan—nEMLTI02E#EEL, DNA 2455
ABTHEIWY, 0%y /) —VTHELL, 15/ —
WERREL T 3~4 SHEAE%E, TE vy 77— (10mM
Tris-HCl, 1mM EDTA) 5ml iK{EEL 7=,

RNase A 2B KREE 0ug/pl 2 X520,
37°C, 1BSfEIME L T RNA %253k, SDS % Bikg
0.5%, Proteinase K % 100 xg/ml £ %3 X 52z,
37°C, 1 BRI M\ L /2. NaCl &£ CTAB (hex-
adecyltrimethyl ammonium bromide) % #h FNBK
BEOTM, RUF1%ER2 L5z, 65°CT 10 4/
TR L. S8B0O 7 ookl A2 inz TP »ICEAE,
15,000 rpm, 543/, FRTHELL:, LE* 72/ —
V—zaak)h—AY T INTLa—LHHL, =¥
/= NIRRTV, 0% X8 / — )V THEk, 3~4 7
BEELTTE Ny 7 7 —1ml BB L 72,

3. PCR (Polymerase Chain Reaction) B

T4 v —DOEBRIBENLESRE (87 /= F 0
T34 PRI L DITo 7z, PCR RIGIZEEY 2fEw,
M 93°C, 14, 7 == 7337, 42, 7213 50°C,
243, BERGIZ72°C, 259 T30V 14 721V {To7,

4. BXRFIDRE

BEEF)I1X ABI #£ Taq Dye Deoxy Terminator
Cycle Sequencing Kit # >, ABI373 ADNA > —#»
YK ORE L. BEFOBTBETEAL AT A
72 /1Y —0 GeneWorks Release 2.0 &> T1T-
7z,

5. YHFonNATY G4 E—-a ¥

Boehringer Mannheim #t® DIG DNA Labeling Kit
FHOTT o -7 0EERT, EECE->THN1 T
VALY —varEiTol. ¥ 7 VO IE Boehrin-
ger Mannheim @ DIG Luminescent Detection Kit %
AuwtiT-o7-.

RREIUER

1. CBHREFHFNI/0—=>7
CBH#fETO7o—=v 27 %175 7%, GeneWorks
Release 2.0 ¥ 7 b 7 = 7 —% - T A %K CBH
BEFHE TR Y —0BWES %2 RWZL (Figl),
GECBHF-1(20 mer), GECBHF-2 (20 mer), GECBHR

-1(20 mer), GECBDF-1(15 mer), XU GECBDR-1(15
mer) S5EED 774 v—%EFK L7 (Fig2)., 754
<v— 0D AED I GECBHF-1,/GECBHR-1, GEC-
BHF-2 GECBHR-1, GECBDF-1,GECBDR-1
D3I@EVEL, LOHZEDLEL T =V IRE%R
37°C, 42°C, RUF50°CD 3@ iwdkE L, C. rolfsii O
JALADNA%2F > 7v—hrELTPCR 21707, D
WHR% Fig3 Rk, FE3HEDOTIA~—2 LG
FansHKWD PCR EMIOKE &% Trichoderma vir-
ide CBH &=FroHEd %L, 74 <v—GECBHF
-1,GECBHR-1 T 177 bp, GECBHF-2,GECBHR-1
T 168 bp, GECBDF-1,GECBDR-1 T 9%bp 7% 3%,

7 % 4 =—GECBHF-1/GECBHR-1 (v—>2;
37°C, 35 42°C, R UM 45 50°C) Tix 37°C & 42°C & TH# 230
bp DY FHRHES N (L —2 2 R 3), 50°CTit
BARR N P E e hole (V= 4), 754
<—GECBHF-2/GECBHR-1(v—>5, 6, KRU7T)
Tie7 =) > 7IRETH# 160bp, #1210 bp D/ F
PR Eh, 37°C, 42°CTEICH 270 bp D/3 > F s
&hi.. 94 ~—GECBDF-1/GECBDR-1 (v—>
8, 9, RU'10) TRE L OEBEYPHRE I,

NN EBEZILET, 7T=o—Y IR EOBK
LW 50°CCHR e Y Mg S h, O FEENEK
X XL —>7 DK 210bp @3> F 53 CBH EE
FTCThruEEsRd AV EHKL, EXkER
GENECLEANII kit (Bio 101 #£) #MA\»T DNA %[5
Iy,

[EUY L 72 DNA B %~ 2 # —pCRII (Invitrogen #)
WHEREL, 2077 A3 FTABHE XL-1Blue k2 BE
EL:, 7oEV ) Uit oo —he S S A6
BEIRL, ZhEFNTZAINEHE L, ThoD”
S R % K% EcoRI TYIRL, 6P 4BETFEINS
RKEEDA VY —MNEERLE(T—FIHK). chs?
X % F%pCG1,pCG2 pCG3, R pCG4 gL,
ZOA4 Y — b OBERFIZREL T2,

2. BERFIDRE

HEAEF X ABI #d Tag Dye Deoxy Termiator
Cycle Sequencing Kit # B> T, dideoxy & (%> —
BRI DRELRD, ZOFER, LEB4BOTF7 AL F
th ) PCR EYOBEERIEE—Tho72DT, ZDIE
HEG % Humicola grisea, Trichoderma viride, Penicil-
lium janthinellum, U Phanerochaete chrysosporium
DOEERRT L B LU L 2 2B ERE 2R Lz (Fig.
4). %7z ZOEFNIC MO 4 D D4RE CBH BEFiC
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ITGGGA TCC ATC. 'GA X53931

TVCBH1 aacdreCTd MCTGAGATGG ATATY]
HGCBH1G TACATGCTA. TCTGAGATGG ATATHTGGGA AAC AT AC x17258 (&)
PJCGH1GE CTCTTGCTET JCTGAGATGG ATATHTGGGA TCT ATCTICLAA X59054
PCCBHI1A TACATGCTA. ACTGAGATGG ATATHITGGGA AAT GATJCLGC Z11726
ECBHF-1 i
Consensus GECBHF HWSYTGCTAY DNCTGAGATCG ATATMTIGGG RWB
GECBHF-2 r~——
TVCBH1 CT cC [CCTTGC pC TCG X53931
HGCBH1G TT cC CCTTGC RC TTG X17258
PJCGH1GE GT cC CCTTGC A CCT C X59054
PCCBHI1A TA cc ICCTTGC RC CG C Z11726
Consensus Bwil C CTTC S
TVCBH1 GACTC G GTGGAACCTA CTCGGGTGAC X53931
HGCBH1G GACTC G GTGGCACCTA CAGCAACGAG X17258
PJCGH1GE CAAC G GTGGTACCTA CAGCACCGAC X59054
PCCBHI12 AGCGA A ——mmm e —m———m—— cc Z11726
Consensus VRMB GTGGHACCTA CWSSRVYGMS
TVCBH1 C Goc tadeafds AR X53931
HGCBH1G C cee Tdealhirda ACHcQT X17258
PJCGH1GE T coe Tgleairda ackoa X59054
PCCBHI1A C cee Tqdealnrda Acicr 711726
el GECBHR-1
Consensus Y Yelallive % Y MO
TVCBHL ACGC X53931
HGCBH1G GGCC X17258 (B)
PJCGH1GE CGGG. X59054
TRREGIII ACTG M19373
Consensus VSBS
TVCBH1 cc T13dc T X53931
HGCBH1G CGA T c  X17258
PJCGH1GE TGA Toc C  X59054
TRREGIII TCC dH A M19373
Consensus Y S H
i ———————

X53931
TVCBH1 TA X17258
HGCBH1G TA X50054
PJCGH1GE TA M19373
TRREGIII CC
Consensus

GECBDR-1

Fig.1 Nucleotide sequence alignment of known CBH genes of fungi
Shaded boxes indicate conserved nucleotides. Arrows represent regions used for the design of oligonu-
cleotide primers. Panel (A) shows GECBHF-1, GECBHF-2, and GECBHR-1. Panel (B) shows GECBDF-
1 and GECBDR-1. TVCBH, HGCBH, PJCGH, and PCCBH represent the CBH genes of Trichoderma
viride (X53931), Humicola grisea (X17258), Penicillium janthinellum (X52054), and Phanerochaete
chrysosporium (Z11726), respectively, while TRREG represents Trichoderma reesei endoglucanase
(M19373).
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1. GECBDF-1 15mer
5-GGG (C/G) CAGTG (C/T) GG (C/T) GG

2. GECBDR-1 15mer
5-TA (A/C) AIGCA (T/C) TGIGAG

3. GECBHF-1 20mer
5-LACCTGCTGCICTGAGATGG

4, GECBHF-2 20mer
5-CICTGAGATGGATATCTGGG

5. GECBHR-1 20mer
5-TAIG (A/G) GTTGAA (A/G) TCGCAGCC

Fig.2 Oligonucleotide primers used in PCR exper-

iments

These primers were designed based on the
conserved sequences shown in Figure 1. “I”
represents inosine. GECBDF-1, GECBDR-I,
and GECBHR-1 are mixed primers.

2V 47 bp OEFIBEA SN TEY, ZOWART DT

CERETHRICA Y AYDRAFSA4 v 794 v
Y Y AR, ALY SHEEAD T V&
Y AR FER RO B WESIDBEET 5 2 £
¥BAL (C or A) AGGT (A or G) AGT izxfL T
ATCGTAAAT (55 94 3550 558 102 $HE 2 HEY), X
T4V TRBHMD T Y AEEF] (T or C) =
IN (C or T) AGG XL T TCTCCTAGG (& 142
BED SH 150 MEICHY) OEFINFEEL Tz, ¥
oA hary2RELRZOEE, EOFHAICHKRIED
FYBHBET I oBITHEDGH OB 149K
DGETORTNEA > bur LHEEL.

3. 73 /BESoFrEQT—

LEHEEA POV RRATSIARALIBROT I BE
5L BRI CBH 7 3 / Blc%| & ORI Tk v ¥ — st
Z21To7: (Figh). BI6BREHDA VA= (T) 55
BABREHDYRAT AV (C) $TO7 3 /BESIL 5
EHTRLE—BL TR, iz, U 2BEO K
BEORFEETCHLEEZONDL VAT A V4D
bSFEMTBAREIR TR I L idBET s LT
HHATT7AREOWET 2/ BEFNIX53 7 3 R
ETHEA L O VEFIRIEIB T IV BOY AT A
DHICFEEL Tz,

Bz, LENEMMT SV BEEBCALTRED
V—E2REIL, IhSDFER % Table 1 12 % L 7z, F—
TI/BTORERY - FEHTHR60% L5, b
FELMEY S VBLED 5 L 75% &, L DEWED
‘/onl:, &/, B H grisea k13 82% & >3 Bk

1 2 3 4 5 6 1 8 9 10

876bp
587bp
458bp
434bp

298bp
267bp,257bp
241bp

174bp

102bp
80bp

Fig.3 Gel electrophoresis of PCR products
The PCR products were amplified with
GECBHF-1/GECBHR-1 (lanes 2 to 4),
GECBHF-2/GECBHR-1 (lanes 5 to 7), and
GECBDF-1/GECBDR-1 (lanes 8 to 10) at
annealing temperatures of 37°C (lanes 2, 5,
and 8), 42°C (lanes 3, 6, and 9), and 50. C
(lanes 4, 7, and 10). These products were
then electrophoresed together with a
molecular weight marker (lane 1) through a
3% NuSieve agarose gel.

EOY-BED 6N, IhbDI trsfanruo—
=¥ 27 L7:DNA X C. rolfsii O CBH@IEZFTH 2 H
REMEDYSR S R & Tz,
4, Y¥onga 7Yy 51€—->a>

PCREM L BACBHBERFRIFEHCHEFI T O
V—BRDENI:DT, C. wlfsii CBHEEZEFOLES
W53 2 HWT, PCREY% DNA Yu— 7L LTH¥
INATNITAE—vavE{Tok, PTFvrF=0T
B L7 PCRE®%® 70 —7 & LT, DIG Lumines-
cent Detection Kit 12 & D #EXBH %1T o7z, ZOER
% Fig.6 iR L7z, EcoRI T L 7-# 2 A DNA Tt
#10.66 kbp, HindIIl Ti3#J0.84 kbp, BamHI Tiz#y
2.4kbp, Pstl Ti#6.8kbp, &5 Sl YIK Tl
9.8 kbp £#719.5kbp DFIFEED 2 KD & 7 F+ L3
Ha i, 7o —7Eydic Sall FEEIET D 2
&6, 17 /59 CBHEETFH 2 2 €—LIEEE
T 5, X LBTRKROLEAE DNA CHEERY 0%
WHiH B EJREMEDS TR S T,

-3 ¥

BARIAE CBH BEZ5TH THRER O 5 WIS %
BT 74~—%ERL, ZRERWT C. rolfsii O
L DNA 25 > 71— b & L7z PCR %21F# 210 bp @
HIBEY 2 HE L7z, 2 ORIE DNA KA OEERT %
RELEZS, €K 215bp TH Y, BALRIKE CBH
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Consensus

CRCBH1 PCR
HGCBH1G
TVCBH1
PJCGHIGE
PCCBHIla

Consensus

CRCBH1 PCR
HGCBH1G
TVCBH1
PJCGH1GE
PCCBHI1A

Consensus

CRCBH1 PCR
HGCBH1G
TVCBH1
PJCGH1GE
PCCBHI1A

Consensus

CRCBH1 PCR
HGCBH1G
TVCBH1
PJCGH1GE
PCCBHI1A

Consensus

CRCBH1 PCR
HGCBH1G
TVCBH1
PJCGHIGE
PCCBHI1A

Fig.4

TAC
AT
ATC

GAT!

SSFER
£

GATTTTAACG
GATTTTAACG

AQTGCGALAA
TQTGCGALCC
CTTGCGALCCC
CTYTGCGArCC

HWSYTGCTGY [CTGAGATGG ATATMTGGGA
GECBHF-2 i

————————— C QCTGAGATGG ATATHTGGGA
TACCTGCTGC TCTGAGATGG ATATHITGGGA
AAGCTGCTGC TCTGAGATGG ATATHITGGGA
CTCTTGCTGT ACTGAGATGG ATATHTGGGA
TACCTGCTGC ACTGAGATCEG ATATIMTGGGA

RVBRYYNHYK S VHMK

AGCGTTTCTG CCCG

ACCATCATTG AGCCG

ACGACCGTCG AAAT

SATACCCCCT C CTAT

BCCACCAACG C ACCCG
VVMBVHTRHA TTGTAGCATC ATCATCAAGT ATCGAGAGTA
ACAT&TAAA TTGTAGCATC ATCATCAAGT ATCGAGAGTA
GACTCAIBC- ~—————— === —mmmmmmm—m —mmm—lo
GACTCTIC~ ~-—===——m= —mmmmmmmmm —mmmmmm— o oo
CARCGIRT - ——————— === —mmmmmmmmm ool e
AGCGAQIEC- —= - == mmmmm —mmmmmmmmm mmmmeell oo
TCTCCTRng GHRSCKMCDS SDVBRM
TCTCCTAGGT GCGGCGCCGG CTCGGA GA' T
—————— GGTG GCACCTACAG CAACGA( GC G
—————— GGTG GAACCTACTC GGGTGA! A
—————— GGTG GTACCTACAG CACCGA A
———————————————————————— AC AC C

GC

G

=EPEP R P!

GECBHR-1

T'C

Alignment of the nucleotide sequences of
the PCR product and of the fungal CBH
genes

The nucleotide sequence of the PCR product
(CRCBH) was aligned with the sequences of
the CBH genes of 7. viride (TVCBH), H. grisea
(HGCBH), P. janthinellum (PJCBH), and P.
chrysosporium (PCCBH). Shaded boxes indi-
cate conserved nucleotides. The arrows
above the CRCBH sequence represent primers
of GECBHF-2 and GECBHR-1. Arrowheads
indicate exon-intron junctions.
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PJCGHIGE 231-288 P HPOpTP [RiHCheTyY STIRYAGCH so
HGCBH1 227-284 TP HPCIPTIQOPR ICHGPCLGTY SNERKAGICD 5@
TVCBH1 225-282 TP HPCMTVAREI DY SGIRYGEILD 50
PCCEH 221-273 'P HPCIPTNAQICR [CRGEI}--- -- TRPT 46
CRCBHL PCR-2 splicedGEC TP HPCBVSAATR [CIGArCHA-- GSERNTGHCD) 45
Consensus 'P_HPOIPT . AR 0.E. LGGTY S..
* * * *

PJCGHIGE - 58

HGCBH1 [ - 58

TVCBH1 [ - 58

PCCBH ) F 55

CRCBH1 PCR-2 spliced HDFNP- 53
Consensus - GECBHR-1

Fig.5 Deduced amino acid sequence homology of the PCR product and of the fungal CBH genes
The amino acid sequence of the PCR product (CRCBH1 PCR-2 spliced) was deduced from the spliced
nucleotide sequence. Boxes indicate identical amino acids. Asterisks denote conserved cysteine
residues. Small bars indicate gaps. Refer to Figure 1 for the abbreviations key.

Table 1 Percent homology of predicted amino acid sequence of the PCR product to these
of fungal CBHs

P. janthinellum H. grisea T. viride P. chrysosporium (%)
Identical 60 62 56 60
Chemically similar 76 82 75 69

voroy e s 8 B9 0 1 EEFIHLRED Y-S SN, BERSIRICE
’ ' A4 vy eHEINSESINE TN TV, #HEA
FovEBLWTEES N PCREVYOHET 3/ BE
)y BARRECBH tBuwkEuy—%nL, LFEHN
EllrR>7 I/ BE2ED AT a0 Y—-TQ,
69~82% L BT HWE &R L7z,
ZOPCREYW .2 7u—7& L TC. vrolfsii fefafk
DNA Q% ¥ vng 7Y 54— a>2iTol iR,
% 7 . DNA @ EcoRI1 §IWi T# 0.66 kbp, HindIIl TH
Fig.6 Southern hybridization analysis of genomic 0.84 kbp, BamHI THJ 2.4 kbp, LU Pst1 YIKT TR 6.8
DNA of C. rolfsii kbp O > 7 F VRS iz, & 7z, Sall Y1 TI3KI 9.8
About 4ug of genomic DNA of C. rolfsii was Kbp 78 19.5 kbp @ 2 KD 7+ L 43HRH S AL,

digested with several restricting enzymes and
electrophoresed on a 0.79% agarose gel (left

panel) or on a 0.3% agarose gel (right panel). X 13

The DNA was then transferred to nylon mem-

brane filter sheets and hybridized with the 1) ManiaTis, T., FriTcH, E. F. and SAMBROOK, J.:
digoxigenin-labeled EcoRI fragment of pCG3. Molecular Cloning, A Laboratory Manual 2nd
The restriction enzymes used were EcoRI (lane . =’

2), HindllI (lane 3), BamH]1 (lanes 4 and 8), Pst1 edition (Cold Spring Harbor, N. Y.), (1989).
(lanes 5 and 9), and Sa/l (lanes 6 and 10). 2) SANGER, F., NICKLEN, S., and COULSON, A. R.:
Digoxigen-labeled HindIll-digested 2 DNA was Proc. Natl., Acad. Sci. USA, 14, 5463 (1977).

used as size markers (lanes 1, 7, and 11). The
hybridization signals were detected with the 3) WATSON, J. D., HOPKINS, N. H., ROBERTS, J. W,,

DIG Luminescent Detection Kit. STEITS, J. A, and WEINER, A, M.: Molecular




JLEEBMAINTHE L > ¥ —%E No2 1996 111

Biology of the Gene, 4th edition (The Ben-
jamin/Cummings Publishing Company, Inc.),
(1987).




