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Abstract

A cDNA (MnP13-1) and the Cs-mnp! gene encoding for an isoenzyme of manganese peroxidase (MnP) from C. subvermispora
were isolated separately and sequenced. The cDNA, identified in a library constructed in the vector Lambda ZIPLOX, contains
1285 nucleotides, excluding the poly(A) tail, and has a 63% G+ C content. The deduced protein sequence shows a high degree of
identity with MnPs from other fungi. The mature protein contains 364 amino acids, which are preceded by a 24-amino-acid leader
sequence. Consistent with the peroxidase mechanism of MnP, the proximal histidine, the distal histidine and the distal arginine
are conserved, although the aromatic binding site (L/V/I-P-X-P) is less hydrophilic than those of other peroxidases. A gene
coding for the same protein (Cs-mnpl) was isolated from a genomic library constructed in Lambda GEM-11 vector using the
c¢cDNA MnP13-1 as a probe. A subcjoned Sacl fragment of 2.5 kb contained the complete sequence of the Cs-mnp/ gene, including
162 bp and 770 bp of the upstream arid downstream regions, respectively. The Cs-mnpl gene possesses seven short intervening
sequences. The intron splice junction sequences as well as the putative internal lariat formation sites adhere to the GT-AG and
CTRAY rules, respectively. To examine the structure of the regulatory region of the Cs-mnpl gene further, a fragment of 1.9 kb
was amplified using inverse PCR. A putative TATAA element was identified 5 of the translational start codon. Also, an inverted
CCAAT element, SP-1 and AP-2 sites and several putative heat-shock and metal response elements were identified. © 1998 Elsevier
Science B.V.

Keywords: Lignocellulose biodegradation; Wo'od'—rdftiﬁg fungi; cDNA and genomic clones; Introns; Heat-schock element; Metal-
response element :

1. Introduction

Ceriporiopsis subvermispora is a white rot basidiomy-
cete that efficiently -degrades wood (Otjen et al.,, 1987)
as well as grass lignocelluloses (Akin et al., 1995). Its
ligninolytic system is composed of manganese peroxidase
(MnP) and laccase (Ruttimann et al., 1992). The former
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Abbreviations: bp, base pairs; cDNA, DNA complementary to RNA;
HSE, heat shock element; LiP, lignin peroxidase; MnP, manganese
peroxidase; mnp, gene encoding for manganese peroxidase; MRE,
metal response element; PCR, polymerase chain reaction; pl, is;o-
electric point.

is a heme-containing enzyme that oxidizes Mn(II) to
Mn(III) (Glenn et al., 1986), which in turn oxidizes
phenolic substrates in vitro and presumably lignin itself
in natural environments, Laccase is a copper-containing
phenoloxidase, although in the presence of appropriate
substrates, it is able to attack non-phenolic compounds
indirectly (Bourbannais and Paice, 1992). C. subver-
mispora does not produce lignin peroxidase (LiP),
another heme protein possessing the unique ability to
attack non-phenolic residues generating cation radicals
that eventually decay to smaller compounds (Kirk et al.,
1986). Recent reports indicate that in cultures of this
fungus, MnP itself mediates the oxidation of non-

- phenolic lignin structures through a novel mechanism

involving peroxidation of unsaturated lipids (Jensen
et al., 1996). :
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MnP seems to be the most ubiquitous ligninolytic
enzyme among white-rot fungi (Orth et al., 1993;
Hatakka, 1994). In cultures of C. subvermispora, the
titers of MnP correlate positively with mineralization of
synthetic lignin (Rittimann-Johnson et al., 1993).
Analysis by isoelectrofocusing of samples withdrawn
from thé cultures reveals the presence of up to 11 MnPs,
with an isoenzyme pattern that varies according to the
conditions of growth (Lobos et al., 1994). The isoen-
zymes differ with respect to their substrate specificity
and the concentration of Mn(II') required for optimal
activity (Urzua et al., 1995). N-terminal sequences of
several of these MnP isoenzymes are clearly distinct,
suggesting the existence of more than one gene (Lobos
et al., 1994). The production of MnP as an enzyme
family is not unique to C. subvermispora (Leisola et al.,
1987; Johansson and Nyman, 1993; Riittimann-Johnson
et al., 1994; Périé et al., 1996), although the physiological
significance of this multiplicity is not well understood.

Genetic studies constitute a suitable approach to gain
mnsight into the latter phenomenon. Three genes for
MnP have been identified in the fungus Phanerochaete
chrysosporium (Godfrey et al., 1990; Mayfield et al.,
1994; Alic et al., 1997), which are regulated in response
to nutrient limitation, heat shock, concentration of
Mn(II) and hydrogen peroxide (Pribnow et al., 1989;
Brown et al., 1991, 1993; Mayfield et al., 1994; Li et al.,
1995). In Trametes versicolor, N-terminal sequencing
suggests the presence of three genes (Johansson et al.,
1993), one of which has been recently sequenced at the
nucleotide level (Johansson and Nyman, 1996). Two
MnP ¢DNAs from the fungus IZU-154 (Matsubara
et al., 1996) and a mnp gene from Pleurotus ostreatus
(Asada et al., 1995) have also been sequenced.

The aim of our studies is to verify whether there is a
gene family coding for the MnPs in C. subvermispora
and to determine the conditions governing. expression
of selective isoenzymes. For this' purpose, we have
constructed both ¢DNA and genomic libraries of the
fungus. This work reports the independent isolation and
sequencing of a cDNA from one of the MnP isoenzymes
and a Cs-mnp gene encoding the same protein.

2. Materials and methods

2.1. Construction of a cDNA library in Lambda
ZIPLOX

Nitrogen-frozen mycelium of C. subvermispora (strain
FP105757, Forest Products Laboratory, Madison, WI)

was blended under dry ice, and the frozen powder was
added to 12.5ml of homogenization sclution (0.1%
DEPC, 0.2 M Tris-HCI pH 8.5, 50 mM EGTA, 0.25 M
NaCl, 0.6% p-aminosalysilic acid and 1% triisopropyl-
naphthalenesulfonic acid) and 12.5ml of water-satu-
rated phenol. One gram of sterile glass beads (106 mm)
(Glass Beads, Sigma) was added, and the mixture was
incubated on ice for 60 min with occasional stirring.
After centrifugation at 12000x g for 15min at 4°C,
the supernatant was extracted twice with phenol:
chlorophorm (1:1). Poly(A)-containing RNAs were
purified by oligo(dT )-cellulose column chromatography
(GIBCO BRL) from 1.74 mg of total RNA obtained by
ethanol precipitation of the aqueous phase. Then, syn-
thesis of cDNA and size fractionation of the products
were conducted using the Superscript Lambda System
(GIBCO BRL) according to the manufacturer’s instruc-
tions. cDNA fragments were cloned in Lambda ZIPLOX
(GIBCO BRL) and packaged in vitro using the
Packagene lLambda DNA  System (Promega).
Automatic subcloning in pZLl1, after screening the
library with a heterologous probe (see text), was per-
formed according to D’Alessio et al. (1992). The cDNA
was directly sequenced by the dideoxy chain termination
method (Sanger et al., 1977) using a Sequenase Version
2.0 kit from US Biochemicals.

2.2. Construction of a genomic DNA library in Lambda
Gem-1i1

C. subvermispora FP105757 was grown for 10 days in
YMPG medium (Riittimann et al., 1992). The mycelium
was harvested by filtration through miracloth, immedi-
ately frozen in liquid nitrogen and stored at —80°C
until use. The frozen mycelium (8 g) was ground in a
coffee grinder with small chunks of dry ice until pow-
dered. After sublimation of the ice, the powder was
added to 25 ml of TE buffer (10 mM Tris—HCI, pH 8.0:
1 mM .EDTA) and Sml of 5% SDS and incubated at
room temperature for 15 min. Nucleic acids were
extracted with one volume of phenol:chloroform:isoa-
myl alcohol (25:24:1). The aqueous phase was treated
with 1 mg of proteinase K at 50°C for 30 min and
extracted again as above. The nucleic acids were precipi-
tated with ethanol, resuspended in TE buffer and incu-
bated with 1 mg of RNase at 37°C for 30 min. The
proteinase K treament, organic extraction and ethanol
precipitation steps were repeated, and the final DNA

Fig. 1. The nucleotide and predicted amino-acid sequence of the C. subvermispora Cs-mnpl gene (Genbank accession no. AF013257). The start
codon is followed by a 24-amino-acid signal peptide (underlined). The symbols ‘4’ and ‘A’ denote the distal and proximal histidine, respectively,
whereas the symbol ‘+” denotes residues Glu35 and Glu39. Square brackets indicate the 5° and polyadenylation site in the cDNA, respectively. The
putative polyadenylation signal is shown in parentheses. TATA box is in bold and underlined. An inverted CCAAT element (ATTGG) is shown
as well as putative metal response elements (MRE) and heat shock elements (HSE). SP1 and AP2 recognitions sites are also indicated (see text
for more details). Internal lariat formation sites are overlined and numbered from Lf to LVl Sacl as Pstl recognition sites are also shown. The

sequence and orientation of the oligonucleotides 1113 and 1223 are marked.
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SP-1

——— —
TTTTGACTTGAGCCGCTAGTAAGT AAGACGCGT TCTAATAATAGATCTCATAGTGGCGCCACAGTGGHGCGGGT CCAGGT T TGLTGTACGCTACGAGGGTACAGGTGCAGTGCTTACTTG
MEE

—_—
CCCTCTCTTAAT TTTAATGACCTTGATCGTTTGLTGGTCACAGAAGGATCCTCTGCTGT TATCTCTCCG TABGCATGC TGOGGCTCGGTGCCGTACGTACGCAGCAGCTGCTCAGCGTTA
HSE MRE

—_——
AGTCTTOGTCAGAGACCCGCTCGCTCOGTGTCGCTATCAARACTGCACTGCCAGAAACCGGACGTGTE TG TGCCCCCGTCTACGGCTACCTCTACGGCCCCAGTTTACCGTTAAGCATGT
HSE F AP2 5P-1

—— " —
TACTGAACTGCATATGCCAGTTATACGUGCCACCACCGTACGCGAGCGGUAGCTGGAGCGOGCCCATCACAAACCACGCATCCOGCCCOGACGLCOGGCCACGGLT TCCGGCAGCAATGG
MRE MRE HSE MRE
———, — S —— ———
TATTTCTCCCACCAACTGTGCGAGAGAGCACGAGGATCCGTGGATGAGTGCATCGCCCACCATGTACGTCEGGAAATTGCGT TCOGCATGCGGLCCAGCACT ACGGEOGCATCCAGTGCG

CAAT
Sac I AEEZE

TCGTAACCTGCCACCCACAGTCCTGTGAGCTCCCTCGCUAT TGETGCAGCTCTTGTT TCATGCAGAGTCATARAT TGCAAAACAT ACTGCGCAAGAGCTATAAGAGGCGGETCAGCARAG
GCTGAAGGACCTCAGGACGATCGAGTTCT [CTCACTCTCATCTTCTACACTCGT TGT TGGCACCCTAGCARTGGCCT T TGCAT CACTCOTOGCTCT TG TCGCGC T TECTGCCACTGTGOGA

MEFARES VAT S CLe L AL SN S L AT L TR

GCTGCGCCGTCCTCGTCGTCTGTCACTTGE TCAGACGG T ACTGTCOTCCCCGACT CGATGTGCTGCGACTTCATTCCTETACGCGCTCTTTCT TOGGT T TTCGATGCTTAGTTGTGTTTA
: I ; : : 1113 k-2 e

A AP S U5 OB S VM OT € SETDEUGE STl PR S SR MR Gt D R TiE

TTTEI&ZECGCAAATThGCTCGCGCAAGACCTACﬁGTCTATGGTTCTGChAAATGAulu1uuluhAGAlhh!h1bLaChAGTCAATGCTCTGCGGTGCTCCAAGTGEIE&ETTTCATTTH
LI LA Q0D L Q S MaVLEgaNEEs oSG B iDE A LIT
L

TTTTAGCTCACGAGATCATCOSTCTCACTTTCCGTCAGTAACCAATTCTAAATCGATTGTTCTCEE&&ITTAThGTAACCTCTAGATGATGCCATTGCCATCTCCCAATCTCTCCCTCCT

[ e ) a8 L L Bt ) LIII DEVALIESASEsTe S0 SN S P AP,

L] *

TCTGCEGGTATGCCCTRACACTCTTGGCACACGAGTGGTGEI&&EATATCGRTCTAC&GG&ACCGGHGCTGACGGTTCCAlbL11L1u1lLLLuleh:luASCCCEAATTCChGGCCAG
5 A G LIV D CER AN G ML L FL P L MeE- PCOE CE- QoA S

CAALGGTATTGACGACTCOGTGAACAACTTGATCCCCTTCOTAT CGAGLCACCCGAACAT CACCGCTGGTGATCTCGTCCAGT TCGCTGETGCAGTCGCCCTCACGAACTETCCTGTCAG
N- Go T =DE -Dloge VNGNS ST T R R S S e H PR N TR T A GRS DE S LR F A G A VAL T NOC P

TACCGGTGTTCCGAGGTCCATTGAACCGGTTTGETCACATGT CTTTTTGT TTGCAGGGLGCTCOGCGTGAACT T CTGGCGGGCCGCAMGAACGCGGT TGCCCCGECCATTGATGGTCTGA
Ly GEEATRPERIAEEE S Gl R K N AV OA P A TOD BoL T

=

TCCCOGTGCOGCAGGACAACGTCTCCACCATTCT TGCTCGCTTTGCCGATGCTGGCANCTTCTCGCUGTT CGAGGTCGTCT CGCTCCTGGOCT CGCACAG TG TGECOGCEGGCCGACANGG
PN PG DN N ST O AR D A R s e D P RS e T e e A R D KV

A
TCGACCCGACCCT TEATGCCGCTCCC T TOGACACCOTAGATGCCTTCCATCT T IGAGACC TGAGGAT TGO TGCTAATACGTGCTGCATCTCTAGACTCCCTTCACTTTCGATACCCAAR

N A o ey RV o D S b LVI TP e M PR M R O

TTTTCCTCGRAMIILIlblCAﬁﬁEGCulLuuLl1LLLlUQATTGGHCﬂACﬂAChCCGGTGAGGTCECETCCCCGCTTCCRTTCGGTGhChCCTCGACTGGCGGCAHCGHCACCCGCATGh
F L E¥ L L KOGV G F B GL D NN T GE VYA S P P FGgDT S 1TEG6HNHTIDTIGMH

TGCGCCTCCAGT CTGACT TCGCCCT TECACGCGACGAGCGUACTGCTTGCT TCTGGCAGGGECT TCGTCGACCAGCAGGACT TCATGGCACAGAGT T TCCAGGCTGCCTTCGAGAAGATGS
R L @ 5 DF ALAZPRZDET RTATCTEWOQSGTFVYDOQOO D' F M A QiHS AP QRN A PSR KM R

COATCCTCGGTAGCAACGCCGCLEACCTCAT CAAC TGCTCCGCTGTCETGCCCCAGTCTG TOGGO OO G T CACCGTGCCOGOGACG T TCCCOGCCACGACCGECCCCCAGGATCTCOAGE
LoL "G S N CAC AL D L0 TN G SR AT S PR O e e e e S e A R P AT T G P (oS0 T v S

TTAACTGCACCTCTGAGACGT TCCOGTCGCTCAGCAT TGACCGTAAGT CCGGCAGCLG T TGAAGCTCCOAGGAACGAGACTGATAGGTGCT TGCTCT AGCGEGTGCGACCGAGACCCTCA
S ey e et e ) e o B e i T T LVII G A TR e T

1223
TCCCGCACTGCCCCGATGGTACCG&EGACTGCCCGTCGCTCCAGTTCTCGGGCLL&ULLACCGALLuhLLCTGAASbuubiILlLLCAGG&TGTTTAGACTCTCATCGTGGTTTGATTAT

L e ol e o B R S Pt D b e e [ R

ATATAAEGTTGTRCTGGGTTGTGCAGAhTCGGTCGCGTCTAAGCGACCGCGAATAGATGGGTCTTGTTCATT}ATGACTTGTCCGRCRTRTTTRGhCGACATGTGAGCATGTGGGTAAGAT

Pst 1 ;
TTCGATGCATAAAGCTGTCGTGCTGACTCRAAATCACCCGATCTGCGTACTGCAGCTGATCCTCGATATTTCGRAﬂACGATCAGC&AGCTGACTCGAGACTCCGTTCAGTGAAA&TGTGC
TATCGATChCCGATCATCGRTCATCAGCGACTCCEGTCGTTGGGTTGACGTGCATCTCGACGCGATTCGATCCATGGTACAHTGGTATTCATTCAATACGTGTTCTGTATGCACCTAACC
TACAATGAGATAGCACGhTAACACGRAAGCGATCCGhAAACTCAGAAACGTTTCEGRAAGRACAGATACTAAO?S#GRTCAhACATRTCAACCCTTCCACTCTTCCAATCTCGATCAACC
AACGAChGTGCTGGCTGTTGGTTCTCGACTTTGAGGATGCETGGTGCAGTCTCTATGTGCTCTTCGGTGGCTCTGCGAGCTAGC#AG&AETGTCCTCGTTGCCAAGCGCAAATTGCTCTC

GTACGACCCTGCAGGAGAGACAACGACGACAGCEATTGLGCTCCGEATACCOGAACECAGACGCTGGOGGAGE TGO TETGCTOGGCCCACGCTCCETCTCGGCCTCCGT TTCGETGTCGA
Sacl
BCTC

120

360

480

600

1080
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1320
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1440
137

1560
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1680
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2090
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2160
3ie

2280
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2400
ige
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ZHEO
3000
3120



188 S. Lobos et al. | Gene 206 ( 1998) 185-193

+
CsMnPl MAFA---SLLALVALAATVRAAPSSSS--VTCSDGTVVE-DSMCCOFIPL 20
PcMnPl  MAF---KSLIAFVALAAAVRAAPT-———-AVCPDGTRVS-HAACCAFIPL 20

PcMnP2 MAFA--SSLLALVALAAVTSAAPATTQ-~-ATCPDGTKVN-NAACCAFIPL 20
PcMnP3  MAFA--SSLLALVALAAVTSAAPATTQ--ATCPDGTKVN-NAACCAFIPL 20
IZMnPl MAF---TSLLSLVALAAVARAAPAAET--AVCPDGTRDS-NSACCAFIPL 20
IZMnP2 MALH-LSSLLSASPLR--HRAAPAAET--AVCFDGTRVS-NSACCAFIPL 20
PoMnPl MTFASLSALVLVFAVTVQVAQAVSLPOKRATCAGG-QVTANAACCVLEPL 20
TvPGY MAFKTLASLLSVL-VTIQVAGG-ALT-RRVACPDGVNTATNAACCOLEAY 21

L LIS i e T L -

CsMnP1l  AQDLOSMVLQN-ECGEDAHEITRLTFHDAIAISQS---LPPSAGTGADGS 66
PcMnPl AQDLQETIFON-ECGEDAHEVIRLTFHDAIAISRL---QGPKAGGGADGS 66
PcMnP2  AQDLQETIFON-DCGEDAHEVIRLTFHDAIAISQS---KGPSAGG-ADGS 65
PcMnP3  AQDLQETIFQN-DCGEDAHEVIRLTFHDAIAISQS---KGPSAGGGADGS 66
1ZMnPl  AQDLQATVFQN-DCGEDAHEVIRLIFHDAVAISRS---KGPSAGGGADGS 66
1ZMnP2 AQDLQATVFQN-DCGEDAHEVIRLIFHDAWHISRS---KGPSAGGGADGS 66
PoMnPl MEDLQKNLFDDGACGEDAHEALRLTFHDAIGFSPS-~-~RGVMGG--ADGS 65
TvPGV  RDDIQQNLFDGGECGEEVHESLRLTFHDAIGISPSIASRGQFGGGGADGS 71
L B PRLA R S L Rl L LR L .i' - LR R
CsMnPl MLLFPLVEPEFQASNGIDDSVNNLIPFLSSHENITAGDLVQFAGAVALTN 116
PcMnPl MLLFPTVEPNFSANNGIDDSVNNLIPFMQKHNTISAADLVOFAGAVALSN 116
PcMnP2 MLLFPTIEPNFSANNGIDDSVNNLIPFMQKHNTISAGDIVQETGAVALTN 115
PcMnP3 MLLFPTIEPNFSANNGIDDSVNNLIPFMQKHDTISAGDIVQFAGAVALTN 116
IZMnPl MLLFPTVEPLFAANNGIDDSVNNLIPFLAKH-PVSAADLVQFAGAVALSN 115
1ZMnP2 MLLFPTVEPLFAANNGIDDSVNNLIPFLAKH-PVSAADLVQFAGAVALSN 115
PoMnPl VITFSDTEVNFPANLGIDEIVEAEKPFLARHN-ISAGDLVHFAGTLAVIN 114
TvPGV  IALFEDIETNFHANLGVDEIIDEQRPFIARHN-LTTADFIQFAGAIGVSN 120
+ - L L Lx * - L *
CsMnP1 CPGAPR-ELLAGRKNAVAPAIDGLIPVPQ-DNVSTILARFADAGNFSEFE 164
PcMnPl  CPGAPRLEFLAGRENKTIAAVDGLIPEPQ-DSVTKILQRFEDAGGFTPFE 165
PcMnP2 CPGAPQLEFLARRPNKTIPAIDGLIPEPQ-DSVTSILERFKDAGNFSPFE 164
PcMnP3 CPGAPQLEFLAGRPNKTIPAIDGLIPEPQ-DSVTSILERFKDAGNFSPFE 165
TZMnPl CPGAPRLEFLAGRPNHTIPAIDGLVPEPQ-DDVITILARFEDAGGFTPFE 164
1ZMnP2 CPGAPRLEFLDGRPNHTIPAIDGLVPEPQEDDVTTILARFEDAGGFTPFE 165
PoMnP1 CPGAPRIPFFLGRPPAKAASPIGLVPEPF-DTITDILARMDDAG-FVSVE 162
TvPGY  CPGAPQLDVFIGRPDATQPAPDLTVPEPF-DTVDSITERFSDAGGFTPAE 169

IR TN + e B e L e

CsMnPl VVSLLASHSVARADKVDPTLDAAPFDTTPFTFDTQIFLEVLLKGVGFPGL 214
PcMnPl  VVSLLASHSVARADKVDQTIDAAPFDSTPFTFDTQVFLEVLLKGVGFPGS 215
PcMnP2  VVSLLASHSVARADKVDETIDAAPFDTTPFVFDTQIFLEVLLKGVGFPGT 214
PcMnP3  VVSLLASHSVARADKVDETIDAAPFDTTPFVEDTQIFLEVLLKGVGFPGT 215
IZMnP1 VVSLLASHSVARADKVDETIDAAPFDSTPFTFDTQVFLEVLLKGTGFPGL 214
IZIMnP2 VVSLLASHSVARADKVDETIDAAPFDSTPFTFDTQVFLEVLLKGTGFPGL 215
PoMnPl VVWLLSAHSVAAADHVDETIPGTPFDSTPNLFDSQIFIETQLRGISFEGT 212
TvEGY IVALLVSHT I AAADHVOPS I PGTPFDSTPEEFDTQFFIETQLRGTLFEGT 215

L A T O T R T R T S R T o )

CsMnPl DNNTGEVASPLPFGDTSTGGNDTGMMRLOSDFALARDERTACFWOGFVDY 264
PeMnPl  ANNTGEVASPLPLG----SGSDTGEMRLOSDFALAHDPRTACIWQGFVNE 261
PcMnP2 RTTRGEVASPLPLT----SGEDTGELRLQSDFALARDERTACIWQGFVNE 260
PeMnP3  ANNTGEVASPLPLT----SGSDTGELALQSDFALARDERTACIWQGFVNE 261
TZMnPl SHNTGEVASPLPKG----SGNDTGEMRLOSDFALARDSRTACFWQGFVNG 260
IZMnP2 SNNTGEVASPLPKG----SGNDTGEMRLOSDFALARDSRTACFWOQGFVNE 261
PoMnPl GGNHGEVQSPLK-------——— GEMRLOSDHLFARDDRTSCEWQSMTND 251
TveGY GGNOGEVESPLR- === ====ux GELRLOSDSELARDSRTACEWQSFVNN 258

Lo pr e L e S e C S
CsMnPl QDFMAQSFOAAFEKMAILGSNAADLINCSAVVEOSVGEVTVPATFPATTS -314
PeMnPl CAFMAASFRAMMSKLAVLGHNRNSLIDCSDVVPVPKPATGOPAMFPASTG 311
PcMnP2  QALMA-SFKAAMRKLAVLGQHRANTLIDCSDVVPAPKPAVNKPASFPATTG 309
PcHnP3  QALMAASFKAAMAKLAVLGHDRNTLVDCSDVVPAPKPAVNKPASFPATTG 311
I1ZMnPl  QEFMAASFKSAVAKLAVLGHNRDDLIDCSEVVPVPKPAVKKPASFPATTS 310
IZMnPZ QEFMAASFKSAVAKLAVLGHNRDOLIDCSEVVEVPKPAVNKPASFPATTS 311
PoMnPl  QQKIQDRFSDTLFKMSMLGONQDAMIDCSDVIPVPAALVTKPH-LPAGKS 300
TvPGY QAKLOSAFKAAFRKMTVLGHDESLLIECSELVPTPPPATSVAH-FPAGLS 307

e U e e i e T f Ak

CsMnPl  PQDLOQLNCTSETEPSLSIDPGATETLIPHCPDGTEDCPSLOFSGPATDSE 364

PcHMnPl  PQDLELSCPSERFPTLTTQPGASQSLIAHCPDGSMSCPGVQFNGPA-——- 357
PcMnP2 PQDLELSCNTKPFPSLSVDAGAQQTLIPHCSDGOMTCQSVQFNGPA==-- 355
PeMnP3 PODLELSCNTKPFPSLSVDAGAQQTLIPHCSDGOMTCOSVOFNGPA-~~- 357

IZHMnPl  AKDLELNCNSQKFPTLTVDQGATQSLIPHCSNGGQONCPAVOFDGESQASS 360
IZMnP2Z AKDLELNCNSQKFPTLTVDQGATQSLIPHCSNGGONCPAVOFDGPSQASS 361

PeMnPl  KTDVEQACATGAFPALGADPGPVTSV-—=mmooom e PRVPPA 332
TvPGY NADVEQACAETPEPTLP TOPGPVTTV-————————mmmeee = APVEES 339
* X f * & 2 * S

Fig. 2. Alignment of the primary structures of MnP from C. subver-
mispora and MnPs from different fungi. Sequence of CsMnP1 from C.
subvermispora was deduced from the cDNA (this work); PcMnPl
(Pribnow et al., 1989), PcMnP2 (Mayfield et al., 1994) and PcMnP3
(Alic et al., 1997) are from P. chrysosporium; PoMnP (Asada et al,,
1995) is from P. ostreatus and TyMPGI (Johansson and Nyman, 1996)
is from T. versicolor. Identical and conserved residues are shown by
asterisks and dots, respectively. The arrow marks the N-terminal of
the mature proteins. Distal and proximal His residues are in bold type.
The multiple alignment was carried out using the CLUSTAL PCGENE
program from Intelligenetics

preparation was resuspended in TE buffer. Five hundred
micrograms of DNA were partially digested with
Sau3Al, size-fractionated and cloned in Bam HI-
linearized vector Lambda GEM-11 (Promega Biotec,
Madison, WI) following the supplier’s instructions.
In-vitro packaging was as described above for the cDNA
library. Propagation and amplification of the genomic
library were performed by infection of E. coli LE392.
Plaque lifts were probed with C. subvermispora MnP13-1
c¢DNA under high stringency conditions. The sequencing
of both strands of the Sac I fragment (see text) was as
indicated previously for the cDNA.

2.3. Amplification of regulatory sequences by inverse
PCR

Genomic DNA (4 pg) from C. subvermispora was
digested with PstI (30U) for 3h at 37°C in a final
reaction volume of 40 pl. The enzyme was inactivated
by heating at 65°C for 15 min. DNA was then extracted
with one volume of phenol:chloroform:isoamyl alcohol
(25:24:1), one volume of chloroform:isoamyl alcohol
(24:1) and finally precipitated with ethanol. The final
reaction product was resuspended in water to a
final concentration of 40 ng/ml. For ligation, 30 pl of
digested DNA (1.2 pg) were incubated at 12°C for 16 h
with 1 U of T4 DNA ligase in a final volume of 50 pl.
PCR reactions were carried out using Pfu DNA poly-
merase (Stratagene, La Jolla, CA) using 5 pl of the
ligation reaction (120 ng of DNA) in a final volume of
50 ul. PCR products were cloned into EcoRV-linearized
Bluescript KSII vector. The authenticity of the product
was confirmed by Southern blotting and DNA
sequencing.

3. Results and discussion
3.1. Cloning and sequencing of cDNA MnP13-1

A cDNA library was constructed in Lambda ZIPLOX
using RNA isolated from C. subvermispora grown for
10 days in liquid cultures of defined composition
(Riittimann et al., 1992). The cDNA MnP13-1 clone
was Isolated by probing the library with a ¢cDNA
corresponding to MnP isoenzyme H3 from P
chrysosporium (Orth et al., 1994) as a probe. Subcloning
and sequencing of the fragments yielded the complete
sequence of this ¢cDNA (Genbank accession no.
U60413). Its characteristics are implicit in Fig. 1, which
depicts the sequence of the corresponding MnP gene
(see later). The cDNA clone consists of 1285 bp, exclud-
ing the poly(A) tail, and possesses 51 bp in the 5" non-
coding region. The nucleotide sequence flanking the first
ATG codon, GCAATGG, follows the proposed eukary-
otic initiation sequence of (A/G)NNATGG (Kozak,
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1981). Translation starting at this ATG codon predicts
a preprotein of 388 amino acids that contains, based on
previously determined N-terminal sequences of several
MnPs (Lobos et al., 1994), a leader sequence of 24
amino acids and a deduced molecular mass of 40.4 kDa.
The leader sequence is predominantly hydrophobic,
ending in four serine residues. It differs from leader
sequences described in MnPs from other white-rot fungi,
which, in general, exhibit a highly variable C-terminal
region ( Tien and Tu, 1987; Pribnow et al., 1989; Jénsson
and Nyman, 1994; Orth et al., 1994; Asada et al., 1995;
Matsubara et al., 1996). Variability at the cleavage sites
is not surprising, since it has been reported that leader
sequences and cleavage sites are highly variable among
prokaryotes and eukaryotes (von Heijne, 1985).
Cleavage of this leader peptide yields a mature protein
of 38.1 kDa, which is 58% of the experimentally deter-
mined molecular mass for the isoenzymes of pl between
3.2 and 3.53 (65 kDa) (Lobos et al., 1994). This differ-
ence could be assigned to glycosylation of the protein
(Farrel et al., 1989). Like other MnP proteins (Tien
and Tu, 1987; Pribnow et al,, 1989; Orth et al., 1994),
the MnP13-1 deduced amino-acid sequence contains six
potential sites for N-glycosylation with the general
sequence N-Xaa-T/S. Moreover, 16% of the total amino
acids correspond to either T or 8, which constitute
potential sites for O-glycosilation. Surprisingly, although
the RNA had been prepared from C. subvermispora
grown in liquid cultures, the N-terminal amino-acid
sequence deduced from the MnP13-1 ¢cDNA clone is
more similar to the MnPs isolated from cultures on
wood (Lobos et al., 1994).

As with MnPs from other basidiomycetes, the pres-
ence of the consensus polyadenylation site (AATAAA)
(Proudfoot and Brownlee, 1976) was not apparent in
this clone. Other groups have shown that pelyadenyla-
tion signals in filamentous fungi and yeast do not always
match the canonical sequence exactly (Ballance, 1986;
Peterson and Myers, 1993; Heidmann et al., 1994).
However, the sequence TATATA located 68 bp upstream
of the poly(A) tail (Fig. 1) is similar to the so-called
upstream element in S. cerevisiae (Russo et al.,, 1991;
Heidmann et al., 1994), and therefore, it might constitute
a putative polyadenylation site.

3.2. Characterization of deduced protein and alignments.
Amino-acid residues involved in catalysis

A comparison of the amino-acid sequence of MnP13-1
with MnPs from other basidiomycetes revealed a high
degree of identity (Fig. 2), the main differences arising
from the presence of T instead of a highly conserved G
at residue 61 and an insertion of four aa residues after
G?*3. The amino-acid composition of MnP13-1 exhibits
a high content of D+E relative to K+R, which is

consistent with the acidic pl determined for the MnPs
secreted by the fungus when growing on pine wood
chips (Lobos et al., 1994). It shares with other MnPs
the manganese binding sites E* and E¥
(Sundaramoorty et al., 1994), and, as expected for a
peroxidase, the distal histidine H*®, proximal histidine
H!'"? and the distal arginine R% are all conserved
(Fig. 3A). Interestingly, a four-amino-acid motif,
L/V/I-P-Xaa-P, assigned as an aromatic binding site
(Veitch and Williams, 1990), also shares an identity
with other peroxidases, although it is less hydrophylic
due to the presence of V!** and P*** (Fig. 3B). Should
this feature be shared with other MnP 1soenzymes from
C. subvermispora, 1t may provide an explanation for
their ability to oxidize aromatic compounds in the
absence of Mn(II) (Urzua et al., 1995).

3.3. Isolation and sequencing of Cs-mnpl gene

A genomic library of C. subvermispora was prepared
in Lambda GEM-11 and screened using cDNA
MnP13-1 as a probe under high stringency conditions.
Characterization by Southern blotting of one genomic
clone yielded a Sacl fragment of 2.5 kb. This fragment
contained the entire open reading frame of the Cs-mnp!
gene plus 162-bp in the 5 non-coding region and 770-bp
of 3’ non-coding sequence. The sequence of Cs-mnp/ 1s
shown in Fig. L.

Coding region and flanking untranslated regions of
the genomic clone are identical to ¢cDNA MnP13-1
(Fig. 1). Alignment of the cDNA and Cs-mnp! allowed
the localization of seven short intervening sequences
with sizes ranging between 52 and 60 bp (Fig. 4). The
final intron splits a codon for proline, as it occurs in
genes mnpl and mnp2 of P. chrysosporium (Godfrey
et al., 1990; Mayfield et al., 1994). Sequences at the
intron splicing junctions adhere to the GT-AG rule. In
turn, three putative intérnal lariat formation sites match
the consensus sequence CTRAY (Padgett et al., 1989),
whereas other three differ from it in only one nucleotide.
Comparison of the structure of the Cs-mnp! gene of C
subvermispora and five mnp genes from other basidiomy-
cetes reveals an almost perfect alignment between Cs-
mnpl and mnp2 of P. chrysosporium (Mayfield et al.,
1994) (Fig.4). Both genes have an additional intron
splitting exon 3 of mnp! and mnp3 of P. chrysosporium
at the codon for the distal histidine H* (Gold and
Alic, 1993).

3.4. Regulatory sequences of Cs-mnpl gene

To examine further the regulatory sequences of the
Cs-mnpl gene, the 5" and 3’ non-coding flanking regions
were isolated by inverse PCR (Triglia et al., 1988). For
this purpose, two primers were designed, based on the
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P. ostreatus and mpgl from T. versicolor. Several putatative elements as TATA box (4), CCAAT box (00), MRE (*), HSE (M), Spl (%) and
AP-2 () recognition sites are indicated. Besides the TATA box, no relevant site conservation is observed for these elements among the various genes.

sequence of the cDNA MnP13-1. These were primer
1113 (5. ACGACAGTACCGTCTGAGCAAGT. .3'),
the 3‘ end of which was located 75 bp downstream from
codon for the first methionine and the primer 1223
(5..GGATGTTTAGACTCTCATCGTGG..3), with its
3’ end located 37 bp downstream of the termination
codon. Since Southern blotting analysis had shown that
a PsiI fragment of 3.8 kb contains the entire Cs-mnpl
gene, genomic DNA was digested with this enzyme and
the fragments obtained were recircularized and PCR-
amplified with the primers 1113 and 1223. A product of
1900 bp was cloned in Bluescript KSII vector linearized
with EcoRV. The sequence of this DNA product showed
that it contained approximately 1700 bp of the upstream
regulatory region of Cs-mnpl and only 208 bp of the 3’
non-coding end. The Ps¢I site corresponding to the point
of circularization of the DNA fragments was found to
be located 100 bp downstream of the polyadenylation
site (Fig. 1).

Sequencing of 789 bp in the 5’ flanking region of Cs-
mnpl showed a TATAA element 91 bp upstream of the
ATG codon (Fig. 1). In addition, this segment includes
an inverted CCAAT element (ATTGG) (Dynan and
Tjian, 1985) at position —150 and two CAAT boxes
(Ballance, 1986) at —315 and —116, the latter in an
inverted fashion. In turn, SP-1 transcription factor
recognition sites (GGGCGG) (Dynan and Tjian, 1985)
were found at —347 (inverted) and —727, whereas a
AP-2 transcription binding site (CCCATCAC) (Faisst
and Meyer, 1992) occurs at position —367. A putative
heat-shock element (HSE) at —238 matches the consen-
sus sequence 5-NGAANNTTCN-3' (Bonner et al.,
1994) in nine out of ten positions, whereas two other

putative HSE elements at positions —431 and —502
match the consensus 5-NTTCNNGAAN-3' (Bonner
et al, 1994). Additional studies of the 5’ region of
the Cs-mnpl gene revealed the presence of several
metal response element (MRE) (consensus sequence
TGCRCNC, Thiele, 1992). Two direct MRE sequences
matching six out of seven positions are located at —479
and —671, and two inverted MRE sequences are found
at positions —205 and —264. Another inverted MRE
element differing in only one nucleotide from the consen-
sus sequence is located at position —286.

Although the regulatory elements of Cs-mnp! are
similar to those described for mnp genes in other fungi,
they differ from them in number, position and orienta-
tion (Fig. 5). The significance of multiple putative HSE
and MRE boxes preseﬂt in mnp genes is still unknown,
and sequences required for binding of the heat shock
transcription factor in filamentous fungi remain to be
defined. Transcription factors responding to the concen-
tration of manganese, the connection of this metal with
the MRE and examination of possible relationships
between regulation by this metal and heat shock consti-
tute matters of future studies. In C. subvermispora
cultures, MnP titres respond to Mnll concentrations
(Rittimann et al.,, 1992), although the effects of heat
shock on MnP levels are unknown.
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