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The mutational spectra in the manganese (11) peroxidase gene (mnp) of the Pleurotus ostreatus mutants
induced by gamma radiation (Co®*’) give evidence to prove the effect of gamma radiation on the gene.
mnp of each mutant was cloned, sequenced and analyzed. Among the 1941 base pairs of the sequenced
region of the mnp genes of 4 mutants (PO-5, -6, -15 and -16), nine mutational hotspots on which the
same base was mutated simultaneously were found, additionally 6 mutations were also found at dif-
ferent positions in the mnp gene. These mutation-spectra were predominantly A:T —G:C transitions
(50.1%). By the analysis of putative amino acid sequences, PO-5 and PO-16 mutants have 3 and 1
mutated residues, respectively. Since the mutational spectra reported herein are specific to the mnp
gene, we propose that the mutational hotspots for the gamma radiation could be in the gene(s) within
cells.
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Irradiation by gamma ray may cause some mutations to
the genes of cells through the DNA repair mechanisms
within cells (Thacker, 1999). Lafleur and colleagues stud-
ied the mutational spectrum of the lacZ gene on the
M13mp 10 DNA or plasmid after irradiation with gamma
ray. They suggested that the mutational spectrum
depended on irradiated conditions and DNA repair mech-
anisms of host cells (Reitsma-Wijker ef al., 2000; Kuipers
et al., 2000a; Kunipers et al., 2000b) and that the repair
mechanisms of the base excision repair, SOS repair and
nucleotide excision repair are the causes of the mutational
spectra in the target genes (Wijker and Lafleur, 1998;
Kuipers et al., 2000a; Braun et al., 1997). In fact, because
the extra chromosomal DNA as plasmid could exist due
to the functionally useful gene, for example the resistant
gene to antibiotics, the information from the cell-free irra-
diated system could be too simple to explain the effect of
the gamma ray irradiation on the genes of cells.

Many factors could affect the mutational spectra of
genomic and episomic DNA in a cellular environment
after gamma ray irradiation. After the 250 Gy of gamma
ray irradation, the C/G basepair substitutions were the
main type of gamma ray induced mutations in E. coli and
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the spontaneous mutational hot spots at position 620-632
in the lacl gene reduced (Wijker et al., 1996). In lacl
transgenic mice, the mutation frequency of the lac/ gene
was increased by gamma radiation (Winegar et al., 1994;
Hoyes e al., 1998). In hamster ovarian cells (CHO), the
gamma radiation induced aprt- or hprt-deficient mutants
with transversions or deletions, respectively (Miles and
Meuth, 1989; Thacker, 1986). In white-rot fungus, Phan-
erochaete chrysosporium, the phenoloxidase negative
mutants were induced by gamma radiation (Liwicki et al.,
1985). Zolan and colleague (1988) isolated the radiation-
sensitive meiotic mutants of Coprinus cinereus. The
genetic diversity increased in the gamma radiation-
induced mutants resulted from RAPD analysis (Lee et al.,
2000). Therefore, it is necessary to get some more infor-
mation about the mutation spectra of several genes from
the gamma radiation induced individual mutants.
Manganese (II) peroxidase (MnP) of Pleurotus ostrea-
tus (oyster mushroom) is one of the main enzymes that
degrade lignin which is the most difficult fraction of
lignocellulosic materials to degrade (Asada ef al., 1995).
The enhanced mutants of ligninolytic ability induced by
gamma ray irradiation were isolated from P. ostreatus PO-
|l and characterized, previously (Lee e al., 2000). The
present study has been carried out to investigate the muta-
tion spectrum of mnp genes of P. ostreatus PO-1 mutants
induced by gamma ray irradiation. Mycelia of P ostreatus
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PO-1 (Korea, KCTC 16812) and its mutants (PO-5. -6. -7,
-14, -15 and -16) induced by gamma ray irradiation pre-
viously were cultured in potato dextrose broth (PDB)
media according to the previous study (Lee et al., 2000).
The mutants of PO-5, -6, -7 were induced with 1 kGy
of gamma radiation (Co-60), and PO-14 was induced with
2 kGy. The PO-15 and PO-16 mutants were derived from
PO-14 after re-trradiation with 1 kGy of gamma radiation.
Genomic DNAs were extracted according to Graham
(1994) and the polymerase chain reactions (PCRs) were
carried out with AccuPower PCR PreMix™ (Bioneer Co.,
Korea) in 50 ul of reaction solution containing 20 ng of
genomic DNA and 5 pmol of each primer. Specific prim-
ers for the mnp gene of P. ostreatus were constructed with
the sequence of 5'-CCC TAC ATC GCA ATG ACC TT-
3' (MNP-A2, forward) and 5'-ACT TTG CTT ACG CAG
GTG GG-3' (MNP-B2, reverse), which were retrieved
from the Genebank database (accession number
POU21878) (Asada et al., 1995). All PCR reactions were
subjected to the initial denaturation at 94°C for 5 min.
These were then processed through 35 cycles consisting
of denaturation at 94°C for 30 sec, annealing at 55°C for
1 min, and extension at 72°C for 1 min. These cycles were
followed by a single cycle of 5 min at 72°C using Gene
Amp PCR System 2400 (Perkin Elmer). Aliquots of the
amplified DNA were separated by electrophoresis on
0.8% agarose gel at 10 V/em. The PCR products were
cloned into pGEM T-vector (pGEM T-easy Vector Sys-
tem, Promega). The total RNAs of PO-1 mutants were
isolated with an RNeasy kit (Quiagen) and were used to
amplify cDNA of the mnp gene using the above primers.
The amplified cDNAs of the mnp gene were also cloned
into the pGEM-T wvector. The cloned genes were
sequenced by automatic sequencer (LI-COR [R2 System).
The sequences were analyzed with BCM Search Launcher
(http://dot.imgen.becm.tme.edu::9331). The mnp gene of P
ostreatus PO-1 (KCTC 16812) amplified by PCR with
MNP-A2 (contain the ATG start codon) and MNP-B2
(contains the TAA terminal codon) primers consisted of
1941 base pairs, but P. ostreatus IFO30160 had 1936 base
pairs (Asada ef al., 1995). The intron 5 and 7 of mnp of
PO-1 are one and four bases longer, respectively, than
those of IFO30160. However, both mnp genes contained
15 introns and shared the identical exon-intron boundaries
(Fig. 1). The nucleotide sequence of the PO-1 mnp gene
differed 6.59% (128 bases/1941 bases) from mnp of
[FO30160. Among the 361 amino-acid residues of pre-
dicted encoding MnP protein of PO-1, four residues (Ala-
15, Val-20, His-21 and Arg-253) differed from 1FO30160
(Val-15, Ala-20, Gln-21 and Lys-253, respectively) (Fig. 2).
Using MNP-A2 and MNP-B2 primers, 1941 base pairs
of the mnp genes of 4 mutants (PO-5, -6, -15 and -16)
induced by gamma radiation were amplified. The restric-
tion maps and sequences of randomly selected clones of
PCR products of each mutant did not differ from cach
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other (data not shown). Among the 1941 base pairs of the
mnp gene, nine hot spots on which the same base was
mutated simultaneously among the mutants were found
(Table 1). Additional mutations were found at different
positions in the mnp genes of PO-5, -15 and -16 mutants
as 4, 2, and 1 base, respectively. The types of these muta-
tions consisted of transversions (25%) as C—G (2/4), C—A
(1/4) and T—G (1/4), and transitions (75%) as G—A (2/12),
A—G (3/12), C—T (2/12) and T—C (5/12) (Table 2).
Therefore, transversions occurred only at pyrimidine
bases, but all types of transitions occurred in the mnp
locus. However, tandem double base substitutions and
base insertions/deletions did not occur. The genomic mnp
gene of PO-14 was not cloned and its sequence was not
compared to those of PO-15 and -16, derived from PO-14
after 1 kGy reirradiation. If the mnp gene of PO-14 was
also mutated at the nine hot spots similar to PO-5 and PO-
6, it means that the mutated bases of PO-15 and PO-16
did not result from the reirradiation of 1 kGy. In this case,
the specific mutated bases found in PO-15 and -16 were
really induced by the reirradiation (Table 1) and back
mutations at least in the nine hot spots did not occur. All
of the gamma radiation induced mutations in the mnp
gene were base substitutions (Table 2), a similar result
which was also obtained by other studies (Miles and
Meuth, 1989; Wijker er al., 1996; 1998; Wijker and
Lafleur, 1998). The majority of all types of base substi-
tutions occurred on G and C bases in other studies (Sar-
gentini and Smith, 1994; Wijker et al., 1996), whereas our
result showed a clear difference. In the mnp gene, the A
and T bases were 56.5% of all base substitutions. The pre-
dominance of mutations at C bases could partly be
explained by the fact that the /ac/ gene had more C sites
than A sites (Wijker et al., 1996). However, it dose not
explain the mnp gene. Although the contents of C and G
bases of mnp (50.76%) were slightly higher than those of
A and T bases, A and T bases were more mutated in the
mnp gene. Since the change of mutation spectrum is a
result from the repair of the damaged base or base pair by
the DNA repair system of the cell, the precision and/or the
difference of repair systems could reflect the mutation
spectrum. Von Sonntag (1987) suggested that the dam-
aged bases induced by gamma ray radiation exhibited no
preference for a specific base (or base pairs). But the
mutation spectrum in the present results could reflect a
preference to a specific base on DNA sequence of certain
genes depending on the repair mechanisms of the cell.
The PO-1 strain of P ostreatus (isolated in Korea) has
a different sequence in the mnp gene from other strain,
IFO30160 (P, ostreatus 1IFO30160 Hiratake; Asada et al.,
1995; Fig. 1). These strains may evolve individually into
other strains through the genetic barrier by regional sep-
aration. Therefore, they would have a different spectrum
by spontaneous mutation (Fig. 1). The mutational hot
spots on which the same base at the same position of all
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studied mutants were found to be as 56.25% of all base
substitutions (Table 1). In the 9 hot spots of the mnp gene,
5 spots were equal to the naturally mutated sites and
among them 4 sites were mutated by gamma radiation to
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the same bases as those of IFO30160 strain. It means that
3.1% of natural mutation sites (128 bases) could be
regarded as hot spots in the mnp genes of PO-1 and
IFO30160 strain (Fig. 1, Table 1). This phenomenon has

1 15 18 30 31 45 45 60 61 75 76 90
POU21878 CCCTACATCGCAATG ACCTTTGCTTCGCTT TCTGCGCTCGTCCTT GTCTTCGCTGTGACT GTCCAAGTCOCTCAA Ggtgagocaccgegt 90
Po-t CCCTACATOGCAATG ACCTTTGCTTCGCTT TCTGCGCTCGTCCTT GTCTTCGCTGCGACT GTCCAAGTCTTCAT Ggtgagccaccgegt 90
. .
91 105 106 120 121 135 138 150 151 165 166 180
POUZ1678 cecctectactgatt agectaacacgacgt gottcagCCGTATCT TTGCCTCAGAAACGC GCAACTTGTGCTGGT GGACAAGTTACCGCC 180
PO-1 cecticctactgatt agectaacacgacgt gettcagCTGTGTCT TTGCCTCAGAAACGC GCAACTTGTGCTGAT GGACAAGTTACCGRC 180
* . %
181 195 196 210 211 225 226 240 241 255 256 270
POU21878 AACGCGGCCTGTTGT GTTCTGTTCCCGCTC ATGGAAGACCTGCAG AAGAACCTGTTCGAC GACGGCGCATGCGGC GAAGATgtacgoteg 270
PO-1 AACGCGGCCTGTTGT GTTCTCTTCCCGCTC ATGGAAGACCTGCAG AAGAACCTATTCGAC GACGGCGCATGCGGC GAAGATQtacgctca 270
* .
an 285 286 300 301 315 316 330 331 345 346 360
POU21878 clccatcoactacga ctcttacttattget atctatgecagGCCC ATGAAGCCCTTCGCC TGACCTTCCACGACG CTATTGGATTCTCTC 360
PO-1 ctccattcactacga ctottactaattget ttctatgetagGCGC ATGAAGCCCTTCGCC TGACCTTCCACGACG CCATTGGATTCTCTC 360
* . . s »
361 375 376 390 331 405 406 420 421 435 436 450
POLI21878 CTTCCAGGGGgtago tottogoccatttty tatggogecccigtt attgattigiegagg acagTGTTATGGGAG GOGLCCGATGGCTCTG 450
po-1 CTTCCAGGGGGtapg tottcggecattity tattgegtecctgtt actgattegtogagg acagCGTTATGGGAG GOGUCBATGGCTCTG 450
. P * * *
451 465 466 480 481 495 496 510 511 525 526 540
POU21878 TCATCAGATTCTCCG ATACTGAGGTCAACT TCCCAGDCAACCTCG GTATTGACGAGATCG TCGAGGCTGAGAAAC CGTTCCTTGCAAGS 540
PO-1 TCATCACATTCTCCG ATACTGAGGTCAACT TCCCAGCCAACCTTG GAATCGACGAGATCG TCGAGGCCGAGAMAC OGTTCCTCGCAAGEC 540
. . .
541 555 556 §70 571 585 586 600 601 615 616 630
POU21878 ACAACATCTCCGCAG GCGATTTgtacgtta ttcactggectattc aagactgaggattga cactcactactitoc geagGGTTCACTTOG 630
PO-1 ACAACATCTCOGCAG GCGATTTgtacgcta ticacgagoctacge tagactigaggattga cactcaccactctee gcagGGTTCACTTCG 830
+ " o . Ew
631 645 646 660 661 675 676 690 691 705 706 720
POU21878 CCGGCACCCTOGCTG TTACCAACTGTCCTG GTGCTCCACGAATCC CGTTCTTCTTAGGTC GCCCTCCTGCCAAGG CCGCATCACCCATTG 720
PO-1 CCGGCACCCTCGCCG TTACCAACTGCCCTG GTGCTCCCCGAATCC CGTTCTTCTTAGGAC GTCCOCCTGCCAAAG CCGCGTCACCCATAG 720
x » - PN . . B
721 735 736 750 751 765 766 780 781 795 796 B10
POU21878 GATTGGTTCCGGAAG CATTCGgtcageage tgtittgggaattt - gocgcagactgtiaa cgaccttgaatagAT ACCATTACAGATATC 809
PO-1 GATTGGTTCCGGAAC CATTCGgtaagogge tatttttgtaatttt gocgeagectgtiaa cgaccttgaatagAT ACCATCACAGATATC 810
L T B . .
81 825 826 840 841 855 856 870 871 885 888 900
POLI21878 CTGGCCCGAATGEAT GACGCTGGATTCGTC TCTGTCGAGGTTGTC TGGCTTCTTTCCGGy tacgataaacaccat ttogetecagaactca 899
PO-1 CTGGCCCGAATGGAT GACGCTGGATTTGTC TGCGTCGAGGTTGTC TGGCTCCTTTCCGCG tacget tgacaccat ttgotccagaaccta 900
B » . * ax I
901 915 916 930 931 945 946 960 961 975 978 990
POL21876 togetgacgtagegt acagCCACTCTGTCG CTGCAGCTGACCATG TTGACGAAACTgtaa geattacccaaagat tacgacgttc——--g 985
PO-1 tggctgacgtagegt acagTCACTCTGTTG CTGCAGCTGACCATG TTGACGAAACTgtaa geattaccctaasat tacgatgttotttig 990
991 1005 1006 1020 1021 1035 1036 1050 1051 1085 1086 1080
POU21878 acgctQacttasctt tt10tgasgATTCCT GGgtaagetitgeat acaaatttattitte tctigiggettacac geactcagAACGCCG 1075
PO-1 aagotgacttaactt t11gtgaagATTCCT Ghgtgagttttgeat attaatttccctitc tctigtgocttacac acactcagAACGCCA 1080
* . o o e . *
1081 1095 1096 110 1111 125 1126 1140 1141 1155 1156 170
POU21878 TTCGACTCAACGCCA AACC CGATTCA CAAATCTTCATCGAG ACGCAACTCCGTGGA ATTTCCTTCCCAGGG tagooggttctecta 1165
PO-1 TTCGACTCAACGOCA AACCTTTTCGATTCA CARATCTTCATCGAG ACOCAACTCCGCGGC ATTTCCTTCCCAGGQ taatcaattttccca 1170
* x v
n71 1185 1186 1200 1201 1215 1216 1230 1231 1245 1248 1260
POU21878 atgcccaatccacgt acatattgetcactt gttgaatagCACTGO TGOGAATCACGGCGA AGTACAATCCCCACT CAAGGGTGAAATGAG 1255
PO-1 atactcaatccatat ccatattgctcacte gttgaatagCACTGG TGGGAACCACGGCGA AGTACAATCCCCACT CAGGGGTGAAATGAG 1260
1261 1275 1276 1290 1291 1305 1306 1320 1321 1335 1336 1350
PQU21878 ACTCCAGTCAGATCA CTTGQttagtcttta cactgetetcttgea tate t gece acegatitgacaglt 1345
PD-1 ACTCCAGTCAGATCA CYTGottagtcttic cactgetatittgea cogagtagigatate tgacalgacaigeat accgatttgacaglt 1350
» . ko FORNY
1351 1365 1366 1380 1381 1385 1396 1410 1411 1425 1426 1440
POU21878 CGCTCGAGgtact tg aaactaatcattcat aataactotecceca ttasaacatccasat gtatcagACGATAGG ACATCCTGCGAATG 1435
PO~ CGCTCGAGgtacttg aaactaatoatttat gatgatatticccca ttaasacatccasat gtatcagACGATAGG ACATCCTGCGAATGG 1440
e e e
1441 1455 1456 1470 1471 1485 1486 1500 1501 1515 1516 1530
POU21878 CAGTCCATGACTAQt aagtalcatgetcta ccgeticectttete ctoctaagotcatty tcaacgataattagA TGATCAACAGAAGAT 1525
PO Y CAGTCCATGACTAQt aagtatcatgticta tcgeticcctttete ctectgagetcacta tcaacgataattagA CGATCAACAGAAGAT 1530
* * * v B
1531 1545 1546 1560 1561 1575 1576 1590 1591 1605 1606 1620
POUZ1878 CCAAGACCGCTTTTC CGACACACTGTTCAA GATGTCGATGCTTGG ACAGAACCAGGACGG CATGATCGATTGCTC CGATGTCATCCCTGT 1615
PO-* CCAAGACCGCTTCTC CGACACGCTGTTCAA GATGTCGATGCTTGG TCAGAACCAGGACGC CATGATTGATTGCTC CGATGTCATCCCCGT 1620
* N * « .
1621 1635 1636 1650 1851 1665 1666 1680 1681 1695 1696 1710
POU21878 CCCCGCTGCCCTTGT AAGCAAACCCCATCT CCCCGCCGGGAAGAG TAAGACCGACGTTGA ACAAGCCQtgegleg tgcaatgtatcaggg 1705
PO * CCCCGCTGCCCTTGT AAGCAAAGCCCATCT CCCCGUCGOGAAGAG CAAGAGCGAGGTTGA ACAAGCCgtacgtcg tgcaatgtatcaggg 1710
1711 1725 1726 1740 1741 1755 1756 1770 1771 1785 1788 1800
POU21878 ataacttaacgtege tgaattgttttectc cctagTGTGCCACCG GCGCCTTCCCAGCCC TCGGTGCTGACCCIG gtgagtaaacaggeg 1795
PO-1 attacgcaacgtoge tgaattgtiticcte cctagTGTGCCACCG GCGCCTTCCCAGCTC TCGGTGCCGACCCTG gtgagiaaacaggeg 1800
1801 1815 1816 1830 1831 1845 1846 1860 1861 1875 1876 1890
POU21878 acgtagacaacagaa agcctettacccatt gatttttetttagGC CCAGTCACCTCTGTT CCTCGTGTgtaagte tcaacctatgtotct 1885
PO-1 acgtagacaccagaa agcctottacceatt gattctictttagGC CCAGTCACCTCTGTT CCTCGTGTgtaagtg tcaacttatgtctct 1890
1891 1905 1906 1920 1921 1935 1936
POU21878 atgagtgcattgatg ccaacgaacacccta QCCCACCTGCGTAAG CAAAGT 1936

PO 1 atgagtgeat tgatg ccaat a QOCCACCTACGTAAG CAAAGT 1941
.

Fig. 1. Multiple DNA sequence alignment of the mnp genes of Pleurotus ostreatus TFO30160 (POU21878) and PO-1. Introns are indicated by low-
ercase type. The different bases are shown by asterisks. The PCR primers are underlined.
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not yet been described in other studies. All of the hot found although some hot spots occurred spontaneously
spots of the mnp genes of PO-1 mutants determined in (Wijker et al., 1996, 1998).

this study were not mutated to original or other bases by Among the nine hot-spots of the mnp gene, three occur-
re-irradiation (1 kGy) of gamma radiation (PO-15 and ring in the exon did not bring about the change of amino
PO-16; Table 1). In the lacl gene model system in E. coli, acids. The specifically mutated bases in PO-5 and PO-16
after gamma-ray irradiation, the hot spots have not been were involved in the change of 3 and 1 residues, respec-

Table 1. Sequence analysis of the mnp genes in gamma radiation-induced mutants of Pleurotus ostreatus PO-1

. PO-1 Mutant Amino acid  Amino acid Target sequence
Position  Exon/Intron POS P06 T 016 changes number S0 3
89 I1 G* a a a a accge g teect
GAACC T GTTCG
233 E2 T C L—p 56 C
459 E4 T C Pl 08 TCACAT TCTCC
716 ES C G G G G p—p 164 TCACC C ATAGG
766 15 g a a a a atttt g ccgea
773 15 c g g g g cgeag c ctgtt
AC
798 E6 C T T T T T—T 174 gATAC C ATC
880 16 c a cttga ¢ accat
1169 19 c tE* t t t tttce ¢ aatac
1184 9 a g** g g g tceat a teeat
1192 19 t g catat t gctca
1371 11 a g aaact a atcat
G AAG
1530 E13 T C [>T 234 GAAGATCC
1597 E13 T CH* C C C =1 306 ATGAT T GATTG
1752 E14 A G GTGCC A CCGGC
T—A 339
1881 15 T cF* c c c tcaac t tatgt

*A lowercase is a base in intron and a capital letter is a base in exon. Blank is the same base of PO-1.
**Mutated to equal base of P ostreatus IFO30160 strain.

1 15 16 30 3t 45 45 60 61 7576 90
POU21878  NTFASLSALVLVFAV TVOVAQAVSLPQKRA TCAGGOVTANAACCY LFPLMEDLOKNLFDD GACGEDAHEALALTF HDA!GFSPSRGVUGG 90
PO-1 MTFASLSALVLVFAA TVQVVHAVSLPOKRA TCAGGQVTANAACCY LFPLMEDLOKNLFDD GACGEDAHEALRLTF HDA|GFSPSRGVMGG €0
PO-5 MTFASLSALVLVFAA TVQVWHAVSLPOKRA TCAGGOVTANAACCY LFPLMEDLOKNPFDD GACGEDAHEALRLTF HDA |GFSPSRGVMGG 0
PO-6 MTFASLSALVLVFAA TVQVWHAVSLPOKRA TCAGGQVTANAACCY LFPLMEDLOKNLFDD GAGGEDAHEALRLTF HDAIGFSPSRGVMGG 9«0
PO-7 MTFASLSALVLVFAA TVOVWHAVSLPOKRA TCAGGOVTANAACCY LFPLMEDLOKNLFOD GACGEDAHEALRLTF HDA|GFSPSRGVNGG 90
PO-15 MTFASLSALVLVFAA TVGVWHAVSLPOKRA TCAGGQVTANAACCY LFPLMEDLQKNLFDD GACGEDAHEALRLTF HOA|GFSPSRGVMGG 90
PO-16 WTFASLSALVLVFAA TVGVVHAVSLPQKRA TCAGGQVTANAAGCY LFPLMEDLOKNLFOD GACGEDAHEALRLTF HOA|GFSPSRGVMGG 90

» - »

91 105 106 120 121 135 136 150 151 165 166 180
POU21878  ADGSVITFSDTEVNF PANLGIDE|VEAEKP FLARHNISAGDLVHF AGTLAVINCPGAPR| PFFLGRPPAKAASP] GLVPEPFDTITDILA 180
PO-1 ADGSVITFSDTEVNF PANLGIDE IVEAEKP FLARHN|SAGDLVHF AGTLAVTNCPGAPR! PFFLGRPPAKAASP! GLVPEPFDTITDILA 180

PO-5 ADGSVITFSDTEVNF PANLGIOE | VEAEKP FLARHN|SAGDLVHF AGTLAVTNCPGAPRI PFFLGRPPAKAASPI GLVPEPEDTITDILA 180
PO-6 ADGSVITFSDTEVNF PANLG!DE ! VEAEKP FLARHNISAGDLVHF AGTLAVINCPGAPRI PFFLGRPPAKAASPI GLVPEPFOTITOILA 180
PO-7 ADGSVITFSOTEVNF PANLGIOE I VEAEKP FLARHNITAGDLVHF AGTLAVTNCPGAPR| PFFLGRPPAKAASP! GLVPEPFDTITDILA 180
PO-15 ADGSVITFSDTEVNF PANLGIDE IVEAEKP FLARHN)SAGDLVHF AGTLAVINCPGAPR! PFFLGREPAKAASP! GLVPEPFDTITDILA 180
PO-16 ADGSY I TLSDTEVNF PANLG!DE | VEAEKP FLARHNISAGDLYHF AGTLAVTNCPGAPA| PFFLGRPPAKAASP| GLVPEPFDTITDILA 180

- »

181 195 196 210 211 225 226 240 241 255 258 270
POU21878  RMODAGFVSVEVVWL LSAHSVAADHVDET (PGTPFDSTPNLFDS QIF IETOLRGISFPG TGGNHGEVOSPLKGE MRLGSOHLFARDORT 270
PO-1 RMODAGFVSVEVIML L SAHSVAAADHVDET 1PGTPFOSTPNLFOS QiF IETQLRGISFPG TGGNHGEVOSPLAGE WRLOSOHLFARDORT 270

PO-5 RMDDAGFVSVEVWWL LSAHSVAAADHVDET |PGTPFDSTPNLFDS QIF IETQLRGISFPG TGGNHGEVGSPLRGE MRLASDHLFARDDRT 270
PO-6 RMODAGFVSVEVVWL LSAHSVAMDHVDET |PGTPFDSTPNLFDS QIF IETOLRGISFPG TGGNHGEVOSPLAGE MALQSOHLFARDDRT 270
PO-7 RMDDAGFVSVEVVINL LSAHSVAAMDHVOET |PGTPFOSTPNLFOS QIF (ETQLRGISFPG TGGNHGEVASPLRGE MRLOSOHLFARDDRT 270
PO-15 RMODAGFVSVEVVAL LSAHSVAAADHVOET IPGTPFOSTPNLFOS QIF IETQLRGISFPG TGGNHGEVQSPLRGE MRLQSOHLFARDDRT 270
PO-16 RMDDAGFVSVEVVWL LSAHSVAAADHVDET {PGTPFOSTPNLFOS QIF IETOLRGISFPG TGGNHGEVASPLRGE MRLQSDHLFARDDAT 270

«

271 285 286 300 301 315 318 330 331 345 M6 360
POU21878  SCEWGSMTNDQQOK 1Q DRFSDTLFKMSMLGC NQDAMIDCSDVIPVP AMLVTKPHLPAGKSK TOVEQACATGAFPAL GADPGPYTSVPRVPP 360
PO-1 SCEWQSMTNOQCK 1Q DRFSOTLFKMSMLGD NODAMIDCSDVIPVP AALVTKPHLPAGKSK TDVEQACATGAFPAL GADPGPVTSYPAVPP 360

PO-5 SCEWOSMTNDQOKTQ DRFSOTLFKMSMLGO NODAMIDCSDV IPVP AALVTKPHLPAGKSK TOVEQACAAGAFPAL GADPGPVTSVPRVPP 360
PO-6 SCEWQSMTNOQOK 1Q DRFSDTLFKMSMLGO NODAMIDCSDV |PVP AALVTKPHLPAGKSK TOVEQACATGAFPAL GADPGPVTSVPRVPP 360
PO-7 SCEWGSNTNDQOK 1G DRFPOTLFKMSMLOD NODAMIDCSDY IPVP AALVTKPHLPAGKSK TOVEQACATGAFPAL GADPGPVTSVPRVPP 360
PO-15 SCEWQSMTNDQOK 12 DRF SOTLFKMSMLGD NQDAMIDCSOVIPVP AALVTKPHLPAGKSK TOVEQACATGAFPAL GADPGPVTSVPRVPE 360
PO-16 SCEWQSMTNDQOK 10 DRFSDTLFKMSMLGO NQDAMIDCSOVIPVP AALVTKPHLPAGKSK TDVEQACATGAFPAL GADPGPVTSVPRVPP 360

. - .

361
Pou21878 A 381
PO- 1 A 361
PO-5 A 361
PO-6 A 361
PO-7 A 361
PO-15 A 3861
PO-16 A 361

Fig. 2. Alignment of predicted amino-acid sequences of manganese (II) peroxidase (MnP) of the radiation-induced mutants of Pleurotus ostreatus
PO-1. POU21878 is the amino acid sequence of MnP of P. ostrearus IFO30160. The different residues among seven enzymes are shown by asterisks.
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Table 2. Summary of the types of mutations on the mnp gene of Pleu-
rotus ostreatus mutants induced by gamma radiation

Mutation type mnp (1941 bp)
Transitions
A—G 3/16 (18.8%)
G—A 2/16 (12.5%)
T—C 5/16 (31.3%)
C—T 2/16 (12.5%)
Transversions
C—A 1/16 ( 6.3%)
C—G 2/16 (12.5%)
T—G 1/16 ( 6.3%)

tively, in MnP proteins. However, in PO-6 and PO-15,
there were not any changes in the putative protein
sequences (Table 1, Fig. 2). From PO-7 mutant, we did
not clone the genomic DNA of the mnp gene but cloned
the cDNA of the mup gene from total RNA. The cDNA
of PO-7 mnp gene has been mutated in two sites and the
putative amino acid sequence of the PO-7 was different
from PO-1 (Fig. 2). The mnp genes of PO-5, PO-7 and
PO-16 mutants of PO-1 may produce different proteins
(Fig. 2). In this study, the properties of the mutated pro-
teins have not been determined, but these products of
the mnp genes of mutants could be useful for degrading
the recalcitrant lignin of biowastes because they showed
an enhanced ligninolytic activity (Lee et al., 2000). The
MnP of PO-7 differs in two amino acids (at 128 and
289; Fig. 2) from that of PO-1 and it has not been inves-
tigated whether these two different amino acids could
play an important role in lignin degradation.

The frame shift mutations did not occur in PO-1 mu-
tants. In the gamma radiation induced mutation spe-
ctrum described here, the deletion was not accounted
for in the mnp gene (Table 1). In mammalian cell lines,
the ionizing radiation induced mutations with large
deletions as the main type (Thacker, 1986; Miles and
Meuth, 1989; Nelson et al., 1994; Giver et al., 1995;
Thacker, 1999), but in E. coli, it is not the main type of
mutation, that is, the sizes of the deletions were from
one base to several hundred bases (Wijker ef al., 1996).
This difference in the amount of induced deletions
could be derived from the differences of target genes
and/or differences in the repair system of double strand
breaks in prokaryotic and eukaryotic cells. Because the
mutants used in this study were isolated with several
criteria such as growth rate in lignin medium and for-
mation of fruiting body, it seems that the mutants with
severely deleted mutations could be excluded.

In this study, the mutation spectrum of the mnp gene
was investigated in the gamma radiation induced
mutants of P ostreatus PO-1. Previously, these mutants
were independently isolated from the survivals of the
mycelial fragments after gamma ray irradiation at the
dose range of 1-2 kGy and confirmed the enhanced

J. Microbiol.

ability of ligninolysis and the diversity of genetic sim-
ilarity by RAPD analysis (Lee et al., 2000). It seemed
that the DNA sequences of the mnp genes of the
mutants could include the common mutated positions as
hot spots and the specific positions in individual
mutants. These results could be useful for evaluating
the tolerant limitation of change in the functional genes,
at least the mnp gene, in this eukaryotic organism and
modifying the molecular structure of proteins through
changing the structural genes by gamma radiation.
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