Journal of Life Science 2009 Vol. 19. No. 3. 343~348

©JLS/ISSN 1225-9918

|dentification  and  Molecular

Characterization  of

Methionine  Sulfoxide  Reductase

B Gene in Rice Blast Fungus, Magnaporthe oryzae

Jeong-Hwan Kim1, Jinsoo Kim“s, Miyeon Jeong2 and Woobong Choi

123,

"Department of Biomaterial Control, *Department of Biotechnology and Bioengineering, and *Blue-Bio Industry RIC, Dongeui University, Busan

614-714, Korea
Received January 30, 2009 /Accepted February 6, 2009

Magnaporthe oryzae, a major cause of rice blast, is one of the most destructive plant fungal pathogens.
Secretion of reactive oxygen species (ROS) during the infection phase of plant pathogenic fungus plays
a key role in the defense mechanism of a plant. ROS causes oxidative damage and functional modification
to the proteins in a pathogenic fungus. Methionine, especially, is a major target of ROS, which oxidizes
it to methionine sulfoxide. To survive from the attack of ROS, plant pathogenic fungus has antioxidative
systems - one example would be methionine sulfoxide reductase B (MSRB), which reverses the oxidative
alteration of methionine to methionine sulfoxide. In the present study, identification and molecular charac-
terization of the MSRB gene in M. oryzae KJ201 were investigated. The MSRB gene was amplified by PCR
from the M. oryzae KJ201 genomic DNA. The copy number of MSRB in the genome of M. oryzae K]201
was identified by Southern blot analysis, which revealed that the gene exists as a single copy. To study
the molecular function of an MSRB gene, the expression level of the MSRB gene was assayed with hydrogen
peroxide treatment by Northern blot analysis and RT-PCR. The expression of the MSRB gene was increased
by treatment of hydrogen peroxide, without significant correlation to hydrogen peroxide concentrations.
These results indicate that the MSRB gene in M. oryzae KJ201 could contribute to protection against plant

defense compounds such as ROS and offer a novel strategy for the control of rice blast.
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Introduction

A very large number of potential plant pathogens exist
in nature. However, individual plant species are susceptible
to only a limited number of pathogens because of the pres-
ence of effective general defense mechanisms. Secretion of
reactive oxygen species (ROS) during infection of plant
pathogenic fungus plays a key role in defense mechanism
of plant [10,14]. ROS induce oxidative damage and func-
tional modification to proteins of pathogenic fungus.
Especially, methionine is one of the major targets of ROS,
where it is oxidized to methionine sulfoxide. To survive
from the attack of ROS, plant pathogenic fungus has anti-
oxidative system such as methionine sulfoxide reductase B
(MSRB) [6,8,17,21]. MSRB can repair specifically oxidative
alteration of methionine to methionine sulfoxide [1,2,5,
11,12]. There is not much information on functional charac-
terization of MSRB in plant pathogenic fungi. Functional
analysis of the MSRB is required to understand the biology
of fungal plant pathogens in the plant-pathogen interaction
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and provide new control strategy.

Rice blast, caused by Magnaporthe oryzae, is one of the
most destructive diseases in cultivated rice [15], which feeds
one-half of the world’s population [7,18]. The disease is capa-
ble of destroying enough rice to feed 60 million people every
year [22]. M. oryzae has evolved the ability to penetrate and
subsequently colonize its host plants [3]. Due to its genetic
and molecular tractability, this fungus has served as an im-
portant model organism in the studies aimed at under-
standing the biology of fungal plant pathogens [19,20]. Over
the past decades, significant efforts have been made to eluci-
date the molecular controls of rice blast. These efforts in-
clude the breeding of resistant cultivars and the use of
fungicides. However, the effectiveness of these methods is
limited because of the frequent emergence of M. oryzae iso-
lates that are able to overcome resistant varieties or fungi-
cides or because of the environmental and safety concerns
on the use of fungicides.

The entire M. oryzae genome has been sequenced [4], and
functional genomics approaches have led to the identi-
fication of hundreds of genes involved in its pathogenesis
[9]. A number of M. oryzae genes that are responsible for

the pathogenicity have been identified based on their ex-
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pression patterns or homologies to known or suspected
pathogenicity genes in other organisms [4]. Especially, it is
speculated that MSRB gene in the M. oryzae could contribute
to protection against plant defense compounds such as ROS.

In this study, identification and molecular character-
ization of MSRB gene in the M. oryzae KJ201 were
investigated. MSRB gene was amplified by PCR from the
M. oryzae KJ201 genomic DNA. The copy number of MSRB
in the genome of M. oryzae KJ201 was identified by Southern
blot analysis. To study molecular function of MSRB gene,
expression level of MSRB gene was assayed under the con-
dition of different hydrogen peroxide concentrations and ex-
posure times by Northern blot analysis and RT-PCR. The
result shows that MSRB gene in the M. oryzae K]201 was
likely involved in fungal pathogenesis along with the func-
tion in anti-oxidation.

Materials and Methods

Fungal strain and culture condition

Magnaporthe oryzae KJ201 strain derived from the Fungal
Plant Pathology Lab (FPPL) in Seoul National University.
KJ-201 strain was maintained on V8 Juice agar media (4%
V8 juice and 1.5% agar, pH 7.0) with constant fluorescent
lighting at 25+1°C for conidiation. Mycelia for DNA isolation
were prepared by culturing in CM liquid media (7.5 g of
yeast, 7.5 g of casein acid hydrolysate, and 10 g of sucrose
per liter) with shaking at 25°C in the dark for 3 or 4 days.

Genomic  DNA isolation, polymerase chain  reaction
(PCR), and Southern blot analysis

Genomic DNA of the M. oryzae KJ201 was prepared by
using a modification of the rapid isolation procedure devel-
oped by M. G. Murray, M. G,, and W. F. Thomson [13]. Two
degenerate primers were designed on the highly conserved
genome sequences of the M. oryzae strain 70-15, and PCR
was performed with the M. oryzae K]J201 genomic DNA. The
primers are as follows: MSRB-F and MSRB-R (Table 1). Each
primer was used alone or in combinations of forward and
reverse pairs. PCR was performed with Taq polymerase
(Takara-Korea Biomedical, Inc., Seoul, Korea) using the fol-
lowing cycling parameters: 3 min at 94°C, followed by 30
cycles (1 min at 94°C, 30 sec min at 55°C, and 1 min at 72°C),
with a final extension of 72°C for 10 min. The PCR product
was gel isolated using a Gel Extraction Kit (General Bio

System).

Tablel. Primers used for PCR amplification of MSRB gene in
the genome of M. oryzae KJ201

Primer

Sequences
names

Probe MSRB-F  5-AAG AGC AAT TCC GCA TCT TG-3
MSRB-R  5-ATC CTC GGA CGA AAA CIT GA-3

MSRBRT-F 5-AAG AGC AAT TCC GCA TCT TG-¥
RT- MSRBRT-R 5-ATC CTC GGA CGA AAA CIT GA-3
PCR p-tubulin-F 5-TCA CIG TTC CCG AGT TGA CC- 3
p-tubulin-R 5-GGC CTC AGT GAA CIC CAT CT-¥

The copy number of MSRB in the genome of M. oryzae
KJ201 was identified by Southern blot analysis. DNA was
digested with restriction enzymes (BamH I, HindIll, Pst I,
and Sal 1) at 37°C for 5 hr, separated in 0.7% agarose gel
and transferred to Hybond N* membrane (Amersham
Bioscience) according to the standard methods [16] including
0.2 N HCl, Denaturation buffer (1.5 M NaCl, 0.5 M NaOH,
Neutralization buffer (1 M Tris-HCl, 1.5 M NaCl), and 2X
SSC (0.3 M NaCl, 0.03 M Sodium Citrate, adjust pH 7.0 with
NaOH). Hybridization was done at 65°C in Amersham
Rapid-hyb buffer (GE Healthcare, UK). The probes were
made from PCR product gel extracts radiolabeled with [o-
PP|dCTP using a Random Prime Labelling System
(Amersham, Rediprimell, GE Healthcare, UK). Washings
were performed twice at 65°C in washl buffer (2X S5C, 0.5%
SDS.) and wash2 buffer (0.5X SSC, 0.1% SDS) in series.

RNA isolation, Northern blot analysis, and Reverse
transcription-polymerase chain reaction (RT-PCR)

Expression of MSRB gene in M. oryzae KJ201 was identified
by Northern blot analysis and RT-PCR. For mRNA induction
experiments, pre-cultures were grown in 200 ml of CM me-
dium at 25°C and 100 rpm for 3 days. Various concentrations
(0, 1, 10, and 100 ppm) of hydrogen peroxide were added
and mycelium was harvested on gauze filters and washed
with sterile water. Total RNA was isolated by the ilustra
RNAspin mini RNA Isolation kit (GE Healthcare).

For Northern blot analysis, equal amounts of total RNA
(20 pg) were separated by a 1% agarose-formaldehyde gel
electrophoresis, transferred by capillary blotting to a Hybond
N+ charged nylon membrane(Amersham International plc.,
England), and fixed to the membrane by UV cross-linking.
For hybridization, MSRB PCR product probe (1 pg) was
“P-labeled using DNA-labelling beads and purified through
a Sephadex column. For all northern blotting, the MSRB PCR
product was used as the probe. Probes were denatured be-



fore bring added to the hybridization solution. Pre-hybrid-
ization (3 hr) and hybridization (15 hr) were carried out at
45°C in denatured sperm DNA. Following hybridization,
membranes were washed two times at 45°C in washl buffer
(2X SSC, 0.1% SDS) and wash2 buffer (0.5X SSC, 0.1% SDS)
and then exposed to X-ray film at -20°C for 5 days.

For RT-PCR, total RNA was isolated. Concentration of
RNA was determined with spectrophotometer and concen-
tration and integrity were further checked by agarose gel
electrophoresis. Residual DNA4, if any, was eliminated from
the samples by using DNase I (RNase-free, Takara Bio Inc).
cDNA was synthesized from the RNA wusing the
PrimeScript'™ Reverse transcriptase (Takara Bio Inc) using
oligo dT primer as a primer at 42°C for 60 min. And then,
PCR is performed with this single cDNA synthetic as a
template. The primers were as follows: MSRBRT-F and
MSRBRT-R (Table 1). The amplification reaction conditions
were as follows: initial denaturation at 95°C for 6 min; 30
cycles of 94°C for 1 min, 55°C for 30 sec and 72°C for 1
min 30 sec, and a final extension at 70°C for 10 min. PCR
products were separated on 1% agarose gels and stained

with ethidium bromide.

Results and Discussion

Identification of MSRB gene in the genome of the
M. oryzae KJ201

M. oryzae, the causal agent of rice blast, is one of the most
destructive fungal pathogens throughout the world
[3,7,15,18]. Plant pathogenic fungus may act as virulence fac-
tors if they provide protection against plant defense com-
pounds during disease development [10,14]. ROS is one of
the powerful plant defense compounds, which causes oxida-
tive damage and functional modification to proteins of
pathogenic fungus. Among the amino acids, methionine is
the most susceptible to oxidation by almost all forms of ROS.
This malformation can be repaired specifically by MSRB
[8,17]. M. oryzae is the first plant pathogenic fungus to be
fully sequenced, and functional genomic approaches have
led to the identification of hundreds of genes involved in
its pathogenesis [4,9]. However, there is not much in-
formation on functional characterization of the M. oryzae
genes, especially concerning MSRB. In this study, we hy-
pothesized that MSRB gene in the M. oryzae could contribute
to protection against plant defense compounds such as ROS

and offer novel strategy for the control of rice blast.
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To confirm molecular characterization of MSRB gene of
the M. oryzae KJ201, which is the Korean field strain, MSRB
gene was amplified by PCR analysis. MSRB gene of M. or-
yzae was annotated from the M. oryzae genome sequence
from strain 70-15, which is the international standard labo-
ratory strain, using bioinformatics tools. Primers were de-
signed from the genome sequences of the M. oryzae strain
70-15, and PCR was performed with the M. oryzae strain
KJ201 genomic DNA. As shown in Fig. 1, the 350 bp frag-
ment from MSRB gene in the M. oryzae strain KJ201 was
identified by PCR. The amplified fragment was sequenced
to confirm the originality. Amplified MSRB gene fragment
was used as a probe for Southern and Northern blot

analysis.

Southern blot analysis of MSRB

The copy number of MSRB in the genome of M. oryzae
KJ201 was identified by Southern blot analysis. The 350 bp
fragment of MSRB gene was used as a probe in Southern
blot analysis of genomic DNA digested with restriction en-
zymes, BamH 1, HindIll, Pst I, and Sal 1. As shown in Fig.
2, single band was detected in most digested DNA. This re-
sult indicates that the M. oryzae MSRB gene is presenting
in a single copy in the genome. In the lane of Pst I digestion,
two bands showed up since the probe fragment has re-
striction site for the enzyme.

Expression  of treatment  with
hydrogen peroxide

MSRB  gene  after

Secretion of ROS during infection of plant pathogenic

M P

bp

400

300 350 bp (MSRB)

Fig. 1. Amplified MSRB gene fragment from the genome of M.
oryzae KJ201 by PCR analysis. The 350 bp fragment of
MSRB gene from the KJ201 strain was identified in the
lane P by PCR analysis. M, molecular marker of 100 bp
ladder; P: PCR product of MSRB gene.
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Fig. 2. The copy number of MSRB in the genome of M. oryzae
KJ201. The copy number of MSRB in the genome of M.
oryzae KJ201 was identified by Southern blot analysis.
Genomic DNA from the KJ201 was digested with BamH
I, HindIll, Pst1, and Sal I. (A) DNA agarose Gel and
(B) X-ray film image. M, molecular marker of lambda
DNA digested with HindIll; B, BamHI; H, HindIll; P, Pst
I;S, Sall.

fungus plays a key role in defense mechanism of plant.
Plant ROS causes oxidative damage and functional mod-
ification to proteins of pathogenic fungus. In this study, ex-
pression of MSRB was investigated using hydrogen
peroxide. Hydrogen peroxide is used as a representative of
the plant defense compounds such as ROS, which effec-
tively induces oxidative stress in most of organisms. After
treatment of various hydrogen peroxide concentrations (0,
1, 10, and 100 ppm) for 2 hr, Northern blot analysis
showed no signal for the MSRB expression. On the other
hand, B-tubulin expression, the positive control, showed
significant signal (Fig. 3).

To identify molecular function of MSRB gene in the M.
oryzae, expression level of MSRB gene was estimated under
the condition of different hydrogen peroxide concen-
trations (0, 1, 10, and 100 ppm) by RT-PCR. The f-tubulin
expression in M. oryzae was designed for positive control.
In some cases, RT-PCR has a problem with genomic DNA
contamination during isolation of total RNA. Our RT-PCR
result of B-tubulin clearly showed single band amplified
without genomic DNA contamination. As shown in Fig. 4,
MSRB and p-tubulin amplification with genomic DNA as
templates resulted fragments at 350 bp and 495 bp,
respectively. The expression of MSRB gene was induced by

treatment of hydrogen peroxide, not showing a significant

MSRB PCR product probe p-tubulin PCR product probe

[

Fig. 3. Northern blot analysis of MSRB expression. Expression
of MSRB(A) and f-tubulin (B, positive control) was
shown. PCR product probes were used. The concen-
tration (ppm) of hydrgen peroxide is indicated for each
lane.

H,0, treatment with difference concentration
Hy0,(pPm) M9 1 10 100 C_ M 0 1 10 100 C

MSRB primer B-tubulin primer

B +—495hp

Fig. 4. RT-PCR analysis on the expression of MSRB. Expression
of MSRB and B-tubulin under the condition of different
hydrogen peroxide concentrations (0, 1, 10, and 100
ppm). The right lanes (C, DNA control) of each gene
show the PCR product from genomic DNA, which con-
firm the RNA quality of no DNA contamination for
RT-PCR. M, 100 bp ladder marker.

correlation with hydrogen peroxide concentrations. These
results indicate that MSRB gene in the M. oryzae KJ201
could contribute to protection against plant defense com-
pounds such as ROS and offer novel strategy for the con-
trol of rice blast.

Acknowledgments

This research was mainly supported by Dongeui
University Research Grant 2006AA179. Also it was sup-
ported by a grant (code 20080401-034-044) from BioGreen
21 Program funded by Rural Development Administration
and Blue-Bio Industry RIC at Dongeui University as a RIC
program under Ministry of Knowledge Economy and
Busan city. ]J. Kim was the recipient of graduate fellow-



ships from the Ministry of Education through the Brain
Korea 21 Project.

References

. Bar-Noy, S. and ]. Moskovitz. 2002. Mouse methionine sulf-
oxide reductase B: effect of selenocysteine incorporation on
its activity and expression of the seleno-containing enzyme
in bacterial and mammalian cells. Biochem. Biophys. Res.
Commun. 297, 956-961.

. Boschi-Muller, S., A. Olry, M. Antoine, and G. Branlant.
2005. The enzymology and biochemistry of methionine sulf-
oxide reductases. Biochim. Biophys. Acta. 1703, 231-238.

. Couch, B. C. and L. M. Kohn. 2002. A multilocus gene ge-
nealogy concordant with host preference indicates segrega-
tion of new species, Magnaporthe oryzae from M. grisea.
Mycologia 94, 683-693.

. Dean, R. A, N. J. Talbot, D. J. Ebbole, M. L. Farman, T.
K. Mitchell, M. ]J. Orbach, M. Thon, R. Kulkarni, J. R. Xu,
H. Pan, N. D. Read, Y. H. Lee, I. Carbone, D. Brown, Y.
Y. Oh, N. Donofrio, J. S. Jeong, D. M. Soanes, S. Djonovic,
E. Kolomiets, C. Rehmeyer, W. Li, M. Harding, S. Kim, M.
H. Lebrun, H. Bohnert, S. Coughlan, J. Butler, S. Calvo, L.
J. Ma, R. Nicol, S. Purcell, C. Nusbaum, J. E. Galagan, and
B. W. Birren. 2005. The genome sequence of the rice blast
fungus Magnaporthe grisea. Nature 434, 980-986.

. Etienne, F., D. Spector, N. Brot, and H. Weissbach. 2003.
A methionine sulfoxide reductase in Escherichia coli that
reduces the R enantiomer of methionine sulfoxide. Biochen.
Biophys. Res. Commun. 300, 378-382.

. Ezraty, B, L. Aussel, and F. Barras. 2005. Methionine sulf-
oxide reductases in prokaryotes. Biochim. Biophys. Acta.
1703, 221-229.

. Ford, T. L, J. T. Cooley, and P. Christou. 1994. Current sta-
tus for gene transfer into rice utilizing variety-independent
delivery systems. CAB International. Ziegler, R. S, S. A.
Leong, and P. S. Teng, UK.

. Jackob, M. 2005. Methionine sulfoxide reductases: ubiq-
uitous enzymes involved in antioxidant defense, protein
regulation, and prevention of aging-associated diseases.
Biochim. Biophys. Acta. 1703, 213-219.

. Jeon, J., S. Y. Park, M. H. Chi, ]. Choi, J. Park, H. S. Rho,
S. Kim, J. Goh, S. Yoog, J. Choi, J. Y. Park, M. Yi, S. Yang,
M. J. Kwon, S. S. Han, B. R. Kim, C. H. Khang, B. Park,
S. E. Lim, K. Jung, S. Kong, M. Karunakaran, H. S. Oh,
H. Kim, S. Kim, J. Park, S. Kang, W. B. Choi, S. Kang, and
Y. H. Lee. 2007. Genome-wide functional analysis of patho-
genicity genes in the rice blast fungus. Nat. Genet. 39,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Journal of Life Science 2009, Vol. 19. No. 3 347

561-565.

Jones, D. A. and D. Takemoto. 2004. Plant innate im-
munity-direct and indirect recognition of general and spe-
cific pathogen-associated molecules. Curr. Opin. Immunol.
16, 48-62.

Kauffmann, B., A. Aubry, and F. Favier. 2005. The three-di-
mensional structures of peptide methionine sulfoxide re-
ductases: current knowledge and open questions. Biochim.
Biophys. Acta. 1703, 249-260.

Moskovitz, J., V. K. Singh, ]. Requena, B. ]J. Wilkinson, R.
K. Jayaswal, and E. R. Stadtman. 2002. Purification and
characterization of methionine sulfoxide reductases from
mouse and Staphylococcus aureus and their substrate
stereospecificity. Biochem. Biophys. Res. Commun. 290, 62-65.
Murray, M. G. and W. F. Thomson. 1980. Rapid isolation
of high molecular weight plant DNA. Necleic Acids Research
8, 4321-4325.

Nimchuk, Z., T. Eulgem, B. F. Holt, and J. L. Dangl. 2003.
Recognition and response in the plant immune system.
Annu. Rev. Genet. 37, 579-609.

Ou, S. H. 1985. Rice disease. Commonwealth Agricultural
Bureaux, Wallingford, England. 135, 1011-1019.
Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Molecular
Cloning: A laboratory manual. 2nd eds.,, Cold Spring
Harbor Press. New York.

Skaar, E. P.,, D. M. Tobiason, J. Quick, R. C. Judd, H.
Weissbach, F. Etienne, N. Brot, and H. S. Seifert. 2002. The
outer membrane localization of the Neisseria gonorrhoeae
MsrA/B is involved in survival against reactive oxygen
species. Proc. Natl. Acad. Sci. U. 5. A. 99, 10108-10113.
Talbot, N. and A. Foster. 2001. Genetics and genomics of
the rice blast fungus Magnaporthe grisea: developing an ex-
perimental model for understanding fungal diseases of
cereals. Adv. Bot. Res. 34, 263-287.

Talbot, N. J., Y. P. Salch, M. Ma, and J. E. Hamer. 1993.
Karyotypic cariation within clonal lineages of the rice blast
fungus, Magnaporthe grisea. Appl. Environ. Microbiol. 59,
585-593.

Valent, B. 1990. Rice blast as a model system for plant
pathology. Phytopathology 80, 33-36.

Vougier, S., ]. Mary, N. Dautin, ]. Vinh, B. Friguet, and D.
Ladant. 2004. Essential role of methionine residues in calm-
odulin binding to Bordetella pertussis adenylate cyclase, as
probed by selective oxidation and repair by the peptide me-
thionine sulfoxide reductases. ]. Biol. Chem. 279, 30210-
30218.

Zeigler, R. S, S. A. Leong, and P. S. Teeng. 19%4. Rice Blast
Disease. CAB International, Wallingford.



348

A 38ks %] 2009, Vol. 19. No. 3

b
i
o

{ = 70fA{2] methionine sulfoxide reductase B REAI| EXIN EM

(Eolthta ntol o B AR o183}, *Y 3, *B-Futo] QRIC)

HEEH O Aot A& AT Y Al AEAZRH HAstE ROSE
o E£3] ofn|=4k9] &9l methionine& ROSO &J3l] A+3}% o] methionine sulfoxide
2 Wsgld & otk AEHYTS AEAZE FHY ROS| 93 AFshi-g-S 3] 3]317] 938 methionine sulfoxide

g 7= £ dFoA e =g dodAe] MSRB A4S T4t
ST A ol ©d FAAR SR Fakstaea A
th. o]g st A7 2 MSRB frAAs MELH T F4tsl 712

Mo
2L
2
Al
o
o
e
=
o
32
i
5
=
@
N
20{ 2
o 3
*
;R E{



