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Table 1. Primers used in the test
primer sequence (57 —3")
439084 GAAGAAGTACATGGCCACCCTC
48013 ¥ CTGTGCCGTGGTAATTTTGC
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81890-F TCTACAGTGTCTTCGGTGAGGC
102434 -F ACCCCCAGCATCAAGCAGATC
90806 ¥ CACATCCGGATCGGCGATATC
98577F CCACAAGCACGCCCAGAGTAAG
102068+ CCACCTACCCTATGCAGTGCTC
72349 F GAGGCTCTCAGCCACCTAGAAG
45332F AGGAAGCCTACGTGAGCACC
18sF TCTCGAATCGCATGGCCT
18sR TTACCCGTTGTAACCACGGC
43908 R TAGTACCCATCACGCAGGCCAC
48013 R TGGAGAGGCTCGAAACCACC
66481 R GGATGTCTTGGCATTCTCGC
81890-R TCGACGGCCTTGCTAGACTC
102434R AACCTTGTTGGCGCCATC
90806-R CGTGGAGCTGCTTGGTGAAC
98577R GCATTTATCGCCACCACGTG
102068 R AGATGAACCTTGGCGTGACC
72349 R AATTGCCCGCCGAAAACG
45332R AAAGCTCGTGCCGGCCTC
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Figure 1. 2-DE analysis of total protein from C. parasitica strains EP155 and EP713. Proteins were extracted from fungal cultures grown on
PDA medium for 7 days. Protein samples of 600 wg (from the wild type strain EP155 and the hypovirus-infected strain EP713) were
isoelectrically focused using pH 3 =10 (A, B) and pH 4 -7 (C, D) IPG strips and subsequently separated by 12. 5% SDS-PAGE.

#=2. EPIS55 5 EPTB 2 (M ERFREELRAZ R
Table 2. List of differentially expressed proteins between EP155 and EP713

spot accession EST

protein name ratio® regulation®
1D* number” evidence!
123 2-amino-3 —carboxymuconate-6 semialdehy decarboxylase 101881 -10° Ref (2324 R- P|
198 Acetoin (diacetyl) reductase 36707 -2.5 Ref 124 R- P
40 Aldehyde dehydrogenase 34827 2.5 Ref -2 R~ P1
49 Aldehyde dehydrogenase 34827 3.6 Ref -2 R-~ P1
144 ATP synthase subunit beta, mitochondrial 88762 10° Ref 3-24 RT P4, p1
31 ATP synthase subunit gamma 92423 -3.2 Ref 124 R P, p|
67 Bifunctional purine biosynthesis protein 42705 -3.4 Ref P4 R- P

110 Bifunctional purine biosynthesis protein 42705 -10° Ref 24 R- P




F AR AR AR T P AR SR 1 R UL IR 4R (2014) 54.(T7) 807
spot accession EST
protein name ratio® regulation®
ID* number” evidence!
113 CDP-alcohol phosphatidyltransferase classd family protein 81875 -10° Ref (324 R- P
10 Elongation factor 1-bheta 102227 4.9 Ref ?*-2 R, P?
145 Endothiapepsin 100383 10 Ref 22724 g | 08 20 py
160  Enolase 103155 -2.5 Ref 23-20 R | D4 p|
39 Eukaryotic translation initiation factor 5A2 102068 -2.7 Ref 23-24 RBP4 p|
189 Glyceraldehyde-3 -phosphate dehydrogenase 101684 -10° Ref [23-24 R1TROETpy
29 GTP-binding nuclear protein GSP1/Ran 43908 -3.3 Ref 22720 gy R0 py
37 Heat shock protein 30 103088 2.5 Ref ¥ R- P1
63 Heat shock protein 70 107004 2.5 PT
126 Nascent polypeptide-associated complex subunit beta 102329 -10° Ref [23-24 R P9, p|
11 Nascent poypeptide-associated complex subunit alpha 81890 4.6 Ref 24 R- P1
131 Neutral alpha-glucosidase 88086 -10° Pl
132 Neutral alpha-glucosidase 88086 -10° Pl
179 Peptidyl-prolyl cis-irans isomerase, mitochondrial 55987 -14 Ref [23-24 RTEIET py
25 Peroxiredoxin 68536 2.9 Pt
107 Phosphoglucomutase 102434 -10° Ref [22-24 RIS, p|
24 Probable 6 phosphogluconolactonase 59149 -10° Pl
190 Probable rhamnose biosynthetic enzyme 1 107766 -3.5 Ref [23-24 R0, p
27 Probable T-complex protein 1 subunit beta 99165 -10° Ref 23-24 R- P
106 Protein disulfide-isomerase MPDI 98577 -10° Ref 20 R~ P|
26 Protein wos2 101651 3.4 Ref 2-24 R- P?
83 Putative agmatinase 1 93897 -2.9 Ref [23-24 R, U9, p|
34 Putative dioxygenase 97903 -10° Ref [23-24 RTU, P
65 Putative glycyl tRNA synthetase 87412 -2.5 Pl
7 Rhamnolipids biosynthesis 3-oxoacyl-[acyl-carrier-protein] 64761 5 s Rep 2520 Ro P 1
reductase
38 S-adenosylmethionine-dependent methyltransferase 72349 4.2 P1
86 S-adenosylmethionine-dependent methyltransferase 45332 3.7 Pt
152 S-adenosylmethionine-dependent methyltransferase 72349 10° P1
202 Single-stranded DNA-binding protein RIM1, mitochondrial 66481 -2.7 Pl
200 Translation machinery-associated protein 20 69225 -10° Ref ¥ R- P
19 UDP-N-acetylglucosamine pyrophosphorylase 107213 -10° Ref [22-24 R- P}
20 UDP-N-acetylglucosamine pyrophosphorylase 107213 -10° Ref [23-24 R- P}
21 UDP-N-acetylglucosamine pyrophosphorylase 107213 -10° Ref 2324 R- P
45 UPFO0010 protein 81476 10° Ref -2 R P17
74 UTP—glucose- phosphate uridylyliransferase 42588 -2.5 Ref [23-24 R0, p
177 Woronin body major protein, HEX 90806 -2.5 Ref -2 R~ P
1 Uncharacterized protein 36895 -2.8 Pl
2 Uncharacterized protein 74053 -3.2 Ref 124
4 Uncharacterized protein 70844 3.8 P1
5 Uncharacterized protein 102688 -10° Ref [23-24 R, P, p|
7 Uncharacterized protein 104362 -10° Ref [22-24 R- P
9 Uncharacterized protein 99352 -10° Ref 23-24 R- P
12 Uncharacterized protein 62371 -3.5 Pl
15 Uncharacterized protein 50824 -10° Ref 24 R- P
22 Uncharacterized protein 75077 -4.2 Pl
30 Uncharacterized protein 73459 -3.1 Ref [23-24 RT O, p )
32 Uncharacterized protein 57922 -10° Ref 24 R- P}
35 Uncharacterized protein 53588 10° Ref 24 R- P1
51 Uncharacterized protein 102688 -17.6 Ref 2324 RBP4 p]|
55 Uncharacterized protein 107358 -2.5 Ref 24 R- P}
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spot accession EST
protein name ratio® regulation®
ID* number” evidence
76 Uncharacterized protein 48013 -4.7 Ref 24 R- P}
124 Uncharacterized protein 106447 -10° Ref 24 R- P}
169 Uncharacterized protein 96317 -2.5 Ref (22 R- P
172 Uncharacterized protein 88910 -3.5 Ref 2324 R usp 1
188 Uncharacterized protein 94574 -2.5 Ref @3- R P
194 Uncharacterized protein 104871 -10° Ref [23-24 RTEIOS py
201 Uncharacterized protein 85077 -10° Ref -2 RBP4, p|
3 3.2 P1
81 -4.1 Pl
116 -10° P
122 -10° Pl
161 10° Pt
193 -10° P

a, differentially expressed protein spots referred in Figure 1. b, accession number of the identified protein in C. parasitica database 1.0; ¢, with

hypovirusree strain EP155 as reference, a positive value means up regulation and negative value down regulation by hypovirus infection; a value of 10°

means that the protein spot appears only in EP713; and a value of —10° means that the spot appears only in EP155; d, found in the EST library of C.
p P pPp y

parasitica’; e, regulation of host genes by hypovirus infection. R represents transcriptional level and P protein level. “ — "means not reported “ T “up-

regulated, and “ | ”down-regulated by hypovirus.
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Figure 2. Real-time RT-PCR quantification of mRNA level of ten host genes regulated by hypovirus infection at protein level. The gene

transcript levels in strain EP155 were set as 1. 0 and the transcript levels of the corresponding genes in the hypovirus-infected strain EP713

were expressed as folds relative to those in EP155. Bars indicate mean deviation for three independent assays. Asterisk (* ) means no

significant change at mRNA level or opposite changing trend for mRNA and protein.
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Figure 3. Diagram of key enzymes in TCA cycle regulated by hypovirus infection. “ T ”indicates up-regulated and “ | ” down-—

regulated by hypovirus.

A5 0 T v A E 1 SAM K 58 i AR (1R K A 1 B
i e e v U o R A B 4 I 3 R
{10 25 9 Ak P FR A S R 2 S SO R IR 1) 2 5
P ALY o T 6k B S % B SAHH JE K] I fig 1)
W90, RS T H 5G40 38 42 G B 35 TR I S IE 3 3
BASHEWKE MR M E, RS RES
IBOW R B se A — 8.
3.3 REFRSRENBEAKRTEANIFER

77 B2 A 5505 B AR S IO AR SR e B R L Ak
3 F AR 52 2 11 HSP30 i HSP70 (] 1-D, 4 %5 37
63) ik i F L. 78 HLRE Bk 12 1% ( Neurospora
crassa) W', HSP30 A 24 5 2% ki 4k 47 G, JF HL AN
HSP88 & /EMIT AR " o fEsh Ak, B
AR Y T BUE VR T R 1 3R A R O I AR
. HSPTO Ak 5 LT 10 212 R 7 A
DR i S 5 B (AR BRI R UK T &
FME R R 2 5 R AR 0 B 0 20 AE 32 R F 1
HSPO 5 2 T4 5 15 (HBV) () Jz % 3% 4 1 » 2
9 T3 52 o 2 T T IR R S R R R Y
HSP90 5 i /& %% #F (influenza virus) RNA 28 & fiff 45
B0 BT L PR, A 55 FE RNA HE N B 5% R 2 i

F2 5 HSP60 W LA B WE HBV ft) & #1°, Ll &
HSP72 ] L\ #5874 2 JiF 4 95 7 (HCV) RNA 1) 5
P o U Ok X 24 M9 5 (flock house virus) [
R I, HSP70 A HSPOO 154 5 RNA (1) & % % 1)
e BT o A 2 AR T A B R 4L 5
o, AR B T2 s Gk e B CRR R S
DT 0 » 7 A RS2 095 B R L) — R B 2 e R A 1 A
PR B S AR AT R AR R #E TE R

3 KREFRSEEERTEES WETF
cyclophilin A fYfR E &

A BE W R KOS S BRI O R &
(eyclophilin A) &35 & B9 & N I (K 1A, %i 5 179) ©
TEAH ) BUW LR RS 0 0 5 R I B CYPH
G fih 1) cyclophilin FL A7 1 15 25 J 1) Th %, 5% w0 B 45
R PR 77 A G O B2 4 s G B T e
PNl S S URINE I IR 7 N R R |
cypl FHEULE I G 07, [R5 B0 5 ) H K
15 5L S b2 s wm ™ .

35 KREFSHAEETERRENSHMY

X B AL k3 1) 52 0 B R 5 10 4 A 3 T
mRNA B 5 KP4 5 &5 s, JF AN & P A AR A
T 3 57K 1 F0AR 11 7K ST 5 29 I LA [) ) A8 Ak



810

Jinzi Wang et al. /Acta Microbiologica Sinica (2014) 54 (7)

B, HL P AT 4 DR S KO A 7 A R B R 1)
AL (& 2) o 30 8 A TIF 5 453 31 1) 25 5 33k 2R A R
B 5 2 BTRT S04 3E (K) cDNA 5 A" R EST 3¢
P B A AT L A BT, R BLLE DT 1K) 51 AN 2 1
RIS HE DR, 45 11 A 3 B 6 RE i A Ak fa 3, 9
AT AR R0 A AL R #, 31 ANBE R E mRNA KT
R RN . BRAFREENERKEED
JRECHE A R 0AR BE  IAE AE 52 B A T 0 R
Y I 1 B 2R 3 2 A A B A 3 (F R A S
T4 JE R LU F 78 500 1 068 LE 25 505 K 4R T LA b A
P M A B A0 G < I R 9 AR X AR 2
o DRI AR 8 428 AN A e 2 7 B 3 4012 T T DA o 2
B TR R S B RN TS R . X —
TR A J5 VR N BIF ST T899 75 5 0 S 9 B 1) AR
LA % A 40 6 T 20 1 B0 LB A 5 5

2 2% WK

[1] Nuss DL. Hypovirulence: mycoviruses at the fungal-plant
interface. Nature Reviews Microbiology, 2005, 3 (8):
632-642.

[2] Anagnostakis SL. Biological control of chestnut blight.
Science, 1982, 215(4532) : 466-471.

[3] Chen B, Craven MG, Choi GH, Nuss DL. ¢cDNA-derived
hypovirus RNA in transformed chestnut blight fungus is
spliced and trimmed of vector nucleotides. Virology,
1994, 202 (1) : 441-448.

[4] Nuss DL. Biological control of chestnut blight: an
example of virus-mediated attenuation of fungal
pathogenesis. Microbiological Reviews, 1992, 56 (4) :
561-576.

[5] Chen B, Gao S, Choi GH, Nuss DL. Extensive alteration
of fungal gene transcript accumulation and elevation of G-
protein—regulated ¢cAMP levels by a virulence-attenuating
hypovirus.  Proceedings of the National Academy of
Sciences of the United States of America, 1996, 93 (15) :
7996-8000.

[6] Dawe AL, Nuss DL. Hypoviruses and chestnut blight:
exploiting viruses to understand and modulate fungal
pathogenesis. Annual Review of Genetics, 2001, 35: 1-
29.

[7] Choi GH, Chen B, Nuss DL. Virus-mediated or
transgenic suppression of a G-protein alpha subunit and
attenuation of fungal virulence. Proceedings of the

National Academy of Sciences of the United States of

America, 1995, 92 (1) : 305-309.

[8] Gao S, Nuss DL. Distinct roles for two G protein alpha
subunits in  fungal virulence,  morphology, and
reproduction revealed by targeted gene disruption.
Proceedings of the National Academy of Sciences of the
United States of America, 1996, 93(24) : 1412214127.

[9] Parsley TB, Chen B, Geletka LM, Nuss DL. Differential
modulation of cellular signaling pathways by mild and
severe hypovirus strains. Eukaryotic Cell, 2002, 1(3) :
401413.

[10] Choi ES, Chung HJ, Kim MJ, Park SM, Cha BJ, Yang
MS, Kim DH. Characterization of the ERK homologue
CpMK2 from the chestnut blight fungus Cryphoneciria
parasitica. Microbiology, 2005, 151 (Pt 5) : 1349-1358.

[11] Rostagno L, Prodi A, Turina M. Cpkkl, MAPKK of
Cryphoneciria parasitica, is necessary for virulence on
chestnut. Phytopathology, 2010, 100 (10) : 1100-4110.

[12] Turina M, Zhang L, Van Alfen NK. Effect of
Cryphonectria hypovirus 1 (CHV1) infection on Cpkkl, a
mitogen-activated protein kinase kinase of the filamentous
fungus Cryphonectria parasitica. Fungal Genetics and
Biology, 2006, 43 (11) : 764-774.

[13] Larson TG, Choi GH, Nuss DL. Regulatory pathways
governing modulation of fungal gene expression by a
virulence-attenuating mycovirus. The EMBO Journal,
1992, 11(12) : 4539-4548.

[14] Wang J, Wang F, Feng Y, Mi K, Chen Q, Shang J,
Chen B. Comparative vesicle proteomics reveals selective
regulation of protein expression in chestnut blight fungus
by a hypovirus. Journal of Proteomics, 2013, 78: 221-
230.

[15] Kim JM, Park JA, Kim DH. Comparative proteomic
analysis  of chestnut blight fungus,  Cryphoneciria
parasitica, under tannic-acid-inducing and hypovirus—
regulating conditions. Canadian Journal of Microbiology,
2012, 58(7) : 863-871.

[16] Yan JX, Wait R, Berkelman T, Harry RA, Westbrook
JA, Wheeler CH, Dunn MJ. A modified silver staining
protocol for visualization of proteins compatible with
matrix-assisted laser desorption /ionization and
electrospray ionization-mass spectrometry. Electrophoresis,
2000, 21 (17) : 3666-3672.

[17] Gharahdaghi F, Weinberg CR, Meagher DA, Imai BS,
Mische SM. Mass spectrometric identification of proteins
from silver-stained polyacrylamide gel: a method for the

enhance

removal of silver ions to sensitivity.



B

SZAGHE ST B W4 ARSI B T B AL 2R IR A 4R (2014) 54.(T7)

811

(18]

[19]

20]

[21]

[22]

(23]

[24]

[25]

[26]

27]

Electrophoresis, 1999, 20(3) : 601-605.

Allen TD, Dawe AL, Nuss DL. Use of ¢cDNA microarrays
to monitor transcriptional responses of the chestnut blight
fungus Cryphonectria parasitica to infection by virulence—
attenuating hypoviruses. Eukaryotic Cell, 2003, 2 (6) :
12534265.
Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using realHime quantitative PCR and the 2
(Delta Delta C(T)) Method. Methods, 2001, 25 (4) :
402-408.
Choi GH, DL. Nucleotide

Nuss sequence of the

glyceraldehyde-3 phosphate dehydrogenase from

Nucleic Acids Research, 1990,

gene
Cryphonectria parasitica.
18 (18) : 5566.
Razanamparany V, Jara P, Legoux R, Delmas P, Msayeh
F, Kaghad M, Loison G. Cloning and mutation of the
gene encoding endothiapepsin  from  Cryphonectria
parasitica. Current Genetics, 1992, 21(6) : 455-461.
Chen MM, Jiang M, Shang J, Lan X, Yang F, Huang J,
Nuss DL, Chen B. CYPl, a hypovirusvegulated
cyclophilin, is required for virulence in the chestnut blight
fungus. Molecular Plant Pathology, 2011, 12 (3) : 239-
246.

Dawe AL, McMains VC, Panglao M, Kasahara S, Chen
B, Nuss DL. An ordered collection of expressed
sequences from Cryphonectria parasitica and evidence of
genomic with  Neurospora and
Magnaporthe grisea. Microbiology, 2003, 149 (Pt 9) :
23732384.

Shang J, Wu X, Lan X, Fan Y, Dong H, Deng Y, Nuss

microsynteny crassa

DL, Chen B. Large-scale expressed sequence tag analysis
for the chestnut blight fungus Cryphoneciria parasitica.
Fungal Genetics and Biology : FG & B, 2008, 45 (3) :
319-327.

Hua Q, Yang C, Baba T, Mori H, Shimizu K. Responses
of the Escherichia  coli to

central metabolism in

phosphoglucose  isomerase and  glucose-6—phosphate
dehydrogenase knockouts. Journal of Bacteriology, 2003,
185(24) : 70537067.

Dawe AL, Van Voorhies WA, Lau TA, Ulanov AV, Li
Z. Major impacts on the primary metabolism of the plant
pathogen  Cryphonectria  parasitica by the virulence—
attenuating virus CHV1-EP713. Microbiology, 2009, 155
(Pt 12) : 3913-3921.

Allen TD, Nuss DL. Specific and common alterations in

host gene transcript accumulation following infection of the

(28]

(291

30]

[31]

[32]

[33]

[34]

[35]

36]

[37]

chestnut blight fungus by mild and severe hypoviruses.
Journal of Virology, 2004, 78 (8) : 4145-4155.

Zhang X, Yazaki J, Sundaresan A, Cokus S, Chan SW,
Chen H, Henderson IR, Shinn P, Pellegrini M, Jacobsen
SE, Ecker JR. Genome-wide high—resolution mapping and
functional analysis of DNA methylation in arabidopsis.
Cell, 2006, 126 (6) : 1189-4201.

Liao S, Li R, Shi L, Wang J, Shang J, Zhu P, Chen B.
S-adenosylhomocysteine

FEMS

Functional  analysis of an
hydrolase homolog of chestnut blight fungus.
Microbiology Letters, 2012, 336 (1) : 64-72.
Plesofsky-Vig N, Brambl R. Characterization of an 88—
kDa heat shock protein of Neurospora crassa that interacts
with Hsp30. The Journal of Biological Chemistry, 1998,
273 (18) : 11335-11341.

Plesofsky-Vig N, Brambl R. Gene sequence and analysis
of hsp30, a small heat shock protein of Neurospora crassa
The Journal of
Biological Chemistry, 1990, 265 (26) : 15432-15440.
Aranda MA, Escaler M, Wang D, Maule AJ. Induction

which associates with mitochondria.

of HSP70 and polyubiquitin expression associated with
of the
Academy of Sciences of the United States of America,
1996, 93(26) : 15289-15293.

Cripe TD, SE. Estes, PA. Garcea, RL. In vivo and in

plant virus replication. Proceedings National

vitro association of hsc70 with polyomavirus capsid

proteins. Journal of Virology, 1995, 69 (12): 7807-
7813.

Hu J, Seeger C. Hsp90 is required for the activity of a
hepatitis B virus reverse transcriptase. Proceedings of the
National Academy of Sciences of the United States of
America, 1996, 93 (3) : 1060-1064.

Park  SG, Lee SM, Jung G. Antisense

oligodeoxynucleotides targeted against molecular

chaperonin  Hsp60 block human hepatitis B virus
replication. The Journal of Biological Chemistry, 2003,
278 (41) : 39851-39857.

Chen YJ, Chen YH, Chow LP, Tsai YH, Chen PH,
Huang CY, Chen WT, Hwang LH. Heat shock protein 72
is associated with the hepatitis C virus replicase complex
The Journal of
Biological Chemistry, 2010, 285 (36) : 28183-28190.
Castorena KM, Weeks SA, Stapleford KA, Cadwallader

AM, Miller DJ.

and enhances viral RNA replication.

A functional heat shock protein 90
chaperone is essential for efficient flock house virus RNA

Journal of

polymerase synthesis in Drosophila cells.



812 Jinzi Wang et al. /Acta Microbiologica Sinica (2014) 54 (7)

Virology, 2007, 81(16) : 8412-8420. Miller DJ. A targeted analysis of cellular chaperones
[38] Weeks SA, Miller DJ. The heat shock protein 70 reveals contrasting roles for heat shock protein 70 in flock

cochaperone YDJ1 is required for efficient membrane— house virus RNA replication. Journal of Virology, 2010,

specific flock house virus RNA replication complex 84 (1) : 330-339.

assembly and function in Saccharomyces cerevisiae. [40] Viaud MC, Balhadere PV, Talbot NJ. A Magnaporthe

Journal of Virology, 2008, 82 (4) : 20042012. grisea cyclophilin acts as a virulence determinant during
[39] Weeks SA, Shield WP, Sahi C, Craig EA, Rospert S, plant infection. Plant Cell, 2002, 14 (4) : 917-930.

Proteomic analysis of Cryphonectria parasitica infected by a
virulence-attenuating hypovirus

Jinzi Wang'?, Lidan Lu', Yanyan Yang', Qi Chen', Baoshan Chen'"

"College of Life Science and Technology, *Agricultural College, ’State Key Laboratory for Conservation and Utilization of

Subtropical Agro-bioresources, Guangxi University, Nanning 530005, Guangxi Zhuang Autonomous Region, China

Abstract: [Objective] Chestnut blight fungus Cryphonectria parasitica and hypovirus constitute a model system to study
fungal pathogenesis and host-virus interaction. Proteomic analysis of chestnut blight fungus upon hypovirus infection was
conducted to find the differentially expressed host proteins. [Methods] According to the characteristics of this filamentous
fungus, an optimized extraction protocol for fungal total protein was developed. Two-dimensional electrophoresis (2-DE)
was used for comparative proteomic analysis of wild strain EP155 and hypovirus-infected strain EP713. The quantitative
RT-PCR was applied to analyze mRNA expression level of protein-coding genes. [Results] In total 71 protein spots were
detected to be differentially expressed on the base of EP155 of which 19 up-regulated and 52 down-—regulated. Fifty-eight
unique proteins were identified by mass spectrometry. Further study on quantitative RT-PCR indicated that the regulation
of related host genes by hypovirus occurred at different levels. [Conclusion] The TCA cycle of C. parasitica was
weakened after hypovirus infection and the process of methylation was regulated by hypovirus. Meanwhile, viral regulation
of virulence factors also contributed to the phenomenon of hypovirulence.
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