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Abstract

The entomopathogenic fungus Polycephalomyces nipponicus has been reported to
have both antibacterial and antimalarial activities. Previous studies have shown that the crude
mycelial extract is active against several Gram-negative and Gram-positive bacteria, including
methicillin-resistant Staphylococcus aureus (MRSA). However, the mechanism underlying this
antibacterial activity has yet to be elucidated. This study sought to determine which bacterial
metabolic pathways or proteins P. nipponicus might be targeting by examining the in vitro effects
of crude mycelial extract on MRSA using a gel-based proteomic approach. The MRSA strains
DMST 20651 and DMST 20654 were treated with a sub-inhibitory concentration of P. nipponicus
Cod-MK1201 mycelium extract (1.5 mg/ml or 0.5 MIC) for 18 hours. The protein extracts were
then obtained from the MRSA cells by sonication, and the proteins were separated by 2D
polyacrylamide gels. After this, the protein expression profiles of untreated control and
extract-treated cells were analyzed by Image Master 2D platinum software for any significant
differences. Protein spots of interest were extracted from the gels and identified by liquid
chromatography-tandem mass spectrometry (LC-MS/MS). A total of 22 protein spots that were
significantly changed in protein expression with a greater than 1.5-fold increase or decrease
relative to the control cells were identified. The analysis of the protein profiles showed a general
decrease in the expression of proteins related to carbohydrate metabolism and energy production
in both strain DMST 20651 and strain DMST 20654. The proteins related to translation were also
present at lower levels in both strains, while the expression of stress response proteins was
increased. It was postulated that P. nipponicus mycelial extract exerted its antibacterial effects
by disrupting energy metabolism and/or translation.
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aldolase class 1 metabolism and
transport
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bisphosphate aldolase class 1, elongation
factor Ts wag 30S ribosomal protein S2 o8
Tunsnmafsinunisuanseanveagalusiu
fanantanadlunuaiise MRSA Tiaosaneius
Inalalada (glycolysis) tunsyuiu
wunvedaniiinluwadvesuuaiiss Inns
dovamenglaafiAntulildidundsnmildniely
\aa enolase way fructose-bisphosphate
aldolase class 1 1JulusAuiiviauieides
lunsguilnalalada wagnszuiuasianglaa
(sluconeogenesis) 1ny enolase sevimihidu
ﬁaLﬁQUﬁﬁ%m‘Lumimﬁauﬂé’u 2- phosphoglycerate
\Ju phosphoenolpyruvate Fasdudmsunis
aaeasiulawmsaniunssuaulnalalada dau
fructose-bisphosphate aldolase class 1
vt dueuleilunisidsundu fructose-
1,6-bisphosphate \Ju dihydroxyacetone-
phosphate Wag glyceraldehyde 3-phosphate
n1sanasveslusiunguasnatdmaiunisasng
wasnuneluwadvolwuanise Insann1sfne,
nsanameInINaR enolase denalinnstiuds
M5SRUaNTe S. aureus wazshldoiiaily
%881 phosphomycin isan g Sianglum
wazany' ldnaaeugnivesaislslalusinu
(thodomyrtone) Tumsiumsias e MRSA
wudanslslalusiny deadudinsdauased
enolase Way fructose-bisphosphate aldolase
suidseuleivarssiaiivineuluidlinalalada
lkuAnSengANISLaTey
n1sanasveseuled fiAsadesdu
nTzUIUNTaTIINaI U eluLaa 1 fructose-
bisphosphate aldolase class 1 uag class 2,
glyceraldehyde-3-phosphate dehydrogenase

wa enolase Fwhuihdlulnalalada uas citrate
synthase, succinyl-CoA ligase subunit alpha,
sumarate reductase flavoprotein subunit,
aconitate hydratase, isocitrate dehydrogenase
Fafgateluindninsalasarsuendan
(tricarboxylic acid cycle) lignaeaulunisdin
HaveIe1UfTIuy
Escherichia coli wagannNansANLEnS T

chlortetracycline aeLo

chlortetracycline finasianisiUdsundasnig
MuYeINTEUIUNTaInasuelugad

mMATeiiefnwvmaves csplatin Faiy
punSsedouuniise £ coli Tngldineda
TUsAlodind wua1 81 cisplatin dualiiinig
Wasuuasguuuulusiulifeaudlungs cellular
stress response WSNATUNIUDINTZUIUNITATN
wdsunelugad salnalaladauazinging
nsalasaduendan Tnelusfufiviudsingn
TunsyuIunish wWu fructose-bisphosphate
aldolase class 2, phosphosglycerate kinase,
2-oxoglutarate dehydrogenase Elcomponent,
citrate synthase, aconitate hydratase 1 way 2
finsuanseanvaslusivanasesnafitudday &
fnadudinszuiunmswunuedaundnuardarang
Msadrandee’ wenani nsnwilu Listeria
monocytogenes Wmmmumuwamaiﬂiumi
Fudnsiasuende Tnsannisyinauvesany
wulwindnluinginsnsalasaisuenddn lawn
isocitrate dehydrogenase, citrate synthase gy
alpha-ketoglutarate dehydrogenase @inasia
msasasulunszuiunsmelavesuuavise
NTeyateiu N1sanasedlusAuMINa1I919
dnanan1saanasunN sl uTaaue L uATISY
Mlnuepiiseannisiasgle

n1suUasvalusiu (protein translation)
Judnuilanszuiunisfifauddyessannly
msmsiinvesuaiise wazdunsyuiunisia
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n5a9uld (highly conserved) seninaLuAdite
Tuadydsneg™
AunsLUasTalutunoun1si3usU (initiation) o

ribosomal protein S2 tAga983

ribosomal protein S1 #84n15 ribosomal protein
52 Tun1sdufiu 30S subunit LazNITEII
translation initiation complex &saefin1sduiu
283 MRNA wazasrusznauduy vedlslulen'
elongation factor Ts tJulusfiudivheusauiu
elongation factor Tu IuﬂWiL%auGiaaﬂﬂ nascent
polypeptide 1u%umaumwiama (elongation)
YosnszuIuNsulasialuluafiEe’ N15anasues
1Usfiu ribosomal protein S2 wag elongation
factor Ts 910EHATNITANNTYINUTDINTZUIUNTS
wUaswalusAuueawad S. aureus ANafanIs
0gj50n WazN5i93aUeILUATISE Fedenndesiiy
MSTENUNAFRUEMEYRS junglone Fuduans
sunidanfisiiaunsadufinisiasyrende
S. aureus WUNTSABULUAINITUARIDBNTDS
TUshunuaienansngu Insnunsuandeand
anasues elongation factor EF-Tu s3unungy
WsfiufiAetostumsduaseilusiusidung
uaNINT TunsAnwgsvesansaimasulng
Melastoma candidum #9n1ATUNISIATEYUDS
FowuniiSeriolsa £ coli uay S. aureus Sawu
nMsanaessEAulUIAU elongation factor EF-Tu
TunguuuaiiGeildumsatinasulng Ssenaiia
ilesan M. candidum finadhunsiaiyvede
wuafiSen1umanssuddusauiisnduly
nszvIuNshlasalusiu’

IMP dehydrogenase %38 inositol-
monophosphate dehydrogenase Julusaui
TRl ST ISV UDBANLA N TVUES
vasthadlelnd lnelusieufizelunsiuden
inosine 5’-phosphate (IMP) 1 xanthosine
5'-phosphate (XMP) da.fuduneulunis
#4LAT129 guanine nucleotides FadiunumaAgy
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Tunsmugunsaiguesead® msdnwlude
Salmonella enterica serovar Typhimurium
wanslimiiual n1seanseldfilusiu inosine
5’-monophosphate dehydrogenase dina
sgrannlunsdudinisaiyuazanauaanse
lun1sneAlnujulseveslsAvaswuaiise”
Tunsinwadedl wunisanasvesiusiu IMP
dehydrogenase Mnuavesansataduleidos
P. nipponicus GINE]’H]R] LUuﬂalﬂwuwmsﬂumi
EJUENmsLﬁ]imsuaqwaLwﬂwL':?EJ uaﬂmﬂuumi
ﬂﬂmqmaﬂwmswam Cordyceps wuindesn
fiewanansalunisudnanseangrinnadanin
lunqu nucleoside analogues %Qﬁqwéﬁm
ﬁ;ﬁuvﬁé 19U cordycepsin (3’-deoxyadenosine),
Wae P. nipponicus i
MlunsAnwadsifannsoldlunsudeasnay

adenine wag adenosine®

nucleoside analogues @® adenosine Waw
adenine #1gufu® Fapndninazdudname
wisinadensduaziaeinalolviveade
WUALSY

Tumamssfudnn Weduivimilungy
nsUSULs NMsAsuulatardan1svheres
156U (post-translational modification, protein
turnover, chaperone functions) LU deglycase
hchA TsRufiiedaslunszuiunisuuueday
voA1slulalnse (carbohydrate metabolism
and transport) 1 glyceraldehyde-3-phosphate
dehydrogenase Way pyruvate kinase Lag
TUsfufiindestunistieatuead (defense
mechanism) L% alkyl hydroperoxide reductase
subunit C gnwuifinmsuanseanyastusiufisty
Tun1snevaussienisldSuamsamduloides
SowFsuifisuiunguaiuay

Tuanzundnelusadvesdedidinaed
TUshusmnuilefidendh wmelsu (chaperones)
Vg aeldTusAudug Mwadadeduun




fisunuunagmsvhaumusiiifveslusfuudas
siinoghamnzay Famnelsuveniasviming
munuassamelumadiioagluanngilimnza
AEN1TANSITIN LU TasuAINSeu (heat shock)
Tavigniin weanegedvionsyisnsiineendindu
undumeluad (oxidative stress) {udi 1wad
ziinsmouauasean1siliunyaumaiy
Tnonisadradusaunsnelsurianieg wWuty
dievhliwadaunsasssdinseluldluaniie
windeutu?

TUsAuuriwelsu deglycase hchA
Fmihiigouuas methylglyoxal- uae slyoxal
glycated proteins funumlunszuiunis
\Fouaednaluana (glycation) Josrunsiin
schiff bases Waz advanced glycation
endproducts (AGE) saudisdiunumdifglunis
JosiuganiagansnugnssuanNag carbonyl
stress™

glyceraldehyde-3-phosphate
dehydrogenase W@y pyruvate kinase Wu
Tsiuiivhaulunszuaunisinalalada Tae
glyceraldehyde-3-phosphate dehydrogenase
¥uiiiilunns oxidative phosphorylation
Wasu glyceraldehyde 3-phosphate (G3P) 1¥u
1,3-bisphosphoglycerate (BPG) Tunszuiuns
lnalalada duouledidnudrazegluanin
vl (inactive form) meldian1izingen
(stress) Fvdmaliieadiinisashe nicotinamide
adenine dinucleotide phosphate (NADPH) R
Dulauramestiumnniuiioldly antioxidant
nsAnwlusAlanvaIuuAiiLse
Lactobacillus brevis NCL912 ngl@aniig acid

systems®’

stress Meseeudenisiasunlasnisuanioan
voslusiu 25 wila laowuin ngulusiudisinng
wanseenuiiuinniy lun Tusiuiiedestunis
FOULTUALALDULD N1TFUATIEALUTAY way

Inalalada Tnelanizeg19Belusiusmdnie
glyceraldehyde-3-phosphate dehydrogenase
FernnmsAnwaguilunnie acd stress lududy
2ETUNIUNITNNNUBINTTUIUNITINA LA LaT
Fltinmsuanseaniiindu®

pyruvate kinase «Julusiufivharuly
nszuaunisinalalada Tnedudiseanisaey
phosphoenolpyruvate Ju pyruvate LLaﬂﬁm‘Jj
Woalne (phosphorylation) 1A adenosine
diphosphate (ADP)
tnphosphate (ATP)
fiiiiutures pyruvate kinase vesnuaiiLie

) i \Ju Adenosine
2614l5An1u N1swansean

wASHUIN MAYNIIENUTINAUNITHOUAUBIND
A stress lunanenguauise™ !

alkyl hydroperoxide reductase
(peroxiredoxin) dunumaraglunisUesiuead
1N reactive oxygen species wazdunusiu
Indnsnsnlasansuendan uaznszurunismela
Tne3aad peroxides Iiduimiousanesed
venniudeuleidiveliAnnnzaugaves
UfAseneandatusandu mnﬁu%mmalkyl

hydroperoxide reductase @onnasIiun1IANT

32,33

nalnwuesasann Andrographis paniculata
Tunstfufsmsiaiauesde S. aureus lnenanis
naaenandliiiuin dleldsuarsadnain A,
paniculata wupilseiin1suanseanuelusiu
superoxide dismutase anay Turgueil catalase
waz alkyl hydroperoxide reductase C #n1%
wanseenvostsiiuuasnsiuiindy e
Aniileaninnisnevauese oxidative stress
ﬁLﬁmsﬁumﬂqw%‘maqmiaﬁ’m TABN158ANISYIN9U
SZJEN superoxide dismutase anvvzdunalanils
mmiaﬂm A pon/cu lata Tlunisanunsiasey
veadewuaiize™ futy nisfintuvedlusiu
way

deglycase, pyruvate kinase

alkylhydroperoxide reductase C fiwulunns

J Med Health Sci Vol.29 No.2 August 2022




Anwndall oraiAntuidlesainnisdsuuniie
Tuemsiiflansatadulodon delunseduly
wuafiseagluanniviesen {Wunalingulusiu
finsuauatsion1iziaien (stress response
protein) fnsuanoenifinduiisliuuniiie
ausnegsenle

dyuna

nmsAneaselinuin aisafaan
dulendos P. nipponicus aemiug Cod-MK1201
fgudlunisdudauuafie S. aureus anewug
DMST 20651 wag 20654 lagdsnaliiinnig
Wasuwasvesguuuulusauiviviiiiddy
aeluwadvarongy lnglawgngulusaud
igadesiun1sadandasnunisieunasns
Fuasenlushu WUshuiiviminiiesdestuns
duaseitnalelnd saufengulusiuivimehi
Aedestunsmevausssennsiildmunzause
mswsey Tnenalnitensarmduleien P, nipponicus
Iﬂuﬂ’l‘éﬂumﬂ’]iﬁ]im%mLSUE]LLUF’]V]L'ﬁEJ S. aureus
Yeziefunsiansasaiinadudansyhnuves
ATTUIUNSILNUBAAULAzAS 1WA U1y
Wad sIutensulasiavesuniiisey

Jarauaunuy
nsfnwafsiidunsnaaendesdy
TuiesUftAn1s wardsfosnisnisdnwiiiania
Tudunaautivsivinervesarsatni uas
qissugadnlu in vivo iiteBusufisaaende

Tunsihansanaduleas P. nipponicus wnly

TunmsShwlusuian

AnAnssuUsznne

AT dlFSuuatuayunisifeain
AMZUNNEAIANT UNITNYITEUNIANTAY
Yauuszana 2562
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