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The Role of Laccase Enzymes of Penicillium marneffei on Cytokine Production in Macrophage
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ABSTRACT

Laccase enzyme has been found to associate with virulence in several pathogenic fungi. To obtain a better
understanding of the role of laccase in P. marneffei, conidia of laccase mutant strains and wild type were co-cultured
with THP-1, human monocyte leukemia cell line in different incubation time. The percentage of phagocytosis of
quadruple /ac gene deletion strain at 60 and 120 minutes of infection were significantly higher than wild type and
phagocytic index at 15, 30, 60 and 120 minutes were significantly higher when compared with wild type. In addition,
the significantly higher percentage of intracellular killing of the quadruple /ac gene deletion strain at 2 and 4 hours
detected by viable colony plate counting was observed when compared with wild type. To study the effect of laccase
on cytokine production, TNF-QL secreted from THP-1 infected with the quadruple /ac gene deletion strain was

significantly increased in comparing with wild type after incubated for 2, 8 and 24 hours.
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L%ﬂ Penicillium  marneffei Lﬂmmmgﬂ
(dimorphic fungi) Ao ﬁgﬂrﬂuﬁmﬂ (mycelial form)
Tusssumnanaziigihiludad (yeast form) vmzno
15A  (Segretain, 1959)Lﬂuzéaﬁﬁaismmuaw
Tamﬁﬁﬁﬁmﬂuﬁj’ﬂaﬂam%mmﬂaﬁ (Supparatpinyo
et al, 1994) WUwzlaﬂL%ﬂlﬂﬂiuﬂixmﬁ‘ﬂNLﬂ@ﬂ
aziuoonifeald 18un Tneuazdeauy uazdany
Tudszmasulundtiode 1qun Uszmasu suife
g09n4 uaz 1AM (Deng e al., 1988; Tsang et dl.,
1991; Suppharatpinyo et al., 1994; Duong et al., 1996;
Wong, 1998) mMIdamemainingAannmI
é’ﬂwﬂw%mmﬂa{w%%ud’mmau%aﬂﬁ
Judlouegludunadondrll  (Cooper and
McGinnis, 1997) wﬁamﬂffu phagocytic cells “T'N
1&un mTasvhe wazdiaTnsila exfuaiunsniiil
uwumf’hﬁﬂﬂumiﬁﬁm%a TAgHIUYVIUNT
phagocytosis (Viviani ez al., 1993)

1NNITANEINITABUAUBIVDITLUD
QUAUAUVBI host Aen1sAnIe P. marmeffei WU
peripheral blood mononuclear cells (PBMC) Sllﬁﬂﬂu‘ﬁ
QnnszAuEEe P mamefler HogluzBadiins
ﬁﬁzﬁ proinflammatory cytokine ¥ tumor necrosis
factor-0L (TNF-OL) ﬂimmmsﬁuaﬂw Wad Ay ma
1Ay PBMC Alignnszdudleide
(Rongrungruang and Levitz, 1999) uanmnﬁfj"q
W21 macrophage ﬁE)fﬂugfra@ammﬁ’mua:ﬁmm
m‘g‘ﬁﬁmeﬁa 1im3e$14 proinflammatory  cytokines
viatewiialulsuimga 1aun TNF-o, Interleukin-12
(IL-12) uag Interferon gamma (IFN-Y) (Sisto ef al.,

y o oA A

2003)  3WNIEINDN ooy luzaeannsn
nszauli luTuladvesauaira TNF-a uag IL-1B

(Srinoulprasert et al., 2009)
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v 1
(Thurston,  1994) 52UNUNEIVOIAUNTZLIUMS
4l
Funszafiuveuyoe P, marneffei  (Youngchim
et al, 2005) lagwudnil4 Suimmuanmsaiie
wanae 18un lacl, lac2, lac3 uag arb2 1Q8EU lacl
1ae lac3 Umsudageonluszaudin luan1izms
a a d'd =
WIYUNA VULNOU lacl 1AE lac2 UMIUAAIDDN
] F
minduluanzies enaIneyyadaszveI0oNFIaU
(reactive oxygen species) URE arb2 Imsuaaseon
Tugredtimsafrasadauiusuun lieodoma
(conidia) tazunumlumsadadveslalail
= A A ) a
M3y wu ielimsvameldvesna 4 du oz
o = a = I =
i aves conidia asulinddswnunuiug
H o 91&1 = A 2 1 ~
ana hldgelianulunuiuneanziasonan
pYYAdATIVDIBONFIIU AN IR oA HITIYAd
[ Y d’l = =
FIUMIYIAULYD I (Sapmak, 2012) UMIANEI
VNVINVBUNAIHUNUNITADUAUDIVDITSUY
K
QJijjiJ UV host 110 Cryptococcus  neoformans
. da X
WuN radeavesnyiianie C. neoformans wild-
Aa d = k4 a 4
type Nieu laiamna Feeusaaranartivla
wimsaia monocyte chemotactic protein-1 (MCP-
1) uag IL 4 Tuse ﬂummﬂw vodngy eMeuny
ﬂHﬂﬁﬂﬁiﬂ C. neoformans laccase mutant 'las
oulwsinamaa uazldeuisoadrauariinld
Y
(Mednick et al.,, 2005) a1l Aspergillus
fumigatus WU conidia Nliannsoarananiiula
(albino conidia) 32 11milen1i1v PBMC voenuil
Myade proinflammatory cytokine laun TNF-o

9w

g 1} A 4 = Q
uaz IL-6 guiuegNIiedAefioun conidia
i v

VOUD wild-type NIMIAT1ana1inld (Chai er al.,

2010)
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IEMsIe
msmnziasuresazsadiniasvhe
Wmsiaoades p. marneffei  Wild-type
(A pkuA pyrG+), Quadruple /ac gene deletion strain
(Alaci Alac2 Alac3 Aarb2) vag Single lac gene
deletion strains (Alacl, Alac2, Alac3, Aarb2) vu
9IMNT Aspergillus nidulans synthetic medium (ANM)
w111 incubate gaingd 25°C Hunan 14 fu
VniuMaAY conidia Tavld swab Y1 normal
saline solution (NSS) ﬁwau 0.01% tween 80 1A
conidia 1a3111Unseeru glass wool Lﬁmm hyphae
pon H1 N3 1% conidia 1115z ana
1-5 x 10" cells/ml
wadunTasvhaR 14 unsAnmniiae THP-1

cell line (human monocyte leukemia cell line) Tagi

=)}

Y 1]
M31a8091u01115 RPMI-1640  medium 0
2-mecaptoethanol 0.05 mM !iag fetal bovine serum
10% Noavigl 37 e usaliea Tuussenani

9

4 4 I [ [ %
ﬂTi']JE]u]lﬂE]E]ﬂVl%ﬂ 5% 1Wunan 3-4 1 nanuu

° ¢ v v .
mwaam%sﬂwmmmumﬂ Phorbol  myristate
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acetate (PMA) 100 ng/ml aealy 24 well plate L‘ldJu

1281 72 93 109N UV UAN conidia

[ d d
msnsiadesisun phagocytosis ttas phagocytic
. a8 y g . &
index Yo nsW1911gNN3zAUAIY conidia VO IO
wild-type 11a¢ laccase mutant strains
o s 44
Huyaau Iaswanmealu 24 well plate 11

a o 1 1 S
1AW conidia Tuons1dIUTZTNNUTAaAD conidia

a

v '

MINY 1:2 91NUU incubate nguvguy 37  93fN-
= A J J
gLy e Gll!“]Ji581ﬂ1ﬁﬂuﬂ1iﬂﬂu1ﬂ@@ﬂq“ﬁﬂ 5%
I 1 Yy =1
Wuszeznaianey 1aun 15, 30, 60 wag 120 WA

o 7 <L Yy v sy
NAIVNUUQA supernatant VIN LAIANULAANIY PBS
9 ! '
3 RS9 1BMIA conidia N11gn phagocytosis oon 11
UdI1M3 trypsinize L5AAAY 0.25% trypsin-EDTA
] a A g9 7
500 pl Wunar s win e ldwad macrophage 199
3 { o ¥ a
29NN plate ﬂmmﬂumaﬁgﬁmq NAINUULAY
RPMI-1640 medium N fetal bovine serum 10% a9
Y o Yy v v Y ¥
11500 i udnirliTudedae PBS 3 ase aniu
fix @28 0.5% paraformaldehyde 118211 1Ua5295AM
wodiud phagocytosis Tagiivan macrophage 100
¥ad NUNYAANTNTD phagocytosis conidia aIu
a1 phagocytic index Ao ANNDOVDITIUIU conidia N
0411 macrophage 1 188 fMUIAIIN

o R 9 <
91UIU conidia nanuanieluarag

511!31!&“5651111?151/\]15]

= = o ¥ 1y H
PINITNAADY UNITNIHIDYNUDY 2 AT

o ¢ ¢ o X
msastalesuamsiaaemeluinlasvha
1a833 dilution plate count

v Y

Wugaau Iasrhan@ealy 24 well plate 1

1#3 conidia  TUBNIIAIUTLTHINUFAGAD conidia

Y v

MIAY 1:22 910U incubate NQUNAN 37 0IA-
waFea Tuussornmantaisuoulasonlesd 5%
& & o H 2
Wunan 2 #2109 naI9INiugA supernatant NWA?
v sy ¥ A o o L. Ay
a1uwaaaIe PBS 3 59 1NeM9a conidia #lign

phagocytosis o901 udUAY RPMI-1640 medium 9
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Y 2-mecaptoethanol 0.05 mM L8 fetal bovine serum
9
] @ Y 1 I
10% 19111 wde91n1iu incubate an'lihilu

szezIan 2, 4 uaz 8 % lua el laswheviane

]
=

] 4 o 4
conidia magmﬂiumaa ué}ammnmmmaa

Y . A ay
1”1?’]51/\'1%@38 1% Triton X-100 NYUNDNUYIBI

E} U

I = H o d’l
Funar 15 wii miniuih ldng@esasuu potato

dextrose agar (PDA) 11917911 conidia ‘I?li]g

P J 4 o té’
meluwasulnsvhe Tasleswsuanisvinaiose
meluuasyhe agAulun

4 1
1 - CFU* m@ﬁl‘%ﬂﬁﬁ?ﬂﬁﬂﬂﬁﬁ]’ﬂ x 100

CFU control
é = o %’ 1 9 g’/
FINTTNADDI UNITNIHIDINNUDY 2 AT

* CFU= Colony forming unit

v
=

msasiviamsaNdlalalaivesunlasvhatign
N32AUAIY conidia VoD Wild-type 1@ laccase
mutant strains Tae3s ELISA

11 culture supernatant ¥1ATIVIATEAVVD
proinflammatory cytokines 1&un TNF-Q., IL-lﬁ, IL-6
uaz IL-12 Taeldam ELISA kits (ELISA MAX ™
BioLegend, CA) v’?'iaﬁyqumm 96 well plate &N
1AA01AIY monoclonal antibody (MAb) ﬁi‘iuww@ia
cytokine LA A MU IRY culture
supernatant 51103 100 ul 1111 incubate ‘ﬁ
ganqii 37 °Ciiflunar2 4alus udadredae pBs-
0.05% Tween 20 I 4 AT1  MTUAY Ab 7
SUNIZAD cytokine  UAazHTANRARAINAIY biotin
151105 100 pt 1111 incubate Aigainaf 37 °C il
man 1 $9Tue 1d819/28 PBS-0.05% Tween 20
Swausa ade mmuAy avidin iAenande
193437 horseradish peroxidase 51195 100 ul
1111 incubate figmngd 37 °C Hunan 30 wit uda
19890 PBS-0.05% Tween 20 $1U7U 5 A3 11Ty
LQM substrate solution Y51195 100 ul 11114 incubate

Q

qmw Wosluiila Wunar 15 it ududy stop

=)

1073

MMO21-4

solution 151195 100 pl 1engalfnier udnirll

FAMNMIQANAUIAIN 450 nm 18T 570 nm

M3ARIVoyaMeada
MMsaszianuul s umafe)
Y a L4
(One-Way ANOVA) inlxlumsinsizvinans

RIGIRN

Nan13308
U d Jd
msasviadesisun phagocytosis a8 phagocytic
index
o s % .
Han NI esiud phagocytosis U84
s =~ Y v . &
1saau1 IasW19NgNNIzAUAY conidia YO 1150
Wild-type 1182 laccase mutant strains WU31111A5%19
' F
NgnnizduAY conidia Yo ILFD Wild-type,
Quadruple lac gene deletion strain, Alacl, Alac2,
4 4 o
Alac3 waz Aarb2 Tiilosizua phagocytosis ¢4
4 4 & . ’
paaalumsen 1 wazgln 1 Fegnud waad
1 Fa
1 TasaNgnnszduaIe conidia vouie Wild type,
Quadruple lac gene deletion strain, Alacl, AlacZ,
I
Alac3 wag Aarb2 Wuszozinan 15 uaz 30wl il
s 4 . Y IV A
lodtua phagocytosis IndiResnudiuiszozina
~ s a Y v
60 az 120 W wraau Iaswangnnszduaiy
9
conidia V91D Quadruple Jac gene deletion strain U
s s . ' s A
)e3isuUA phagocytosis ganIuaau laswiangn
kil
NIZAUAIY conidia VDT Wild-type 11a Single lac
. . P vy v X
gene deletion strain Tagu1IasH1aNgnNNIzAUAI01F0
=} 4 4
Quadruple Jlac gene deletion strain UtiloSirud
phagocytosis mﬂ’nwa Wild-type 08190 ad 171y
NNADA (p<0.05)
WAaN15AIUIUAT phagocytic  index WU
s = EV g &
tsaau1 IasWN19NgNNIZAUAIY conidia YO 1150
Wild-type, Quadruple lac gene deletion strain, Alacl,
Alac2, Alac3 waz Aarb2 i phagocytic index N
4 4 2 . p
paadluaisnin 2 wazziln 2 &ewud iwad

v y
nTaswaNgnnszduaie conidia ¥091%0 Quadruple
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<
lac gene deletion strain Wuszeznan 15, 30, 60 Lo
a A .. ' J A
120 4N U phagocytic index Q‘Qﬂﬂl“]fﬁﬁllﬂﬂiﬂﬁﬂ
£
QNNIZAURIG conidia VOUFD Wild- type 11AZ Single

. . { v Y
lac gene deletion strain 1Ag11 1AW NQANTZAUAIY

MMO21-5

1¥0 Quadruple lac gene deletion strain X phagocytic

9

index ﬁ\?ﬂ’ﬂ!flﬂﬂ Wild-type a8 19led A 'VlNﬁﬂC"l

(p<0.05)

~ ~ P ¢ X s A Y v . & 3
Ms1en 1 1fFeuneunlodua phagocytosis éll’éNLG]famJﬂﬂﬂ\IW‘V‘IQﬂﬂizﬁ]uﬂ’m conidia UBDNLYD P. marneffei N4

Wild-type, Quadruple /ac gene deletion strain, Alacl, Alac2, Alac3 vaz Aarb2 ﬁﬁ:ﬂznawhm

Time of Strains of P. marneffei
incubation Quadruple lac
(minute) Wild-type Alacl Alac2 Alac3 Aarb2
gene deletion
15 6.50 6.00 4.50 4.50 7.00 4.00
30 14.00 12.00 8.00 13.00 16.00 8.00
60 15.00 25.50 14.00 12.00 17.50 12.00
120 25.50 31.00 21.50 22.00 20.50 19.50

i H Yy 9
msei 2 WSeufoum phagocytic index mamﬂmﬂmwgﬂﬂiwf}’uﬁw conidia ¥941%0 P. marneffei N

Wild-type, Quadruple lac gene deletion strain, Alacl, Alac2, Alac3 wag Aarb2 N3zoz11a10199

Time of Strains of P. marneffei
incubation Quadruple /
uadruple lac
(minute) Wild-type Alacl Alac2 Alac3 Aarb2
gene deletion
15 1.00 2.07 1.12 1.35 1.35 1.25
30 1.25 1.98 1.14 1.31 1.31 1.69
60 1.25 2.09 1.04 1.38 1.31 1.12
120 1.11 2.34 1.02 1.18 1.46 1.03

o ¢ ¢ o A

mansiaessuamsimeaemealuaniashe

o 14 o o ndy
Han13asvIatle sy uanisinatu¥e

Y
meluinTasvhelaeds dilution plate count WUI YO
Wild-type, Quadruple lac gene deletion strain, Alacl,
Alac2, Alac3 waz Aarb2 gnvarsnigluunInsvha

o A =~ A
ﬂ\u!’ﬁﬂ\islu@]'lﬁ'l\ﬂﬂ 3 Lngﬂ“ﬂ 3 IﬂEJW‘]J’NWEJ

1074

Quadruple lac gene deletion strain gﬂﬁmmmﬂu
3 X

mnlasheluszeza 2, 4 vag 8 ¥ 1ue ganIude
Y

Wild-type 11a Single lac gene deletion strain Taeie

Quadruple lac gene deletion strain gnﬁmmms“lu
4 X

unlasnluszeznar2uaz 4 92109 ganinye

9

Wild-type 08N BEIAYNNADA (p<0.05)
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mansadamsadiglalalavivessnlasvhe
namsnsratanmsaiialylalavives

w1 Tasvafignnszdud conidia voue Wild-type

I8¢ laccase mutant strains 19835 ELISA W11 L%@

Wild-type t1a¢ Quadruple lac gene deletion strain i

Y 99 < & &
msnszaulduTnsvhanas TNF-a agwuinie

MMO21-6

Quadruple lac gene deletion strain ?THJ”ISE]ﬂSWil}uGLﬁ}

11 TA5W191a9 TNF-0, g0 1% Wild-type 08193)
vodag luszezing 2, 8 uag 24 32114 (p<0.05) A9

waaalugin 4

Phagocytosis (%)

15 30

i mwild-type
%

Z mquadruple
é Alact
%

/ B Alac2
% oA lac3
%

% 8 Aarb2
%

7

60 120

Time of incubation (minute)

{ ¢ % . ¢ { Y 9 .. g R
s 1 ulSeudisunlesiaud phagocytosis vouwadu InsH1afignnszquaIY conidia YOUFe P. marneffei N

A Wild-type, Quadruple /ac gene deletion strain, Alac], Alac2, Alac3 wag Aarb2 (ﬂ'ﬁuﬁﬂugﬂuﬂ'i

mean + SD) *p<0.05
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3.0
2.5
*

2.0 mwild-type
_g_ Bquadruple
5 1.5 a Alaci
é @ Alac2

1.0 - o Alac3

a Aarb2
0.5 -
0.0 -
15 30 60 120
Time of incubation(minute)

4 ! s ! { y A
s 2 ulSeuifiouan phagocytic index voumaau InsH19NgnNszq Iy conidia Y0¥ P. marneffei Nawiia
. . . A I '
Wild-type, Quadruple /ac gene deletion strain, Alacl, Alac2, Alac3 naz Aarb2 (mﬁuﬁ A9171A1 mean +
SD) *p<0.05

4 ¢ s o £ ¥ a . . .
M5199 3 Woeswuamsyanee P, marneffei MWN¥UA Wild-type, Quadruple /ac gene deletion strain, Alac],

Alac2, Alae3 naz Aarb2 melussaaun Iasvhanszeznainie

Time of Strains of P. marneffei
incubation Quadruple /

uadruple lac

(hours) Wild-type Alacl Alac2 Alac3 Aarb2
gene deletion

2 17.24 29.54 19.59 17.52 16.36 15.38

4 26.44 39.39 29.90 24.74 24.54 20.19

8 58.62 66.67 53.61 47.42 54.54 51.92
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80

g’: % mwild-type
: O H oo
E % ; Alac2
? % a Alac3
Z é 2 Aarb2
% %
7 7

2 4 8
Time of incubation (hours)

Y 4 o 4 ) a
Ui 3 nesudmsiaieie P marneffei NN¥UA Wild-type, Quadruple /ac gene deletion strain, Alacl,

Sa

Alac2, Alac3 wag Aarb2 meluanlaswin 1aedF dilution plate count *p<0.05

450

350
300

W wild-type

— #

250
200 B quadruple

150
100

Amount of TNF-a {pg/ml)

2 8 24

Time of incubation (hours)

v f ' ' P
s 4 nlSeuieuilSina TNF-o Avasnaadu Insvaiignnszduaie conidia ¥ou¥0 P. marmeffei ¥iia

ax
9

Wild-type {18 Quadruple /ac gene deletion strain Nn352930 19875 ELISA *p<0.05
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enlnauazazwamsidy

= g = A= =
MsaneldunsAnyIInNAn Y10

& :
unuImveueu lillanuATveUse P. marneffei 70
MINBUAUDIVDAYAFN AT (THP-1 cell line)
Tag'ldnstrvtatlosioud phagocytosis 110 &
phagocytic index  weaw1Iasvhangnnizduaie

Y Y
conidia ¥991%® Wild-type 15001NoUNVIF0 laccase

¢ o s s
mutant strains %Wﬂﬂé}ﬂ\iﬁa%iiﬁu wazdaesiyua

. £ o
magniagveuyeneluu Insvhalaeds dilution
plate  count nazminszqulduilaswiead

g o am 1
loTa'lad  @s299alaeds ELISA  Taewnal
i k4
11 Tasv19NgNNs2AURIY conidia Yo UF0 Quadruple
lac gene deletion strain Wuszezinm 60 uag 120
s A 4 4 . J A
W Unlediud phagocytosis gannu laswhangn

Y
Yy 9 . g . !
NIZAUAIY conidia Y0 1¥D Wild-type 08193

fodifaneada  uazinlasvhafignnszdudae
conidia %@QL%@ Quadruple lac gene deletion strain
Wuszezinan 15, 30, 60 uag 120 UM I phagocytic
index gandunIasrhafignnizduda conidia v
o Wild-type 981U ad Ay NI da taznuuAe

Quadruple lac gene deletion strain Qﬂ?ﬁmfjﬂwiu

'
o

o J
waan Insvhaluszezna 2 uaz 4 92703 gann
lé’ ] A w o L aa %

150 Wild-type 001901od1AYNINEDA  FIwann
= c:‘ Y I ' =t
msanetuaasldmuiamaaiunuinluns
9 & o
Unilou¥03191nN1359N phagocytosis azn13iaiy
v In3¥e 1azdeee1denI5HINIUI AUV
2 4
HAAAANITOU
Jo &
UBNVINUIIND I YD Quadruple lac gene
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