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Abstract

Burkholderia pseudomallei is gram-negative bacterium causing melioidosis. This
bacterium can survive and replicate in both pahgocytic and non-phagocytic cells and has the
ability to escape the host defense. This research focused on function and the role of NADPH
oxidase (NOX2) in mouse macrophage (RAW264.7) on intracellular survival of B.
pseudomallei and its LPS mutant. Both bacteria could induce the activity of NADPH oxidase
in the early phase of infection. However, NOX2 activation did not alter the number of
intracellular bacteria. Furthermore, the accumulation of LC3-Il protein in macrophages was
detected within 15 min after infection indicating the activation of autophagy in the early phase
of infection. The study in p40phOX knockdown cells reveals the contribution of NADPH oxidase
to regulating autophagy only in the macrophages infected with LPS mutant suggesting that
LPS mutant uses different signals from the wild type to activate autophagy. Although the
induction of NADPH oxidase and autophagy are necessary in host defense against bacteria,
these may not be sufficient to kill the bacteria in macrophages. The responses of host cells
against B. pseudomallei are cell-type dependent; therefore, study of NOX2 function in other
cell types may help to gain more information of cellular mechanisms in response to this
bacterium. Furthermore, use of bacterial mutants to study virulence factors may help to

understand the pathogenesis of B. pseudomallei.

Keywords: autophagy, Burkholderia pseudomallei, mouse macrophage, LPS, NADPH

oxidase
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Executive Summary

Burkholderia pseudomallei (B. pseudomallei) \Iluuuafiisensiuris shansuay Avinl#
Aa Aa a .. . dy dy AAda a a € A A [
Walsawdesslada (Melioidosis) \aRaunsndidiauastNuySunaluirasnauin 111 Lue
lase washldldimadniufin 1w ioadiayfa Id (Pruksachartvuthi et al., 1990; Jones et
al., 1996) MTBNUMNITINY L TaTRakmUTANIURANTZUUNTANABUUY innate immunity
ld lasanminszduiaasuvalasvhadislalulnduananlsduese B. pseudomallei wuin
LraakaalasWalaamMInaa lunsnaanlod (nitric oxide) WaTNNIUEAIBANUDY inducible
nitric oxide (iINOS) i i lwalaswhalidanaunsavianaald (Utaisincharoen et al., 2001)

& o A ' & @ TR ¢ . A A A
waninidinumadasuulasgdinesaasndinnlaiuize B. pseudomallei  Tauuailiy
sanInwaulRsIMIgninmslasusalasanazaunsaildiiammudivesaadiiu

n A LY . 4 X A, g e & . o N

wnoihiedos ndkeradunalnniinesganvnlddigeiesmaninagraauaziiaiuinle
melwaasidtng  lusmenmasiesninmsilasnuaitadlasinsnausuadd I Y QIMWA1 9

mMulwwas 1w e apoptosis (Lengwehasatit et al, 2008) N13LNa autophagy (Cullinane
° . A A ' A g A A
et al, 2008) L\ mimmumaamuvlﬁnﬂ NADPH oxidase ‘Iix‘lSJfIJYl‘lJ’m@]E]ﬂ’]i@]@]L%E]LL‘]Jﬂ‘YILiU

(Breitbach et al, 2006) mu‘i%’aﬁ&jﬂﬂﬁﬂﬂﬂmwauauawaama&?eim%a B. pseudomallei las
AnwanuipTeasa9nIrineuues NADPH oxidase UaznszuInmiLiia autophagy Liia
ﬁnvlﬂ'sjmwLiﬁlﬁﬂumiﬁaiﬁLﬁ@Iﬁ?ﬂmaaL%Taﬁ%Lﬁ

TassmsdsuitlednmsnnIvinawnes phagocytic NADPH oxidase (NOX2) Aifiadiwlu
irasuNAlATANNIBINY  (RAW264.7 cell) wasldsuite B. pseudomaliei lagazvinmisia
13311 reactive oxygen species (ROS) Laz63738aUNILRAI0aNVDI NOX2 subunit 613 Gﬂu
559U mRNA uwazlisdin AAaTu uasAnmununuas NOX2 daAuagIaavaIuLAilIy
molwaad :nmsanwnuin Nox2 vnesldlumasuualaswie ud ROS Anaatuluioad
wualaswnafilasuida B. pseudomallei ﬁﬂ‘%mmﬁaﬂmﬂLﬁaLﬁmuﬁquIu"lmﬁmaaugwﬁ ms
LaaIeanvas NOX2 subunit luszdy mRNA waz 1Useu tiedulugaausng (15 wil) vasms
Iosuide  atndlsimumavinenuaas Nox2 il ldsenaldusinandauuaiionolwesas

< ai > 1 d? . =) . . v
883 LlHunnIunwINa B.pseudomallei 1UNIARALRHAANNIINN phagocytic vesicle &
a P . . . Aa o @ ° & AaAa A = A
wazdnwitalu innate immunity ey lumsiasdesuafiFafnauniieanan @e
& A A A A A o o ¢d a
autophagy WJauuafSsuerierannaaniaiinitwinlenmelumasniianszuinng
autophagy UazMINA® ROS Badtmasnaawialunsiia autophagy @aeitgwns ROS 910
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2
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= ¥ v a v = R = a o & 1 o
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B.pseudomallei T1unasaleanmindnlugiuii LPS mutant vesiBordiedisny 1Radnmn
WisuReuiwige wild type MIANHINLIN wiidte B.pseudomallei wild type ﬁ]:mz@jﬂﬁ
imasuunlaswiaiiie autophagy leluszasusnuesmsaaite (SaanmsszavaaslUsan LC3)
wamsugesoanvasldsiin  Lc3  lldaansluemasndenuunwsasluminfioes  NADPH
oxidase (p40™™™ knockdown LTaR) Twwmefl LPS mutant %dﬂiz@j’ﬂﬁmaﬁﬁ@ autophagy ¢

PO knockdown LTAR WRAII1 NOX2

#28n71 waTWUMILRAIaanadlUIAK LC3 aaadlu p4o
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% ~ ] > 1 =3 a 6
autophagy @ bR MALANE1NNY 884 lsnaNunIzUIwMILAA autophagy lulmasiaalas
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NADPH oxidase lélutaauinuesnislaiuiza lasazunnieesiuediusfiavesiaad
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1asnha msAnsnlu p40™” knockdown LaaN kAU LPS mutant wu31 NADPH oxidase
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Burkholderia pseudomallei Hnuuafidarfiansuaufivnliiialsa  melioidosis 49
ssunaludssmaasen  lowd dssmalwadsasivesnidodld  mawitevasdssina
samandy  uaztszinaluaiduguigas unslsanelngdis  (Howe et al, 1971;
Chaowagul et al, 1989; Leelarasamee and Bovornkitti, 1989; Yabuuchi and Arakawa, 1993)
I@ﬂﬂuLLazé'@’j‘mmma@L“‘f?avl@?ﬁ]ﬁﬂﬂﬁif,%’wﬁaﬁuLmdaauuazﬁﬂﬁamimﬂlaLaWQuazaaaﬁﬁ
matwilenveadanly mrmsmumﬁ%‘ﬂﬁmum‘fuwudﬁmﬂmy'L%aazmumﬁgﬁnmﬂ
aunitnaurauazidgnIzumten wazyinlddthoifiaanslags Faassftanainanasied
fdatlsasaanan PuNIAaNNMIATIMonmmuaienalnmtlasiusitulunszus
Lﬁa@ﬂ@ﬂmiﬂdaalmsl,ﬁmﬁaoﬁmzuugﬁﬁmmuaamn LL@iLﬁaamﬂL%amﬁ@f:ﬁ]:ﬁmim:ﬁu
ﬂa"lﬂ‘f':azmgumaﬁﬂﬁﬁ"mmwé"amif:aaﬂmmmﬁuvlﬂ Jerhldgtheifiaensfen  uas
WFoTianaunidaaslia (Mays and Ricketts, 1975) Faomawanit mmﬁﬂmvl,sjmm
w30 hiFgsnaianduemsveslsa  Melioidosis LLazg}”ﬂaUVL@T%UL%QL?Tﬁgkiﬂamﬂluﬂ%mm

an g uirenlgithodedialunaiiss 2-3 34 n39 Amnldsunmsinmedsgndaiuas

Nuri9N ;jﬂuﬂa:a1u1§nﬁﬁyLﬂuﬂn@I@ﬂdwsJ

B. pseudomallei mmmﬁ%%LLazLﬁuﬂ%mmsLuLsﬁaﬁﬁa phagocytic cells L% wuAlas
W13 Az non-phagocytic cells 1w epithelial cells e (Jones et al, 1996; Pruksachartvuthi et
al, 1990) INTLIWNNTIVY L%aﬁﬁ@f:mmmmm:uunﬂﬁ@juﬁmad innate immunity Tasiga
mmmﬂ’uﬂ%msﬁwmmaa inducible nitric oxide (iNOS) LRz ﬂi:@?% suppressor Yad cytokine
signaling 3 (SOC3) lutraaunalaswiald  (Utaisincharoen et al, 2001 Ekchariyawat et al,
2005) uaﬂmﬂf‘:”&ﬁmswum‘nﬂﬁ'smuﬂaagﬂs"mmaaLeﬁaﬁ‘i‘uﬁamﬂﬁ%’m%ﬂﬁ@ﬁ W NIILNA
actin-asociated membrane protrusion ¥ lAtAamITINGINUVBITRaRaBLTaRNan LT wTas
?J%ﬁ@l%@:ﬁﬁﬁa’mﬁ’smaﬂa (Multinucleated giant cells) L%a B. pseudomallei ﬂ‘am:@ju‘l,ﬁ’
wwasiionnuduis  Taswummaswasawlod lactate dehydrogenase 88N NANLTAE
dwaiﬁvﬁaﬂﬁ(ﬂmimUluﬁq@ﬁg{nwu apoptosis k8 necrosis (Kespichayawattana et al,
2000: Lengwehasatit et al, 2008) thsufivnlviFarfiaiiaunsanalmialsaiuiinaeiass
laun lipopolysaccharide (LPS), capsule, flagella, type three secretion system, type IV pilli
wa quorum sensing vudn lae LPS, pili wae capsule madL%mﬂuﬂﬁm%’]ﬁfylumiﬁakﬂ

Tunln'loe LL@i"l&iVL@‘TﬁﬁLﬂu@ianﬁnszéjﬂﬁ LA MNGCs LAzANBYTBATBILTE
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B. pseudomallei Tu epithelial cells (Essex-Lopresti et al, 2005; Wikraiphat et al, 2009) &%
type three secretion system ﬁuﬁﬂﬁﬁadw&iammngmmz%au%ﬁmn phagocytic vesicle
(Stevens et al, 2002; Stevens et al, 2003)

{d' Qas dgl/ . & = I
mmauauawaamaaﬂmuma B. pseudomallei umzwmyﬂa"lﬂ LW U

©

J;]fl UNULUU T ANIZI A ILATLLLLANNE (adaptive immunity ke innate immunity) lag

2D

innate immune ERUNLINAaNIAATavad B. pseudomallei lasviufl & adaptive immune
a J o a = a 6 A < .
azaugundasalasnsvuvesdnlnloddinda lolaaoiniousasawidu  antigen-
. 6 = Y o & ac A& =2 A o
presenting toaa nikdlunalnmstlesnuaniasuadimaannissilazdnmn fa msviuves
. d o . . . a A C
NADPH oxidase @4dailu innate immunity lasun@llauuafiodrgizadlosuuiung

. e 9 oA Lo ¥ _
phagocytosis iAo Inadiiuvad NADPH oxidase membrane complex melu
phagosome a3 lnGAnisas NADPH oxidase 3:fN8Blanasaunidsdann intracellular
NADPH l#1u extracellular oxygen RIGE superoxide Tudua1096uUes reactive oxygen

. o A o v do o A A o = . A a £
species (ROS) nangdfaz luvinniihfirdaanitnun wananni superoxide AAaT“aNNANT
Mauvadonbrd NADPH oxidase £9¥nl#AanIsanuvadlsaanly apoptosis baanaae
iawlal NADPH oxidase vasvhilnlod (w3a NOX2 Taiflugduuuwilsues nicotinamide
adenine dinucleotide phosphate  oxidase ﬁﬂi’mglmsﬁaﬁwqiﬂqﬁﬁﬁ) Usznavldéae
' { { o h h '
sautsznaufagluibaiuinad Ao gpo1”" uaz p22”™" (cytochrome b 558) uaz dutlsznay
{ ' h h h a
negludiuvatlolanaadn fa ps0”, pa7", p67°  unz RacGTPase wINifiandu
Aaun@vasiuiiniugu  subunit wiksvadsaulsd NADPH oxidase azvilwgihon@aize

AA A o a & X Aa A a
wuafizsdanusunsalunstlasnumsdazelavesnnn  laglamzuuafiSanauniania

{ a o . A a
catalase Lﬁai’]a\‘lﬂu(ﬂma\‘i’i}’mﬂ’ligﬂﬂﬂmEJIGIEJ hydrogen peroxide TInAaNNuNAlaTNLAE
#alasWa anms@nsnIfalTe B. pseudomallei Iwyfwmw %Eﬁm@ﬂﬁsﬁw’mmaa NADPH
oxidase 3z fanIfaLTe (Breitbach et al, 2006)

ac A o . . { a &
lassn A TpRazAn NI UL phagocytic NADPH oxidase (NOX2) il
L TARUNALATANIBINY  (RAW264.7 cell) waildiuTa B. pseudomallei lapaz¥nmiin
U3unoh ROS LAZATIIRALNNTUEAIaNTEd NOX2 subunit 6199 luszay mRNA uazluséu f1
a &£ = ' ' A A & A A
Aialu uazfinsunumzes NOX2 daanuagsavasuuaiiuneluimas wananiudun

NIURWINT B.pseudomallei RINNTARALWABENNIAN phagoeytic vesicle 6 uardnnitalu
) ) ) Aa o o o & Aa A A A &
innate immunity AdanudmaylumsiasdauuafiZannauniieanun fa autophagy Loia
wuafissussiesmunsaaaniaiiuiwinleneluoasniianszuiuns autophagy Wazm3
WA ROS wadiwasnidIwdanlunaiia autophagy @aetmiunt ROS 91nMIvinawues
NOX2 anaillusanmwlley phagophore-LC3 LiNaazduLlia B pseudomallei Nnitsaauleidn
111w autophagosome 3389 LFANBNGBDIANVRFUAUTTEWININTNULES NOX2 Uy

NUIWMIAG  autophagy  BNVIUNUINVEY  autophagy @iamma%iiamau%a

RMU5180046 7



naande dansuninanldivaygne

B.pseudomallei TINNIE3eANEILANGNIUEIUNA LPS mutant vadiTaaiaials LiNadnm
=l = o et ,ﬁ’ . = ,_.3’3; ,_-3’ [ v =S
WInusununu®a wild type mMIansdndnuedazaisliidnlatina lnnsneusuasves

1 ¥ . QI J { o 1 v 1 v a S 3 v
\iaseiaLTa B. pseudomallei annisln e luganuidlalumanialiifialsavaatenild
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2. 35n1snaaald

2.1 MR g Eas

[ aanlElmInaaasia

1. wasuualaIn1anainy (RAW264.7, ATCC#TIB-71 16ina7n the American Type
Culture Collection (ATTC, Manassas,VA)) %:Lgﬂdﬁ?EJE]’]W]SLEJTUGLGImar‘ﬁﬁ@ DMEM H&Y 10%
&5u vwlw CO, incubator ﬁqmﬂgﬁ 37°C MuldgnzuIafaN 95% UITENMA WAz 5% CO,
aand lUrnmInasss 3z plate 11 6-well plates Toodsmnemasasduix10” wad (wWho
mudasmslumInanasing)

2. wadvhInlodvasnysd T9ldfunaniiestfifine Tissue culture wes seweL.
waddna QNUAUTIITY AINGNNRAT AnINNuuAaa WaldlumadSoufsulunuise
i ilasnnimasnandilidsaa RAW264.7 i TnamInanasludimuas ROS production 'l
TALIU ﬁaﬁaﬂ‘*ﬁwﬁaﬁmiﬂvlﬁnﬁmaamgwﬁ%&wam ROS fiswsniavsunmle Taoimasnnlnlae
f:"l,@i”v‘hmmmmnmmaﬁmﬁﬁqmmwm@ﬁ% Ficoll-Hypaque density gradient separation
W&z Dextran sedimentation LLazﬁ’m’]iLLUﬂL‘ﬁﬂﬁ?LL@iﬂt“ﬁﬁ@lﬁU%qﬂ%r@iavl,ﬂﬁ]uvl,ﬁ Peripheral blood

mononuclear (PBMCs), monocytic cells .8z polymorphonuclear cells (PMNs)

2.2 N9 treat LBAE

imadmasslivaner ldiumaasnemsasaaadlng M3 treat 1wades NADPH
oxidase inhibitor fu%nau NADPH oxidase inhibitor (diphenyliodonium chloride; DPI) @&
AAaz@nEn uas¥inms infect LTRSMBEBLLATIZY §MIUMNT treat @28 phorbol 12-myristate
13-acetate (PMA) azlfanuidutu 200 ng/ml dwiuminszqulfiaadiia autophagy wie
51J§dﬂ’1§1ﬁ@ autophagy 3:¥i1n73 treat LIARGNEY 4 MM rapamycin %38 100 nM worthmannin

auaau 1wan 1 1l Aawnslasuira

2.3 N7 infect LB@Ag

Berkholderia pseudomallei strain 1026b (wild type) waz SRM117 (LPS mutant) e
Juu1an Prof. D.E. Woods (University of Calgary, Canada) I@ﬂﬁﬁﬂﬂiLgﬂdlu Luria-Bertani
(LB) LLazﬂuﬁqmﬁgﬁ 37°C & W30 LPS mutant 5iasidiy 50 pg/ml Tetracyclin a9liha1%ns
BTy

Twiudivinms infect sulwdasuamsasamasinduazdudauuefiGoasluluudas
WRNBINUNZLTASAY multiplicity of infection (MOI) frvua 1w 1 Talug antiu
Lsﬁaﬁﬁ]‘;gﬂéﬁﬂﬂﬂ phosphate-buffered saline (PBS) 3144 3 Jau Lawmmngmmaﬁﬁwau

@8 kanamycin 250 pg/ml uaziRsaimaseellan 2 Tlus WNardauuafiiionensszinza
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& & dl & ed A . o g &
NUWDNLTRE INWULURYWDIRITLRUILTRNDTIN kanamycin 20 ug/ml LRENTINIILREILTRRNAD

AUIRINERUS

Aa I3 1 6
2.4 MINATIANIBLTDAVDILBAE

MMIALTREANUIANAMAUA 1asf19wasens PBS L@V MTIALITas 1 ml Az
MIgasad M siuiwmsadmuusziTaanaadiacae trypan blue dye exclusion Lag

vulraslasls haemocytometer WLaz light microscopy

2.5 M3IndI1w ROS

ROS AAadwmelumadnldsuidauuaizy aziianzvlasld 277-dichlorofluorescin
diacetate (DCFH-DA) 1#822@3199 intracellular oxidation TIAAINNMINIWVEI ROS
i:wmﬁl,srjaﬁ?'lﬁ%'umsm:éju DCFH-DA ﬁlzLLwimuLE‘iaﬁmmaﬁ Junaldiiamsnedivas
DCFH  @ailussisenaufitdn  nonfluorescent logdawnazgndandlomin  27-
dichlorofluorescin (DCF) %dmmmmn%’ﬂﬁﬁw flow cytometer %30 spectrophotometer

M wdenuaiizuneluasdnainslasuite lagnsinlkioaduanaas
0.1% Triton X-100 ansrinmsassidauuafidafioanunlasms plate lwarwnsiassida

Trypticasein soy agar waztuf 37°C 1Juian 48 T1lus nnurnmMIiuiwinauuaise

2.6 N9 silence 8

Yinm3 transfect Bufiawla wiaunu siRNA lulwoadanvinns plate Mo ududedl
o & o 5 . o
PUIWTAEAIGY 2x10° LTAR (AN protocol Va9 Dharmacon RNA Technologies) was¥innis

. & v & i o a & &
infect LTRARGAILLDD B. pseudomallei bRzNINITILATICALTARN

2.7 A39FIUNTUAAIBANYBIDSLEnIauazllsan

¥nmsana total RNA nLmadflasums infect smena B. pseudomallei UAzEi
cDNA 2898ufiasaazsiain RNA lagd% RT-PCR uazvhmsinsSanmsdtaniadis PCR
Taold  primer @9enT9f 1 anuwienameunsuaaseanvasiulasi’ DNA  gel

electroporation ATz L sauiuaz it immunoblotting
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Table1. The specific primer of each subunit and the expected size of PCR product

Gene primer Sequence 5’23’ Size (bp)
CYBB Forward GTT GAG TGG TGT GTG AAT GCC AG .
(gp91) Reverse TGG CGA TCT CAG CAA AAG GTG GT
CYBA Forward CCCTCC ACT TCCTGT TGT C 249
(p22) Reverse CTG CCT CCT CTT CAC CCT
047 Forward ACC TGA AAC TGC CCA CTG AC 19
Reverse TTA TCT CCT CCC CAG CCT TC
067 Forward CAA ATG AGA GGC AGG TGG C 205
Reverse TCT GCT TAC TGG CGT CTG AG
040 Forward AGA GAG CGA CTT TGA GCA GC 638
Reverse GTT GGT GGT GTC CTC GTC CT
pactin Forward CCA GAG CAA GAG AGG TAT CC 245
Reverse CTG TGG TGG TGA AGC TGT AG

2.8 AN IADNG
fAndna gidwImaInnInaaainyingiazaglugiluas means + standard error of the

mean (SEM) %38 standard deviation (SD) auey

sD =\ Zem)’)y (1) ]

SEM = SD/ \/ n

Where n = number of independent observations
n-1 = number of degrees of freedom
X = an observed value
m = arithmetical mean of n observations

Significance testing ¥laglTd Student t-test FaaarnATININTIaudsALAan P < 0.05
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3. _Han1Inaaad

[ . f 4 1 6
3.1 \Ba B. pseudomallei ﬁwamamitﬂﬁﬂmtﬂmgﬂﬁwmmaauuﬂfmﬂ'm
anufldiasiinsfinsdauniitinge 8. pseudomallei fianumunsaluniagsan
& o o ca v & a a & AN e o
mulumaauualasrhavasyinliaasinsnandunasfiiefogin  MInaaaditlatingn
en L Aa , & & o =2 . &
AWRULUAUDY B. pseudomallei Ninadalaadioas I(ﬂElﬂ’lﬂ’]iﬂﬂiﬂ’]ﬂ?’]&la%liaﬂﬁlau‘liammﬂ

lasWia (RAW264.7) a9 ntasuie B. pseudomallei u,a:m’mag’ia@mau%aﬁé'ammﬁwg

& A A o a2 6o o [V ¢
LIARLNALATAND T DNINNTIANZLRBILTARINUIN 1 SRS bb 6-well plate WRZIA bFSULTD
B. pseudomallei #i MOI 2:1 1Jw3a1 1 T2lad nuuinmMsiasuarmsiasasasiiatinge

& € & d . e oo A a ¢ = & .
pan uwaslagIlrandatluial 2 ey 8 °H'J<[3J{1 ‘WU?WLﬁﬁaaﬂvlmm“ﬁa&lLﬂaiLsﬁu@ﬂNNagia@

=)

(aeA% trypan blue dye exclusion) fi 86.7% WAz 84.2% ANAGL lasaaadnnisasdndn
1aldsui@aINed 4.2% waz 3.8% AMNAIAU 2819 IINATNRAINNLTAS LI ULTANINNT 8 T2 LU
Aa a J o g: d Y o o

ANUMIAANITINAIVAILTARLALLTAAANLNINTY  asvwIzsziianazlviinimasasny

6 A:l' Qs d}/ J U A < 4:§ (::l' uas J % a 1
wasunalasnaf ldsuisetiazldiianlifin 8 Talus Fassdnldiuisedinlinnuatvangs

9 e L,
ARAATZYZIRNN TN INagaUT e a 11
Tunm A uENEnIUMIANEIMINaLakeITBITaaLNtUAalTa B. pseudomallei
fadpnisnnaldiiannusuussiveslsnnnizeuuailiiuniuay fia Lipopolysaccharide #3a
LPS 9nMIANENATad LPS @iamm.l?iﬂmu.laagﬂi'ﬁwaoLsnaa{LLameWWﬁvlﬁ%'uL%awudﬂ
Walkioaauualaswialesuse B. pseudomallei ARAMNLNWIBIVEI LPS (LPS mutant) fl
- 3 L y 3 e d o I ..
MOI 2:1 133281 1 Talad NIl na1wITIa L TastNalibaaan LazlAsILTanea
a1 2 war 8 Talad WU 8 Talug Lwaan lesulda LPS mutant 1lAe membrane
protrusion LAZMITINAIVBILTAR LALTUNY UAKDENITAAN lasULTe B. pseudomallei wild
type (3U7 1) wuuaasd LPS vaagaldlddndudemaionmsniudiveisad
nmIdAnmANeLTaavedTa B. pseudomallei ﬁé'amﬂl,ﬁ’];jl,sﬁaﬁl,l,mimww WU

danumannlunisegseaussiiadwnldlwaaduualamia (U 2) lasfl 2, 4, 6 uaz 8
T3 39289MT LU TR B8 B. pseudomallei A8 LUWLTARRLUSNIMYINAY 5.2240.13,
5.71+0.18, 6.33+0.36 W8z 6.77+0.12 log CFU/mI Muf1aL &1nIudnwintadida LPS mutant
mulwrasuulUSunmyinny 5.61£0.18, 5.57+0.06, 5.55+0.13 Waz 6.38+0.04 log CFU/mI

Y = v o A A= & &
MUY 1AHANNNANIINARDIIZLAW eI 1wIwranid LPS mutant nMeluloashkazanad

\ A X @ ) &< A A & v o q o . AN
Tutsusnuaziindundanm 6 Tilus nafiliasanniaanazaansndivalwagluaniznll

LANIZRUNTE LULTAR L6 LN ERA
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2h 8h

Uninfected cells

B.pseiidomallei-
infected cells

LPS mutant-
infected cells

Figure 1. The morphological changes in B.pseudomallei-infected macrophages. The mouse
macrophage cells (RAW 264.7) were plated on 6-well plate the day before infection at initial seeding of
1x10° cells. Mouse macrophages were infected with wild type B.pseudomallei (C, D) or LPS mutant (E, F)
at the MOI of 2:1. After 1 h of infection, the infected mouse macrophages were washed twice with PBS
before cultured in medium containing kanamycin. The cells were visualized under the inverted microscope
(20X) at 2 and 8 h of incuabtion (left (A, C, E) and right (B, D, F) columns, respectively). White arrow
showed the membrane protrusion and black arrow showed cell fusion. A and B were control (uninfected)

cells at 2 and 8 h of incubation.
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Figure 2. The intracellular survival of B.pseudomallei wild type and LPS mutant in mouse
macrophages. The mouse monocytes (1><106) were infected with B.pseudomallei or LPS mutant at the
MOI of 2:1. After 1 h of incubation, the cells were washed twice with PBS and then the media containing
250 ng/ml of kanamycin was replaced to kill the extracellular bacteria. At 3 h of incubation, the cells were
washed twice with PBS again and then the media containing 20 pg/ml of kanamycin was replaced to kill
the remaining extracellular bacteria. At the desired time, the cells were lyzed with 0.1% Triton X-100 at

37°C for 48 h. The released bacteria were plated on 20 ml of TSA. The number of intracellular bacteria,

expressed as log CFU, was determined by bacterial colony counting after incubated at 37°C for 48 h.

Data presented are mean + SEM for three separate experiments.
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3.2 MINAFIUNTIIN91VBI NADPH oxidase Tuizmaanaalasniag

MI¥9ULaI NADPH oxidase lbutmaauualasniasnansainldlasmyialSuno
reactive oxygen species (ROS) %Gwammmﬂmiﬁﬂmwuad NADPH oxidase luinasuunlas
W%Jﬁ"l,ﬁ%'umsmfz@ju ’Lumsmaaaﬁ“‘lﬁﬂizﬁuma§LLwﬂIﬂiW1a1uﬂ%wﬁmﬁmmzauéfw

, e N C e L X

phorbol myristate acetate (PMA) @4iilu positive control tWaiaU3anm ROS Ailialunneg 5
= % ad . . 1 6

W ¢183% chemiluminescence b 96-well plate AINHNANITNAFDINWLIN LraaLNALaTHID

FNVIDHERN ROS %é’amnﬁiﬁ%’umsmzﬁuﬁw PMA LL@iﬁagiuﬂ%mmﬁ@hmn W 14981 10

w7 wundSunos ROS luLsﬁaarﬁvl,ﬁ%'umimz@fuﬁ:mﬂﬂdﬂmsﬁaﬁﬂﬂaﬁvlajvlﬁ%'umim:@jmﬁm

=

1.6 171 BafSanausasnmanzanlumnasasiiagf 1 Suwaaalu 96-well plate nHaf lavi
v 1 . 6 g: o v v 1 =3
1%n310797 NADPH oxidase butrasiualaswianurinaule wdazldunfany
#oNaN% ROS ﬁNamaaﬂmﬁfuﬂ'\immmgﬂEJ'UEJ‘&"L@“T@Umi treat Lwaaey NADPH
oxidase inhibitor (diphenyleneiodonium; DPI) flauminszguiaas o4 ldinnsnidiunmuas
DPI Mmanzaudanisnagauluaaauualasnia lauvinns pre-treat wrastualasniadiuin
1 S wTaa b 6-well plate a28 DPI 1Hwian 30 w1l Nanutudua1ee (1, 10 Waz 20 pM)
Aaunazyinmsmnziassaaade b luwa1wsn A DPI wudnanuuduved DPI A 1 waz 10
oM udSunaansnianzaunazld LﬁaoﬁnﬂLﬁﬁaﬁﬁamﬁmmagia@mﬂﬂ’h 90% (3UN 3A)
agglsiauaNNdNtuLad DPI A1 1 uM a19vzdauiuluNazdugenisyinauzad NADPH
. % g: v v dl =1 1 dl U v d“/L [l U g:
oxidase AIRUWANUENTUN 10 pM TRANURNZFNNINNIN wazianuTuTuitlaldguss
malasidulavadia B. pseudomallei agnvlinefmany (31 3B) aInwlunInasassallnag
1 DPI izl lusSunm 10 uM
] o . 6 AN v
MInaaedsa lUaznagaunsvinanuwaad NADPH oxidase bulsassaalasniaflasuy

\T8 B. pseudomallei
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Figure 3. Effect of DPI on viability of macrophages and bacterial survival. The mouse macrophage
cells (RAW 264.7) were plated on 6-well plate the day before infection at initial seeding of 1x10° cells.
Mouse macrophages were treated with DPI at different concentration for 30 min before being infected with
B.pseudomallei at the MOI of 2:1. After 1 h of infection, the infected mouse macrophages were washed
twice with PBS before cultured in medium containing kanamycin. Cell viability of RAW264.7 was
determined at indicated time by trypan blue exclusion and expressed as percentage (A). At the desired
time, the cells were lyzed with 0.1% Triton X-100 at 37°C for 48 h. The released bacteria were plated on
20 ml of TSA. The number of intracellular bacteria, expressed as log CFU, was determined by bacterial
colony counting after incubated at 37°C for 48 h. Data presented are mean + SEM for three separate

experiments (B).
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3.3 B. pseudomallei #ansanszawlitia ROS Tanasluinasuaalanie

3o ROS MAnduluimaduualasnnanitsdumsdnlasunselilésums pre-treat
day DPI flaunInszduean PMA, B. pseudomallei uaz S. typhi (i duwBoralseiia
Wisuifiey) ldinmsianng 5 wifl iwaa 70 wiit wodasduualaswaiiminga ROS u
ﬂ%mmﬁﬁwmne]wLmu"L&iLﬁummLL@m@msmhaLL@ia:é’aaam \osasnasaumytaLTanm
ROS MLsﬁaﬁLﬁmﬁammmﬁ@%‘u lawd  human neutrophil, human peripheral blood

mononuclear cells (PBMCs) &g human monocytes ﬁ"L@T%’umiﬂ‘sz@ju@T’m 200 ng/ml PMA

]
v

WUIENN1TAAIaYT e ROS lawn lasdSuias ROS ﬁi’@vl,@goqm]:agﬁ 10 Wil (gﬂﬁ'
4) LLazmmsnL‘%fméflﬁmﬁwuaoLsﬁaﬁﬁmmmgﬂm:é}u‘lﬁﬁﬁasl PMA 391 neutrophil, PBMC,
monocyte ez RAW264.7 favinnsasiaseumsuaa ROS lw  neutrophil #ild3uiie
B.pseudomallei Waz S.typhi ‘wmfﬂL%ammmﬂsz@julﬁvﬁaﬁwam ROS 'lo lasmsaauauadlu
masnlesuBe Styphi axSnnlumasnlesuBe B pseudomallel UREMNT pre-treat LIRS
AsumslesuiBe e DPI sanTasusansasns ROS 1o (gﬂ‘?'i 5)
iosanmansniadsinmues ROS lwaasuualasvhafldiuie B pseudomalei la
TulSanaiitanann 39ldvinmsanatalsinondamelwsadiualaswianasnnildsuide

) ' g a = ' [y
Huan 1 1lu wanmmaaadsnuin wansluimasadIanm 5.1 log CFU/MI Sslalnalfes
AutTanonzefinuluizasunalasnafldiunis teat  dao DPl lasanaaydledn e
B.pseudomallei 818Nt nTHUHININEN ROS luloasiualasnia #Ialmasa1a9sHae

ROS lutsmnuiiinsnadaminszduiuiiiuadasnuszuunldunudusg ualiiioanasdants

1 Aﬂq/ a A
HNILDALLUATILIE
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Figure 4. The reactive oxygen species (ROS) production in phagocytes. Phagocytic cells were mixed
with 200 UM of luminal and plated on 96-well plate before treated with 200 ng/ml of PMA. ROS which

released from the cells was measured every 5 min by automated microplate reader (Wallac1420 ARVOsx).

6000 —— cell

5000 | =—— cell+DPI

—tr— PMA

4000 | PTIA+DPI
% 3000 | ; B. pseudomallei
- B. pseudomallei+DPI
2000 |
1000 |
04
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Figure 5. The ROS production in human monocytes. Monocytic (O.6><106) cells were mixed with luminal
prior to infection. In case of inhibition NOX2 activity, cells were treated with 1 LM of DPI for 30 min before
infection. The cells were treated with PMA or infected with B.pseudomallei or LPS mutant at the MOI of
10:1. The chemiluminescence changes which represent ROS released from the cells were measured every

5 min interval during the next 2 h by automated microplate reader (Wallac Victor2 luminometer).
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Qs . . 6 A v &
3.4 MIAIIVIANILEAIDAINVDI NADPH oxidase subunits ‘l%LﬁaaLLNﬂTﬂiﬂ1%ﬂ1ﬂ$UL§a
B. pseudomallei

{ a A o . {
We9an ROS unanfanieainmsrineiusas NADPH oxidase Liaasiagaums
ugasnanuad NADPH oxidase subunit 6199 lusza mRNA uag lUs@in wuinmsuaasaan
289 NADPH oxidase subunits 15201 mRNA w83 gp91™™ uaz p22™ luirasuualasnian

&Suise B.pseudomallei §i MOI 2:1 1flwaan 15, 30, 60 waz 120 wift lufinsuansaand

phox phox phox

R PR S o v
LW&I“II%G]’]&JL’)&’W]VLG]‘S‘]JL"HE ®3% NADPH oxidase subunit ai € vL(ﬂLLﬂ p40 LR p67
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WUMIARNTUTY mRNA - anunnfildiuize  GUn 6) wenaniidimaninananums

usasaanvadlisdu  pao™™  lwaasuvalamvhafldsunmInizduedinia  B.psuedomallei

> o ¥ { J =3 9‘;
el 15 WARIINMIIETUT (SUN 7) waslimsuaadsanunniuanuian sausfiaidn

U

= a

lih@unldsumuduninemnaniaiioaanadiad daunsuaadaanvaslusdn pa7™™ lu
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sruvaboRumasveTasn LT (3UN 8) wudlinIuaasaangigafiiaan 30 wifl uas

" lugauveslolawaada (3N 7) wui

szanaddanaunnis msuaasaanvesllsin pe7
fmsanasliugig 30-60 wifwasmsledsuide uasiRuiuiing 120 i ugasildsduafiaiis
miéﬁyaﬁﬂ"LGnI@waﬁas'fiu"lﬂﬁLﬁaﬁmmﬁ uaﬂmﬂf:lfma‘ﬁ"lﬁ%'umsns:éju@%m PMA Avin LA
mauaasaonvasllsauiiliu cytosolic subunits 189 NADPH oxidase léiaunin &msums
NARBUNIUEAIaDNTad NADPH oxidase subunits #1326t mRNA uazlisan lwaasuuales
Whealedsuida LPS mutant 1 (gﬂﬁ' 6-8) wuinliflanuuandnelanimadilesuide
B.pseudomallei NANINARBIRLIUENI1 NADPH oxidase mmsnﬁwm"[éim:ﬁﬂuLaqmi‘ia
LsnaﬁLmﬂImWvaﬁ%'umimz@fuﬁafJL‘%a B. pseudomallei uaz LPS wasdalalafiunuim

fAAan1Iiuay NADPH oxidase Tuiaasuunlaswig
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Figure 6. The mRNA expression of NOX2 subunits in mouse macrophages. The mouse macrophage
(1><106) cells were plated on 6-well plate on the day before infection. Mouse macrophages were infected
with wild type B.pseudomallei or LPS mutant at the MOI of 2:1 for 15, 30, 60 and 120 min. For positive
control, mouse macrophages were treated with 200 ng/ml of PMA for 15 min. To determine the mRNA
expression of all NOX2 subunit, the cells were harvested and lysed with lysis buffer to perform RT-PCR

assay. The mRNA of B- actin was used as internal control.
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Figure 7. The protein expression of p40°™ and p67°"™ in mouse macrophages. The mouse
macrophage (1><106) cells were plated on 6-well plate the day before infection. Mouse macrophages were
infected with wild type B.pseudomallei or LPS mutant at the MOI of 2:1 for 15, 30, 60 and 120 min. For
positive control, mouse macrophages were treated with 200 ng/ml of PMA for 15 min. In order to study the
phosphorylation of p40phox and p67phox expression, whole cell extraction of infected cells was used to
perform immunoblotting using antibody against phosphorylation of p40ph°X and antibody against cytosolic

phox . . .
p67 and actin protein was used as internal control.
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Figure 8. The protein expression of p47""™ in mouse macrophages. The mouse macrophage (1x10°)

cells were plated on 6-well plate the day before infection. Mouse macrophages were infected with wild

type B.pseudomallei or LPS mutant at the MOI of 2:1 for 15, 30, 60 and 120 min. For positive control,
mouse macrophages were treated with 200 ng/ml of PMA for 15 min. In order to evaluate the
phosphorylation of p47phox, the membrane fractions of infected cells were extracted and performed the
immunoblotting using antibody against p47phox. The expression of p47 phox protein was calculated by

subtraction the intensity of p47phox protein and actin protein and plotted as fold increase to those without

infection or treatment (control cells).

RMU5180046 21



naande dansuninanldivaygne

& , v va I
3.5 11® B.pseudomallei ﬂiz@;%g[ﬁ!,ﬂﬂ autophagy Tumaaunalasnie
P & , A & )
LaINNLDR B.pseudomallei R1NNINRAUAWITN phagosome ypsiaaiualasniala
o & 6 1 = dl' d' 1 a d? ' a & v
AanlTasi1zing lndugNaauruaIdamMIAaTa 1w nsiia autophagy tUudu lasns
nanadtazAnunsiia autophagy lwisasunalaswafilésuie B.pseudomallei m3iia

autophagy Lﬂunavlﬂ%ﬁwaamaﬁﬁmauauaa@iammngﬂmau%a %uﬂmzuugﬁﬁwﬁmmu

q

a A

. . . & ° g o £
innate immunity 1ag autophagy uuﬁ]:“n’]mUL%E]LLUﬂﬁLiEWHJqﬂ;ﬂL‘U’]%J’]I@El phagophore R
LC3-I ag azWaTuauiu double-membrane uaznaneiilu autophagosome IMNUKITTINAILIN
. « 4 . v da e
nU lysosome Li# autolysosome GIJGL“IJamm‘mQﬂmmﬂVL@ ITHRIWNLNG autophagy wi LC3-I
lﬂl I ‘é YV & a Q
aztlapugihiln LC3-I gl fidu marker 289MIAA autophagy LASRINNINATIVIANT
ugadaanvad LC3 ¢ lasfl LC3-Il azaansaamidialaisinin LC3-l uaznadanniia
autolysosome L3 LC3-Il azngaaanan
v & 1 e d' ,ﬁ' . % 6
NANNINARBILEAS MALAWINRRINNNTE B pseudomallei NI lulTaauunlasniaay
oo - - ¥
WUNTANUUVEY LC3-1l 71 15 il wazaasdmelu 30 WA (FUN 9) wanmmeaadaz
A o A a v o g ~ \ a
willauny LC3-I MifiaannmiInszdueisida LPS mutant iiRedud LC3-I lusfuazuaadaan
wosnd  wuusasliiduingamunsanszduldioadiia autophagy ldlutisusnguainis
R ¢ o & a A = ° ' & [
ld5uire dusauazlysdudusglu autolysosome 39084 LC3-11 aznnvhansad939a139%a391n
30 wiiinlduize wazldsuitansazgnindulufn phagophore uananitenaazll virulent
factor 81 gwanaIn LPS °11aaL%aﬁ@Tmﬂﬁs‘i’m%'umiﬂiz@jﬂmﬁ@ autophagy
NoufanRinAnuANNFNNUSTEI NADPH oxidase AUNSLA® autophagy Lwiwas
RAW264.7 Waz Henle-407 human epithelial cells (Huang et al, 2009) @45unsnaaadse luay

WANUALITEIV89 NADPH oxidase wazmsiia autophagy lulaasuualaswiafnlasuise

B.pseudomallei

RMU5180046 22



naande dansuninanldivaygne

by

£ | «—— wild type — LPS mutant

2

'E 15 30 60 120 15 30 60 120 | min

— D — e e — LC3-II

S T T TS -G G- T - e S actin

Figure 9. The protein expression of LC3-ll in mouse macrophages. The mouse macrophage (1><106)
cells were plated on 6-well plate the day before infection. Mouse macrophages were infected with wild
type or LPS mutant at the MOI of 2:1 for 15, 30, 60 and 120 min. The whole cell extraction of cells were

used to analyzed by performing immunoblotting using antibody against LC3-II. Actin protein was used as

internal control.
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Figure 10. The intracellular survival of B. pseudomallei in cells pretreated with rapamycin or
wortmannin. The mouse macrophage (1><106) cells were plated on 6-well plate the day before infection.
Mouse macrophages were treated with 4 pM of rapamycin or 100 nM of wortmannin for 1 h before
infection with wild type B.pseudomallei (A) or LPS mutant (B) at the MOI of 10:1. After 1 h of infection, the
infected mouse macrophages were washed twice with PBS before cultured in medium containing 250
pg/ml kanamycin. At the next 2 h, the infected mouse macrophages were washed twice with PBS before
cultured in medium containing 20 pg/ml kanamycin. In the indicated time, the cells were lyzed with 0.1%

Triton X-100. The released bacteria were plated on 20 ml of TSA. The colonies of bacteria were counted

after incubation at 37°C for 48 h. Data presented are mean + SEM for three separate experiments.
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Figure 11. The expression of LC3-ll protein and phosphorylated p40”"™ protein in NOX2 - deficient
mouse macrophages induced by B.pseudomallei or LPS mutant. The mouse macrophage RAW 264.7
cells were transfected with p40phoxsiRNA. Mouse macrophages were infected with B.pseudomallei wild type
(A) or LPS mutant (B) at the MOI of 2:1 for 15 min and 60 min. In order to study the phosphorylated

p40phox

protein and LC3-ll protein, whole cell extraction of infected cells was used to perform
immunoblotting using antibody against phosphorylation of p40phox and antibody against LC3-Il. Actin
protein was used as internal control. — represents cells without transfection reagent. p40siRNA represents

cells with siRNA against p40phox. neg control represent cell treated with scramble siRNA.
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ABSTRACT

Phagocytes play an important role in the host defense mechanism as well as in maintaining
healthy tissues. During phagocytosis of pathogens, NADPH oxidase complex (NOX2), which
is a multisubunit enzyme complex and highly expressed in phagocytic cells, is activated and
generates reactive oxygen species (ROS) for killing the pathogen. In this study, we aimed to
investigate behaviors of NOX2 in RAW264.7 macrophage cell lines infected with
Burkholderia pseudomallei. Mouse macrophages activated with phorbol myristate acetate
(PMA) were found to generate less ROS than other phagocytes (peripheral blood
mononuclear cells, monocytes and neutrophils). The mRNA expressions of cytosolic subunits
of NOX2 (p40™™, p47°™* p67™*) showed up-regulation in B.pseudomallei-infected
RAW264.7 cells within 15 min. Up regulation of phosphorylated p47™™ and p40°™* were
found in mouse macrophage cells infected with B.pseudomallei and activated with PMA. The
increase of these subunits suggests that NOX2 functions in the early phase of infection.
Furthermore, the function of NADPH oxidase may generate cellular signals to induce other
genes to cope with B. pseudomallei.

Keywords: B. pseudomallei; NADPH oxidase; Reactive oxygen species (ROS)

INTRODUCTION

Burkholderia pseudomallei, the intracellular gram-negative bacteria which is the
causative agent of “melioidosis” in endemic area of tropical region, especially in North
Australia and Southeast Asia [1, 2]. The clinical manifestation of this disease is extremely
variable being a localized, disseminated, asymptomatic infection including sepsis infection
and can lead to death within a few days [3]. This bacterium can survive and replicate in both
phagocytic and nonphagocytic cells [4, 5]. One of the unique characteristics of B.
pseudomallei is the ability to lead to multinucleated giant cell. Moreover, B. pseudomallei can
fight against host defense mechanism by inducing host cell to subsequently be actin=
associated membrane protrusion, transmits from cell to the adjacent cell, and interfere
inducible nitric oxide synthase (iNOS) production [6, 7]. However, the mechanism by which
B. pseudomallei can escape the macrophage defense mechanisms is unclear. One of host
defense mechanisms is the function of NADPH oxidase. One member of NADPH oxidase
family that is highly expressed in phagocytic cells i1s NOX2 (nicotinamide adenine
dinucleotide phosphate oxidase). During infection, bacteria are ingested in phagosomes which
is subsequently, fused with lysosomes. NADPH oxidase is induced to generate superoxide
anion and reactive oxygen species (ROS) which can kill the pathogen [8, 9, 10]. NADPH
oxidase consists of membrane-bound proteins (gp91™", p22°"*) and cytosolic proteins
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(p4{lph°x, p4'}'ph°x, pEi'I"p]mx and RacGTPase) [9, 11, 12]. The aim of our study was to investigate
the functional phagocyte NADPH oxidase (NOX2) using mouse macrophage cell line
(RAW264.7) during B. pseudomallei infection. This study may help to understand the host
defense mechanisms and pathogenesis of B. pseudomallei.

MATERIALS AND METHODS

Bacterial strain and cell line preparation

Burkholderia pseudomallei strain 844 was collected from melioidosis patients
admitted at Srinagarind Hospital in Khon Kaen, Thailand. The bacteria were cultured
overnight in trypicase soy broth at 37°C with shaking at 150 rpm.

The mouse macrophage cell line (RAW264.7 cell) which obtained from ATCC was
used in this study. The cells were cultured in Dulbecco’s modified Eagle’s medium; DMEM
(Hyclone) supplemented with 10% fetal bovine serum, FBS (Hyclone) at 37 °C under a 5%
CQ3 atmosphere.

Infection of macrophage cell line

On the day of infection, the bacteria were harvested by centrifugation and diluted in
DMEM to give 1x10* colonies forming unit (CFU/ml). Mouse macrophage cells (l><l[]ﬁ
cells/well) were cultured in six=well plate overnight. Fresh medium was added before cells
were exposed to bacteria with multiplicities of infection MOI of 2 for 1 h. Te eliminate
extracellular bacteria after infection, the cells were washed twice with PBS and medium
containing 250pg/ml kanamycin (Gibco) was replaced. After incubated for 2 h, the cells were
washed twice with PBS and medium containing 20pg/ml kanamycin was replaced to
climinate remaining extracellular bacteria. The cell viability was measured by trypan blue dye
solution (Gibco). To determine intracellular survival and multiplication of the bacteria, a
standard antibiotic protection assay was performed [6]. The intracellular bacteria were
liberated by lyzing cells with 0.1% Triton X~=100. The released bacteria were plated on 20 ml
Trypticasein soy agar; TSA (Lab-scan). The number of intracellular bacteria, expressed as
CFU, was determined by bacterial colony counting after incubation at 37°C for 48 h. All
invasion and bacterial survival were performed in duplicate.

ROS measurement

The mouse macrophage cell lines were plated in 96=well plated. Cells were then mixed
with luminal, a versatile chemical that exhibits chemiluminescence, before exposed to
200ng/ml phorbol myristate acetate (PMA). ROS, generated from the cells was measured
every 5 min by automated microplate reader (Wallac1420 ARV Osx) following the protocol of
this machine.,

RT-PCR

Total mRNA was extracted from infected cells according to the manufacturer’s
instructions (Eppendrorf) instructions. The first=stand cDNA was synthesized using
iScript™MeDNA synthesis kit (Biorad). The PCR was performed using cDNA as template with
Tag DNA polymerase (Invitrogen) as well as the following primers: for NOX2 (gp91), sense
(5'-GTT GAG TGG TGT GTG AAT GCC AG-'3) and antisense (5'-TGG CGA TCT CAG
CAA AAG GTG GT-"3); for p22™™*, sense (5'-CCC TCC ACT TCC TGT TGT C-'3) and
antisense (5-CTG CCT CCT CTT CAC CCT -'3); for p47°"*, sense (5=ACC TGA AAC
TGC CCA CTG AC-3) and antisense, (5-TTA TCT CCT CCC CAG CCT TC-3); for p677"™
, sense (5-CAA ATG AGA GGC AGG TGG C-3) and antisense (5'-TCT GCT TAC TGG
CGT CTG AG-'3); for p40™™, sense (5'-AGA GAG CGA CTT TGA GCA GC-'3) and antisense
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(5'-GTT GGT GGT GTC CTC GTC CT-'3) and for B-actin, sense (53-CCA GAG CAA GAG
AGG TAT CC-'3) and antisense (5'-CTG TGG TGG TGA AGC TGT AG='3). The products
of PCR were analyzed with 2% agarose gels and stained with ethidium bromide before being
visualized under a UV lamp.

Cell membrane extraction

According to the manufacturer (Biovision), in brief, the 2x10° infected cells were
collected by centrifugation at 600g for 5 min at 4°C, washed with ice-cold PBS and
homogenized in 40 pl of the Homogenize Buffer Mix on ice for 30-50 times. The homogenate
was centrifuged in 700g for 10 min at 4°C. Supernatant was collected and then centrifuged at
10,000g for 30 min. at 4°C. Finally, the supernatant is the cytosol fraction and the pellet is the
total cellular membrane protein (containing proteins from both plasma membrane and cellular
organclle membrane). The pellet samples were diluted at the ratio 1:5 with 5X sample buffer.
Sample buffer (5X) consisted of 0.3 M Tris-HCL, 10% (w/v) SDS, 25% (w/v) bromophenol
blue and 50% (v/v) glycerol. Samples were boiled for 5 min in heat box before loading to the
SDS-polyacrylamide gel.

Immunoblotting

The membrane protein samples were electrophoresed on 10% SDS-PAGE and then
clectrotransferred to nitrocellulose membrane (Ambersham). The membrane was blocked
with 10% blocking solution (Roche) for 1 h before incubating overnight with primary
monoclonal antibody against p47°"™ (1:500 dilution) (Santa Cruz), polyclonal anti pp40°™*
antibody (1:1000 dilution) (Cell signaling) or polyclonal anti-actin antibody (1:20000), and
the blot was allowed to incubate with horse-raddish peroxidase(HRP)=conjugated secondary
antibodies (Santa Cruz) followed by an enhanced chemiluminescence as recommended by the
manufacturer (Roche). The signal intensity of protein bands was determined using
densitometer. The expression of p47°™* protein was expressed as the ratio of the intensity of
p47 protein and actin protein and plotted as the relative protein expression to those without
infection or treatment (control cell).

RESULTS AND DISCUSSION

Viability of mouse macrophage cell lines

As shown in Figure 1A, the control (uninfected) cells and B. pseudomallei=infected
cells showed 90.9%, 8§8% cell viability at 2 h of incubation, and 86.7%, 84.2% after 8 h-
incubation, respectively. The percentage of cell viability of infected cells was not significantly
different from that of the control cells. The cell viability should be maintained at high
viability through the experimental period (2 and 8 h). The unique characteristic of B.
pseudomallei=infected cells as membrane protrusion and multinucleated giant cell was shown
at 8 h-incubation times (Fig. 1B).

Intracellular survival and multiplication of B.pseudomallei

The macrophages were infected with B. pseudomallei at MOI 2:1 for 30, 90, 120, 240,
and 480 min. Although B. pseudomallei was reported to be able to multiply inside phagocytic
cells [4,5], the number of log CFU did not show any significant difference in the early phase
of the infection (30, 90 and 120 min) as shown in Figure 2. Unlike the results described from
the early phase of infection, an increasing number of CFU was observed in mouse
macrophage cells after 240-480 min. These results are consistent with the possibility that B.
pseudomallei plays a role to against innate immune of host. For example, B. pseudomallei has
the ability to induce host cell to be actin-associated membrane protrusion subsequently, the
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transmission from cell to the adjacent cell for evading innate immune of host cells and B.
pseudomallei was capable to interfere inducible nitric oxide synthase (iINOS) expression [6,7].
In contrast, the innate immunity of host might play role at the early phase of infection, it has
been shown that NADPH oxidaseresponds to resistance in the ecarly phase of B.
pseudomallei—infected C57BL/6 mice whereas iNOS is not essential [13].
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Figure 1: The viability of mouse macrophage cell lines (RAW264.7) and the unique
characteristic of B.pseudomallei-infected cells. Cells were incubated with or without
B.pseudomaliei infection at 2 and 8 h incubation period (A). The MNGC (Multinucleated
giant cell) formation (arrows) after 8 h of infection was observed by microscope (100x)

(B).

10.00

8.00

6.00
4.00
B B pseidomallei
2 .00
0.00
30

90 120 240 480

log CFUI

Time (min)

Figure 2: The intracellular survival and multiplication of B.pseudomallei. The mouse
macrophages were lyzed with 0.1% Triton X-100 after incubation with B. pseudomallei
for 30, 90, 120, 240 and 480 min. The released bacteria were plated on 20 ml of TSA.
The number of intracellular bacteria, expressed as CFU, was determined by bacterial
colony counting after incubation at 37°C for 48 h.
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ROS measurement

To investigate the function of NADPH oxidase in RAW264.7 cells, ROS production
induced by phorbol myristate acetate (PMA) was determined. It was shown that ROS
production could also be induced by PMA in human neutrophils [14]. Therefore, ROS
production in PMA=induced RAW264.7 was compared to other cell types. Figure 3 shows
that the high level of ROS could be found in human phagocytes (peripheral blood
mononuclear cells (PBMC), neutrophils and monocytes) treated with PMA. In contrast, ROS
was produced at very low level in PMA-induced mouse macrophage cell line (RAW264.7). It
is thought that there is the limited sensitivity of this detection method since ROS production
might be activated at low level in mouse macrophage, therefore the high sensitivity of
detection is required to determine ROS production. However, these results showed the
function of NADPH oxidase by generating ROS in carly phase of the treatment. NOX2
functions in neutrophil showed the highest production of ROS, while macrophages activated
with PMA were found to generate less ROS than others. Therefore, we investigated the
functional NOX2 in macrophages by determining the mRNA and protein expression of NOX2
subunits in cultured cells.
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Figure 3: Mouse macrophage cells were mixed with luminal before exposed to 200 ng/ml
of PMA. ROS, generated from the cells was measured every 5 min by automated
microplate reader (Wallac1420 ARV Osx).

The mRNA expression of NOX2 subunits in mouse macrophages infected with
B.pseudomallei and PMA.

Upregulation of mRNA expression for the cytosolic subunits (p40°™*, p47°"*, p67°")
was detectable within 15 min and mRNA expression was slightly decreased after 1 h of
incubation time. However, the membrane-bound complex (gp917"*, p22°™*) showed the
constitutive expression in both B.pseudomallei and PMA-treated macrophage cells (Fig. 4).
The cytosolic subunits of NOX2 were required for the activation of NOX2, all of these were
phosphorylated in the cytosol and then translocated to assemble with the transmembrane
flavocytochrome b558 (gp917™*, p22P"*) for generating ROS [15, 16, 17, 18, 19]. This is the
essential regulation of the oxidase activation. In order to evaluate the functional NADH
oxidase, the immunoblottings of p40™"* and p47°"°* were performed.
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Figure 4: The activation of NOX2 subunits. Macrophage cells were infected with
B.pseudomallei at MOI 2 for 15, 30, 60, 120 min and treated with 200 ng/ml of PMA for
15 min to determine the mRNA expression of all NOX2 subunit.
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Figure 5: The activation of p40”™*, p47°"* protein. Macrophage cells were infected with
B.pseudomallei at MOI 2 for 15, 30, 60, 120 min and treated with 200 ng/ml of PMA for 15
min. To evaluate the phosphorylation of p47""*, the membrane fractions of infected cells
were extracted and performed the immunoblotting using antibody against pd47°"*. The
expression of p47 protein was calculated by subtraction the intensity of p47 protein and actin
protein and plotted as the relative protein expression to those without infection or treatment
(control cell) (A). To study the phosphorylation of p40P™™, whole cell extraction of infected
cells was used to perform immunoblotting using antibody against phosphorylation of p40P"**
and actin protein was used as control (B).
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The protein expression of NOX2 subunits in mouse macrophages infected with
B.pseudomallei and PMA.

Similar to mRNA expression, the p4’?Ph°x proteins in the membrane fraction slightly
increased 15 min after infection as shown in the relative units (Fig. 5A). This result implies
that the phosphorylation p4’?ph°x might occur within 15 min after infection or treatment with
PMA. The phosphorylated p40ph°x proteins also showed an upregulation within 15 min (Fig.
5B). From these results, it can be concluded that the function of NOX2 in mouse macrophage
appears within 15 min of infection which suggests that the activation of cytosolic subunits
might be enough to generate ROS to cope or act as a signal transducing to another gene
dealing with B.pseudomallei. For example, the relationship between Toll-like receptors
(TLRs) and NOX2 has been demonstrated resulting in an increased phagocytosis, respiratory
burst, and IL-8 production [20]. In addition, evidence showed that NK-xB might regulate the
NOX2 activation by inducing the expression of gp‘)lph“ [21]. These findings suggest that
ROS production from NADPH oxidase may play a more complex role in the innate immunity
than simply killing bacteria.

CONCLUSIONS

B. pseudomallei (a virulent strain) can induce cellular changes such as cell fusion
resulting in multinucleated giant cells in mouse macrophages. Various mechanisms that cells
use to defend against B. pseudomallei have been studied. This study focused on the function
of NADPH oxidase in mouse macrophages infected with B. pseudomallei. The result
demonstrated that ROS production was found in human phagocytes activated by PMA in the
carly phase of activation. However, ROS was detectable in mouse macrophage RAW264.7
cells at low level. The result implies that NADPH oxidase functions very well in human
PBMC, neutrophil and monocyte. Although induced macrophage cells produced low level of
ROS, the mRNA expression of cytosolic subunits of NOX2 showed an upregulation, In
addition an activation of phosphorylated p47°™* and p40™ were observed. Therefore, it
could be implied that NADPH oxidase functions in mouse macrophage cells in the carly
phase of infection with B. pseudomallei.

However, ongoing study is to investigate the rest of cytosolic protein expression of
NOX2 subunits to confirm the functional NADPH oxidase in mouse macrophage cells.
Furthermore, the activation of NADPH oxidase will be determined in mouse macrophage
cells infected with B. pseudomallei or pretreated with NADPH oxidase inhibitor.
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Abstract

Burkholderia pseudomallei is the causative agent of Melioidosis. Infection with this Gram-
negative bacterium affects various organs throughout the body leading to death if host
defense mechanism relapses. The aim of our study was to investigate the function of
NADPH oxidase in macrophages infected with B. pseudomallei and its involvement in the
death of infected cells. After internalization, B. pseudomallei could survive and multiply
inside phagocytic cells. Morphological changes of the infected cells including cell-cell
fusion and the formation of multinucleated giant cells were observed. To study the
functional NADPH oxidase (NOX2) in mouse macrophages (RAW264.7), reactive oxygen
species (ROS) production was determined. The result showed that phorbol myristate
acetate (PMA)-induced RAW264.7 produced ROS at low level compared with ROS
production in other phagocytes (PBMC, neutrophil and monocyte). ROS production was
inhibited by DPI (NADPH oxidase inhibitor). Furthermore, study in mRNA expression of
NADPH oxidase subunits in B. pseudomallei-infected RAW264.7 cells demonstrated the
up-regulation of p40™™ and p22”"*. The p40°" protein was increased with time of the
infection. The ongoing research is to confirm the expression of mRNA and determine
protein expression of all NADPH oxidase subunits. However, the results shown in this
study implies that the function of NADPH oxidase may generate cellular signals to induce
other genes to cope with B. pseudomallei.
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