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Cell fusion and multinucleated cell formation in B. pseudomaliei-infected celis

Cell viability of cells infected B. pseudomallei (844) and B. thailandensis (UE5) .....
LDH release from macrophage (RAW264.7) cells infected with 844 and L'ES

Change in the LDH activity from RAW264.7 (a) and A543 (b) cells infected with
844 and UES during the time course

Detection of mitochondrial membrane potential from RAW264.7 and A549 cells
infected with 844 and UES

Change in the mitochondrial membrane potential during the time course of

RAWZ264.7 (a) and A549 cells (b) infected with 844 and UES

Effect of IFN-gamma, cytochalasin © and non-living bacteria to cell damage

Cytochrome c release from the mitochondria of 844-infected RAW264.7 cells

Activation of caspase-3 in 844-infected RAW264.7 cells
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Burkholderia pseudomaliei \DuuunfiFunfusuiinefiislsan@ees Indaluruunzdny Jeviin
ﬁmminuawﬁnnuuqﬁﬁuﬁu ﬂuﬁ'aﬁ%nﬂﬂmnmuﬁ'mﬁmm‘lﬂu phagocytic cells 11U wuAlATWAS
uaE non-phagocytic cells 11U epithelial cells atitglsimunalnnisneusussrssaaduaznieinWifinlsa
aesdadudibiflufinsufuwivey luamAdeiiwriveds 8. pseudomaliei (anewufinal¥ifintzn) vin
Wianduurinsina (RAW264.7) Hnmsfang factate dehydrogenase (LDH) mnuﬁnﬁumaﬁ‘ﬂqmmn’i'\
wadtimniiufin uazinasnumiiereasflunsunainnsnastes mitochondrial membrane potential
(A, ) AunndndfenBeuduutu 8. thailandensis (snewuflinalifalse) uananmiufdndedilug
Finbifinaran nulfuuwlasmes LDH uss Ay Tusd wsndlfiihuinnsul@uuwsoks LOH uaz Ay,
mulursfiuasdinsenfudeni@iavinfu  wenamiufiwudmaBouulasedinaeusduyinlo
n1157%84 cytochrome ¢ UAZMIMNLILS caspase TaTluminliaafa Nt RAn LU apoptosis
1 ﬁ‘u"i'uq'munmﬁﬁ'uﬁmmmaqﬂ‘lﬁdﬂLﬂﬂ B. pseudomaliei Yinmuasaleun1it W linnousde
qmnﬂuuﬁqﬁ‘lﬂuazn'mﬂﬁuuuﬂmﬁ‘%uaf,jr’i’uﬁﬁaﬁﬁ-‘n'%magjmﬂumaﬁ'whﬁ'u

A#ATY: Melioidosis, Burkholderia pseudomallei, Burkholderia thailandensis, LDH, mitochondrial

membrane potential, cytochrome ¢, caspase-9
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Abstract

Burkholderia pseudomallei is gram-negative bacterium causing melioidosis. The bacteria are
usually found in contaminated soil and water and are transmitted to humans and animals through direct
contact with the contaminated sources. This infection affects various organs throughout the body
leading to death if host defense mechanism relapses. However, in which cellular mechanism
responding to this bacterium conducting to pathogenesis is not fully known. After intemalization, both
bacteria could survive and multiply inside cells. Morphological changes of the infected cells including
cell-cell fusion and the formation of multinucleated giant cells were cbserved. In this study, we
demonstrated that B. pseudomallei could induce the release of lactate dehydrogenase {L.DH) and the
decrease of mitochondrial membrane potential (Ay, ) that significantly more than the macrophage
infected with B. thailandensis {non-pathogenic strain). The increase of LDH leakage and the decrease
of Ay, are the indicators of cell damaging by B. pseudomallei. We also found that the cell damage
was nol observed when the cells were activated with heat killed-bacteria indicating that the effect to
LDH release and Ay, inside macrophage required only living B. pseudomallei. In addition, the loss of
mitochondrial membrane potential resulted in cytochrome ¢ release and the activation of caspase
leading to apoptotic cell death. This result suggests that B. pseudomallei {pathogenic material) can
cause cell damage by interfering mitochondria while the non-pathogenic strain can not damage cells at

the same level. Furthermore, the cell damage induced by B. pseudomallei requires the internatization of

living bacteria.

Keywoards: Melioidosis, Burkholderia pseudomallei, Burkholderia thailandensis, LDH, mitochondrial

membrane potential, cytochroeme ¢, caspase-9
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Executive Summary

TnudoetinindulalunuuscRnfdnnnsWFude Burknolderia pseudomalie d43z1nm
Tulrzmaam¥eumuiolmainedon  InemuunckmdaanmoandelfannfulafuumssAuunsin
viemmmslaenduazensdifininiudiouveadadialy nafindadumunraizWigle@eEinlunda
slindanuuazrnsiiosfudofumas  nelnnarralrarssdesiaildslifuinmuuusuusian
maAnsnsuindinuidesnmovnuiianniaereaesfuualamie wfsnfaedlifude
wuinfinnnuReudsrensadRaadiinisniiu naveifhy multinucleated giant cells uasfiawuns
MuTeAiaiuLL apoptosis fatl anunandseiwrindesaiinlisdiduRuineiinefues actate
dehydrogenase (LDH) sanunanuaad iuﬁmm'nmtﬁu‘hﬁmﬁnﬁﬁmﬁ'uuﬂn%mﬂamaﬁqnﬁ'\mu anvia
nudef i nnniudtanifinnsiees LOH uanfu dafunalfisadmediniu adnalsfinans
184 LDH sunnsnanaaldl ilevinnns treat wadriaunnslifudadon IEN-gamma Wanszdul¥usdanuan
ufM nitric oxide Lﬁ'ﬂﬂ"\t’lﬂuunﬁﬁaﬁnﬂmu’luvmﬁ winvianne treat tanfdan cytochalasin D iiedudy
actin polymerization 3avniuuafidulinnnsadgond

uﬂnmnﬁtﬂnmnwﬂuqmﬂﬂﬁuuﬂmmﬂq‘lu‘l’.nnnum?ﬂ'luwnﬁﬂﬁnI.‘Hﬂwufh B. pseudomaliei
szl luinrouwtuiinisamndaaassi mitochondrial membrane potential (Ay,) unziiewanas
treat \ndtiountsléFudedat IFN-gamma wirin Ay, Tuedbin/@euulas maufmulses Ay,
wadmandatudunsliluansfurilulnneusduliui  cytochrome ¢ aeanun  SeinWidule!
caspase MU u.a:Lﬂummqud-:ﬂvu‘q'lﬁu.ﬁnn‘ummmL'mil’uuu apoptosis 1K ﬂnuam:rﬂnmﬁafﬂ'lﬁ
41 dn B. pseudomallei TiruuRndiBIAMINRURIULUNITEALTe: LDH sansoldidudarisuen
nmnersandidnauld unznsiadgninaneiusouifadusssnannina Auunaedais-
ABLIATY un::n'ls'l.ﬂﬁﬂuuﬂmiﬁuﬁuLiﬂﬁﬁﬁnunzmﬂhdwnﬁ'nmtﬁﬂﬁnﬁ"m
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1. umi

Burkholderia pseudomallei \DuuuafFuatianfuauiivn1fiinlzn  melioidosis Farzunaly
dszmava¥eu ud dszmaluinduacfusenidnld vanilorenlszinaesninnfe unsUszwealuiam
umudgns samasznelnedon (Howe et al, 1871; Chaowagul et al, 1989; Leslarasamee and
Bovomkitti, 1989; Yabuuchi and Arakawa, 1993) TanmuuszfnfannsoAndelfannisfudafuumesiu
uasinffanimnelneduazeasiiimauiieuresdadl

q'mnm'mmﬁi’uﬁ:humur'uwu'hmu'lu:ﬂtim:::huvh’ﬂijéﬂqmﬂnume'u'muuaua:dhﬂnnua
Wwea  uasinbifusenimennnsldige Fansilmainnasiufiiodnlsensenan  ;uisdennad
iﬂqnwuwmﬂwnﬁqna'lnmrﬂnqﬁuﬁqﬁ'u'lum:uaLﬁﬂnTnﬂm‘:ﬂa'aums'tﬁ"m'ﬁmﬁmzuuqﬁﬁ'\umu
L) twitﬁma'\nLiﬂ-nﬁnﬂqzﬁnnms‘:ﬁ:unn'lnﬁﬁthqwqu'l'i'lﬁhqmuuﬁ-:mrﬁaanu’tmmﬁu'lﬂ v
Wihadaenisden weidedinieuntsidadulsn (Mays ano Ricketts, 1975) Feenawsnil win
g inennielifunmininazduenmsestsa Meloidosis uszfiheldFudednghmelufum
HN7| uﬁ'lﬂ'\‘!ﬂ"l‘lﬁﬁﬂ']ﬂllauﬁH'l.ul.'m'\I.ﬁEN 23 Fu e FurldFunsinmetagnieauasiuriod
uanazawnsoadhulnfilnedn

venniilusrssuAfill  Burkholderia uvnmewufbinelhistsn  «u  Burkholderia
thailandensis (B. thailandensis) ek 2 stiugiiziaamak anReiuuan ThyudahinAdesuaumni
wuAnE iAo RuWftns Burkholderia sp. W 2 sevufilmeAnsnrmeunuaseandn
Wude WeinmudRlFluurynddlunsAnedanalnninfiniss Melicidosis

B. pseudomallei M ATORTInuAs RN By luTai phagocytic cells 114 unATATHNA R
non-phagocytic cells L1 epithelial cells i’ (Jones et al, 1996; Pruksachartvuthi et al, 1990) 9Nt
N4y L’Hﬂ-nﬁnﬁmu'\mununuuqﬁﬁur‘i’u-nm innate immunity Tnmﬁmﬂaﬁqmwﬂmﬂ'ﬁ uptake 1l
A:HERTINIUAA nitric oxide (NO) UAZN"TUAMIBBNTBY inducible nitric oxide (INOS) AR A lNunnalns
wialiiamnsoinanedel®  (Utaisincharoen et al, 2001) uanmnumum‘mumﬂﬂnuuuﬂmwnwm
iradudismzgn  infect  dauideniial 'inmnu.unnl.mmmmuaumuqn'\'.mnma'lﬂTnuuunTn?ﬂ'nun:
mmmﬁﬂ'lﬁtﬁmmrﬂuﬁ’qrTumamnﬁumuuaﬁ'nmﬂLﬂut'nnd"nmnlquﬁﬁumuﬁqmiiua
(Muttinucleated giant cells) atvlsfimummeusuasseasafuaznalnnsymineuasadatisalidud
nruiuwiuey esnAdudimdn B, pseudomaiiel innanszduly host cells Lﬂiuuuﬂaa;ﬂhqm e
tﬁnmwnmmmmnanmﬁuunﬁ‘qua-ﬁLﬁumgnmmﬂhﬂtﬁutﬂunﬁ"\uq ladder FaudufaisTinend
MU apoptosis (Kespichayawattana et al, 2000)

ninifia apoptosis 484 host cells mqtﬂuilaﬁﬁ::ﬁ'\'lﬂqmsﬁ'nmuu‘rmﬂunn‘lnn'ﬁﬂnaﬁuﬁ‘omd
102 host cells Infunninsvialuaduilsf Dusunmeinds Mumdftunmuinddevanasia
nizfuldiandiin apoptosis 13U Shigeria Spp. WNZ Salmonella spp. 14aﬂuﬂ1nnszﬁu1ﬁt1aﬁtﬁn

MRG4680057 4
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cytotoxicity unz nsenuuion dansAnsnalnmemnuasasadudddrudeiinWmeunnsielifinlm
\# (Navarre and Zychlinsky, 2000; Jarvelainen et al, 2003)
TulanewsdsiimumardgyluruoumemureasasTnaduidesteedygrumeuentu
myluged fyoyrnuneusniag ligand engagement 184 receptors UkRalang sanronszduldifin
permeabilization 'nml.i'iaﬁuuaﬁ'uuanwa‘lutnnaum‘iu hunal¥iiannrannizes membrane potential
(Ay,) 183lulmanusds uazninisslsesrasnirunetenininneuwds 1 cytochrome ¢ andly
l\'turmmmﬂ‘luiqmmmn:::djumrﬁtqwmz caspase (cysteine aspartate proteases) UATNTUAMILEAN
-nmﬁuﬁmuqum:mumvmﬁ (Mignotte and Vaysslere, 1998) FnfunsAnensfeuniagaes
LilmneusturnasdifudedeiussAubuannecstntidnladainainmadialuacnimeunues
snendinde B, pseudomaliei
AdeiinsinmfeeiussnBrudsumsuRnuwsssduinreuwdelusziTuiansiay
nmseianiReunaeg Ay, msf21m9 LDH ust cytochrome ¢ TNYRMITANIMIaTMIRA
caspase MIIAAAQN infect Mam B. pseudomallei (pathogenic stain) WAE B. thailandensis
(nonpathogenic strain) ua:u'u‘-aHnm'hnﬂitﬂﬁﬂuuﬂaqﬁﬁdquﬁﬂﬁ'ruoiamm'm-mt'nm\'athq'l:

MRGLERST
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2. L L | - &

2.1 MANIEIRBILTIRS

RAW 264.7 (ATCCHTIB-71) UAz A549 (ATTC#CCL-185) 1431470 the American Type Culture
Collection (ATTC, Manassas,VA)

Yinn? seed 1 1RE mouse macrophage (RAW 264.7) uaz human epithelial lung cell (A549) #ag
DMEM (e 10% FBS) Intsilndadis 1x10° cells/ml S RAW264.7 usz 5x10° cellsiml Al AS49
T4 6-well plates uazvinluifnely CO, incubator Fuuiguugi 37°C mulanmzunden 95%
UTINNIA KBS 5% CO, (REMIINS infect Tufugelu

f#mfunns treat 1388%78 IFN-gamma u Az treat padriauiazily infect fuoan 18-20
dolus FanznssfulhaadssfyyniaadiaAmniinmee@n nitric oxide Fduieiaodeluinsh
Bodngadliud

2.2 N9 infect \IRR
Berkholderta pseudomaliei (ATTC 23343, WRAIR 286); strain 844 lAsnfjunalsemeusnd
urhul A, yeuunu

Burkholderia thailandensis (ATCC700388): strain UES Aannuvasdululsuinalng

1. TWAuivinnas infect &u1ﬁtﬂ§uummﬂﬁu«1ﬂﬁ'luﬂuﬂ:tﬁmﬂauunﬁﬁum‘lﬂ'luupia:qum
aunziaedAH - multiplicity of infection (MOI) Aruus e 1 Falus mn&umaffﬂ:qnﬁ'}ehu
phosphate-buffered saline (PBS) 479U 3 78U &iLN"? treat 1IRAMY cytochalasin D T azving
treat iaddiag cytochalasin D Tnufiasdisdiugeing 2 pg/imi (hunan 2 daluariaunns infect

2. inewndsanfiunukoy kanamycin 250 pg/ml uaziRueradAellEn 2 Faluedmiu
RAW264.7 Lﬂﬂﬁﬁ'nuunﬁﬁuﬂmmzm'l:ﬂrjn'muanwaﬁ miulfnuemnafnandil kanamycin
20 pgiml T ST [TRILTY RE Rt s 1 Aoy

2.3 MaARTITinITagsantauTa
- . 4 & -
URIAINUREQN infect AumAiuuau®: Wnng harvest wakinefraaadding PBS Awi

Loy 5 . ¢
RAW264.7 Uulidinemnzifuaand 1 ml uszvinmagmesd fqudu A549 Ul rypsin lunsuenaed
maiudwuadmuuszsiiendinfon trypan blue dye exclusion W% light microscopy

2.4 nInsvsaunsiavedlulnnsuinis

1. SLATIZY LDH release

Tan'lﬁﬁmmjﬂaﬁuuumﬁu Cytotoxicity detection kit (LDH) (Promega) ﬂa'l'h'uﬁ'nn'm.lﬁn?ﬂ'\
794 enzyme-substrate Inen 9y cultured supematant uax cell lysate aminlfjntenifu substrate (flu

-l L] J -
1181 30 wW unzuNludm O.D. # 490 nm rhﬁ‘lﬁq::mmmnﬂutﬂaﬂimfm:ﬂnnm\'nu'nm LDH 3eAman
LDH activity 1u medium uas Tuiad

MRG4680057
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% LDH activity (in supernatant) = {OD in sup-0O0 blank1) x 100
{OD in sup - OD blank1) + {OD in cell-OD biank2)
imu  Blank1 = Fresh media
Blank2 = Fresh media + lysis buffer

Cell lysate witunlnanimiuasdaruau 2 x 10° tafuwinWuanisel¥ 9% TritonX100 ua:
wiennfiiadl 37°C 5% co, dlunan 45 uril ulaWidusdinanieiufl # 4°C mauifasey 250 g lu
181 4 it lysate Tildaziinlinnnsw LOH FaldinsnalSadu

2. SimgzvinnsanuUsasues cytochrome ©

e #8013t mitochondrial fraction Muilefuuuaiy ApoAlert” Cell Fractionation Kit
(Clontech) s miusz detect cytochrome ¢ 1t/ 143% Western biot analysis nassrinTusiuvin#lannnadin
Fractionation buffer mix Sefifnuasuee protesse a1 adluaddfiunn Wiludeeviniaaduan uas
thavduaRerfugoudidu cytosot A duFE LU N B usthulned Bradford reagenttin
WsAumrdindiu 1-5 bg s winrusntusdulen SDS-PAGE # 15% gel e transfer protein AN
acrylamida gel mq nitroceliulose membrane WA probe membrar.e il cytochrome ¢ antibody w8
24 F9Tua dledrauss probe Fan secondary antibody uf? YMN11AN Substrate (Chemiluminescense) LU

usiu membrane uaztinlULsENURSL aziiu bend protein #iFagT 14 kDa

3. FiAT12Y mitochondrial membrane potential (Awy,.)

neld uC-1 (5.5'.6.6-tetrachloro-1,1'.3,2-tetraethylbenzimidazolylcarbocyanine iodide) dye
staining ia‘lﬁqmm]ﬁﬂuu.ﬂmmm‘ln‘tmnaum?a‘lumaﬁﬂﬁi’uL‘Hﬂ mnwfeuulnaes Ay, swnzode
sanuflurdndaunteaan@uuns fluorescence Liiagn stain #an lipophilic cation JC-1 (5,5'.6.6-
tetrachioro-1,1',3,3"-tetraethylbenzimidazolylcarbocyanine iodide) Tuianfiin® JC-1 azatiilu monomer
Weaiu cytosol @ifivn) unzazanlulninrewwiedidsfung Tusnsived®iiiu apoptotic W necrotic
cells T JC-1 azegluptl monomeric form AT stain cytosol WuR@EE Anfuinsues red
flucrescence #is green flucrescence ﬁ:ﬂmm'l.uwnﬁ'imuua:vnaﬁﬁﬁi'\q-nmun'\s apoptosis (Heuiu
veafLn®

nFiimeziiinlflmenas stain cell #an JC-1 assay buffer uIen 15 WA 7 37°C waztilugs
ANSI7BUAY red fluorescence (excitation 550 nm. emission 600 nm) UAT green fluorescence

(excitation 485, emission 535 nm)

4. ATz caspase activity

1ne14 BD ApoAient™ Caspase-3 Colorimetric Assay Kits (Clontech) 3vin 9 Taefuitne 2 x 10°
18 arg iyse wadlal cel lysis buffer (i 10 u ¥l A 4°C By reaction buHerDTT mix WRE
caspase substrate (DEVD-pNA) uastind 37°C dhaaan 1 $alue amiutinfatinaluse 0.D. # 405 nm
1me1 micropiate reader ATwIniFannu pNA Trevia caiibration curve

MRGA680057 7
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Units caspase activity = A ODU X {1/ curve slope)

A ODU = the difference in ODU between an uninduced control and its corresponding

induced sample

2.5 ANANDR
fi'ld’mﬂr’nmn.mnmmmmﬁw‘ﬁm:aq‘luphm means + standard error of the mean (SEM)

1i#e standard deviation (SD) muTzY

sD =V U ZeemV (n-1]

SEM = 8D/ '\I n

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

Significance testing Minime/l¥ Student t-test 1«ﬁ’mmﬁﬁmrmﬂ'hﬁm'mi'lﬁtuﬁﬂﬂ P<0.05

MRGA6K0NST . 8
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3._HAMINARDY

3.1 mﬂﬂﬂsuuﬂaqzﬂhwsaunﬁui’a‘lﬁi’uﬁa B. pseudomaliel

waddlatinnsAade B. pseudomaliel sneuf 844 rudwannslfudadunm 8 uas 12
dalue dufiaad RAW264.7 uns A549 maundu finulfsuulasfe Ransmudtsatad (cell
fusion) u.a..nmuLﬂuwaﬁﬁﬂmmn'l.muﬂ-:uumuﬂqmi’uﬂ (multinucieated glant celis) usznanUREuRLe
m-wu‘lﬁﬁau'lumai" \$Fuide B. thailandensis aneniuf UES (Figure 1) wenaniidevnnadianinn
da 11y A MOI 10:1 fmFu RAW264.7 Aazwunaulfeuutinaitzmdady

G
T r-“'\ﬂ'i{.
¥ ,.-_ 5--:4!1 e "!-'-I-!'m--t"p-} -""

24 UES5-infected
cells

Figure 1. Cell fusion and multinucieated cell formation in B. pseudomallei-Infected cells. RAW264.7 and
AB49 celis were plated on 6-well plate the day before infection at the initial seeding of 1x10" cells and
5x10" celis. respectively. Cells were infected with B. pseudomaliel (844) or B. thailandensis (UES) at an
MOI of 2:1 for RAW264.7 and an MOI of 10:1 for A549. After 1 h of infection, cells were treated with
kanamycin. At 8 h {for RAW264.7) and 12 h (for A548), the cells were visualized under inveried
microscope (20X). Multinucleated cells (arrowsd) could be observed in the cells infected with 844 (b,

e). Such a morphological change could not be visualized in non-infected celis (a, d) and UE5-infected
celis (¢, ).

MRG4680057 9
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3.2 mﬂmﬁnmawln'ui'a'lnmda 8. pseudomalie!

nsfinznaneunstsadefiiaradliussiuluanaiu asdnsmunsifesdRlitudeiiulefdus
Auegreafigelutasrzuzaniinnainm anuammane LR RAW264.7 uas A549 ATy
devanestila (844 uas UES) | MOI 2:1 use 10:1 mmhﬁuﬁ'uﬁ'qnq:‘.‘:nﬂafvmuﬁmwuﬂmnqq (Figure 2
gnnd) Tmusnnndn 90% cell viability uhislefisnBunaidedlfinsdieed RAW264.7 i Laanil
8 $alin Anlefidudmnegranfiisalandlalimude 844 acfilefiusfmanyran 75% cell viability 7
MOI 10:1 UA: 35% cell viability # MOI 100:1 dmazadldrude Ues TuBnndiRawiuwydng
wefifuinuetranigeniluaedilifude 844 TnBundvintu Tan Julefidudnawegman 88%
cell viability # MO} 10:1 uaz 75% cefl viability # MOl 100:1 s nmmmnesiaziuindn 844 3
arwamnslumnnsuaauualamhannndr UEs amadiuldfudesamfinnuuniiZefivingu
L Asd9 u Weliude lauFnainniusuinbifussenuetronteaaadeteiitud oy
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Figure 2. Cell viability of cells infected B. pseudomallei (844) and B. thailandensis (UES). RAW264.7
and A543 cells were plated on 6-well plate the day before infection at the initiai seeding of 1x10° cells
and 5x10" cells, respectively. Cells were infected with B. pseudomailei (844) or 8. thailandensis (UES)
at ditterent MOl (MO1 of 2.1, 10:1 and 100:1 for RAW264.7 : MOI of 10:1 and 100:1 for A549). After 1 h
of ifection, cells were treated with kanamycin. At B h (for RAW264.7) and 12 h (for AB19), cell viability

was determined using trypan blue dye exclusion. Non-infected cells were performed as contral.
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3.3 malsien lactate dehydrogenase (LDH) snnusagnlasuide B. pssudomaliel

ranmasnewLdmdTWRude Burkhoideria Whuaafifhy cell fusion viareufiandazunmiu
windiinrusen LDH aanymwdsWEude Burknoiderie (Figure 3) Tme tand RAW264.7 fign infect Koude
B. pseudomallei (844) afunnusina Ae MOI 2:1, 20:1 usz 40:1 fnnises LDH Amudlu 4.7, 6 uas 8 wh
28310y LDH fussuesninamandliliude mudriu unziaad@ldunde 844 dwudniinnidey
LOH ssmnlutRunnifiuanndt LDH ﬁ'ﬂ:hm'mwnﬁqn infect #an B. thallandensis (UES) Taefl MOI
2:1, 20:1 us 40:1 finnisen LDH Amdlu 2.8, 5 Az 6 vin 189LANn0s LDH Mulsieteaninainisadd
LildFuide emudnd

ileAmanataaareanissies LDH A niaed RAW264.781Fude 844 fl MOI 2:1 Tumudméa
WFudaunamniufssnuninigesyes LDH fiRudu (Figure 4a) Tnavunnufouwlsefidaaundga
e 4 frtuailyl dowde UES tuinliisadiininlses LOH TuMnodifndudlanswdimsiuds
Wt wiBuninfahiaBunuitiesndinanlses LOH snadiléfuide ses

fmFuuaad AS49 1y WeRandsaameannldes LOH A nndRléFuds 844 @ MOI 10:1
Wuam 12 $alie wudranansadaninlses LDH eensnliEmmuiionn 12 4olne TaeAmdulszano
3 vinren B LOH Musesesninanueadbildfudeusziasdiiude ues (Figure 4b)
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Figure 3. LDH release i;rom macrophage (RAW264.7) calls infected with 844 and UES. Cells were
plated on 6-well plate the day before infection at the initial seeding of 1x10° cells. Cells were infected
with 844 or UES5 at different MO! (2:1, 20:1 and 40:1) for 1 h. After kanamycin treatment, cells were
incubated until cell fusion was observed. Cell lysate and supernate were collected to determine LDH
activily in cultured medium. Non-infected cells were performed as control. Data presented are means

1+ SEM for three separate experiments. *P<0.05 according to Student's {-test.
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Figure 4. Change in the LDH activity from RAW264.7 (a) and A549 (b) cells infected with 844 and UES
during the time course. RAW264.7 and A549 cells were plated on 6-well plate the day before infection
at the initial seeding of 1x10° cells and 5x10° cells, respectively. Cells were infected with 844 or UES
(MO1 2:1 for RAW264.7 and MOl 10:1 for A549) for 1 h. After kanamycin treatment, cells were
incubated at interval time. Cell lysate and supemate were collected to determine LDH activity in
cultured medium. Non-infected cells were performed as control. Data presented are means + SEM for

three separate experiments. * indicates significantly different from controf at each time point. P<0.05
according to Student's -test. .
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3.4 m‘:u]d!'uml'la'laa mitochondrial membrane potential (A, ) 'luﬂn‘ﬁ'ln'ﬁlﬁa B. pseudomallei

anmvasnwLt wisanised RAW264.7 WL 844 uaz UES funaniliihu cell fusion
unzrieufandazunnanieiu Winnausdeinegyd Ay, (Figure 5) Ineififn 0.55 uns 0.68 inaes
adililkfude mudidy atalsfimsbinanuntaanases Ay, etiheiifesaAoylueed Asse
W¥uiTle 844 unz UES

adnmdssasnanimemensaes Ay, Tuend RAW264.7715FudR 844 7 MOI 2:1 Tu azwu
NIARRITEY Ay, sntuninasdidudaduszuzinoawniu (Figure 62) uasaaneetamaialy
doann wirnusdidfude 6 dalueduly Inusnaean 0.77 wireaasdLiliFude Aloan 6 datua
wita 0.55 win e 8 dalie soudle UEs ﬁuﬁ’ﬂﬁﬂnﬁqrmﬂu Ay, dudafuwinandluszaufides
ninfwlueadilérude 844 Aa 0.85 uaz 0.68 vin TewTRELIlIFUTR Tiuan 6 uas 8 dalug
ANAAL

fuFuioad A549 TTu WeRamutisasresnzanrtes Ay, TuandiFude 844 vidn UES 7
MOI 10:1 o 12 dali wudrlutanm 12 datuaiu sedues Ay, Slsiamnatiindn 0.75 vinues
LiadRLiléFude (Figure 6b)
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Figure 5. Detection of mitochondrial membrane potential from RAW264.7 and A549 cells infected with
844 and UES. RAW264.7 and A549 cells were plated on 6-well plate the day before infection at the
initial seeding of 1x10° cells and 5x1 0° cells, respectively. Cells were infected with 844 or UES (MO! 2:1
for RAW264.7 and MOI 10:1 for A549) for 1 h. After kanamycin treatmeni, RAW264.7 and A549 celis
were incubated at 8 and 12 h, respectively. Cells were harvested and stained with JC-1. After a 15 min
incubation, cells were washed and analyzed by fluorescence plate reader. The values of A\pm are
expressed as the flucrescent-intensity ratio of red to green fluorescence. Non-infected cells were
performed as control. Data presented are means + SEM for three separate experiments. *P<0.05

according to Student’s {-test.
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Figure 8. Change in the mitochondrial membrane potential during the time course of RAW264.7 (a)
and A548 cells (b) infectad with 844 and UES. RAW264.7 and A549 cells were plated on 6-well plate
the day before infection at the initial seeding of 1x10° cells and 5x10° cells, respectively. Cells were
infected with 844 or UE5 (MOI 2:1 for RAW264.7 and MOI 10:1 for A549) for 1 h. After kanamycin
treatment, RAW264.7 and A549 cells were incubated at desired time. For detection of Ay, cells were
harvested and stained with JC-1. After a 15 min incubation, cells were washed and analyzed by
fluorescence plate reader. Non-infected cells were performed as control. The values of A\|l,,I are
expressed as the fluorescent-intensity ratio of red to green fluorescence. The values of Ay, in non-
infected {control) cells of either RAW264.7 or A549 were taken to be 1 and other values were

expressed relative to that. Data of Ay, presented are means + SD for triplicate measurement from one
experiment.
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3.5 mavihmesaseeadandadediBnuezmadguaieaads

miidn 8. pseudomaliel  WnmeasfidTunsesenAumsiBinmeadeteazithaanms
vonese damndldFuda 8. pssudomatiel ﬂqmi'uhunfnuhuﬂ 100 °c ifluamn 15 i Lifiuakanns
wiltuulneresssAu LOH uaz Ay, dladeuiulwesd@hildrude winasdeddelhafuaniion
Tufin (Figure 7)

ilavinnng treat tandrieuntsdFudednn IFN-gamma \Wanrziulhimadanunsosdn nitic oxide
WerindpuuafiFueymuluand wudmwn treat vinsBian IFN-gamma fimnandsdusnniuszinlfaed
fins¥rees LDH aaes uasvintluinaoueduasntnimnszdurm Ay, uananilislavinnag treat e
#u cytochalasin D azwuinszdunnsiazes LDH Herin&iAustuszdunis$aees LDH TuasdlilFFude

B 3 OLDH activity 1.6
i_’ . @ Mitochondrial mambrane potential i 14
% 6 - | 1.2
L] . ® * !
£°: ° * e o 1
o 4 : + 0.8
& _° P .
53 . r 0.8
g f i
=2 | 0.4
B4 :
o 1 I 0.2
g , 1 O . N
= 0! . ; ) — ' . {0
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' cells A cells ! ; calla :

Figure 7. Effect of IFN-gamma, cytochalasin D and non-living bacteria to cell damage. RAW264.7 cells
were plated on 6-well plate the day before infection at the initial seeding of 1x1 0° cells. For IFN-gamma
treatment, cells were treated with IFN-gamma at the concentration of 1, 10, 100 units for overnight.
Cells were infected with 844 at MOI 2:1 (for treated and untreated cells with IFN-gamma) or heat-killed
844 (at MOI 1:1, 10:1 and 100:1) for 1 h. For cytochalasin D treatment, cells were treated with 2 ug of
cytochalasin D for 2 h before 1h-infection with 844 at MOI 2:1. After kanamycin treatment, at 8 h, cell
lysate and supemate were collected to determine LDH activity and Ay,,. Non-infected cells were
performed as control. The values of Avy,, are expressed as the fluorescent-intensity ratio of red to

green flucrescence. The values of %LDH activity and Aw,, in non-infected (control) cells were taken to
be 1 and other values were expressed relative to that.
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3.6 umanadn B. pseudomaliel han11ines cytochrome ¢ WREN19Y1TULRA caspase-3

WenenAdunsuniinuin 5. pseudomaliei s sonsziultiaadifinnmmmawuy
apoptosis ¥ feraifialFennisililanousduiinnufeuulng uazanmmasadlumeemiinsnide
-nﬁnﬁmmsnﬁ'\'lﬁl.-mﬁl.ﬁnn'nq:utiu'nm mitochondrial membrane potential AeuMMIAIANEUNT
reeluanmidelusfusineanlulnseuwdy (u cytochrome ¢ azfinWiuduinde B. pseudomatiei Minl¥
mndmeing liusluinnouwds unzmefaninineuans caspase-3 azdasfufiuindeelaivntond
muine apoptosis

anmAnwuinesfunalnmaandfide 844 finnsfares cytochrome ¢ (Figure 8) an
Liinnewrfuaenung cytosol Famzoanuinedd Westen biot analysis wanMuFuNIMINTIIes
Wulsl caspase-3 (Figure 9) TurtadvildFuL o 844 awlsfeuanuammmasesivunisiaes
cytochrome ¢ usn v nreudule:f caspase-3 anundnldFude UES
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Non-infected 844-infected UES5-infected

14 kDa

Figure 8. Cytochrome c release from the mitochondria of 844-infected RAW264.7 cells. Cells were
plated on 6-well plate the day before infection at the initial seeding of 1x10° cells. Cells were infected
with either 844 or UE5 at MOI 2:1 for 1 h. After kanamycin treatment, cells were incubated for 8 h and

cells were lysed. Cytosol protein was extracted and used to detect cytochrome c using western blot

analysis.
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Figure 8. Activation of caspase-3 In 844-infected RAW264.7 cells. RAW264.7 cells were plated on 6-
well plate the day before infection at the initial seeding of 1x10° celis. Cells were infected with 844 at
MOI 2:1 for 1 h. After kanamycin treatment. at B h, cells were harvested and caspase-3 activity was
determined using BD ApoAlert” Caspase Colorimetric Assay Kits. Non-infected cells were performed
as control. The values of caspase-3 activity in non-infacted (control) cells were taken to be 1 and other

values were expressed relative 1o that.
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4. agunsdiagizian

msfnsifutunielffintsares Burkholderia pseudomailel T uﬁﬂ:ﬂmrﬂnmﬁ'«maﬂm
ugrnanf nadaunil ussmedndayiineanade  winslnnmmmdnveadsanmagminansees
nfuunianhaussnemeumissrsuadiadefibiduiineufufin - snnsAnfduaneengy
34 Kespichayawattana unzams (2000) wudtradmAndeaiaiinn RuunlsreasadAarelfifin
cell fusion ufz multinucleated giant cells FeannnsAneluses il (Figure 1) Aldfudunaenadod
timan mawAmunlssaesadivadhilfnnuasdatu Sniaonueysemesssdildfudeveiieanding
dewsdiirudetvnniinniu Figure 2) defeutuds 5. pseudomatiel suiufrsl%ifintn
(844) u¥a A B. thailandensis suwuf UES FadudaflinelXFatsmiusunsoii i fanduning
vina (RAW264.7) AengmuFidudeafunndFudelu hunniuan atalsfimumuquussasionnda
definelifialse nvaneslu non-phagocytic cells (A549) wudmadR T v nesndgnnag
sanfingauiazifinhnndeutafimy wilidssndauniidusunsadhuesdidanddedouiy
afunalasinadaiimonusnsolud phagocytosis
annsAnmunseimuiAtTndesauad (MOI; multiplicity of infection) AWz #vin
'lﬁuaﬁ"lﬁﬁuiﬂﬂ'qﬁtﬂnﬂ'luﬁmwmjmnqe (NN 80% cell viability) Am A MOI 2:1 f&wfu
RAW264.7 LAT MOI 10:1 8w¥u A549 (Figure 2) WeAnsmsseurusstenadiAsudelulunnd
ManzaNwLIIIIe B, pseudomaliei W llandiAnruiiufetu Inedmannsfiiadtises LDH sanun
urzrrwifuRedlinnilusd@idfude B, thailancensis  TurnisTaadilFFudeRinasatings
wiefifusinisagraniige Anfudeeransnlddinnises LOH arnissd Wy indicator ¥84 cell damage
usnanii Ao LDH ﬁuﬁ'ﬂnﬂnmﬁduﬂqﬁ'uﬂ?mmdﬂﬂ'lﬁ’ﬁl (Figure 3) Taenffunny LDH asgnuden
mnﬁmﬁlﬂwnﬂﬁﬁ.uiﬂ'lmﬁu'lmﬁqq‘%u 1atﬂuua'lﬁvmﬁqnﬁﬂmﬂu.a:mumnﬂu t3u10u LOH ﬁqnﬂdaﬂ
sanmndsfutunsdemsWudsussatisvessadilifudesin annmMmeasswLriuataminaiign
infect #aauun#iFe fnrses LDH sann WuFandiuannda epithelial cells Watianauannrannns
Aunnlasvina frousnansolunns phagacytose uunfiide ¥Anq1 epithelial cells Fufhusadiio non-
phagocytic celis vinllidusuuusiiFunelu phagocytic cells #gendn non-phagocytic cells AlkFLTa1Y
MOI #infu (Figure 4)
nrmetesTasa A rouia Ty nasmeuLY necrosis FaiunismrsuLL@nundy Truadaz
Wamruonuszidafugafunn uazn1zmBuUL apoplosis (programmed cell death) JesadTmuuLLE
arfinnmvadunznatuiflu apoptotic body el organelles iRy wafumnatinnunsnfionag
Pt apoptosis wnlAFuAaianmeuen Wy msmeevnidansl&fu pathogen #i197) Faazll
nzz#fu death receptor LLARLIAK 1TunAYlY initiator caspases (caspase-2, -8 R -10) "YU URY
nrzdulkifan svinerues effector caspases (caspase-3, -6 UAE -7) vianszunnineweesisiudly
i.r"uavimfinﬁwmﬁ‘nm'lutnnnum‘iﬂ usnnfiasdanmeluad W NMfinYed oxidative stress 11y
iy i’aﬂquﬂﬂmaﬁurnathm'[u?nnﬂum?uun'mﬂauuuﬂmﬁ'mfnm..'lﬂm'lﬁumsqruLau Ay, Tefiuaria
'lﬁumrfwmfumqauhtﬂrﬂum41q1n‘lu!nnuumm 11U cytochrome ¢ URE cytochrome c azTuAIAL
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Tus#u Apaf-1 unz procaspase-9 flu apoptosome unznszul¥ caspase-9 MWK Tauil ATP/ATP
(fhudatas Fanniinmaanses Ay, uaz ATP dusthannsinlfifiemameseausduuy necrosis 16
N119194ed caspase-8 azlunsz#ul effector caspases %1 wlK saualiiiannavinatuaes DNA uns
rndazifioflu apoptotic body 'I.uﬂqa 141:qni’uﬁu‘tnu phagocyte seli
amnnensaneumnAeuuincsdninreusdtlua@ude  witmaudiualessdy
184 Ay, TundnldFuda 5. pseudomallei Uns B. thailandensis 1mu B. pseudomaliei val% uinmeu-
wisinfeuualsdtdnnndy  unsnnRsuassiiusnanaztusyfunmtdudounsrilmaade
ufy  dedueyfataveaand@liFudedon (Figure 5 unz Figure 6) Weiimminaandan
B. pseudomallei FafhinlilinreusdafimaRruinsuaciinIWadiaoudufe Fdufunelidin
aoade FeazwilFann Figure 7 ﬁaLﬂmﬁaﬂﬁﬁ.ﬂnﬂqnﬁﬂﬁqnm’mhuu‘im-nnﬁqn treat #nw IFN-
gamma risun s AFLTeRTTIn nudnesdannsofnszAuees LDH uss Ay, Wnelilk
mafeuulsmeduinneusdadfy winfinmguds Ay, anasilfesdiRanmmuwy
necrosis InganunTodal¥aannisuderes LDH saniusniiad wiamsduanweeadefuad atils’
munawLdn iadRldFude B. pseudomallei ATIINLMTR A8 cytochrome ¢ A nluinAny-
Fuanng cytosol (Figure 8) UAZN13MWUTEN caspase-3 (Figure 9) ﬂdﬁ'\'lﬂﬁﬂ'nmmmﬂaﬁuuu
apoptosis #91 vinlaansofudulkfusnAdunsuviniinnunisiia DNA fragmentation ufzfnEUCTEY
apoptotic bodies (Kespichayawattana et al, 2000) ﬁ'«&umqqzapj'lﬁfhn'mﬁn apoplosis i1 douniiaiu
wenmnlAsucisaifmdsinreueds  wsznalmuilsidesnnsone WAl URanansz gLl
host cells 1fim apoptosis Tnmim:qnﬁnmﬂu apoptotic bodies unziile phagocytes Auduiuisad¥ufiu
indRmaudail axinldssansouninszaeluifusidnndun  feradusminifdesnnm
relifalsaluilgn  Snuscniewibde  mawvdlussfedallivefiduimaegengs  wisinng
ulﬂﬂuuﬂmmﬁqmﬂﬁ‘ﬂ:ﬁﬂ‘lﬂﬁmnﬁn apoptosis 1 anafulUFdad delay nfim necrosis 3ail
e luanduunirmndidnds  Listera monocylogenes Tnedean s iidneusyng
"pseudo-healthy” 'lummauuﬁnmtqnﬁﬂmuﬂn phagocytes 1ﬁnﬂu"| (Barsig and Kaufmann, 1997)
FofuRafummnivnWidewurfiGusnmiTinegreanhuoadl
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gosuwlnsanuide
unmIsluN yYuima unzuaealy AumBay

nndrunaluladv 10 aazinnmand aminnduufian

o vy X
AIANYININBUETUBIVBAUYDAT 1A TLI¥E Burkholderia pseudomallei

oTur yama, Tu Avesau, uaz Bugt inamiadad’

Burkholderia pseudomallei (B. pseudomalle) unuafiFounsunufiidlumungliifinlin
Melioidosis #udewiiatirunsany i llusisund Wy Wdu Taau undains unzndn vin
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Burkholderia pseudomallei (B. pseudomallei), the causative agent of melioidsis, is a
saprophytic gram negative rod bacteria found in environment such as soil, mud, water, and
paddy field. This organism can infect humans and animals via inhalation of contaminated dust
particles or by wounds resulting in acute septicemia, with high fever symptom. This infection
affects various organs throughout the body and leads to death within a few days if host
defense mechanism relapses.

However, how host cells interact with B. pseudomallei is not fully known. Studying
cellular response of infected cells at the molecular level will provide us information to
understand the pathogenesis of B. psendomallei. This study focused on the detection of the
cytochrome C release from mitochondria, involving in the progression of cell death by
apoptosis. Cylotoxicity was also determined by measuring the level of the key enzyme, lactate
dehydrogenase, LDH.

The results showed that cytochrome C release was not found in infected cells in this
experiment. Although B. pseudomallei was reported to cause cell death by apoptosis
(Kespichayawattana et al., 2000), it should be noted that apoptosi: can be activated by another
pathway. llowever, cytotoxicity was detectable as LDH activity increased in cultured medium
of infected cells . This result implies that change in LDH level is an carly response of injurcd
cells indicating that cells are damaged.
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Burkholderia pseudomallei stimulates low interleukin-8 production in the human
lung epithelial cell line A549
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SUMMARY

Melinidosix is a life-threatening disease caused by Burkhedderia pyendomaliei, The ung is the most com-
monly affected organ. resulting in abscess formation in patients with chronic melioidosis, Previous study
has shown that 8. pyendomallei was able 1o invade and multiply in epithelial cells, In the present study,
we have demonstrated that B, pycudomalled is able 1o stimulate interlevkin X 1.-8) production from the
human alveolar lung epithelium cell line AS49. However. the level of EL-8 production was significantly
lower than when the cells were infectied with other Gram-negative bacteria such as Sulmenclla enterica
serovar Typhi (S tvphit which were used for comparison. The degree of 1aBe degradation in the B,
psetidomalivi-infected cells was lower than that of the S ivphi-infeeicd cells, supgesting that H
psendomallei ix also 1 poarer el activator. Inhibition of 8. peerdomalied invae ton by cytochalasin D did
aot interfere with cither 11.-8 production or LxBea degradation, indicating that hacterial uptake is not
required for the production of this chemuokine. Thux, it appears that the signalling initiated by the inter-
activn of B. pseudamallei with the epithelial cell surface is sufficicnt for epithelial cell activation.

Keywords Burkholderia preudomallei

INTRODUCTION

Mclioidosis ix an importam cause of scpsix in several tropical
arvay, including South-cast Asia amd northem Australia |1.2].
In humans, the discase is usually acquired by skin inuculation
or inhalation of the dust contaminated with Burkholderia
pseudomalici. The clinical features vary from an acute fulminate
xeplicacmia to chronic debilitating Jocalized infection | 1]. Abscess
formation can be found in any organ, with Jung as the mast com-
monly affected organ in those with chronic melioidosis [3.4]. The
patwats often present themselves with cough and fever as a result
of primary lung abscess or secondary Lo septivacmiu sproad.

R, pscadomallei is a facultative intraccllular CGram-negative
Macillus which can survive and multiply in both phagocylic and
non-phagucytic cells [S]. After internabization, the bactersi van
cxcape from membranc-bound phagimome inte the cytoplasm
[S4]. Intermalized B pseudomaliei can also induce a cell-to-cell
Tusson, resulting in a multinucleated giang cell (MNGC) formation
16,7} This wnigue phenomenon., which has never been ubsesved in
any uther bactena, thus facilitates the spreadimg ol bactlenum
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human lung epithelial cell

IxBer 1L-8 melividosis

from one cell to another |7). The presence of MNGC has also
been observed in the tissues of paticats with melividoxis (8]

The mechanism by which B psewdeomalivi is able to escape
host defence is not fully undertood. However, we have reported
previously that the maciophages infected with this hacierium
failed 1o produce inducible nitric oxide synthase {(iNOS). which is
a key enzyme in antibacterial activity of the mactophages [Y].
Morcover, unlike other iram-negative bacterium, including the
prototype £ rephi that has been studied more exiensively i the
mactophapes infected with B pseudomallei. produced xignifi-
vitntly less cytokines such ax lumour necrosis Gaclor-alpha CENF-
) on betamterferon (IFN-f) [2100] These features may facilitate
the bacteria to survive inside the macrophages. In contrast o the
phagoevine cellx very little information is currently availablke for
the ¢stokine response m the non-phagocytie cells infected with 8
preudomallei. In the present study. we investigated the prodection
of interleukin R {11.-8) from B psesdomaliei-infecicd human Jung
epithehial cells.

MATERIALS AND METHODS

Racterial olaten
B prewdomalicr straun 844 used i this study was solated origr-
naily from a paticnt admitted 10 Srinsgannd Hospual in the
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melividosis-endemic Khon Kaen province of Thailand. The bac-
terium was identified originally as B. pseudomallei based on its
biochemical characteristics. colonial morphology on selective
media, antibiotic sensitivity profiles and reaction with polyclonal
antibody [11- 13] and was used in our previous reports [9,10] Sal-
monella enterica scrovar ‘Typhi (S typhi) used for comparative
study were maintained at Ramathibodi Hospital (Mahidol Uni-
versity, Bangkok, Thailand ) and kept as a stock culture in our lab-
oratory. For use in the experimoents, the bacteria were cultured in
Trypticase soy broth at 37°C with shaking at 120 r.p.m. The over-
night cultures were washed twice in phosphate-buffered saline
{PBS) and adjusted to a desired concentration by measurement of
the uptical density at 650 nm and the colony-forming unit (CFLU)
was calculated from the precalibrated standard curve.

Infection of human lung epithelial cell (AS49)

Human lung epithelial cell line (ASY) used in the experiments
was oblained from Anwerican Type Culture Collection (ATCC,
Rackville, MD, 1ISA), The cells were cultured in Ham's F-12
(HyClone, Logan, UT} supplemented with 0%, fetal bovine
serum (FBS) (Gince Laboratories, Grand Island. NY, UISA) at
A7%C and 5% CO,; atmosphere. 10 not indicated otherwise, these
cells (5 x 107) were cultured in a six-well plate wvernight befure
expusure to the bactena st a multiplicity of infection (MO of
10:1 for 2h. Tes remove extracellular bactenia, the cells were
washed three times with 2 ml of PBS hefure replacing with the
mudium containing 250 pp/ml kanamycin (GIBCO Laboratories).
A1 the time indicated, the cells were lysed and subjected to immu-
nablutting while the supermatant was used for TL-K analysis.

Racterial uptake tinternalization)

A stapdard antibistic protection assay was performed o deter-
mine the degree of bacterial internalization by human lung epi-
thelial eelt line. After the infected cells were incubated in the
medium containing 250 g/ml of kanamycin for 1 b, the cells were
wushued three times with PBS and intracellular bacteria were lib-
erated by lysing the cells with 0-1% Triton X-100 und plating the
released bacteria in tryptic soy agar. The aumber of intracellular
bacteria expressed as colony forming units (CTU), was deter-
mined by bacterial coluny counting.

Reverse transcriptase-polymerase chain reaction (REPCR)
Total RNA was extractied from the infected cells aceording to the
manufacturer’s mstructions (Fppendorf, Hamburg, Germany)
before being used for ¢cIINA synthesis by cMaster RT Enryme
(Eppendorf). The POR reaction was conducted using ¢IDNA ax
template for 11-K and actin and amplificd by Tag DNA poly-
merase (bnvitrogen, Carlsbad, CACUSA) The primers ot 118
wore sense 8 ATG ACT 700 AAG OFG GUU GTTG GETT-X,
antisense 8 TCT CAG CCCTCTFCA AAA ACT TCT -V and
those for actin were: sense 3-TGG CATTGT TAC CAA CTG
GOA CG-Yoantsense SGUTTET T TOA TGL OASGU A
CG-Y. The amplificd prosducts were clectrophuresed on 184,
agarose el and staiined with ethidium bromide before being visu.-
alized under an ultrasiolet lump

Imeranobloding

Al time imtervals, the miveted eells were Ivsed in butfer con-
tavng X0 mM Tris, 0ms NaCl and 17 NP0 The Dvsates
centaimng Y ug of protein were vlectrophoresed using 10" paly -
acrviamde and were then clectrotransiorred onto aitrovellulose

membrane (Schleicher & Schuell, Dassel. Germany). The mem-
brape was blocked with 5% milk for 1 h before incubating
ovemight with polyclonal rabbit antibody to 1xBa {Santa Cruz,
Santa Cruz, CA, USA). Blots were then reacted with horseradish
peroxidase-conjugated swine antirabbit I1gG (Dako, Glostrup,
Denmark ). Protein bands were detected with an enbanced chemi-
luminescence kit {Roche Diagnostic, Mannheim, Germany).

Enzyme-linked immunosorhent assay (ELISA)

The concentrations of IL-8 in the supernatant of infected tung epi-
thelial cells were measured using an ELISA, kit {(BD Biosciences.
San Dicgn, CA. USA). The sensitivity of the assay system was
%0 U/ml,

Statistical analysis

If now indicated otherwise, all cxperiments carried out in this
study were conducted at least three times, The data shown are
represemtative results. Experimental values are expressed as
mean + standard errors. The statistical significance of differences
butween two means was evaluated by Student’s -test, and a P-
value ()1 was considered significant.

RESULTS

The yuantity of TL-8 produced by the cells infected with cither A
pseudomallei or S ovphi correlated with the MOT used (Fig. 1).
However, companmyg with 5. fypéi, the level of 1L-8 induced by 8.
psewdomallei was sipmficantly lower (Fig. 1). Kinetics of the [L-8
production from the cells infecled with both bacteria was aiso
similar to one another. Results presented in Fig. 2a show that the
level of [L-8 increased gradually before reaching the maximum at
6 h. 1t should be mentioned that the viahility of the cells infected
with cither bacterium, judged by tryphan blue staining, were more
than 0% throughout the time-course of the experiments (data
not shawn).
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Fig. 1. 11. R production by infevicd human alveolar lung epithelial cell ine
(ASER The colb 15« 1F celivwelll were infected tor 2 h with either B
poilomativs or X ol a0 MOT ot 0 100 1 10 1 and KN The
miecled veliv woere washbed with PBEN thres imes betore trosh cullurg
medium contiuming 350 pg'ml of kanamyioin was added and cultured for
R h. The supematants were oollected and wwed for 1K analysis by ELISA
12ata represent mean amd standard criom of 3 separate expenments cach
carned oul in duplwate. * £ 001 by Stadoent's -l
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Fig. 2. Kinclics of 11K production, H. 8 mRNA cxprossion aml Tafie
degradation. The cells (5« 10 celisfwell) woere anfected with cither 8
pseudomalici (@) or S typhy (- 20 al an MO of 1051 Lavmiveted celhs were
used s control {2.). At times indieated, The supermatsnis were oollected
and analyscd for 5. B by ELISA (a). The colis were then Bsed and wed
for analyais of IL-X mRNA expression by R1 FUR thy or for IvB depra-
dation by immunoblotung (c). ata represent mean and standard crrors
of three separate experiments, cisch carned oot in duplicate

The expression of 1L-8 mRNA trom the bacteral mlected
cells could he detected as early oy B min of infectmon belore
reaching a maximum at 1 h (Fig. 2b). ln paralle] with the ELISA
results above, the level of 1L-8 mRNA expression i the 8. rvphi-
infected cells was comsiderahbly higher than i the 8 pyeudomatter-
infected cells performed at the same MO In accord with these
observations, the level of Fxfedegradition win also higher i the
X nphi-infected cells, suppesting that N replti wis a stranges vell
activatur. The results presented m Fig. 2o showed that the L3 in
S typhi-infected oells was degraded after M) min and then reap-
peared afier 2 b of infection.

Several other eytokines have been reporied to be produced by
cpithelial cells. Sume of these are knuwn o be able 1o stimulaie

Control
8.
B. pssudomaliei + CHX

o> GEE» <

T A Ty 94— 5-actn

Fig. & tiects of eveluhesamude on the expression «f 1L-K mRNA n B
pyisdomutlesmteacd celis. The cells were pretreated with eycloheximuge
3 prmly for 2 W befare bemg intected with the hacteria at MY of 101,
Atter Th ot incubanon. the infected vells were washed with PBS and then
Ivsed. The expresseon of 11 8 mRNA was determined by REPCR as
thesertbed i Materiah and methods,

11, & praduction frome the epithebat cell | 14]. Tn order 1o rule out
the pussibility that the 1L-X detected in B psewdomatlei-infected
cells might hine hoen stimaulsted by other evtokines produced by
these mitected vebis, these eells were pretreated with evelohexam-
ide toinhibit protein ssnthesis lor 2 b befure being infected with
B. penddomiatier. The miceled cells were then lvsed and analyvsed
fur IL-% mRNA cypresaon. The results i Fig 3 showed that
unduey this condition, the B paendestaticr-imiccied cells were still
able 1o up-repulite 1L-v mRNA oxpression. suggesting that B,
pscudomulics was able Lo directly initiate the [L-8 production.

Hecuuse B pveadomiadics huas been reponted 1o e able o
invade asd survive insiae the non -phagoeytic cells | 7], it should be
of interest therefore W determine whether or not invasion would
he required so nitiate the IL-8 production. In this senes of exper-
iments, evtochidasin 1Y was added to the test system 1o prevent
bacterial invasion | 15]. Inhibition of bacterial entry by cytuchala-
sin 1) did not reduce I8 production sipnificantly (data not
shown). Morcover, as showa in Fig. 4a and b, inhibition of the
bavterinl nvasion interfered with reither expression of 118
mRNA nor 1aBa depradation. These results suggested that inva-
sion of B paendematier was not necessary for cell activation and
IL-R praduction. [t should he noted that in the presence of cytoch
alasin D, the number of internalized bacteria was reduced sipnif-
icantly 1o less than 8% compared with the cells wsted in the
hsunee of this inhibitor {data not shown).

DISCUSSION

Rurkholdera pyendomalled is a Gweultative intracellular hacterivm
which can survive and multiply in both phagocytic and nen-
phagocytic cells. The mechanism of this baclerium to evade host
defence is not understood fully. By comparing with other Gram-
negative bicteria such as S rvphi. this hacterium appearcd to be a
rather poor macrophisge activator [9,10f, More imporianily, thus
buclerium Cailed to activate iINOS expression, which is a key
cazyme in macrophages defence against bacteria including B
pseudomnallei {9]. The uilure to stimulate iINOS production would
allow the bacteria lo survive and multiply inside the macrophages,

QAWM Binckwell Publishing 1.td. Clinical and Expetimental fomtunology, 13861 -65
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Fig. 4. Effects of cytochalasin D pretreatment on [L-8 mRNA exprossion
{a} and 1xBo degradation (b) on the cells infected with B, preudomallei.
The cells (5 x 1P cellsfwell) were pretreated with cytochalasin D (2 ug/ml)
for 2 h before being imfected with B. preudomaliei at an MOI of 10: 1. The
cells were lysed sfter 20 of infection. The expremsion of 118 mRNA
was determined by RT-PCR and the degradation of [«8 was detected by
fmmmmoblotting.

allowing infection of neighbouring cells by cell-to-cell spreading,
as we have reported previously 16.7].

Because lung is the most commonly affected organ found in
patients with melioidosis, in the present study we turned our
attention to the interaction of this bacterium with human alveolar
lung epithelium cells. Epithelial cells have the ability to produce
an array of chemokines, including IL-8, which is a potent
chemoattractant for polymorphonuclear cells and can direct
recruitment of these cclls into the infected sites [16]. In this study
we have demonstrated that although B. pseudomallei could
mduce the human hung epithelium to produce IL-8 (Fig. 1}, the
level of cytokine and gene expression exhibited by B. pseudoma-
Uei-infected cells was significantly lower than those exposed lo
other Gram-negative bacteria such as S typhi (Figs 1 and 2). One
possible mechanism that depresses the cytokine gene expression
in the infected cells involves nuclear translocation of transcription
factors, NF-xB is an important regulator of 1L-B gene expression
[17]. It is well documented that degradation of IxBa regulates
'NP-xB activation by forming a complex with NF-xB, preventing
its translocation to the nucleus [18). In response Lo stimuli, IxBea
is degraded by protcosome, thereby freeing NFxB which then
enters the nucleus. In normal circumstances, the IxBa is rapidly
resynthesized [18]. The data presented in Fig. 4, showing that the
IsBa from the B. pseudomallei-infected cells was degraded 10 a
lesser extent than those infected with § typhi, suggested that B.
pseudomallei was not able to stimulate NF-xB translocation as

P. Utaisincharoen et al.

extensively as S. typhi (Fig. 2b). This could be one possible mech-
anism that causes the low IL-8 production in this model. .

Severa! faciors bave been reported to play critical roles in the
activation of epithelial cells. Infection of HeLa cells with invasive
Shigeila flexneri induced NF-xB translocation leading to the up-
regulation of IL-8 mRNA [19]. In contrest, non-invasive & flex-
neri was unable to activate NF-xB and the expression of IL-8 gene
was impaired. Similarly, intracellular growth of Mycobacterium
tuberculosis was necessary to clicit IL-8 production by alveolar
epithelial ceil [20]. However, the inhibition of B. pseudomallei
invasion by pretreatment of the cells with cytochalasin D did not
interfere with IL-8 production and gene expression (Fig. 4).
Moreover, the level of IxBa degradation was similar to the cells
which were not treated with this inhibitor (Fig. 4b). Altopether
thesc results suggested that the activation of lung epithelial cells
by B. pseudomallei did not require bacterial catry into the cells.
Recently, we demonstrated that B. pseudomallei was able to
adhere to the surface of human hmg epithelial cells {21). It is
therefore logical 10 conclude from the data presented in the
present study that adherence to the cell surface alone by B.
psendomaliei is sufficient to initiate a signal for IL-8 production.
Scveral components on the surface of Gram-negative bactera,
e.g. lipopolysaccharide (LPS) have the ability to stimulate epithe-
lial celts which lead to NF-xB activation and IL-8 production [22].
One possible mechanism for the IL-8 production in our model is
the interaction of LPS of B. pseudomallel 1o the surface of the
buman lung cpitheiial cells. Another bacterial product, the flagel-
lin, could also elisit [L-8 production in lung epithelial cells via
TLRS [23]. The role of B. pseudomallei Bagellin in lung epithelial
cell activation remains-to be investigated.

Mclividosis presents itself as a febrile illness, ranging from
acute septicacmia to a chronic localized infection. This discase is
characterized by abscess formation in various organs. Airway
inflammation, characterized by influx and activation of neutro-
phﬂs.plnylamqorrolemlbepalhologyofhmmchmdous.ln
this study we demonstrated that B. pseudomallei is able to stim-
ulate IL-B release from lung epithelial cells. The production of this
chemokine may contribute to an influx of neutrophils that may
lead ultimately to the lung damage observed in the paticnts with
melioidosis. Accumulation of neutrophils may not only cause
pathology of lung tissue, but it may also enhance host defence
against B. pseudomallei. Even though the neutrophils were
reported to have little activity against B preudomallel, increased
neutrophil production by granulocyte colony-stimulating factor
(G-CSF) has been shown recently 10 decrease the mortality rate
significantly in patients with meljoidosis [24,25). Production of IL-
8 from lung epithelial cells infected with B. pseudomallei may be
sufficient to induce influx of neutrophils to the sites of infection
and provide a sufficient degree of protective inflammatory
responsc against B. pseudomallei infection.
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The study of apoptosis in Burkholderia pseudomallei — infected cells.
Patcharapormn Boonyos, Kitchawatt kullavanijaya, Idsada l.engwehasatit

Burkholderia pseudomallei .a gram -  negative bacterium, is the causative agent of
melioidosis disease which occurs in both human and animals. This infectious disease can be found in
tropical countries especially in Southeast Asia. However, the mechanisms of this bacterium infecting
cells are not fully clear. Study of ccllular responses and cell death in infected cells will provide
information for hetter understanding the pathogenesis of this bacterium and also for rapid diagnosis of
the disease. .

The purpose of this research is (o study the response and cell death mechanisms of infected
celis by studying the release of cytachrome C, caspase — 9 activity, and changes in the level of
mitochondrial membrane potential in infected phagocytic cells. From this study, we found the release
of cytochrome C from mitochondria into cytoplasm of Burkholderia pseudomallei - infected cells
leading to the activation of caspase - 9. These results imply the initiation of apoptosis' as the
consequence. In addition. the release of evtochrome € may resuli from the decrease in the level of
mitochondrial membrane potential Cells pre-treated with interferon - y before infection
was shown 1o maintain mitochondrinl membrane potential. Similar results were found in infected cells
treated with chloramphenicol and cells infected with heat killed-bacteria, thus protecting cells from the
damage cavsed by Burkholderia pscrdomalled. From our results, we can conclude that cells respond to
Burkholderie pyewdomedlci by interferimg mitochondnal function leading to apoptosis. However, other
markers of apoptosis should be carried out to make sure that infected cells undergo apoptosis.
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Abstract

Burkholderia psendomatiet is o causative agent of melividosis. This gram-negative bacterium is able to survive inside the macrophages
and also able w invade non-phagocytic cells including epithelisl ceils. Interaction of pathogenic bacteria to the host cells is frequently
associated with activation of mitogen-actuvated protein (NLAP) kinases signaling activity. [n this study, we demonstrated that 8. psendomatllei
stimulated p3% MAP Kinase of humun atveolar lung epithelial cedl line (AS49). Phosphorylation of p38 was observed after 15 min, attained a
maximal level a1 60 min after the infection. A specific inhibitor of p48 phosphorylation, SB 2035380, wax able to inhibit invasion of this
bacternium inte the cells suggesting that invasion of B, psewdomatict required activation of pU¥. In contrast, wortmannin which is a specific
inhibitor of phosphoinositide 3-kinuse (P13 Kinase) faifed to inhibit the invasion. Moreover, SB 203580 can also interfere with IkBa
degradation and IL-8 mRNA expression, indicating that the phosphory lition of p38 occurred upstream of NF-wB activation. Cytochulasin D,
an inhibitor of uctin polymerization needed for internalisition of bacteria, did not have uany effeet on the phosphorylation of p38. These results
indicate that B. pseudomalier stimulate phosphorylation of p38 making by initial contact with the cell surfuce components and do not require

imternalisation and interacuon with intracellular eyvtoplusnue components of the cells.

€. 2005 Elsevier Ltd. All rights reserved.

Kevuords: Burkholderia pseudomaliei; Melividosis; p38 MAP kinase; Human lung epithelial cell line; IkBa

1. Introduction

Burkholderia pseudomallei is a causative agent of
melividosis, un endemic disease in several tropical countries
including southeast Asia and northern Australia [1.2]. In
humans, the disease is usually acquired by skin inoculation
or by inhalation ol the dust conlaminated with B,
pyeudomalie: 1], Melividosis is characterized by formation
of abcess in various organs. Lungs are the most commonly
affected organ in thase with chronic melioidosis |3.4]. The
pittients olten present themselves with cough und fever as a
result of primary lung abcess or secondary o septicemia
spread. ‘

This gram-negative hacterium could survive and multi-
ply in both phagoeytic and non-phagocytic cells. After

“ Corresponding auther. Tel.: +662 201 5954; fax: +662 201 5972
E-mail address: sepur@mahidol.ac.th (P. Utarsincharoent.

mf‘!--mmfs - see front matter @ 2005 Elsevier Lid. All rights zeserved.
dui: 143 10164 micpath.2004.12.006

internalisation. B. pseudomaliei can escape membrane
bound phagosome into the cytoplasm [5]. Inside the cells,
B. pseudomallei can also induce cell-to-cell fusion resulting
in multinucleated giant cell (MNGC) formation [6,7]. This
unique ability may facilitate this bacterium to spread from
one cell to another. The MNGC formation was also
observed in the tissues of patients with melioidosis [8].
The mechanisms by which B. psendontallei survives amd
multiplies inside the cells are not fully understood.
However. accumulated evidence indicate that this bacterium
is able 1o invade macrophages without activating inducible
Nitric Oxide Synthase (iNOS) which is d key enzyme in
antimicrobial activity of the macrophage [9]. The failure to
stimulate iNOS expression may facilitate this bacterium to
survive and mulliply inside the macrophages [9.10).
Interaction and activation of non-phagocytic cells by B.
psewdomallei have been recently reported. This microor-
ganism is not only able to invade human alveolar Jung
cpithelial cell (A549) but it also can activate NF-xB leading
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to IL-8 production [11,12]. Interestingly, activation of
NF-«B and IL.-8 production did not require invasion of
bacteria, indicating that adhesion of B. pseudomallei 1o the
surface of the epithelium was sufficient for signaling.

The mitogen-activated protein (MAP) Kkinases are
central to many host cell signaling pathway. These
signaling proteins have been reported to be involved in
many host responses against invasive bacterial infection.
Inhibition of MAP kinase by specific inhibitor results in
a significant decrease of cell activation, which ted to the
reduction of cytokine production from the infected, cells
[13-15]). Moreover, the role of MAP kinase in bacteria
internalisation has also been reported. For example,
invasion of Listeria monocytogenes into the epithelial
cell was inhibited when the cells were pretreated with
MAP kinase inhibitor [14]. In contrast, MAP kinase
inhibitor did not interfere with invasion of Salmonella
enterica serova Typhimurivm (S, ryphimurium) [14).
Ameng the MAP kinase proteins, p38 MAP kinase is
known to play an important role in epithelial cell
response against a number of invasive bacteria [13-15].
Infection of epithelial cell lines with S. typhimurium
tnduces activation of p38 MAP kinases leading to
activation of NF-xB and AP-1 [13-15]. Inhibition of
p38 MAP kinase could also prevent cytokine production
such as IL-8 from the epithelial cells infected with §.
ryphimurium [13]. in the present study., we demonstrate
the involvement of p38 MAP kinase in the epithelial cell
response to B. pseudomallei infection.

2. Results

2.1. Phosphorylation of p38 in B. pseudomallei-infected
human alvecolar lung epithelial cell line (A549)

In order to determine whether or not phosphorylation of
p38 is involved in B. pseudomallei infection, the cells were
infected with the bacteria at MOI of 10:1. At times
indicated, the infected cells were lysed and phosphorylated
P38 (pp38) was determined by immunoblotting. The results
presented in Fig. 1 showed that B. pseudomallei was able to
stimulate phosphorylation of p38 within the first 15 min of
infection and reached the maximal level at 60 min.

2.2. Cytochalasin D does not inhibit the phosphorylation
of p38 induced by B. pseudomaliei

To investigate whether or not initiation of signal for
phosphorylation of p38 requires bacterial intemalisation,
cytochalasin D (2 ug/ml) was added to the cells cultured for
Lh before B. pseudomallei infection. One hour after the
infection, the phosphorylation of p38 from the infected cells
was determined by immunoblotting. As shown in Fig. 2,
cytochalasin D did not inhibit the phosphorylation of p38
protein. In contrast, SB 203580, a specific inhibitor of p38
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Fig. 1. Phosphorylation of p38 in B. pseudomallei-infected cells. The
human alveolar Jung epithelial cell line (53X 10% cells/well) was infected
with B. pseudomallei at MOT of 10:1. As time indicated, the cells were
lysed and phosphorylation of p3B was determined by immunoblotting.

MAP kinase, used as a posilive control, prevented the
phosphorylation of p38.

2.3. B. pseudomallei invasion into A549 requires
phosphorylation of p38

In order to investigate the role of p38 MAF hinase in
invasion of B. pseudomallei into the cells, the cells were
pretreated with various concentrations of SB 203580 1 h
before infection. The results showed that this inhibitor at a
concentration as low as 2.5 uM was able to significantly
reduce the irvasion of B. pseudomallei (Fig. 3). The
inhibition of B. pseudomallei invasion by this inhibitor was
a concentration dependent and at 20 nM, SB 203580 was
able to reduce internalisation of this bacterium to less than
30%. SB 203580 at the concentration used in these
experiments did not interfere with the growth of B
pseudomallei in TSB (data not shown). On the other hand,
wortmannin (an inhibitor of phospoinositide 3-kinase, PI3-
kinase) failed to inhibit invasion of B. pseudomallei into the
cells (Fig. 3). It should be mentioned that the viability of the
infected cells treated with SB 203580 at the concentration
used in these experiments were more than 90%, as judged
by tryphan blue staining (data not shown).

We previously demonstrated that the number of MNGC
formation used as a marker for B. pseudomallei infection is
directly proportional to the number of viable intracellular
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Fig. 2. Effect of cytochalasin I on the phosphorylation of p38 induced by
B. psewdomalici. The cells (5 x 10° cells/well) were pretreated with 2 pg/ml
of cylochalasin D or 20 uM of SB 203580 for ¢ h before infected with
B. pseudomaiici at MOT of 10:1. After | h of infoction. the cclls were tysed
and phosphorylation of p38 was determined by immusoblocting.
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bacteria [7,16]. In the presence of SB 203580, this inhibitor
signiticantly reduced the number of MNGC formation as
shown in Fig. 4. Similar results were observed when the
cells were pretreated with eytochulasin DL In contrast,
worlmannin alse failed w inhibit MNGC formation. It
should be noted that the SB 203580 inhibitor used in this
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Fig. 4 Effects of the sahibitorss an preventing MNGC formation of
B. pyewdomalied infected cells. The colls (5 X 107 cellsawell) were culiued
in coverslips overnight befure pretreated  with SB 203580 (20 uM).
wartnkinnin (100 nM} or cytochalasin D (2 pgfml) for 1 h and woere then
infected with B, psendomatici at MOT of 10,10 Eight hours afier the
infection, covershps were fixed and stained with Gimsa staining and the
number of MNGC was determined by microscopic examination {400).
Data represent means and standard ermors of three separate experiments,
vach carricd oul in duplicate. "P <0.05 by student’s f-tesl.

experiment did not reduce MNGC formation if added an
hour after B. pseudomallei infection, indicating that at the
concentration used, this inhibitor did not interfere with the
process of MNGC formaltion (data not shown).

2.4. IkBo degradation and IL-8 production of A549 infected
with B. pseudomaliei requires phosphorylation of p38

Previously, we demonstrated that B. pseudomallei was
able to activate IkBe degradation indicating the NF-xB
activation in A549 [12]. The activation of this nuclear factor
also led to the upregulation of 1L-8 gene expression [12]. To
further investigate the signaling proteins required to activate
NF-xB, the cells were pretreated with SB 203580 before
infected with B, pseudomallei. Al lime indicated, IkBa
degradation from the infected cells was determined by
immunoblotting. As shown in Fig. 5A, comparing with the
cells infected with bacteria alone, IxBa degradation was
inhibited in the cells pretreated with SB 203580. Sin arly,
SB 203580 was able 1o significantly reduce 1L-8 mRNA
expression as judged by RT-PCR (Fig. 5B).

3. Discussion and conclusions

Pathogenesis of H. pseudomallei infection have been
extensively studied both in vitro and in vivo. Several
potentia! virulence factors including type I secretion
system, [lagella and capsular exopolysaccharide have been
investigated | 17-20]. However, very limited information on
how this bacterium medulate the host cells is currently
available. Previously, we reporied that B. pseudomallei was
able to survive macrophages killing by modulating the cells
by mechanism which was different from other invasive
gram-negative bacterium such as §. enrerica serova Typhi
(S, rvphi). The macrophages infected with B. pseudomallei
produced very low level of IFN-B which is a key cytokine
that regulates iNOS expression. resulting in its ability 1o
survive inside the macrophages [10]. The activation of tion-
phagocytic cells, c.g. human alveolar lung epuhelium
(A549), by B. pseudomallei has been recently reported
[12]. This microorganisim wus able 1o activate NF-xB of the
infected cells by interacting to the cell surface [12]. The B.
pseudomalici-infected epithelivm also produced IL-8,
which is a potent chemoattractant for polymorphenuclear
cell [12).

MAP kinase pathways have been demonstrated to play an
important role in bacterial intemalisation and modulation of
cytokine responses. Invasive bacteria modulate the cells by
activating dilferent signaling proteins of MAP kinase
pathways. For example, invasion of Porphyromonas
gingivalis activated ¢-Jun N-terminal kinase (JNK) of the
human gingival epithelial cells while non-invasive Strepro-
coccus gordonii did not have significant effect on INK
activation {21]. S. typhimuriem infection of cultured
intestinal epithelial cells resulted in the activation of JNK,
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Fig. 5 Eflect ol SB 203580 on cell acuvativa, The cells (5 X 10" cellsfwell) were pretreated with SD 203580 (20 pM) for 1 h hefore being infécted with
H. pyeudomalics at MO of 10, To deteronned the IkBax degradution, the samples taken at 30 oiin, 1 and 2 h was lysed und subjecied to immunninting (A},
Gapression of IL-3 mBRNA was Jeternuned by RT-PCR fromy the cells that were infevted with 8. presdonalled for 2 h (B).

p38 and extracelular regulated Kinase (ERK) [ 13, Induc-
tion of these signaling puthways by S. nphimurivm was
strigtly dependent o the Tunction of the type I protein
secretion system [13]. Wild type Shigella flexneri but not
LPS-defective mutant was able (o stimulate ERK of the
intestinal epithelivm indicating that LPS may plays an
important role in mediating epithelia signaling [22].
Invasion of L. monocviogenes to epithelial cells requires
activation of both MEK-I/ERK-2 and PI 3-Kinase | 14.23].
PD 98059 or wortmannin could prevent invasion of this
bacterium. Previously, we reported that comparing with B.
thailandensis. B. pseudvmalici was able 1o more eftectively
adhere and invade into human alveolar lung epithelium {1 1].
Iy the present study. we showed that this bacterium was able
10 induce phosphorylation of p38 within 15 min alter
infection (Fig. 1). The phosphorylation of p38 was still
observed when the cells were pretreated with cytochalasin D
indicating that activation of p38 MAP kinase was triggered
at the time of initial contact with the cell surface (Fig. 2).
Inhibition of p38 MAP kinase by SB 203580 prevented
invasion of B. pseudomallei into the cells (Fig. 3). In
contrasl, worltmannin. an inhibitor of PI 3 Kinase, which
was able to inhibit invasion of L. menocytogenes, lailed 10
inhibit invasion of B. pseudomallei suggesting that invasion
of B. psewdomallei does not require activation of PL-3
kinase. Moreover, inhibition of p38 MAP kinuse also
prevented IxBa degradation which indirectly suggested the
NF-«B activation was inhibited by this inhibitor (Fig. SA).
This result also suggests that activation of p38 MAP kinase
was associated with NF-xB activation. Inhibition of NF-cB
activation by this inhibitor also leads to significant reduction
of IL-8 mRNA expression (Fig. 5SB). Similar to 8.
psewdomallei, S, ryphimurium was also able to
activate p38 MAP kinase leading to NF-kB activation in
the intestinal epithelial cell [13]. Inhibition of p38 MAP
kinuse by SB 203580 also could block NF-kB activation and

IL-8 production from the cells infected with S. typhirturium
113]. However, in contrast o B. pseudomallei, inhibition of
MAP kinase signaling did not prevent invasion of 8.
ryphimurium [14,15]. These results suggested that B
pyeudomallei modulates invasion into epithelial cell by
mechanismy which is different from S. ryphimurium.

Several potential B. pseudomallei components including
LPS or/and type III proteing secretion system may play a
role in activation ol p38. Previously we have demonstrated.
that LPS isolated from B. psendomaliei was able to activale
phusphorylation of p38 in mouse macrophage [24]. There-
fore, LPS may be one of the components contributing in
activation of the non-phagocytic cell. Type Il secretion
system has also been reported to be the essential component
in modulating the intracellular behavior of B. pseudomallei
[17]. This group of bacterial proteins may participate in
pathogenesis of B. pseudomallei by enhancing its ability 1o
invade the cells [11]. However, the role of B. psecudomallei
type 1lf secretion system in aclivating p38 remains to be
investigated. '

4. Materials and methods
4. 1. Bacterial ixolation

B. pseudomallei strain 844 useéd in this study was
originally isolated from a patient admitted to Srinagarind
Hospital in the melioidosis endemic Khon Kaen province of
Thailand. The bacterium was originally identified as B.
pseudomallei bused on its biochemical characteristics:
¢olonial morphology on selective media, antibiotic sensi-
tivily profiles apd reaction with polyclonal antibody |25-27]
which was used in our previous reports [9,10,12]. For use in
the experiments, the bacteria were cultured in Tryplicase
soy broth at 37 °C with rotation at 120 rpm. The overnight
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cultures were washed twice in phosphate-buffered saline
(PBS) and adjusted to a desired concentraticn by measure-
ment of the optical density at 650 nm and the colony-
forming unit (CFU) was estimated from the precalibrated
standard curve.

4.2. Inhibitors

SB 203580, wortmannin, and cytochalasin D were
purchased from Sigma Chemicals (St Louis, MO). These
inhibitors were reconstituted in dimethyl sulfoxide and
stored in — 20°C until used.

4.3. Infection of human lung epithelial cells (A549)

Human tung epithelial cetl line (A549) used in the
expeciments was obtained from American Type Culture
Collection (ATCC, Rockville, MD). The cells were cultured
in Ham's F-12 (HyClone, Logan, UT) supplemented with
10% fetal bovine serum, FBS (Gibco Labs, Grand Island,
NY) at 37°C in 5% CO, atmosphere. If not indicated
otherwise, these cells (5% 10%) were cultured overnight in a
six-well plate before exposure to the bacteria at a multiplicity
of infection (MOI) of 10:1 for 2 h. To remove extracellular
bacteria, Lhe cells were washed three times with 2 ml of PBS
before replacing with the medium containing 250 pg/ml
kanamycin (Gibco Labs). At the time indicated, the cells
were lysed and subjected o immunoblotting.

4.4. Invasion assay

A standard antibiotic protection assay was performed to
determine the degree of bacterial internalisation by human
lung epithelial cell line [16]. After the infected cells were
incubated in the medium containing 250 pg/ml of kanamy-
cin for 1 h, the cells were washed three times with PBS and
intracellular bacteria were liberated by lysing the cells with
0.1% Triton X-100 and plating the released bacteria in
urypiic soy agar. The number of intracellular bacteria
expressed as colony forming unit (CFU) was determined
by bacterial colony counting.

4.5. Quantification of multinucleated giant cell (MNGC)
formarion from the cells infected with B. pseudomalliei

In order to quantitate the degree of MNGC, the A549
(5% 10%) were first cultured overnight on a coverslip. The
cells were infecled with B. pseudomallei as described. Eight
hours after the infection, the coverslips were washed with
PBS, fixed for 15 min with 19 paraformaldehyde and then
washed sequentially with 50 and 90% ethanol for 5 min
cach. The coverslips were air dried before staining with
Giemsa [7]. For enumeration of MNGC formation, at least
1000 nuclei per coverlsip were counted and the percentage
of multinucleated cells was calculated. The MNGC was

defined as the cell pessessing more than one nuclei within
the same cell boundary [16].

4.6. Immunoblotting

At time intervals, the infected cells were lysed in buffer
containing 20 mM Tris, 100 mM NaCl and 1% NP40. The
lysates containing 30 pg of protein were electrophoresed
using 10% polyacrylamide and were then electrotransferred
1o nitrocellulose membrane (Schleicher&Schuell, Dassel,
Germany). The membrane was blocked with 5% skim milk
for | h before incubating overnight with rabbit polycional
antibody to IkBa or monoclonal mouse antibody to pp38 or
p38 (Santa Cruz, Santa Cruz, CA). Blots were then reacted
with horseraddish peroxidase-conjugated swine anti-rabbit
1gG (Dako, Glostrup, Denmark). Protein bands were
detected with enhanced chemiluminescence kit (Roche
Disgnostic, Mannheim, Germany).

4.7. Reverse transcriptase-polymerase chain reaction
{RT-PCR)

After the ceils were infected with B, pseudomallei for
2 h, the cells were washed three times with PBS. Total RNA
was extracled from the infecied cells according 10 the
manufacturer’s instruction (Eppendorf, Hamburg,
Germany) and used for cDNA synthesis by cMaster RT
Enzyme (Eppendorf). The PCR reaction was performed
using primers specific for [L-8 as previously described [12].
The amplified products were electrophoresed on 1.8%
agarose gel and stained with ethidium bromide before being
visualized under an ultraviolet lamp.

4.8. Sratistical analysis

If not indicated otherwise, all experiments carried out in
this study were conducted at least three times. The data
shown are representative results. Experimental values are
expressed as means standard errors. The statistical
significance of differences between the two means was
evalualed by Student’s ¢ test, and p value <0.01 was
considered significant.
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Study of mitochondrial function of cells infected with
Burkholderia pseudomallei
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Abstract—-Burkholderia pseudomealicd is gram-negative bacterium causing melioidosis. The bacteria are
usually found in contaminated soil and water and are transmitted o humans and animals through direct
conadt with the contaminated sources. This infection aftects vanous organs throughout the body leading
to death if host defense mechanism relapses. However, in which celiufar mechanism responding to this
bucterinm conducting to pathogenests 1s not tully known. In thus study. phagoceytic mouse macrophage,
RAW 264 7 cell hime was infected with cither # psewdomaller (pathogenic strain) or B. thailumd nsis
(non-pathoeenic stram). After internahization, both bacteria could survive and multiply inside  ells,
Morphological  changes  of the infected cells including  cell-cell  fusion and the  formation of
multinucicated punt cells were observed. Cytotoxicily and alteration of the cells infected with these two
bacteria were detected. Although, cells infdeted withh B pscudomallei and 8. thailandensis showed the
decrease in the level of mitochondrial membrane pnu:nlin{ {.\u:,,f and intracellular lactate dehydrogenase
}’I'_ljill the level deternmined in A pscudomalice-intected cells was significantly less than those 1n
B. thailandensis-infected cells. This result suggests that B, pscudemallei (pathogenic matenial) can cause
cell dumuge by interfering mitochondria while the non-pathogenic strinn can” not damage cells in the
similar fashion.

Keywords -Burkholderia pseudomallei, macrophage, eyvtotoxieity, mitochondria
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