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Naegleria fowleri, a pathogenic free-living amoeba, leads to a fatal infection known as primary amebic
meningoencephalitis (PAM) in human and animals. PAM is an acute, fulminant, necrotizing, and hemor-
rhagic disease that leads to death in approximately seven days. In this study, we investigate the cytotox-
icity of target cells and the secreted molecules of N. fowleri under the non-contact condition. The target
cell (USTMG cell) treated with N. fowleri lysates showed no morphological changes and no cytotoxicity.
By contrast, the U87MG cells co-cultured with N. fowleri trophozoites under the non-contact condition
induced morphological changes and reduction in number. When US7MG cells were co-cultured with N.
fowleri trophozoites under the non-contact condition for 30 min, 2 hr, and 4 hr, the levels of cytotox-
icity of target cells were 32.3, 35.5, and 37.8%, respectively. Particularly, when the ratio of amoeba
to target cells is 10 to 1, the level of cytotoxicity of target cells was 49.7% at 30 min. To show the
proteins secreted from N. fowleri under the non-contact condition, we carried out 2D electrophoresis and
observed 6 major proteins. Finally, these results suggest that the molecules released from N. fowleri un-
der the non-contact condition induce the cell death and this process is an important step in pathogenesis

of N. fowleri.
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N E
Zp- A3 ot vl(free-living amoeba)= EYI H¢
AN ARAE s, A4 BN E AFES

i
A5t Aoprte otHHEEN A7 = Aot
B(Naegleria spp.), 7HA|°FH| B} Acanthamoeba  spp.),
Balamuthia 5°] BI11E11 Ut (Visvesvara 5, 2007).
E3], WYMol 3t Naegleria fowlerie A S5
oA YA opduby 9] A (primary  amoebic
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meningoencephalitis; PAM)S YO ZItH(Carter, 1970;
Schuster®} Visvesvara, 2004). N. fowleri= 8]7}-& 53
Ao, A% Wk B Boloh Ay Aeg
£, Aoz w2A ARk (Carter, 1968; An-
derson} Jamieson, 1972). YA ofduty $EHE
2 ujf- w23, PHQl AHos BE HAH A
LFLol A o] ot} AFGSHA ETh(Visvesvara 5,
2007). 53], 44 ofuHy $ute P Zeto] oj
§ olFaL ob71A AdEet A =mA7E gl7] wizol A
ARZo] 98%0°] o]E2rti(Apley &, 1970; Shind} Im,
2004; Visvesvara 5, 2007).
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N. fowleri®] A4 FLA7|AL obF] H&s] e
A AL YA, RAAE] o] Yol g
TR AP SEokE AEW F} A4
o]t}h(Jonckheere, 1980). N. fowleri® TQI7|HNA &
AN 3xof| F2h2 ofHulr} H|I7}S 3 SFAFA=
=04 & 3= 7MY S8% BAolth N fowleri &
v ot 215l shAlofu Bl Acanthamoeba spp))
9ol WA mAA| O] FH2S 3 F, o] 71A
HolUAES Bujsll BAHES] AEEES g1
Stct(Jonckheere, 1980; Ferrante?} Bates, 1988; Khan
S, 2000). Han 5(2004)-> op|H}e] FZbo QlojA
integrin-like protein®} protein kinase C, 13l fi-
bronectin®] F 8740l dfs Hilgh} QU o] A7
B3 o] 2w, BE EH BPOZL Nl o
wo] £ H3ke Yoy YT Nl Y
o ofele] 9iZo] A3, ofElt AT 2
S = FAAOA food-cup FERE FAsH=d] >
83 9 Aoty HIEQtK(Shin 5, 2001;
Kang 5, 2005). £3], N. fowleriol| &-Nfal FAE A
deloig . obub} EAHES Fole AESA
B7L AASH FAagthe AFETe FAA 2
Hzho] glojA e F23% 7]5S B9t Nfal &

Sttt(Jeong 5, 2004; Oh 5, 2005). TS oj|H}9]
+57d0] #ojsh= A5 4T 1120 ditt Y
At Aol = EFATEHA-70 (HSP-70)= Nfal
AT} HEo] N fowleri®] AAM|E Ao 2%
A il H I EQITHSong 5, 2008).

A N. fowleri7h HANES B2t YoIA
RaEgol 14 £8517, HWelTge] Aaol |
o Shelebz, ofuuto] o8} HH|ElE phospholipascs.
neuraminidases, pore forming enzymes Z-2 B QIQIA =
BAHEES APBAZI=Y] ) Z8 84:0]cHCursons
=, 1978; Jonckheere, 1980; Marciano-Cabral¥} John,
1983; Eisen¥} Franson, 1987; Barbour2} Marciano-
Cabral, 2001; Herbst 5, 2004). o]2{3l v|H & HAHL
N. fowleriol A EH|== o2 84 &5 E4E5=
e AN EQ AFE A Uetth & AoA =
N. fowleri7t EANEE APEA7 = oA HE
7 (contact pathways) ¥5t of =} H]H = 3} (non-con-
tact pathways)] &Q7do ds] Lol A}t it o
2hA & AFolA = BIFESE JECIAY N fowleriof
ot BAAM| 2] MEEAY BIE YotEL ojuf &
H &= 2450 sl FotEirx} gt
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N. fowleri H|Z ¥ lysate2] =H|

e Mo| 75t N. fowleri (ATCC No. 30215 75
cm’ culture flask (Nunc. Danmark)o] 15 mL2] Nelson
HiZ| S o]-&5to] 37°C F27]0llA FtA o2 Hjfst
FAch(Willaert, 1971). WiFE N. fowleri H %3 (tropho-
zoites)2 800xgo| Al 10 &<t YHE o] A=
& 911, phosphate-bufferedsaline (PBS)C.2 F= ¥ A
o]t} Mol N. fowleri YU F S freeze-thawing B}
HE 0]&519 lysateE TH=TH(Shind} Im, 1992).

it

BT b

AR EA|EZFQ] USTMG A|3EX= 60 mm petri dish
(Nunc, Denmark)©]] 10 mL2] Dulbecco’s modified ea-
gle’s medium (DMEM; Sigma, USA)Z} 10% fetal bo-
vine serum (Gibco BRL, USA), 1% penicillin/strep-
tomycin (Gibco BRLYS A7}5ta] 37°C9] 2= & 5%
CO, 27104 FtA o2 Hjgstqltt.

H|H

Jhw

HHO} AlASY

6 well culture plate (Nunc, Danmark)o] 3x10’
cellwell2 Z}Z+9] ANZE HjY¥slr, 0.2 pum pore
membranes ZF= 25 mm tissue culture insert (Nunc,
Denmark)& o] 83}o] MHE W} 2AS WE 7,
membrane HE-EO| N. fowleris Z+Zt 6x10° troph-
ozoites/well, 1.5x10° trophozoites/well 181 3x10°
trophozoites/well®] FEZ 5% CO, F-27|0)|A 37°C
o ez st

37°C 27104 vjeFst 6 well culture plateS 30
&, 2AZL, AAA o] Aol getdu|H o2 HAA|
x| gefobd] mere Busielch

LDH release assayS 0|23t MZSH A

MEEAES &4517] Yol lactate dehydrogenase
(LDH) release assay= A|3Y5}HTt. 96 well plateo] Hi
HE N fowleri®] FeSHE WA 52 2T 3,
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Al25d A skt AFS s 96 well as-
say plate (Nunc, Danmark)E &H|5}1, o7]9] 96 well
culture plateo]| 4] H{FSt N. fowleriZ 6,000 rpmoi| 4] 3
2 QAEF S FH, AHH 45 uLE 96 well assay
plateo] dolF3itt. o]7]o CytoTox96 non-radioactive
cytotoxicity assay kit (Promega, USA)°| %)+ recon-
stituted assay bufferE 45 uL H7}5F &, 4204 30
27t Bastieh. SR o] wet 2~3A%F FXrt
A HFSA17] a1, 2 A R]517] Q3] stop solution 45
WLE H7bste] Bsielch 2 wello] AlES4 27
+ ELISA readerE ©]-&5t0] 490 nmo|4 S35 &
Aot ol AEEA BAL e P,

AZEA%)={(AE2Y FFe- 279 F35)
MMEte] FEE}x100

22k 7193

i

29 WBES Theat 2ol Atk 149
isoelectro focusing (IEF)2 immobilized linear PH 4~7
gradient (IPG) strips (Bio-Rad, USA)& AFEs5}E1
protean IEF cell (Bio-Rad)2 ©]-&35}0] 20°Co)| A 4=
5l9ith Tl ZS ==3}o] 7 M urea, 2 M thiourea,
4% CHAPS w/v, 20 mM DTT, bromophenol blue@} 4]
of FHOo= 350 uL7t HE=F skt 16417t 5t
passive rehydration TS 712 3, 300 VoA 1A]7E,
4,000 VOl A 2A]7F, 4,000 VOJlA] 6X]7F 3029] =40
2 [EFE 59519} IEF7F B & strips 6 M
urea, pH 8.8, 0.375 M Tris, 2% SDS, 18|21 20%
glycerolo] XE3E equilibration FHofA ezt
AlZ1 3, 10% polyacrylamide gel2 22} A7 F5&
435}t SDS-PAGEZH-H electro blotting 517] 9
3] PVDF membrane©| transferA]7|1!, Coomassie blue
2 gaste

£ 42|
gas AgE Aol FAE o4 A%

o
Student’s t-testS AR5} 01 PZro] 0.05 o3}l A
gk ot Ao SHth

2

N. fowleri lysateOf| 2|gt EZM|Z| HEs He
9 HEEM
= |1 o

N. fowleri lysateZ7} A A0 oHZE JFS T]A]
=X LolH IR} N. fowleri lysateS 5Z3510] USTMG
A EZo] 1 mgmLe] SE & X 2|3Th N. fowleri lysate
AE] &, 304, 2417, 4A1 7o USTMG A 29| FEf
st W3lE Jotdu| 4 E ol&sto] AT &
Z AT}, N. fowleri lysateo] 25t A A|ZO] FEsH
A Wokes A BEEA LATHEFig 1). EZE N
fowleri lysateo] 2J3t A ML NEEALS F0ls}
7] 18l LDH release assayE AAISFATE N. fowleri
2 US7TMG A|ZE 9E02 iyt ti2FojAE= 30
=, 2AIZE, AAZE BROA A|325Ad0] A9 UERYA|
QIQFT}. N. fowleri lysateS 1 mgmlLe] s 2 &35t
IF0IA = 304, 2417, 4AZEOA 1Y) AlaE=Ado] 2t
Z+ 3.7%, 52%, 5.6%= ZAE o, ol= N. fowleri
2 USTMG A|ZE ©H=0 2 wjoFst tj 2o v Al
257g0] o 2iH L 7= JTH*P<0.05) (Fig. 2).

HEE AlefolMe] N fowlerdl| ofst BHMEZel
HENEra Wt U MESA

=8

[HE WHel7|do o3t N fowleri®] HAA|ELO]
W3S dolH 1A} tissue culture insert XS 0]-83}

-

Fig. 1. Light microscopic images. (A) USTMG cells (3x10°
cells/well) without N. fowleri lysates were used as negative control.
The USTMG cells were treated with N. fowleri lysates at concen-
trations of 1 mg/mL for 30 min (B), 2 hrs (C), and 4 hrs (D), re-
spectively (x200).
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of . ZI=s
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[

H| & vl Aefol|A] USTMG M| ZS} N. fowleris St
A Wi FstATE. N. fowleri®t RAAZE A BiF =,
304, 2A1ZE, 4X7HA o] USTMG A|32o] Fefshs] ®
She FSAUIAL ol8sto] WAL N. fowleri
9 ol wo} USTIMG Alze] bl ZA 5745
L RS BAF 4 gglon B9, 0ol He
HFAIZOIA e A| 32 AFEo] FEER HEA AIZTE
= AL WESIHFig. 3). ESE LDH release assay=
o) EAALS] AEEHS B AT N, fowleri

w
=1

@30mins ®2hrs  O4hrs

N
&)

n
o

cytotoxicity (%)
=

o

*

o_ﬂﬂj‘r

N. fowleri alone in DMEM U§7MG alone in DMEM

o

N. fowleri lysate 1 mg/ml

Fig. 2. The cytotoxicity of US7MG cells against N. fowleri lysate by
LDH release assay. The US7MG cells were treated with N. fowleri ly-
sates for 30 min, 2 hrs, and 4 hrs, respectively. The groups of N. fowl-
eri alone and US7MG cells alone were used as the controls.
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of HAMZE 2:19] HIERE 304, 2A1%F, 4A17 B%F
joFel S u], AEEAL 22 32.3%, 35.5%, 37.8%
Z UEPAtHFig. 4). N. fowleri lysateE 1 mg/mLE A
23t 153 v sk ol HIHS AEolA N fowl-
erig AA| L A v FeE IFolA = AlZ=/g0]
- ZA S7HEJATH*P<0.05). E3], N. fowleri®
ERARE 1019 B8 B NLARS Aol
30i201 4 49.7% AZE=/Jo] Lo Th(Fig. 4).

HIHE MEollM 2YIEl= N fowlerR| THEE M

HIES AEClA Z¥Els N fowlerio] SRS
gelst7] Al HIES WE I N fowleriot
USTMG M| 25 o7 et &, A< Hot 22kl
A7) 95-2 AFsHALt 23 #7195 2, 16, 18,
47, 49, 58, 80 kDa2| F8 ©¥ido] EXNoz ¥
=3 (Fig. ).

2 %

N. fowlerie AVt 9 S=0]A L4 ofrEby 4
D PAMyE Fo7]= Y A3l vdE &

Fig. 3. Light microscopic images.
The U87MG cells were co-cul-
tured with N. fowleri trophozoites
under the non-contact condition
for 30 min (A~C), 2 hrs (D~F),
and 4 hrs (G~I), respectively
(x200). N, N. fowleri; U, USTMG
cells.
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=3
3

‘ B30mins  ®2hrs  O4hrs

e}
=}

=1

=}

o 9 N @
3 S

cytotoxicity (%)

- N W A
5 & & &

o

N. fowleri lysate N:U=2:1 N:U=5:1
1mg/ml

N:U=10:1

Fig. 4. The cytotoxicity of US7TMG cells against N. fowleri by LDH
release assay. The US7MG cells were co-cultured with N. fowleri
trophozoites and were treated with N. fowleri lysates under the
non-contact condition for 30 min, 2 hrs, and 4 hrs, respectively. The
group of N. fowleri lysate was used as the control group. N, N. fowleri;
U, USTMG cells.

s Fdsto] FABZ HuE RISHAA FE PO
2 TAAA A T 109 ojHjell Ago] o]2A g
TH(Carter, 1968; Anderson} Jamieson, 1972). YHF& O
E A9 ¥ S HAAR, FE, 19, A9 75
ol H A A FHkoly Aol X8 Frrt wfg- wh
21 AR E5A "ol Xdo] o9 A|A}
0] 98%0] o|ZA|qt, oA = AHet 2| 7o} 9
HPH.O. mjuH|gt Alefjo]th(Shin} Im, 2004; Visvesvara
=, 2007).

N. fowleri®] Z|Zz ®HYAG FE7AL FAA L
tfgh ofdute] HZFolw, o]uff N. fowleri= food-cup
structure = amoebastome©]2h= TL2E THE0] A4
EH8S B BANRE BT /|E AT
= A2 Fatat AW N fowleri®] F8 =
ZE= integrin-like protein 2 protein kinase C7} X311
E}aL, A|lZ-gsfjof ofst= Bl 84 F phospholi-
pases, neuraminidases, pore forming protein §°] EIL
EH} Itk (Cursons 5, 1978; Jonckheere, 1980; Eisen
3} Franson, 1987; Barbour®} Marciano-Cabral, 2001;
Han 5, 2004; Herbst 5, 2004). o|AH N. fowleri®]
HRIZIAA & 924 A2 ofH Alzd 9
EZFH 9 food-cup F+&L} amoebastomeo] F= 3
ofsto] NEZE FAlote= IAolt. shATE & Ao
A HHE 349 et =84 &3 &8
of ofgt AZAFE o] M Tl HIHS AH
oA L] N. fowleriol 23t AN Z| A=A B
opi 1A} SHiTt.

N. fowleri7} A A Zo|| HZ3}7] o] Ao Hujg=
450 95l AN ES0] ofH FFE LA &

122
83
54
43 |
27 §
20

13

Fig. 5. Protein spots of supernatants collected from U87MG cells
co-cultured with N. fowleri for 1 hr under the non-contact condition
post 2D electrophoresis. The spots of supernatants were electro-
transferred to PVDF membrane and were stained with comassie blue
post 2D electrophoresis.

olR 7] Y3l N. fowleri®t A A EE tissue culture in-
sertE o|-&5to] H|HF JHIE T ol BAAE
o] ¥zls TESIth. EAA| 2= 30=0|Zh= #S-
B2 AIAE MEAPEO] fEEglom, E3] of
HHe} AN ZE 10:19] H&E HigstlE -5l
= 308004 drtol| 717k ME7t yE= A9E
B 4A7F 59 1159 N. fowleri lysateS *]2]
SR molx ko] Bl AlxE/gel Wkt gl
A A Blws] 52 o, opHRirE A A 2o} T
U= AN EH|== el 24 A= ¢
A2 ARt BAAE AFES FEEUCH, o]
<= W =k Aot AZE olA Y vy E A
Ejoll A 3k ME25ZE FI5t=s N fowleri®] T
< gRIst7] s Al 22+ A7 F5 AIolA =
671419 S8 THASS IR = Ao

2 AFE F°M, N fowleriZt EAA | HF5h=
F7go] glol= A BH| 2452 S A2
AZAFEE A 5 Adoke 235 Ao 59,
300]2t= W A2 AN E AlELe] Aol X
PHh= A ZHARZZE JAFS Aol N
Jowleri7} EH|ol= EZo] A|ZLAPEHO] QlojA ui--
At 54E vHTE AE & HojEo X3 N
Sfowleri lysateS A 2|5t A X =4 A2} tissue culture
insertE ©]-&3t BIHZF AHolA ATt & Aol
Hol= o]f+= lysater= OFH[HIZF FA] 7] (resting) A3 ER
oA EH|st= E4QI BHH, HHS AJEfolA ofHut
7} EHlohes 242 AN R} N. fowleri= F-B]5t=
THE Abo] E7FR1(cytokine)o| A 2 7}R](chemokine)
3} 2 A3 BAG| Aok N. fowleri7t BE 43S
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L ZI=
(=1

r

W2 FEolA Zulet 24ol7] w2l oleh &2 A
°lF Hol= Acl=tal Azt

N. fowleriz AN EA-EI} 2 H5of o3 14
AEZE =S4T £ ofy=t vHS AEoM 2wt
= 240 M= Yt MEAESE FEATE
AiE 4= 5 odsleH, FF & A+E B ¥
N. fowleri®] 8 TS0 £714Ql 43} 7|52
gRlste 77t Easploh olde] A+-Ed= N.
Jowleri®] Y41 IFgE olsfietetl =S S0, A
3 otvlutg e adbHel %
Mo 71xAt2s 82 ¢ S Aotk

2 £

HE N fowlerid] BIREFA HA7IA s A
o= HAAEZ(USTMG A|32)9| Al 2=/dx} ojff &
H|== N fowleri®] &40 sl dotE 1z} stict.
AR, N. fowleri lysateo] 2]t FAA|Z] FE| 4]
Hol 9 AEEAd2 BEEA] Aokt 4, BEE
Aol A9 AN L] IS FotH A} tissue cul-
ture insertE ©]-8-5}0] USTMG A|XQ} N. fowleris S+
7 BjFsetA L, ol 32.3~49.7%2] AlE5/do] T
HA AR, v]HE AdHolA BB=E= N fowleri®)
a2 Selsty| fIgt 22+ A7 85 2, 6714
9] 8 thizo] EAAH o R IAE| Q) o]F S,
HIHE AHNA N fowlerizb E¥]5h= Bl &2
olsl AN AlZAPHO] fEHT= RS gt
At

A =

E A= 20159 FAst e A7 SAE HY
o8 FYHAFUH
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