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Naegleria fowleri 2] AAdAvAA 2L Carter
(1970)7F Q1A 7ol A E&q Naegleria fowleri &
APA ez wgzef ZEAA & Az F{he
Ao Gk wAFEE AAYNA LR FAFE o
e Martinez 5(1971)& N. fowleri & AHH o2 u}
oo ZAEAA 9L wexm HzHAAY dFFF
2 29 z48 Harslz = Visvesvara o} Callaway
(1974)E N. fowleri & A¥HA oz AFF 24N %
Aot w HazAdA9 vidFzE #Asd N
Sfowleri 7 Ag 249 AAE doslie =g A 4
2.2 (phagocytic activity)$ vebd & 223

Maitra S (1974 a, b)& Hartmanella culbertsoni 7% -
e 9k}, monobacterial Wl okr) B AFH oz A

71 w2 ¥ z3A  Fol A  mitochondria, EA A,
spongiome, A £ % cellular organellescll il o]z}
2918 HAstodw = Naegleria aerobia = ¥} 7] 9

ggH oz FIAA s AEHAN A FFF ol A

mitochondria, ribosome o glo} =ol7l U-S& FAA
oy ASABohuute 2L dFPAAHE
BAo) wel ARAA e Aoz A2 B
o] opuju} AFHAY vlAF2E FE Aog 7=

2 dFo A= N. fowleri & A& FT HA
Wi oFel s APAe R FAEAA vz HE
Ao} Z2AFE dFde vAT2zE AAAAoR
v] s sakshgl o
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18~20g W&o WA ICR v~
9. Naegleria fowleri 2| Hi 2
Ade] AL" AFA olel ul N. fowleri 0359 strain

b8 3l et

#

(Belgium, Prince Leopold Institute of Tropical Medi-
cine 8 Jardin, J.B. ¢ A F)L& FH3ox CGVS
W} A] (Willert & Le Ray, 1973)ell A 3ol @k A+
W Fated Ab-38hl et
CGVS #] #] 9] A w}& bactocasitone 20 g,
2mg, biotin 20 mg, glucose 1 mg, penicillin 50 % 10*
ZF4 050ml, fetal
g3) A 70 F Seitz filter

folic acid

unit, streptomycin 5x 10* mcg,
calf serum 50ml ol o] & 2 &
2 o] 33te] AbEdHe .

3. Naegleria fowleri 2| Z+E Y

w}$-2~ Bz 2 secobarbital €8¢ A F g 0.05
mgg Fol AN F ANG A 29" £Fo] #d
g ot ubE AAAFRE 11]7*‘3}'3‘4 o}u ]7]—1’»11101]

110947 A %
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4. Naegleria fowleri ¥ 432 O|MTx ME
1) vb$-2 = zA W Naegleria fowleri o3 %9

N. fowleri & v}$-2~o] ZAANRA 74F etherz
w}3 A7 ¥ 1% glutaraldehyde-paraformaldehyde & =}
S A s 27 FYod —“HEr A A7 T
Fe AAN TAId ZANL T F(MER, olfactory
bulb) 2 2 Fo (FiEE3E, frontal lobe)eol] wlojrizd 4=
-.—7} AeArh wHuwol A% Frrch %zt F

F9 L 954 3% glutaraldehydeo] A 343t 1%
0504i FxAr ¢RI LTAZ BLA7h
2 Zofste]  ultramicrotome ©E  500~600A Tl =
AHE w+E9}h. Lead citrate £ uranyl acetate 2 o]
%9 A 82 Hitachi-500 F1AAgn A4 o8 saale
=%

2) 4 A
4 ¥

Aol ofgtal 295 ofeflupE 0.1IM <l4kskE 9 (pH
7.4)02 59 AAHs 3% glutaraldehyde off 2 A1 7}
2AZAD) F AaASEF
& Hol Z¥ ¥ 1mm FAEZ At

Epon o

T Rl o Al w) k3t Naegleria fowleri

ol o 2 A& 3lz 2% agar solution
1% 05040l



1. Naegleria fowleri YU 0|4 FPx= ZHE
1 wekEel oy

bz 5% ol FHF me noloh(Fig
D 4348 olton del flo el god o
el

o F4d AALEF 9 A& Atef =
ribosome o] A A (Fig. 1,4). #& 7] g 44 £
s]-v} 7 F A e #x 99 (Fig. 1, 2). Mitochondria
T FHFe EASH cristaeyt £H3 Mol e
‘iiﬁé‘, +3 9 gE5gelgen dFE AA EA
3 A= (Fig. 2,4). 9 Z(vacuole) = vlr7} &4
otz A JEFe] e AEZP =z 7HE 2 el 1]
#] 2} & (particulate material)o] ¢ ch(Fig. 3). =4
A =AW A = (rough endoplasmic reticulum, rER)-&
ol StAl 4d(vesicle) Zofol wrotm o] oo Al
(microtubule) = ¢kx 919l t}. Ribosome & free ribo-
someo & A LAWA A AL FAstz QA (Fig.
4. AgaEE o] del ddxFig. 2,3), FAA
= flgleh
2) v Az Ggy
Wl k7]l o] ofell upol A FHAG Ao wlE] A5E A
Aol 5 Zokolr}. Mitochondriay Rofo] chekdl
o 4y, 78 9 H45F olfe] FeoldAl o}y
(dumbbell) 2.¢ko] w9tz (Fig. 5) G A% wj s
ol ut ol 2] A &l mitochondria®l & 21 mitochondria
7t =% ZA 389 =+ (Fig. 5). Al Z(food vacuole)+ t}
EAqetdon AX WEELE AN AAYES} 2
u| ¢!l oF & (myelin-like structure) 7} 919l =4 o] A
9 sag Ay, A48 24 9 A
Aoleta A=A (Fig. 6). ol el
AEZE UAH(Fig. 5). Z2HAZAYA
R)& w71 ofell wbell A 2} Fe] Al 3% (microtu-
bule) ¥ 9ko] 2l = (Fig. 8), ribosome -& polysome 3 &)
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‘Table 1. Ultrastructural characteristics of Naegleria
fowleri trophozoite

Culture form Tissue form

‘Outline irregular round

many pseudopodia few pseudopodia
dumbbell form
lightly and/or
densely stained

Mitochondria densely stained

Endoplasmic rough rough
reticulum vesicular, tubular tubular
Ribosome free ribosome polysome

Food vacuole not seen many

2 Q9= Fig. 6). 2o Tz gl A A
Sz (Fig. 7 FAAE dieh

2. Naegleria fowleri O ZHE Ot$A k| xZ2|
I e o3

A= F (FEE, olfactory lobe)& A 3}A st =
gles Agd dFAzze ey Frt oo o
Hul e Fiz opef uhel ZF o] IR (flap) & WA F
o2 obefjube] A zukzt WE 7o A 2ol Zat
AEs o)z ol gulatAl g o (Fig. 5. 7
H otellul 74 "l.hﬂ:i"d Frol e WAs = e A
o] ##= gl o} (Fig. 7). Neuron @ A7 2A % (neu-
roglial celD & =74 3] “'”13’451"] ol ofellul +A 9 4l
AAxE £4992Fig 5 53 FHAENE 29
Eiol Bolz Fzr} ¥ 5o axoplasmE FIHoZ
sl o] Ae o] A ofelutell BRAF o] A Ffe] £
e A5 ddeFig 8). obilutes FAFHAA o
Ay 9 /‘173*%129% A Aot 3 WA
F2) el e wAa=A gt

e fe
.?,JZ'LJ ]o

L]

I

Limax o}#ul= A ZAk(life cycle)d] 7 @A of =et
ul A Fx9 #Rolrst 9l o w (Vickerman, 1960 & 1962;
Schuster, 1963 a,b; Bower & Korn, 1968 & 1969), =
Ze JggdAetE HFd wet nlA Rz gk
t}(Vickerman, 1962; Carter, 1970; Maitra et al.,
1974 a, b).

Naegleria fowleri o] 213+ QwrA olw| uld » 42t
< (primary amoebic meningoencephalitis, PAM)-& «i
T ¥ Qe ARFER e 2E AL sk ofefu)
oo e AEARE A AALAAY e e
742 8-o] o3 o = = (Culbertson et al., 1968; Carter,
1970; Cerva, 19705 Martinez et al., 1971) ¥ A
A E w2 F AEEte A7 3.

2 A8l A = Naegleria fowleri & Ar-8-3to] ol 3
Tl G el o] B FP s wpemo] Aoz 7
FAA 2L A2 N &Y v 2¥ w mitochon-
dria, ribosome, ZWA AW A F(ER), A XL Fo 4

qolot 8¢ ¢ + 29

AZH oz AT w2 AxANe N. fowleri
o 9o mitochondria & el s} Wi Fo ] o k&) u
3} Eo] sl o} (dumbbell) ® ¥ (Fig. 5)o] B A
£ g g upR(Carter, 19705 Martinez et al.,
1971; Visvesvara & Callaway, 1974) o] 2] 3 &g 3}

] wHa] Lastovica(1974)% ofe]ul7} mitochondriag)
24 L W8 AANAE ZA st Folztz H 45
v}, X mitochondria®] @4 Aol gle} wlj Frlu] of
o] ulell A &£ mitochondriazt A 344 4 5] &= uied o} s
2 HAzAdd A 2 A 39 A Fx 25 3
= 9= (Fig. 5) A2 Maitra (1974 a,b)9] =



a3 A= Ao vl Mitochondria o & 4 45}
AR ) Abote] selo] o d Maitra 5-(1974 2, b) & gk
mitochondriaz} & @ mitochondriae] »]3] A& AL~}
S8 vetdos s Hartmanella culbertsoni$}
Naegleria aerobiad AP oz vffze] FAGAA o
2 ¥z o} ue mitochondria %4 Aol A N.
aerobiadl A& A g A 33 HA FHe] EF AUX
H. culbertsoni o) ) = % g mitochondria 7} Vel z 2
N. aerobiaz} H. culbertsoni®ct AR A7 o 44
st At a2l oleid FE Ao HeE o}
) B A= v dd. =94 23 WA 3 GER)
2 xS Z2AN Y obeufel A 2 BoFe] Al
{microtubule) R oFo] gl = (Fig. 10) vl ko] o &3
o] Al & A & (microtubule) Z.oF o] o] 413 (vesicle) F
ko]l =gl (Fig. 1,4) o|A-& Hartmanella
culbertsonizt Zt7) t}& FAe] &g Qg wl, APAH o
2 A7 vhg2 230 M= 7] 3 (long profile) &
¢ko] 32§l % ¢ monobacterial ¥l A o] X &= o] 9] e}
vesicular endoplasmic reticulum(VER)o] ®2eltlE 3
A (Maitra et al., 1974b)3} QA =%}, Ribosome &
Hef A Aol E Hol ks obslute A& free
ribosomee] gt (Fig. 4) b2 ¥z ofu] ulo]
A £ polysomeo] o] ¢l &= (Fig. 7) o] A & Maitra
F(1974a)9] #A3 dA=HAt HzH e opel|up
A £ Aol polysomeo] Brhiz & o7 A S AFA
o] FA3] ol FolAz At AL EBIHE oz 4
ZH= 9 et

N. fowleri® AP o2 7QAAF =24 AA7}
Adtd 2 v Fz Wile A9 4 FA-E Marti-
nez et al., 1971; Visvesvara & Callaway, 1974)¢l] A 2]
A v e abgs HEzA WA wAE = of
o up A 2 Aol &= 4 F(food vacuole) st F5-3] ZA 3}
Az wld ok +27 A& (Fig. 6)& opvllwirt &
4] &4 (phagocytic activity)o] gl 2oz Az}
22} Martinez 5-(1971)# Visvesvara®} Callaway
QA974)7 #ae Zlzb 2L #4d ofmut} ¥HL
AaH A gokeh. otellute] Al Eabs}d g9 A £eto]
A&l oo ol¥l AL Entamoeba histolyticad)
A9t 23 (Griffin, 1972) = 71 A Z 503 E ko]
3 u]3tAl B (Fig. 5). ¥lzaoziy olvupyz
LR EAY FFTFer AYZTE  micropinocytic
vesicle(Visvesvara & Callaway, 1974)-& o}#] uli ol 4]
s ] eroreh. olnupF9lo] clear spaces} HAH
ol (Fig.5,8) ol 9 22 #A L o] A o}wl v} (Balamuth
& Siddiqui, 197002} Acanthamoeba culberisoni(Visve-
svara, 1972)]l A = FASH oY AANAL FF
ALE 4H3 AAAY S ZHEAS] wER A
21k &b (Visvesvara & Callaway, 1974) Visvesvara
(1972) ¢} Chang(1971)2 o] &gk gl g == A X
A EA S st AT gl A Fokd AzEwA
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3} (cytopathic effect; CPE) & el & Z9 39} o}
Wulry daRFYolA  wo]l w7 (Martinez et al.,
1971, 1973; Visvesvara & Callaway, 1974; Schuster
& Dunnebacke, 197702 £ il ME FU A
Martinez $-(1971 & 1973)-& olu]u}7} 53] 2 A 8}A
£A4d 2ol AAFHA dALd A olelulA
Ao 2y 4elel A dAFH 24L& o] &3 W E
olztz B m B AYAAMT A FE3glon
Martinez $(1973)3} Schuster®} Dunnebacke(1977)+=
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HzANel e gal4 AspE A AEe 2y} Martinez
5 (1973)& ot ulrl AAel 2 Il A AR
domz o3 Ast: FH3AAAE FohA 7
84 gobz sgch

B AYL Naegleria fowleri & A-&3ted A =
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Ultrastructural observation of Naegleria fowleri trophozoite in
mouse brain and axenic culture

Jae-Sook Ryu, Chin-Thack Soh
Department of Parasitology, College of Medicine and Institute of Tropical Medicine,

Yonsei University, Seoul, Korea

and Kyung-Il Im
Department of Parasitology, College of Medicine, Hanyang University, Seoul, Korea

Present study was undertaken to elucidate the changes of the ultrastructure of Naegleria fowleri
trophozoite in brain tissue of mice and culture medium. Naegleria fowleri, (0359 strain, which used
in this study was cultured in axenic liquid medium, CGVS medium. Each mouse was inoculated with
1% 10° amoebas intranasally under secobarbital anesthesia, and sacrificed on 7th day after the infection.
Comparative observation of the ultrastructure of the amoebas in axenic culture and experimentally
infected mice brain was done with transmission electron microscope.

The results are summarized as follows:

1. The amoebas in mouse brain tissue were round in outline, whereas those of amoebas from
axenic culture showed irregular appearance.

2. Mitochondria in the amoebas from axenic culture was oval, round and cylindrical shape and
darkly stained, whereas those of the amoebas from mouse brain tissue showed dumbbell shape together
with above forms. The stain was not unique, but light and/or dark.

3. Rough endoplasmic reticulum of amoebas in brain tissue was tubular, but from culture it was
vesicular or tubular in shape.

4. Empty vacuoles were demonstrated in amoebas from culture, while food vacuoles with myelinated
structures were abundant in those from tissue, suggesting a strong phagocytic activity.

5. Mouse brain tissue infected were extensively destroyed, and polymorphonuclear leukocytes were

infiltrated predominantly with inflammatory lesion. Amoebas were observed in the vicinity of the
capillary.
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8.

LEGENDS FOR FIGURES

N. fowleri trophozoite cultured showing two nuclei (N), vesicular endoplasmic reticulum (VER) and
pseudopodial extension (P) (x7,500).

N. fowleri trophozoite cultured showing two nuclei (N), and darkly stained mitochondria (M) (x12, 500).
N. fowleri trophozoite cultured showing vacuole that is containing the particulate material (V)
(%15, 000).

N. fowleri trophozoite cultured showing vesicular endoplasmic reticulum (VER) and various shages of
mitochondria (M) (X 10, 000).

. N. fowleri trophozoite observed in the mouse brain tissue. The amoeba is enclosed partially by two

polymorphonuclear leukocytes (PMN) and contained dumbbell shaped mitochondria (M) (X 10, 000).
N. fowleri trophozoite observed in the mouse brain tissue showing polysome and autophagic vacuole
(AV) (x25,000).

N. fowleri trophozoite observed in the mouse brain tissue. The amceka, that is partially disintegrated,
is engulfed by a leukocyte (x12,500).

N. fowleri trophozoite observed in the mouse brain tissue showing the vacuole and its axonal contents
(%20, 000).
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