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Ap-f-AY Fotulute] WA o mE Apd A £ A

S, RHE, T
A st J AR 8 JessdTa

222 9y ol soE gL doye U4 Af-ABeldulel Naegleria fowleri 4
Acanthamoeba culbertsoni® C3H/HeJ vh2o)| 71l XA A4 ES #AHAZ 5= Qv 3t
o H2% Y BNCE HAAA7R] o|=A e 2 Ak AR oY dael R g
Apahge zARshy, oleh A v A AlgAlZelwulel Naegleria gruberis 743413 Alal4kA
7} #AE =R 2alsgdc), AAAAE BAEE WA ARADee}l 9T} vREgLe
o, WA v aA Aoyl P Y A AT ANEEAGL HEE FANE 4
AAEE ol g3l FAHAE AYS, A Ad4AE o elrl Al AEdeE S48 A}
slsltl. Naegleria fowleri 7tedFell AQ4AEE BA4F A 4 sle Y Fwd ofes}
efofal 1x 1047 FFdFellA] AlEo] 5.9%elelesd FHdigkel 1x1057] <doF8 el
72.2%¢]9t}t. Acanthamoeba culbertsoni ZH4FelA 8] b # gkl opeu} doks 1x 1037
e FelAe] AFFEL 6.9%0)9en FHd=kal 1x1057] APl e 65.5%014t). AAAAAE
2 T4 WA AfAPoluul F4ETE ZFH FFEAE 19K tlx2T ) v]aste] SAF
Ao g g4 Svisieled, FEF 299 5dA e AR, opvul e ot
AolZ wAY = glalct. ol AT Y Aled4bM Lo T4 xe) ol TAAE ey o
B4 AAAA 9] Frlef 7]AF Aeolglen AeEele Aol7t g & 5 A wHUA
AR Gololutel Naegleria gruberi 7+ ol A= Al E£e] AL dl2F v]@ste] -9
g Ao T g 5 gglos, WA AfAddelsul AT AAAA LY AL S| FA

A2 A A7k AsE ¢ & YAk

I

QukA) oluulA] 9t o (primary amoebic
meningoencephalitis) 2] ¢)4] =4 H 7} Derrick
(1948) o) 93] wu=EHEA, AFA4Zolvulgl
Naegleria %43} Acanthamoeba <o) 3y 9]
el AFoz dejFd(Carter, 1970). °|F
2 e F2 07e Ba olTeiNo e
I s Bz FNAE WY FRUAAE A
wale] X Z v]ES ¥ Z|x R A ¥
A =g deglcl(Martinez et al., 1973).

2}ed4t (natural killer: NK) #)|%®3= 1970

s =TAS 19939 59 204, AARS 19934
74 314

vo Ao UwE 1903d% ATt < Thelst
AF7HAF Aol 25ja] o ZoiF L,

<= 84 Az

% FFAZA AE AL oY 54 A7F
(Herberman et al., 1975: Kiessling et al.,
1975) AR o] F g AFr] sHol ez gl
o) Aed4dAEed Wi AP A% FHe o3 9
Al 2R Z) A del e R e 2 okeiA
Sl Aol ol AQGALE A Beds}
£ 24 718e o A8 FRer] faldn AE
54 ge] o]foixt R E hAE HAbshe Zo]
71244l 257} #+=d] Roder et al.(1978)¢] =+
A4 Ax7t BAALE x|, FaEsin g Fo E
A& 3 AE SA 78 A (mediator) & 9]
Fr= ASF-2u) A (stimulation-secretion
theory)$- Agksl o] &I 99 AL 7
Z2F AQaA Ee} AdadE-ed 14 AL A
ole] apge] wis] F 7hAl HA. F 1) FAHE
S 94lglw R&AsE oA 2) THAEES L5t
v A 3) ERAZEAA "l F ohE AlE|
EolA AHgg db¥aEte dAR JFz old
(Ulberg and Jondal, 1981. Duke et al., 1983).
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Grimm and Bonavida(1979)& agaroseg ©|
43 dAE AE Z4 ZHxr(single cell
cytotoxicity)el] 23 THAAMAE 25 (target
binding capacity: TBC)® &4 polAbAE
(active NK)& A gon4 Az Ax2s
A 7]1A-2 «AF3ledH(Bradley and Bonavida,
1982). =%t Ulberg and Jondal(1981)2 $19] 2
Azt S1Cr W AP & Tl 2 ARl
Azl a4 Aoz 4T F de B AL
9l Vmaxe} 85 (recycling capacity: RC)&
2 3te] A Eo] AEA] Z)ASE AT B9
.. AR elslulal  Naegleria &3
Acanthamoeba &g vp&2d| HEd)ly-2d A2
AAEE AFEFAH F7EHSE RS (E
B, 1989: Z=FA, 1990), A. culbertsoni 7+
A Aletgeel ot Zhdgkg deldlgd s 2P
2| AETEHAHY WHIs AR ¥} olod (EHR,
1991).

aleba] B AP YA AfAlEoldnte] ZH4d
g gelalgs o SeElE WA A=) Apd
AA e FAE7L AT ARAZL gleA] ot
Ha w3 v dA] A-gAZolvule] Naegleria
gruberi(o]3t N. gruberiz. <¥3h) 7435 HUA
A4 Bolvjulal Naegleria fowleri(e]s} N.
fowleriz. °F§}) » Acanthamoeba culbertsoni(®]
5} A. culbertsoni2 43S A HEY AL
el AQAHAES B4 AL olul B Aol7} ol
A AdAAE ST 2 vhbaE A4EA
C3H/HeJ wh§-Zell4] Goly aal girt.

we}a] N. fowleri @ A. culbertsoni®] Aol 4A|
IE ZHIA 4 e AL g 2 A ddAd
22 FAEE HAHAAA o2 s Hd LA
& vhgrel HEsP o)a e AAAAES
A EZ Falsla, =3 uEAAdd A& el
w} N. gruberis Z4AA AdLAEY BAEE
23t Slcr W A GAE 54 A
Woll 93] EAME AYS(TBC)T F4 A
X (active NK) ¥ A4¢f5(MRC)S SXHFo 2y
a2 zhg AR AERAAE S5t e ®
HWHAA AfdGeldal o] ¥ ADdAAE
9 BHwE FEsged HAdAd ArARobeul
o] zHedeks gElstga S o dalEe AdEAZe
A RE ZAse] FdF A 212k b Apdad
Axe] AEEAL] WES dolw R} T},

e Ay

1. XA &otostel bt

A. culbertsoni, N. fowleri @ N. gruberig 37°C
5% COg & 327 (NAPCO, Portland,
Oregon)o|x z+zt CGV iz @ CGVS wj#]

(Willaert, 1975)% A8, FFH2z Ao wjoFst
o] AHgstgict.

2. HEsE
AF 6-8F 9 ¢4 C3H/HeJ vl¢-2F B3 7
#7159 A2 AR FEet AHEstalct.

3. ARME ofollste] HE

up-A #HEF gmt3 secobarbital (0.06mg< &
7PN R Falsted mpFHAZFE ofwul dokd] odAEF
2 Zkzt 5ul A Aldad FFEHEE §F F oobg-
20 2 E8FE n|7tel] "Weojme] HEsgoh AE o
ETL AT ey d wkH AT A A
A5 7R "ajme] At obdlel S
T 20d7Al AbbgE AE7|S FEEEs, v
£47F Alubsid At AR A e HazRe] dYE
dofifjo] wA|el] Yo uwfefsled olniu} ofofle] &
A of R 9wk zaAEsEE sy

4. Ao A

A, culbertsoni®] <d<Fs 1 x 103, 1 x 105, N.
Jowilerie] edeks 1 x 104, 1 x 105, N. gruberi]
defd 1 x 105& Zhet mhgsd AEF £ 14,
24, 54 n|A-E HEE] o ¥AAEE A
slo] AAdAEL] AEXFHE EFsc}. 72 AY
Foll aleA] AFEES T2t 6rte] o)A AR
=

5, H|EMZef XpistME S48 FH

1) EHME: AQEAE Q% AxEds &
Atz 98 TRAAMEEE YAC-1(A/Sn mouse
lymphoma; Cikes et al., 1973) A*2E AR4-315]
o} Azefefe 7 WA= 10% Fele} A, L-
glutamine (2 mM/ml), penicillin(100
units/ml) 2 streptomycin(100 g/ml), 10mM
HEPESZ #4471 RPMI 1640 7] (¢]3} RPMI
2A WA 2 obghE Alg-sled Aok slgo

2) FEM=E: LT A2 AZER EPAA
FrEez vAES AL F, RPMI 3 wiA| g
Alg-sle] GAE HGiE wrEgdeh. o7 0.
16M Tris-NH,Cl(pH 7.2)& do H¥FE 4¥
A713 o]F A RPMI <A wiR|o] FFA)71 o}
£ 60mm x 15mm<] plastic petri dish(Costar,
Cambridge, M.A.) ¢l *#o] 37°C 5% CO, % 3
2714 1417 Wt & F 7PEA EEe] i-H
o gl HFEAA AEsHE A ete] 143t}

3) MMMz SM HAL Ad4Axe] AXF
AL 447 51Cr e AA R Fgsidd
(Ulberg and Jondal, 1981). YAC-1 4% 1 x
107 cells/0.2mle] 100 uCi Na,%CrQ,
(1mCi/ml, NEZ-0305, New England Nuclear,



Boston, MAA)E Y3 837°C &2zl 143
A, 2% 28 AHsle] Slcre] AL Al
2.Z microplate Z+ well®(Costar, round
bottem 96 wells, Cambridge, MLA.) 1 X 104
cells/0. 1ml SA dx FHEAE  TAAx2 ¥
4 (E : T ratio)g 100 : 1°] Hx& FINZEE
106 cells/Q.1ml Yo} 37°C 5% CO, 5 &7
oA 4X7F WeFEE, ol Hu) WEE A
7171 18 1IN NaOHE 7}sld s A4 wad 5
A7) Y= SiCro] BAHE AN E-E i)
shedck. wiekE 100 ple] HENE £AFA
gamma counter(Packard, Downers Glove, LL.)
= uhlse 274 Bgod AALAE FHE e
Aol SJske} Atstart.

AYe - A
9 J -
% ALIY = oy - AawEe

4) SHHE MESA HAL AT 25T FHAL
X Grimm and Bonavida(1979)$} Bradley and
Bonavida(1982)2] -8 wiic), 8ofsid 2 X
10570¢) FEA T ZAAEE 15ml conical
tubee]] ¥ 37 RPMI 2+3 wjz|Z % -§8Fe] (.2ml
7 HA & AL F ALdA 500 x g2 287 8
Aateleh. 7 F 37°C oM 1587 5% CO, &<
#.e-7] o Wkx|g ¥ 100 ul micropipette .2 2%
A7) thgel 42°CE fA A7 0.5% agarose-
RPMI £tAal=] 0. 5ml-g 2AAHA FH7FA 3o
Agarose-A £ Eg4S plastic petri dish(60mm
x 15mm, Costar, Cambridge, M.A.)¢l| % &o}
23, ¢| agarose-A % Efgde] & F, < 5-
6mle] RPMI ¢tA wix& Hrleled 37°C 5%
CO, & F27]dA oF 342 B wiekstedet.
¥ (.1% trypan blueZ 537 943 Hct, 2
Z ) 94k b3l (pH 7.4)°2.2 38 AHF L&
1% formaldehydez wA sl EAAE ZHibs
2] Axre #HulA FH(x100)lA FFF 250719
Y Fol]l FAAFEe} AYF HEF ] 4 AL
+2 Z4lslgen, FEAAE] AR F F2 3%
AAZ wl-EL 50709 Hj HEF EHAES
FMod AR =L A2 5 WHRESR Leh)|
Avk. FEAXE YT FHAFEEE 959S 9
Z& wANze wWEL Tsle] Background
death2 A4sigch 4 Q44 xe] #8&
(%)L agarosed| ] TAE HEFA FHar)} B
F 2t Ay v} oo FAel o)) A4sidch

% B4 AQHAAE =
% ERAE A5 A- (A X B)
o7)4 9% TBCE FRAEY AP YzFy
HEg AE BHAEYl 52 conjugates2] Wi
%, Bt ¥4 x9 background death®] wj¥-&
o]t}

100
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5) #of Rx#s(Maximal Recycling
Capacity: MRC) ZAh FEAZEY AW F4F
(Vmax)3} Ho| A¢5L SICr g AAPs @
Ax AxEH ZHAE E33le A4g Ulberg
and Jondal(1981)¢] Hhy-$ wgte}, Qefsid, 1
x 105/0.1ml ¥ ¥-&4 FE AL 5lCro] FX|
B 34 Azg 54 vl EHA (1 x 105/0. 1ml A
Eella] 0.625 x 104/0.1ml HE7}A])5ke] dojF
% round bottom microplate(Costar, 96 wells,
Cambridge, M.A))A 37°C 5% CO, %5 &
Z1ellA 3417t wlekaldch, wleFE 100 ule] A&
& 7} welllq 7 #ho] HAR FAAEY Slor
WEgs FARAc. S1Cr WE AR 4
dose-response curve? A g Michaelis-
Menten Kinetics2} =g}, ¢]zl-&

_ Vmax x T

Ve T 2 vebd 5 sled

q7)A Vi B EAA T el Te FHaze ¢
F EAAZ) Feolvh. Vmaxt EHAEE Hd
g g FA20 QoA F2 BAAE Fo
o}, Kme Vmaxxe] Auke el 22 A %9
Folth, of#ir}A] thE wl&¢) E : T ratio®] Vmax
2|9} Km=]= Line Weaver-Burk equation A}
234 A4 £ oded 1 3L o3 2o

1 Km 1 1

—=—x +

V. Vmax TV max
o] AlelA 1/ve} 1/T2 2434l A (linear
relationship)§ zZ+edt, £, Ve T 9538 A
o2 el least squares linear regression
analysis& Algsle] 244 d=tt, Vmaxe Y3
< 712 A Avrke g(rdd)e] g5 3
H, Kme X35 712 A= AQuvzhe d&XAR)
oleu] A o 4=x] (negative reciprocal value)=
B 78 4= glc}. Table 19} Fig. 1ol4 $lel A%
& 2 Vmaxs} Km & Adtshe & A% &
o, Fd At hie F4 AdaAEsT W
ofslhs A bt o ¢ sle HUe] FAA LY
T2 713, & BHAZE FRER BE
o lytic assayeld Q@& 5 gl o] 2A L A
Jehioh Hd Alegs(MRC)2 o)sfz2e] 3
o A3 Vmaxyil-& Vmaxgt A4 A8 5
BA LY o} G4 AA4AEE FT FLE W
ol 207 4L 5 glddt. =

HAN=45F
%8 AQAAE AdFAF
Aol ALR-E FRALSY 5

o

Ho Aeds =
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Table 1. An experiment showing data used for calculation of Vmax and Km*

Dilution No. of No. of Percent of  Number of
number effector target dead target dead target /T 1/v=Y
cells cells (T) cells (%) W)

1 1% 105 1 % 108 0.55 5.50 x 102 1 x 103 1.82 x 103
2 1 x 109 5 x 104 0.82 4.10 x 102 .2 x 100 2.44 x 103
3 1 x 105 2.5 % 104 1.12 2.80 x 102 4 x 105 3.57 x 103
4 1 x 103 1.25 x 104 1.63 2.04 x 107 8 x 105 4.90 x 103
5 1 x 105 0.625 = 104 2.89 1.81 x 102 1.6 x 103 552 x 103

*Least squares regression analysis Y=a+bX

y=0.92, a=0.00217708, b = 23.76, Vmmax = 1/a = 459.35, Km = b/a = 10909.508

U, Number of dead target cells
{x102)
5.8

I max

] 2.5 5.8 1.5 18.8(818%
Initial number of target cell, T

r=0.92

4 v=2.2x10"% 23,84

lfw *

14

T T T T ]/T
4 8 12 16 :%19-3)

Fig. 1. An example of figures showing Vmax and
Kim values. (A) Data from Table 1 are used to
examplify the calculation of Vmax. Initial number
of target cells (T) is plotted against number of
dead target cells (V) atsthe end of the test. The
points fit well to the theoretical Michaelis-Menten
saturation curve. (B) A Line Weaver-Burk plot is
used to calculate Vmnax and Km. 1/T = X plotted
against 1/V =Y. Data are taken from Table 1 and
Fig. 1 (A). Regression analysis is used to obtain a
straight line (r = 0.92). Vmax equals the
reciprocal of the Y intercept and Km equals the
negative reciprocal of the X intercept.

z o

1. 7|-O:1 []|.C’AD| AP:‘FC’

N. fowleris] A% Hawe 1 x 104712 o}y
13]_ o:}oc}mﬂc’ z‘j_%é]_oi u}]oﬂ chp:] ]uﬂ :.]._?__,27]_
18d# 19k2]7}b Apnbele] 209 F7b2] 17whe)4 1
w2](5.9%)7F Aptelglom, Hdiskew | x 108
/}H obsu} Jerag FLAZ AYTANE A%

¥ T4RE AFEls] Alatstel 18otelF 137
(72 2%)7} Abdetelch. 22k AE£7]7E 19.94 5%
12.7de]9}. A culbertsonie] 7% 4k |
X 10942) oholst e oheoe AEeee
o, 134 29%te]F 2942](6.9%) 7} Aldstdx
Hojakel 1 x 1090% AZsrden 1d%E Ape
a7] Alabste) 209 F74A] 297k 19v0he) (65.
5%)7F Ababetd 7-]'7-1' AE77re 19,7, 13.24
olsdvh. N. gruberie 1 x 1057§9] ofolu} <doks
< 43RG 209 F 1HIE AREA o
gt} (Table 2).

2. oM zo| BHT

1) H|IEAMZ 2] XpAAMME SM: N fowleri ?3oF
3 1 x 104708 AEe AL 22t 14, 24, 5
Aol v]AAZe) AldibAdzE S S 3,96 + 0.
57, 2.67 £ 0.49, 1.98 = 0.41%°193 <3<¥s
1 x 1057012 A&7 A7 22 5.73 + 0.64.
3.84 = 0.66, 1.54 = 0.49%°]%c}. N. gruberi
dH 1 x 105715 A7l AYTL AdadA T
2] BMrr} zbzt 1d, 29 5949 3.66 + 0.
42, 2.85 = 0.41, 2.04 = 0.62%°]gl}.

A. culbertsoni °d<F8 1 x 1032 AHEA)z] A
HaedlA] 14, 29, 5949 AxSAL zhzt 4.73
= 0.53. 2.36 £ 0.28, 1.61 = 0.45%°]4=2,
d9kd 1 % 1042 AFA AP TAMAE 22t 4.
76 = 0.42. 2.51 £ 0.45, 2.14 = 0.30%°)4d
opf 1 x 105 B3A2 AZANE 19, 29,
5ol 22+ 5. 47 + 0.50, 2.42 + 0.32. 2.69
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Table 2. Cumulative number of death in mice inoculated intranasally with the free-living amoebae

Curmulative number of death of mice at days:

No. of No. of Motality Survival
Name trophozoites mice (%6) time
inoculated 7 8 9101112 13 14 15 16 17 18 19 20 (days)
Naegleria 1 x 104 17 1 5.90 19.88
fowleri 5 x 104 17 1 2 3 4 23.53 18.29
1 x 105 18 1 2 4 7 8 912 13 72.22 12.67
Naegleria 165 90 0
grubert
Acanthamoeba 1 x 103 29 1 2 6.90 19.69
culbertsoni 1 % 104 29 1 2 3 4 5 34.00 16.40
1 % 105 29 1 2 4 6 8101112 13 14 1516 18 19 65.00 13.20
Control 20 0

+ 0.32%0°]%]}.

&srelae] AEEALS HESE 1d, 29, 54
Aol Z2F 2,15 £ 0.25, 2.03 &+ 0.42, 2.41 =
0.780191ew AE% 147l N. fowleri 7F472]
A9 1 x 10470%% A, culbertsoni®] #H$=
x 1037 ARy ARddAdzst daee v
3ted 2l stA Fr1std o (p € 0.05) (Fig. 2).

2) EHAM=Z Zitsa g XMME HAE: N
Jowleri 338 1 x 104 AFANE EAAE
Aghgeol 14, 24, 594 42 29.33 £ 2.05,
24.40 £ 0.69, 21.96 = 2.01%°]dx <39F3 1
x 1057 AFA|de Zt2t 34.41 + 2.28, 24.46
+ 1.14, 27.57 £ 2.33%¢°)1%lc}t. N. gruberi <
ok&8 1 x 1057 AEA <= Z+7F 29.68 = 1.69,
19.45 = 0.73, 22.50 = 1.21%°1%{x}.

A. culbertsoni *49F% 1 x 103& wl§2o A

% of NK aclivily

§ days

1 day 2 days

Days posi-inocnlation
ry T : 5
|| Conglol T 1210 K.towierl (£ 110 Nfowierd 22 w10 N.gruber

4
5 1w Aculterd 1 1210 Acuier B 1270 A.culbarteont

Fig. 2. Natural killer cell cytotoxic activity against
YAC-1 target cells in mice infected with free-living
amoebae.** *p < 0.05 versus control

T 3 FRZAALE A A, THAE
AgeL AEFF 14, 29, 5946 =z 30.21
+ . 25.20 = 4.81, 26.69 = 1.27%°1%lxz
3 1 x 10578 AFAlelE 37.96 = 3.21.
28.26 = 2.09, 28.27 = 0.80%¢°]%lc}.

2ol e EAAE AL HEF: 1Y, 2
od, 5954 22.76 = 0.84, 26.27 * 1.99, 27.
97 = 2.18%°]%lc}. N. fowleri 1 x 1057] <
T3} A. culbertsoni 1 x 1057 Z3edfellA EA4 4
¥ AYFL AEF 1494 Az {931 =elqt
gleleh(p € 0.05) (Fig. 3).

Agarose petri dishell4d 347kt wi<FslalS
o A AU E= N fowleri g3 1 x 104
N AFA 4 AAAdAZE= A2t 7.81 £ 0.63.
5.84 £ 0.27, 4.82 £ 0.32%°]%x N. fowleri
gokd 1 x 1057 HFAe= A=} 11.37 = 1.

% of TRC

& days
Days post-inoculation

1day 2 gays

TBC
4 5 5
M control T N.towierl 120 £ N.towieri x10 Ngrubarl 210

Fig. 3. Target binding capacity by single cell
cytotoxicity in mice infected with free-living
amoeba.** *p < 0.05 versus control
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17, 6.32 = 1.30, 5.32 = 0.51%%°]slex N
gruberi §okg 1 x 10570 AFA el A 24
MEx= 7z 7.67 £ 0.53, 6.18 = 0.54, 5.89
+ (.35%¢°|90t}. A. culbertsoni <i<f8 1 x 103
N HEA= 1, 2o, 545l Zt 10.21 £
0.82, 7.07 = 1.21, 7.41 = 0.89%°|sdaL A.
culbertsoni <3<¥s 1 x 1057] HEA e zZht
13.23 £ 1.06, 7.96 £ 0.76, 7.35 + 0.42%
o]t

) zgel A9 BA Az HEF 19 29,
hd#se Z}=f 527 = 0.16, 5.44 = 0.26, 5.87
% 0.26%°1%e, N. fowleri 1 x 1057 7343
3 A. culbertsoni 39T 2FelA AEE 1dA
)z} vlaste] f-olshA Z7)stdeh(p € 0.05)
(Fig. 4).

3) RoMME FHo SH52 FH: ASLHAE
#Hd] 4% (Vmax)2 N. fowleri °§oF3 1 x 104
A AFAdEe HEZF 1Y, 24, 5444 234
840.34 + 38.79, 671.94 = 59.21, 609.76 <«
55.920190th. N. fowleri o3 1 x 1057 4%
Aol 2tz 950.57 + 78.47. 761.57 = 69.
47, 459.35 + 29,3405 N. gruberi %383 1
x 10570 AFAe= 27k 845.09 + 4834,
706.12 = 79.21, 516.69 = 107.66°1%v}. A.
culbertsoni G4F8 1 x 103] AFA e ApedidA|
o Hd 54%2 ASF 14, 29, A #
ZF 943.40 + 151.32, 714.29 £ 25.78, 801.
07 = 87.31¢19x A. culbertsoni <3%F3 1 x
1057) A FE A& Z+2F 1,048.58 + 56.12, 788.
77 + 46.29, 780.13 *+ 66.73°1%c}.

x| Aol AdaAzE AW B4 HES
19, 24, sd#el zkzk 637.24 £ 25.20, 703.
12 + 66.20, 690.21 + 90.13¢]9i}. AYF =

of I'r. dead conjugates

Sh

1day 2 days & daye
Days post-inoculation

Fr. dead conjugalwu 5 s
4
Bl conroi NUNsowtert tew' £ N towler! xw N.grubecl tx10

Fig. 4. Fraction of dead conjugates by singlc cell
cytotoxicity in mice infected with free-living
amoeba.** *p < 0.05 versus control

Foll4 Vmax 3 ti&uwT f-208 Aelrt st
(p € 0.05)(Fig. 6).

4) FHof Megsel £d: Ad e N
Jowleri] oisks 1 x 1040 HFAde 2z 1
ol 29 5dae] 1.08 = 0.06, 1.30 = 0.22,
1.26 = 0.18¢1¢t}. N. fowleri®] <dofs 1 x
1057 AEAHAE 42 0.84 + 0.07, 1.06 £ 0.
16, 0.86 + 0.06°1dc}. N. gruberi oJoF8 1 %
10570 HZ2Ael ol Aedse A= Azkd= 1,
10 = 0.09, 0.98 = 0.15, 0.88 = 0.28¢]=}h
A. culbertsoni ojeF8 1 x 103 d=A Az 1
o 24, 5d#<) 0.93 = 15, 1.01 = 0.37. 1.
07 + 0.120]92 A. culbertsoni °3oks 1 x 108
N AFEAA= 2 0.79 £ 0.08, 0.99 = 0.17,
1.06 = 0.17°11c}.

% of active WK cells

Days posi-inocalation

Astive NK ; s
4
I controt N.fowierd tx30 N.lrwiaci 1x190 N.grubacl 1x%0

Fig. 5. Active NK cells by single cell cytotoxicity
in mice infected with [ree-living amoeba **  *p <
0.05 versus control

g

Values of Vmazx

1 day 2 days & daye
Days post-inoculation

v
4
TN N.fowler 10
5
N.grubsrl 1£10

Hl contral 5
] Nlowieri 1x10

Fig. 6. Values of Vmax of natural killer cell in
mice infected with free-living amoeba. *p < 0.05
versus control



EToll e d=lddse HEF 19, 29, 59
Aol 22+ 1.21 + 0.15, 1.11 + 0,18, 1.18 +
0.35¢0]190 APF mRolla dzFe v)Fd|e
Zpel7F glalch(Fig. 7).

ADAAE A0 FAAT A9y P4 Ad
AL, FHd 545 2 Al ARRAS
AT E A}, AdatAxel AL AP, A
AddAz, Fd S5 WS o JRPAS
veldigles, Aedss ARTAL gl
(Table 3).

LA,

A olulvtel] 27t AAle] A ofwlubAd
23 4 (primary amoebic meningoence-
phalitis)e] Derrick(1948)<ll 28} H& w73 o
@ A Goluate) W Welea W o4yl
AT B3] o) Foix 2 gk,

AQAALY GHEA QFFIA ofe] ARE
o 9& HaHzw glow, Toxoplasma,
Trypanosoma, Babesia @ Plasmodium 7} o)) 4]
A Ee] AXEAYe) A5 BaH el

=
FS

Values of MRC

1day 2 days G days
Days post-inocuolation

MRC
4 3 3
Bl conrel NUNfowlert 0 EN.dowler w0 8 W.grubail 120

Fig. 7. Maximal recycling capacity of natural
killer cells in mice infected with free-living
arnoeba.
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(Clark and Allison. 1974: Trischman et al.,
1978 Hatcher and Kuhn, 1981 a.b).

Hatcher and Kuhn (1981, a.b., 1982) %
Hatcher et al. (1981)-% Trypanosoma cruziz
ZEAR vAAER S8 QL AAAdAEs) A4
Tl Al T cruzig] epimastigotes) & Ay
Zx)5HE trypomastigote® A3 #¥ge wws)
ek, el=igt QA Aol wpel ApAdAEL] AE
549 WEe] W] MY Ad AT A2 oy
A3 @AY Qlerkel dig o] o) HAUT o)
3 A7 el o] FZ c}(Serdengecti et al.,
1981: Hauser et al., 1982: Leung et al., 1982;
Jensen et al, 1982).

ArQAAA £ AE:FAG] wHe Aleo] whel of
$A ERAE =] A Al Ee] g5
2 virus F& 213 AR AEE Ay
sl TMztde 2 AAEE 7L =u, & virus
o #F4L Jeld+ o-interferone]i} inter-
leukin-2¢} -2 lymphokine-g #4]3}e] a}4lq
Soldt Hubs-& FAFete] 79 el Fo
ddg "2 4 UL ALz FaEIgd
(Herberman and Ortaldo, 1981: Matheson et
al, 1981), =g Ariwd Ay &= AN
I dpo] el AwEs A LA F %8
H+ 7% g)27 el (Herberman and Ortaldo,
1981: Kato and Minagawa, 1981: Timonen et
al, 1981). =g} <&¢) vjo}Al £k 4 (non-
malignant disease)Alo| = Be] Bu¥¢Ed
(Welsh, 1980; Pross et al., 1982) ¢]={§} Ajedat
AL AEFHo] 3E A% AR B4
ghe A dAHA Yoz vaEw 9o, A
S Goplntel o8k FAARY AL zv)d= A}
AL AEZEA ] Frlslz Ade] =G
AR} Ge fEOT FH4sld 71 wule] why
A AA=EE A7|edE AAUAAEL] HEEAo0)
7P d27e 2 BuHm 9led, o T
cruzi FE 39 FA7 A gl x 27 KAt
Axe] #Amr) EAT) 9 F 3asie A
22 »¥yg v} 9lc}(Hatcher et al, 1981). Afed
AN ES] AEEAY) DL FHAR(1991)e] H)T
A olgal Alee viehdlE A, culbertsoni 3+ A

Table 3. Correlation matrix between NK activity, TBC, Active NK cells, Vmax and MRC infected with N.

Jowleri 1 x 105 trophozoites

NK activity TBC Active NK cells Vimax MRC
NK activity 1.00
TRC 0.63 1.00
Aclive NK cells 0.91 0.89 1.00
Vmax 0.99 0.57 0.88 1.00
MRC -0.03 -0.79 -0.44 -0.05 1.00
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opolul A% F 109704 AARAUH L AEFAHZ
sl ont AFE F 19 AQaAd R AZE
Aol 74 Fol 28l F 2 F A3 A A
2 % 59 o|FellE 2T Fak Holsb W=
Ao Hol AR FA FL WA AW FAFe
ABATHAZY o] WUAT} AAAATE A
A 4 A g% dEjes 47Ed
(Leung et al., 1982: Jensen et al., 1982). &7
o ApdadA T AEFA] FriE= 7L
28] pinterferons Z-& lymphokine?] #1]2|
27} 9 Al W5 GAsd e Az
o], Asto] wAHom AYHFEZ FAH W
circulating immune complex?} A= o] 5]
FAAZES] Agstd AFAT} 2T 5 9
B BAAZES AEAZLEH AAUA L A
ERAL ZAaAAE g ZAolth =g SR 2
A QA= prostaglandin Egell o] TA| Z A
interleukin-22] 20| & 447 4o A
AAxe] ATERE AAAAF S AR Al8
o

obolul FAF 5AM) AQTATY YY)
A A et AL ek de] siar g A
Y= 4732 AALARE 715 £4-F o) A
RAZS] 4 F& EANEA ¥ 4 e 5
o] ZtaF At Absl o eo]ate] f7] WE LR
g7rR,

FA4A L BolE N. fowleris} v] 7kl
FAL Rolk Ao 4wzl A culbertsoni 7+
F Zboll Alebg W AT Aolsh FHsAE
A ke AL AP gt fA1d Al
dujeko 2 N. fowlerie] BUAA A=r} ol oF
27 dEez Aztev] wWdg AfAdgoldn}
ol N. fowleri%} A. culbertsonis 7+=g 223t
e w zpdAbdEe] BAE Aol ofelnl
kel AR Fo3 Aol e, ¥
44 AfAGolelutel N. gruberiel W14 AH-F-A
go}u|uiel N. fowleriZtelle ApQAA L] BAE
7 gARHLE folas] Ba4 Ardgebu
7ol F7bshlch

DA E BAZANAN BHAE A Ay
Aze] AEFAo] Eotalel whek 15%-40% Aol
A Z=rleldes & £ e 84 AdgAE
= TAAZs A9 AEF Fol 5%14% A=
aA s s, He F4%54e Vmaxk AA A4
ARz AEZA Azl A2 A dAsdch #
W Aesse 7t A wel dETI ¥R
stod v %g 5S Bod Ho Aol =
Za vlmste] xfolE meolx| Wgtrie Ao ¥R
ofyol AHfARolsst ol s AdEAE
£ Aegsd Loy A=y Aol &4
o] 9REE 5T & AN

t 7]

w3t oluute] zZhdwkg Feistel WA Axl
o] B HRA 7|, wE A FAT obgA, ¥
HelAe] 2L Yol tpEE ofmulE A
A HYAde Ao]ZE FEAA Lo wE AJQUAZ
8] QRS 27 A vwd F4S Jele
N. fowleri Zrg## ofgA A& Hole A
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F 1946 FAFRHAUT FAE SAAALE Y
FRAZAYS, FA AdAAL 9 FHo AoHe
°) Az Ho|= TR edgprth. obwlure] A
dakg ZEPL g AQEAEe] FAEe
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ule] AFoZ l§ Az AR AdA
AEZ B 5 ol HawY oluul s
olabolwd Aped4AEe] AXFA Axele Ae]7t
gl 7oz A7 (all or none) . wheld PO F
WAl @S AfAPetunl ZdTe HA
9] o] Z 9sl7] Y Fv) AAHY A7t Al
ook & 7o Azt
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= Abstract =

Natural Killer cell activity in mice infected with free-living amoeba
with reference to their pathogenicity

Kee-Hyuck Kim, Chu-Og Shin and Kyung-il Im*

Department of Parasitology and Institute of Tropical Medicine, College of Medicine,
Yonsei University, Seoul 120-752, Korea

The purpose of this observation was to investigate the natural killer cell activities In mice
infected with pathogenic free-living amoeba, Naegleria fowleri and Acanthamoeba
culbertsoni according to the infection doses, and infected with non-pathogenic free-living
amoeba, Naegleria gruberi The natural killer cell activity was examined by means of target
binding capacity, active NK cell and maximum recycling capacity of the mice after
inoculating free-living amoebae with low and high doses.

The mice infected with 1 103, 1 105 A. culbertsoni trophozoites showed mortality rates of
6.9% and 65.5%, respectively. The mice infected with 1 104, 1 105 N. fowlerl trophozoites
showed mortality rates of 5.9% and 72.2%, respectively, The NK cell activities in all
experimental groups increased significantly on day 1 after infection as compared with
control group, and then remarkably declined thereafter, there was no difference of the
cytotoxie activity of the NK cells in mice among inoculation doses of pathogenic free-living
amoebae. The target binding capacities of NK cells and percentages of activated NK cells in
mice infected with pathogenic free-living amoebae were significantly increased a day after
infection, as compared with control group. There was no difference of the maximal
recycling capacities of NK cells in all experimental groups as compared with control group.
There was significant difference in the cylotoxic activity and single cell cytotoxicity of NK
cells between the experimental groups infected with pathogenic free-living amoebae and
that infected with non-pathogenic free-living amoebae.

Key words: Free-living amoebae, pathogenicity, natural killer cell activity, single cell

cytotoxicity
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