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% il BUEILI CIE R AR 2 ) —= 7
OIS CFEC — B ARTbR T 50, Ak
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L, WBIiLES e, Biic kB8
LSRRI iE S Tnd, ZRRBO%
WP OB OB, Bk A RERRC £ D
WEBW 1T VAT LAEL2THS, L LR
50 13 % U b o ELISA T o Bt 3 i 90%
WiET S 2, ELISABMEE O S bHEBORE
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gL Cns, £ CTRMRIZED o {5
VMwQMHmef%Xm FIRAL S D
FELERELIEHSATEY, TARDOE
TR >RETHAD, —H, BHERKD
(R 1 B A OBBRTIRE LTAFR 18
kDa % 4 i3 (Em 18) 2 €A L, 1 4
7oy bikEROBEEERREL TS, B
Py n—74 20 Em18 DREBUIEKIIL TB
b, B Em18-ELISABZREL T35,
S 13 Em 18 O AR ZBHDERICLERE
RIILTED, ShoOBAAFLEORZERL
BT L BELTY S,

#m—EiR, FERER

FIT A —SEOBIE S TOE—BRIRE X 5-

—had LYV VBETHES A b=~
(753 —0N)Th 3, BOKEC0 mg) RED
BbE LT3, FIFER & L TR i FRE
P, ERUEMASRER S TR, t b TOES
ORGIE T hE TRRE SN Twzw, 201,
WMER, MERCEREENLLBEELREER
BleLCHEL D, TR, RIHMEEE, SMRE
A, YESHET, TE, H TR EORIEFREZFRA
Bz rbbhs, EERF FEBCUELEER
KR FeFoz A F VIiREREPLECZ>T
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FAMHT S, EHEoRA IS -2l
g AfEET 2 LR EAYONRSWFRMEL &
LT L EEEL TV,

%51 U O TR I A BRI O VIR 217
OB —BIROEBETDH S, LELIDEIL
7 Fa—FRTERVERLHD, WERLT
Ny S bt 5 E R, HCHOEBREC
L TREEN 0% KRS TVE LRI,
HATF U BRIt T BRI BRI L A K0,
B & o T T ARy &Y — VIO RS
OEN%E 50% OETIHIL Iz Z & bEDHONT
EDO MMM EREORHWEREET L LY
5 RBEBOMER EBET 510, BENROKNZ
ERICHE L TRETE, BEREBRLED
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Pz k5. %< OERERER L I ERINES
L EER AL L TR 7 ARy Y
nEERTHhRE LBRRTHL B
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1. REIT A—/NE
RESPRRCIGUTHEEERs 0D, — K&
Wit FROBERELTWD,

(1) 7 A—  EXIBE 75— 1,000 mg/
day, 43, 7~10 H¥EH

(2) 7 A—sSHRfl, TA— RS 77V
— i 1.95~2.0 g/day, 43, 7~10 BfEEH
MREE NS TR VSRR, 3~4BHEE
DA VI =N NEBOTEERST 20, B8
R L I SNBERFOF =5V — N ELE
2 2. Apu=fV—VEEZBE» S ORI
ez B, TRBELUWES, H25WwidlEE
A TOEBELEEC LR ¥, HT A
AARESEVEER YR 7 7Y -V EARR
545 LENDLEENH B, ta—T YA
IV RO TBEHECRT AT 7Ty
SEASTEN, (EikL  ERERAEFERE
SRR, LRI, PSR 10) 2SR
Ehirw)hoEETREENATVS,
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LD LS TARY T R &
BRTRETHE N, EROBRS L EE S &9
AN, MEILTBLRELDTHE EHR D,
(1) = A4V —n 200mg §8, 600 mg/day, 4
3, 28 HAAREE, 14 HEKEREIREE =) v
LU SEDET,
YW&VyV—wmﬂﬁmmw&w¥M?%a
, RIS E2NEL 200, BCREFIHO
Wmmmﬁ,,m BRI L T £
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X O

1) BAYEOZK <B4 Y 74 VIREDRS
B RRIREDOZE - BIROF A F 7 A > 2004,
HAREMS, 2004

2) World Health Oraganization : Amoebiasis.
Weekly Epidemiology Record 72 : 97-99, 1997

3) Makioka, A., Kumagai, M. et al. : Inhibition of
excystation and metacystic development of

Entamoeba invadens by the dinitroaniline herbi-

cide oryzalin. ] Parasitol 88 . 994-999, 2002
4} Takeuchi, T., Okuzawa, E. et al.:

High sero-

5)

7)

8)

9}

()]

Al 407

positivity of Japanese homosexual men for
amebic infection. J Inf Dis 159 : 808, 1989
A B bBE BT ST A — s HEQRIED
PREA & SRR BN BT, EAEIETEE
fidhE, WHR - HRBRENRIY, T 124
FERRS - BEWMRHES, 2002 :
GREE, MNEENEE, ¥/ 0y 72 A5
—&ar® /v 7 A (alveolar echinococco-
sis) B, Britfd o duan Y, CUAREI N (0
) : 636-643, 2003

Sanuki, J., Asai, T. et al : Identification of
Entamoeba histolytica and FE. dispar cysts in
stool by polymerase chain reaction. Parasitol
Res 83 . 96-98, 1997

Ito, A. ! Serologic and molecular diagnosis of
zoonotic larval cestode infections(Review).

‘Parasitol Int 51 : 221-235, 2002

EHEER, AB#M—iEs  FEAatuFice+ s
AN b TN I — O B
WP 2 ERR IR, W}ﬁ%fﬂﬁm EHTEE,
?“ﬁrr?“mﬁ:@f ]%{UF)L” _Ff!k‘l '} f.ﬂ. By, .
72-86, 1993

ERES: =%/ 0y 7 AE(ERE), &Fdh
ERYLFEDO T £ —2003, MFTH SR, M4
BT c 2 —v {2 A
BAWIREYE, AEcNTsr—7 73
v ZBASETIERE, p.41-42, 2003
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TURWI Ehi53) LTBRAS - L2 % 1)
6a KERE LEREROBELSLE | 4 ) FO—BE LU (34 EROAREN 55
B7 A —sEN—53
TR S VT RERE, NRBEL | B7 A—r L
EEBBLTBIL, AREER
B T3, BRE L THEROBIA
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EBEWEL, B THALIE
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e T
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M EEERREE (IFA) 124 200
i |
V22U BHYVHCLCTEMES AT A5
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IR TR, £ O8AHEL L
'C WKARHT 7 A — 2% (Entamoeba histolytica)
H R (HM-1 :IMSS, HK-9 Z ¥)
WELHRTEHELTHB L AL RS Y
CHL, FFLDEIATH- T 3 /TW//
BEZ L 5 &, X640 LSl L % =
AU, REBOMNEM LI 7+ 0= /F*I/J_L
£ BFHHET b HEXCADIETFIRT H 5

T2 MEEAMEECL SMRM7 4 —~ 2 ED
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1. BEDOANE
(PO R T AR L 5 7
BTEBMNE T (TS S,
R E L Lo,

2, RO EBRAERELOEE

PRI, Mok o G TR E ST~
SR O i O P BRI X L i s
W”mb&ou&ﬁb DT, WHEL b b ke
AN LI IR (B AU [ T
WEC, H o ik — 70°C (dcep freezer) 2 T
(P17 4. BRAERIM RS U 2 B it or
B 204 2 H IR NT 20, G o tc AWM

OT, FEIlL
ZOMh, T

J-ll

L7226, FRCERIZE ice box ZH O T%F
LI L, YT DD, e b ik - Bl b

DML 72 eif o s e L2400 cQARES A3 L
L BB LT s

BREEICL > TEPFDHI B,

VA, COIFA29LThHY 5
2 EARMHOI DU T A — o SPiAEET 2 b
CHIIEDHBTHT, ENDHHBT A— gE
&L THMED LYY VN T 2 burTia 2y
G IFA DR VIRV OB A 2 iRt A
LS FS2LWTENDHD I LT~ T
HL,

T, FIT A IER SO THEILE S
IO AZIET A — SR RO AN A DSl L
Lo, T A= DHIFEENEEAD T © B &I
¥ Y 7 (asymptomatic cyst carrier) & L
THAETALUTHEY, ZDx+ V7 (b

—I b JEREL 12 2 L g u carrier, fEd
L 2N & contact carrier £ 4o 12) b ke
1 (nonpathogenic) OFHIT A —s8 (2 %
BUEAE Entamocba dispar & L, W2 H ¥
LAANT A—=s3F ey b E. histolvtica b G
ELTHRI) itk 26D, E. histoly-
lica VRS L T U 305, MEERD £ 3 #E:R L T
Bh, A ORI THMREE CE > T e 2w
SO HHIERMRT ARIEND B, S

DO AAULHIAD N DG h T B, ikt
WAL 0[EED B 5. & 10, SOF LA
i TET 6 SNk o) & & T -1 b 8 e
FrtPEaSds L CTolifet ot b i o bz 2
Lo Tud, O8I r— A
DD T TILR D & S 29T h 2
E. histolvlica (& 3L 32 L0TH
b, WDHINARK L E T E. listolyltica 0) k&
HHifEE S L w,JMfLinLdalrnw&t‘
MO T A — S i - LT 2, — i,
E. dispar WeETIZIEEL nws, L t i Tif
PEDH YL I o,

I XY TO LR L S
WdH LB, KAHINERHIR LT, R4V Tk
It 12} (convalescent carrier & MRIELT:)
dH LD, o ZDHY L 3*/’ { ‘fJL/ A —"'rﬂ.f'M' U
E A, W IFA LRI T A — o SfiE oD B i
ﬂJ&MM%éMUH:LTHM~Q%VCV6¢ﬁme
Feblis (gel diffusion precipitin test: GDP)
& Y8BT, LitonfgtEine, oL 5 n
Voo RASEIRATR LI R v Y 7o TR
BT AN E I IZ D0 TIRIFAIZ L » T2
LI AN 1 e SN S & . B AT

IFA 12 & » T symptomatic &t 7 X —sS$ED
T2 RWrT 58, FEIC L o TH O
A EA ORI LT N T
HB, HHRZOLD LI L » TPy
BIEDMIGH LT b (k).
MESWHEZIIRETEH

ALUL NI T A — 2 SLEDTEE B O —1Wh & L
THCBLDTHEG, FOL LA KR
W7 A—rER8ES , L0 ENRPio TR
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IFA 29T a5 oD »E 2 ¢
"5,

3T, WED LD HIZI I BRI T A— v
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(2) Y3 (R p: e,
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A= D A IR B AR (R o s o b
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oo =, W7 A= DEFC L AT IE
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ARETH A,

IFA 29T 2MEMB L 2 0B &R 7
A= U EHBETIA L LB o T 3, —f
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HRILHEMRE LS 0), WHir L 002 hs
BB ERRITEE B D, FIRCH LIS
o R Lo RHEBETHHER Y RET 5 Mg E
BUEIX DB, &72, 157 A—/ SEEDC 1
S5IFADESMELE L 6L o 2w L 8
DT, IFAD#F— 4% DAETHERZHE2 VT =
ERBFIIT I NS TH 5, HHOHENMRE
PRRVIELTHT A= 8RS Ll CHA,
LR kS i G 12 [FA AR TR Al S AR
MR OS2 M+ 5 &£ », PCR & &1t
REBLELTEOYMEELBLT v 5,

RICRUIEE, BT A= iid T
IFA & AP IIS 201t 8 & b g
<, X6 DML T8 2 Eatgs, =
LD MG TN Do T LRI T 5
P ol & 770 70085~ Q0% BT, IS oD 1
B, BUUREESRTuR T+ by
BIGELZ & 5 [FA Tldd0~509% FLHe o i 4 5k
DIFGALT L e h o i,

—H, WERAET A — SfE (7 X — SR E I
B) DHARIBKRER D & B4 T H bz
CT, = 2—L ¥ OgRli»3iTbns o bt
E0A, N6 DREC & o TIFRYEH 50 2
Broxt R E L1206, B b IFA 24t
FRET LI T ETH B, 72— U
BOWMEZZI b, $1220% rule out T 3
LHYAMTHS, LEEO7 e vRECE %

ML AR 77 & 2 SE R O 4 02 815

BTG 7 AP IIEBI12 121009 D p b
HEYRINT 5, o ¢ oNine LIS
ORI o T 3,

HERRIE DA, BRI Lo T L 7 A —¢
PRIMTERCIELHG, LithiaTr A—
SR CIIT ISR S e 5, WifEs o
GBI & T L, MR HT 02 8 [FA
TRELIRLLL 9 X4.0060 F ¢ AL}
B U, KOO R0 2 MR 0 | o tsma
Hiv S 00 6, BRI % e 3 ekt 2 198 e
SYIENETHD, METIUL, IFA 201
BATDT A —oSED MM A BNRED £ C 1k 7
A== sSHERFBE A L CRRERIE L Lo
BHREHTLT 2, |

LILERZT 542, 7T 2 =SBy 410
B & - TIFA 280 AR O %5
ﬁ%&b,%MTéﬁMé%ﬂ?nmmén
5,

S CTILERTR H 2 4
EDBLLIFOLS s,
2TBT A2 G R 5o 1M O I Bt bt
MR (ERPE ) HIEMRTET L L
THITLN A, ZOWT & T 9T~ 3 i
EREPGURUERETH 5 UKL b 27
TR—MILS O TEH 6T, o b 5 ililiz s
TeRUD, HIGIIR3 & 51 AFTRfETH
5. DOTMFHRE, PR PCR 1 b
PRITSWHE L 25, D IHIMDOMED 5
bENPHELSEENZ2DL sDMi 4 &
B, HEH G IR IHIKIE & 300N DI Mt 4

RS T3,

T R—=sSERFIME 2 5E - 128 A L £ F CT.
Ta2—= P TIRGDIRE 2T L, i I
KiS&et7 5. MEORR 2 &0 nMkes, ma
HIRA, PCRUMMCTH ML 7 ¢ ¢ bEwe
BRXTIRET & B 55, HEIHAY L BA G2 45T 2
MELLTHMT 2,

T A —oSPEIFIEE IG 7 A — 2 SRt ik L 1
EEDNS E B IFIES L C TR Ph1
RETLIEL O,

y TR D LU R #
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WIFANRB LD DERE

AL &5 T MR BT A L
IR WAt b MUL FRID—2TH- T, b
D fe I LT ~—A—EWRy, T A
—~YEDE S IIDABEE LA 2 LANIFES R
2. LI LT, IFADREM P AT &
(FPEAL) LRI L Rl 7 & — I B 2 BT,
MED & 5 CWMENZIE U THERID v~ T
ed b, HH ORISR E, O ERIRMC
WHERTH » T L MWL BT 2 vvibh 5 2
L 8 niiies (UM H 5,

212, 2L BMFEISDYARIZHEL
iUl e o I o IR R TR L 21k
(false positive), {4b=tE (false negative) O
BT H 5, false positive T 5 2 L Ik
Mg o pT ML T 272 IFA O8 &3 iy
Io d TREDRF R BIET L w S [dinik
Ao ok, s b T false posi-
tive TEEE S RICASTTEBIARFABH % (PN) ©
M ES LIl DB, ZODH, PNOF
— AR LTI H 28D, FHEEOHME 2 R A
oS, WURSRBONLE» -1,

false negative DHIBUZ D TIETE L BRI L
HhibmohToLe, kot 5, W72
— 2SR 3 0 TR MU D A ST — i L %
(, LIdT T, MRt sns
B, ol O DORSRTIRBIELEE S T v B FiE
DR E S &0, Bk 3y lkom
DRIZIGHEDOBPHREL T2 L DR L E
Tw 5, 021X, E histolytica HSIWHLEE T 4
Mz & » TABHEMNCHES N T3t b b
b 6T, DI T A — ST s B
MDD 7+ w—tp, IFA, #PEHRIE (GDP)
PEUVEORBLE>THIEETH- 2 L0 S
IEGI R Lo 2 EA%H A%, EREMDEM
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> T, M3 BIZF2DUD 1~ 2 DREGEMED
lKFLTwR, 8612, HIV L E. histolytica
LDAHPIOMECTIE, SRECGDPLR ED
false negative DFID R Gy, HMMILER G »
TRLEUCYEEMORERLZF DL 5 LR
CHETLIZELEHVEALEDLNS,
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WIFAXERE LR DEY
Bt TOLZA IFAORMELPRZTH
(RO T S 6 LT oI,
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1. B7A—sE

Wi 7 A —sSfEi b U THRAEE 7 — 2 DRl & T
AL DB OD EDRER L LRILL S
AT SRV H A, & TRIHREDEA,
BRI SO BT, BEEGIIE G B PRIk
Hea g, BREMEL S 595, E histoly-
tica B K. dispar DMLY L L, 20
SRRV A B U SR AR G SR 2
WInE2Y 7CE 5, —%, TFTHI{ERCRE
BEMH T RUSEIE E histolytica DIBEYE L
THEERBriz>4d5, Lo & 5 2l F»F
i RIB s, o 5 BN SRERD Lo
OB RERADUNR (k) &0 IRl
PR (P EL), 721 PCR
ZiTo TRHili¢ 8 5 250, & 1 E{IRED
BIEQOHS (M1/2R%kshs) ¥H15E,
PrVRBINT L LTS »DEED L CEERD
Ho HE L MERBU P NRBREL BT
BAA LG, MERIGE NMETEROER
7 A—=SOHEERBACHE D, T4bD
WEMETH 85 E. histolytica '~ & % invasive
amebiasis D2WrizH b, —F, EEMLHEE
MRERXEZDPAB BRI HE I - TL 52t
BREMRLTORIITE RO, T4b bRk
s L 12 B, histolytia/ E. dispar OTE
ENTELRC, TOLILERP I {ERIA
NTHRAMFIMEITINETH B,

2. BERTA—YE
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W&, MESEFERLE, WO HFEPHMLT
BEERMCTEET AL SRAB L TH S,
Fei feoR R AL, PCR O {SRIMEH 5w
SEVBPSTETCLDT, EET S 280
~MEH 2 LT b B,

i, WIRBEDOH AR £ 5 (- false
negative 3V BT 2 2 LIZIE LA F 0 ., IE
KAEEH L E S IFAMEBETHIL, 24
LD LB L B HH L, AIZl ~200
Lol hiEE, ¥ GDP 24 L, RAgieit
ERRULEGRIL S DL e B,

VALDiED, MIFD RN, Ei AL, 2
DHUZDCTHA L F2y 23BN 2 T2
B, |

TR T A —sSERSE->T, PCR 2 TiHF- T
bRdlid o v LWL E TR, 7
DL E SRS TOE—BRERTDH 2
Abha=Zy = e RECHEELTALD b
—DDOHFETRDH 5, FRBGOEAT Ly Ln
FEERBW T 2 OB REAESDED, b
P N v+ =Y 2BATLT L S 0p5, TR
U AR THETEERN RS kw5 fEfl

P,

BEBESAALNBENREDEDHF &
AEMNS
Wb oY, IFAZELMERISIE

HERREMERIEERL FC L TRIHE YA S

NRRETRES NS 2 E27E L, FRICITFIRE
in#%&&LT%mhbn%®f IR

L%ﬂML@&ﬁ_Mﬁtfa_&u¢aw.
1218, BRI RAEL T A2DIZIFA 8

et L A DARIGCERT A LE LD 2

(RiR)

FINT A=~ SERREC I 2TRE & b {hse

MhRab 7 A —o SRR (B IR 817

PEC L - T 5. BEALFREC
fiz DIEGRER T E 2D - f28 0, vhEHY
aspiration kA, MIELRA2 I Laib o
Frd iciRikatie -7 L bhh, 20k
IRMIELBIRLICY A THIT 5.
BRINOHEAIES5-=haf 147 —rn
AlTHAE A ba= ﬂ V= (lﬁlml 7T Y-
h) ThHhas, FREOF=2Y—N L L
SUEMHTE L, L DBEANIZImMGRT 2
—oHEH B AT A 5%, BRI JRIEE 2w
VDL LLHERINTE Y, fEH5A5E
BERG I L E bz, ATRHY 5.5 4 oy
WENLFEMEDDH B Z LI b T 2 080
H5,

BHTLVIRAREREX Y bo#A

Ak D & 5t % detect L TE2MFT 2
7RSO A O o Y s A P P 9337 (o
E. histolytica I1 % » b (TechLab) # iz ki
FALT A, IDOHFERT A —s ShVRIHGR
BAMlg 2 8T 2 O ¥ % adhesin # ®
sa—FiErHCTY Y P4 v+ ELISA

TERT L DT, MATHRTH 5, BN
BORMEEELBRL THALTC 3,

X @

1) 7 8, ARIERL =i TiE s L T
A —rSEM Wi DR — 138 il 2 A S E L
T, I"'“h'{ll- ¥ ﬁFnu sq(hlllu.!“ f%'? NI 167 - 168,
1985 .

2) Nagakura, K., Tachibana, H., Tanaka, T. et
al.: An outbreak of amebiasis in an instity-
tion for the mentally retarded in Japan. Jpn J
Med Sci Biol 42 : 63-76, 1989

3) Sargeaunt, P. G.: The reliability of
Entamoeba histolytice zymodemes in clinical
diagnosis. Parasitol Today 3 : 40-43, 1987

4) BURZE—, NHIEBL TrIN B Pk T 4 —
LA E IR SR I R S % » b UHE'I
7 A—,THA® )Y it i, FF: she HMEEE 4
227-233, 1993
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ﬁt—iis; DLEND D, BYRY, TSI
L SRHICRINT X 5. 3 WL OTER LT A, T A -
T § T wiu,wcfrfu.w
U BB AR AR DR L, b3 mtrﬁ[m
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AXENIC CULTIVATION OF ENTAMOEBA DISPAR IN NEWLY DESIGNED YEAST
EXTRACT-IRON-GLUCONIC ACID-DIHYRDOXYACETONE-SERUM MEDIUM

Seiki Kobayashi, Eiko Imai, Ali Haghighi*, Shaden A. Khalifa, Hiroshi Tachibanat, and Tsutomu Takeuchi
Departmen! of Tropical Medicine and Parasilology, School of Medicine, Keio University, 35 Shinanemachi, Shiniuku-ku, Tokyo 160-8582, Japan.

e-mail: skobaya@sc.itc.keio.ac.jp

ABSTRACT:  Yeast exiract—iron-gluconic acid=-dihyrdoxyaceione-serum medium that allows axenic cultivation of Entamocba dig- | /7

par was designed based on casein-free yeast extract-iron-serum (Y1-S) medium, and the usefulness of the medium was assessed().
The main differences from YI-8 medium are replacement of glucose by gluconic acid, addition of dihydroxyacetons and B-
galacturonic acid monohydrate, and sterilization by filtration. This medium promoted the axenic growth of § strains of E. dispar
(2 strains of norhunian primaie isolates and 3 strains of human isolates). In addition, to clarify the biological basis for the growth

of £ dispar in this medium, analyses of relevant enzymes on the glycolytic pathway of the amoebae as well as of the protozoans
that are the best culture supplement for amoebae are being performed.

Afier axenic cultivation of Emamocba dispar (strain:
SAWTO0RRclone AR) was reporled {Clark, 1995) in casein-free
yeast extract=iron=scrum (Y{-S) medium (Diamond et al.,
1995} supplemented with gastric mucin, the efficacy of this axe-.
nic culure system was assessed for other E. dispar strains.
However, despite its ulility, the only £, dispar strain cstablished
as an axenic amocba in YI-$ medivm thus far is SAW760RR
clone A.

On the other hand, when @ monoxenic culture system for £,
dispar in biosate—cysleine-starch~iron-scrum (BCSI-8) medi-
um with Psewdomonas aeruginosa was developed (Kobayashi
et al, 1998), a signilicam growth-promotling cifect of dihy-
droayacclone (DHA)Y was obscrved. DHA is a ketolriose and
as a sugar source for £, dispar is thought to be directly metab-
olized to DHA phosphate {DHAP), which is an intermediary
metabolite in the Embden—Meyerhol-Parnas glycolytic path-
\\'ay.

Another significant result was that during characterization of
ihe plycolytic patlivay of Crithidia fuseicndent, oo eflective el
tere assoeinte of £ dispar in BI-8-33 medium (Dimmond et al,,
[978), approximately 35 times as much glucose-6-phosphate
dehydrogenase (GGPDH) activity as what of Trypanosoma cruzi
(Tulabuen strain) was detected. Frypanosoma cruzi can be used
as a growih-promoting supplement for monoxenic cullure of E.
Niistolytica, Flowever, it does nol promole the growth of £ dis-
peer, whereas O frscicihne dues (S, Robayashi, unpubl),
GOPDE sctivity has nol been detected in axenically grown £,
histolytica (Reeves, 1972) or E. dispar (S. Kobayashi, unpubl.).
GOPREL s an essentinl enzyme not only in the peniose-phos-
plite puthway but also in the Botner-DoudoralT pathway,
which starts wilh GOl GoPDH catalyzes the translormation of
GGP 10 6-phosphogluconate (6PG) via G-phosphogluconolac-
wone, and we focused allention on the ghycolytic pathway after
6PG in E. dispar and examined the reactions aiter 6PG. Both
the pentose-phosphate and Entner—-Doudoroff glycolytic path-
ways can branch from 6PG. The aclivity of 6PG dehydratase
(EC 4.2.1.12.) {Goltschatk and Bender, 1982; Nguyen and
Schiller, 1989), which is one of the cazymes in the Entner—
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2004,

* Present address: Departmeal of Medical Parasitolopy and Mycolugy,
Schoo! of Medicine Shaheed Beheshti Universily of Medical Scicnces,
Eveen, Teheran 19395, Iran,

t Present address: Department of Infectious Diseases, Tokai University
School of Medicing, Ischara, Kanagawa 259-1193, Japan.

Doudoroff pathway, was detected in the lysates of both E. Ais-
tolytica (HM-1:IMSS clone 6) and E. dispar (CYNO 16:TPC),
and its activity in E. dispar was 2,87 times greater than in E.
histolytica. By contrast, no 6PG dehydrogenase activity in the

" pentose-phosphate pathway was detected in either lysate (8.

Kobayashi, unpubl). On the other hand, DHA, which has a
growth-promoting effect, is thought to be metabolized 10 G3P.
through DHAP, which is converted to G3P by triose phosphate
isomerase (EC 5.3.1.1.). Thus, if viable €. fasciculata acally
supplies a growth-promoting substance like DHA, DHA may
be preferable to viable C. fasciculata as a culture ingredient.
O the basis of this information, we hypothesized the existenee
of some failure in the upstream portion of the glycotytic path-
way in E. dispar, before DHAP or G3P production from glu-
cose in YI-§ medium. We, therefore, attempted to design an
axenie culture medivm for E. dispar by modifying the ingre-
dients of Yi-S§ medium, and we lested its uscfuiness.

MATERIALS AND METHODS
Reagents

Al chemicals used in this study were of the highest quality com-
mercially available unless otherwise stated,

Entamoeba dispar solates

Five sieains of . dispar were subjecied 1o a trial of axenic cultivation
in s stkby Two steaies (CYNO O0TRC e CYRNO 160T0C) Vo
nonhuman primates were isclued in Japan (Kobayashi et al., 1998) in
Robinson's medium (Robinson, 1968), and 2 strains (AS 2 IR and AS
16 1R} were isolated from humans in Iran. An E. dispar strain, SAW
TTAR clone AR (SAWITMRCIAR), wos used ps the relerence strnin,
The senle & el stroing werg transferred to menoxenle cutture me-
diuimn with viable €, fuselendata and sntibiotics (os in e classic ap-
proach Diamond used for E. histolytica, Diamond, 1983} in BI-3-33
medium. The C. fasciculaia was then replaced with antibiotic-sensitive
P, aeruginosa in BCSIS medium becouse £ geruginosa s removed
casily by antibiotics and anltibiotic-resistant C, fasciculate usually sur-
vive in lest medium for axenic culwre even after 2-3 subeuitures, and
it promotes the growth of E. dispar.

Yeast-iron-gluconic acid-dihydroxyacetone-serum medium

Yeast-iron—gluconic acid—dihydroxyacetone (YIGADHA) broth was
prepared by first dissolving the following ingredients in 880 ml of water
distilled and purified with a Milli-Q column (Millipore Co.. Dillerica,
Massachuscitsy: K,HPO, | gi KH,PO,, 0.6 g; NaCl, 2.0 g: ycast extract
(BBL. Becton Dickinsen Co., Cockeysville, Marylund), 30 g3 gluconic
acid, 5.0 g; DHA (Sigma Chemical Co., St. Louis, Missour), 1.0 g; D
galacturenic acid monchydrate, 0.2 g: L-cysleine hydrochloride, 1.0 gi
ascorbic acid, 0.2 g; and ferric ammonivm citrate (brown), 22.8 mg.
The pH was adjusted to 6.5 with 1 N NaOH, and the solution was

GE-3386
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sterilized by filiration (Sartorius membrane filter; 0.2-wm pose size). An
58 ml volume of YIGADHA broth was ascplically dispensed into a
100-m), screw-capped glass botle and slored at ~30 C.

To complete the Y1GADHA-serum {YIGADHA-S) medium, 2 ml of
vitamin mixture #18 prepared according to the instructions for PDM-
§05 medium (Diamond and Cunnick, 1991), and 16 ml of heat-inacti-
vated bovine serum was asepticaliy added to 88 ml of the YIGADHA
Lroth. A S-ml volume of the complete medivm was then dispensed into
13. X 100-mm, screw-capped borosilicate glass euhture tubes (Asahi
Techno Glass Co., Chuo-ku, Tokyo. Japan).

Establishment of the culture of Entamoeba dispar with sterllized
Crithidia fascleulata

Afier removing P- aernginosa by washing and addilion of antibictics
(polymysin B, 130 units/ml), trophozoites of the 5 sirains of £. dispar
were transferred 10 YIGADHA-S medium with sterilized C. fascicutata
{2-3 million/inl, ReF-1:PRR, ATCC no. 50083) by fixation with 10%
{viv) formalin as described in the Jiteratore (Clark, 1995), All 3 strains
of E. dispar atapled to the cultere at 35.5 C in the YIGADHA-S me-
dium wilh the associate within 2 wk after 3~4 whole-medium changes
by cenrifvgation (275 g, 4 min) and eventually started Lo grow contin-
uously. When the same growth-promoting ¢ffect was later found with
auloclaved C. fasciculara in Hanks' solution as wilh the formalin-fixed
C. fascictdare, we swilched the method of sterilizing C. Jasciewlata to
auloclaving (121 €, 15 min) because of its simplicity.

Wihea the amoebae were subcultured, 0.6-0.8 ml of the amocba sus-
pension (2.5 X 10% 10 5 X 10%ml) was usually transferred to the fresh
medium, after the cultures were chitled for § min in an ice-water bath.
They were then inverted several times to disperse the amocbac. Sub-
culiures were successfully prepared at intervals of 3 and 4 days.

Growth kinellcs of the amoebae

AL 24-hr intervals for 96 i, the number of amocbae in 5 ki of the
homogeneous amocba suspension diluted with known voiume of YIG-
ADHA-S medium were counted under a microscope afier chilling the
culture tubes for 5 min in an ice-water bath, The data were then con-
veried 10 number per milliliter.

Zymodeme analysls and polymerase ¢haln reacgiion

Zymodeme analysis (Surgeaunt, 1988) and polymerase chain reaction
{PCR) analysis (Tachibana et al., 1991; Cheng el al., 1993} of the amoe-
ba isolates were performed to characlerize the amocbae grown in the
axenic culture.

RESULTS

YIGATHIA-S medinm was designed, sl the cullure asso-
cinles lested could be removed with no loss of £, dispar via-
Bility as a result of searching for the improved basic medium
and condition for axenic cultivation of L. dispar, based on the
cusein-lree Y-S medium,

Y1-5 medium was therefore modified as follows. Glucose
was replaced by GA, DHA and D-galacturonic acid monohy-
drale were added because of the significant growth-promoting
elfects under the axenic culture conditions, and the medium was
sterifized by filtration and adjusted to pH 6.5 with NaOH.

As a result of these modifications, trophozoites of E. dispar
started to grow continuously in the absence of viable C. fasci-
cnlafa or P. geruginosy for tie first time, nlthough supplemen-
tation with the formalin-fixed organisms was still necessary for
growih.

The growih-promoting ability of C. fuscicwlata was also
mainained in this YIGADIIA-S culture system even afler it
was mutoclsved (121 C, 15 win) in Hanks' solution, There waos
ne difference between the growth-promoling elfect of auto-
claved C. fasciculaza and of formalin-fixed organisms, Because
the procedure was casicr, the amocbae were maintained in the
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Figure 1.  Growth kinctics of 5 strains of Entantoeba dispar in the
4.yr passaged cultures in YIGADHA-S medium supplemented with au-
toclaved Crithidia fasciculata. Mean numbers of amocbae in duplicate
cultures are plotied.

medivm with nutoclaved C. fuscicrlare. The growth kinetics of
the 5 strains of E. dispar in this culture system arc shown in
Figure 1. .

After 3 mo of maintenance in this culture system, 1 strain of
E. dispar (CYNO 16:TPC) started to grow without any supple-
ment, ¢.g., without autoclaved C. fasciculata. However, addition
of 6PG (Sigma P-7877, 67 p.g/ml), an intermediary metabolite
in the Entner—Doudoroff pathway (Fig. 3), was necessary (o
aintain this steain without the atoclnved orpanisms.

After culturing with aulociaved C. fasciculata lor i yrand 4
yr, respectively, other E. dispar strains started to grow axeni-
cally in the YIGADHA-S medium without the addition of any
culture associntes. The growth kinetics of 5 strains of axenically
grown E. dispar are shown in Figure 2. The clear dilTerenees
in growth kinetics between monoxenic culture (Fig. 1) and axe-
nic culture (Fig. 2), except for the CYNO 09:TPC strain, sug-
gesl the cxistence of some other growth-promoting factor in
autoclaved C. fasciculata.

The CYNO 16:TPC and CYNO 09:TPC strains were usuatly
subculturcd by transferring 1 ml of amoeba suspension to fresh
YIGADHA-S medium, and the AS 16 IR, AS 2 IR, and
SAWI734Rcl AR strains were subcultured by twansferring | i
of amocba suspension concentrated 1o an adequate density for
subeulture (3 X 104 to 6 X 10* amocbae/ml) by cenirifugation
(275 g, lor 4 min).

The zymodemes of the 5 straing grown in both the mono-
xenic and axenig{GADHA-S media were all judged to be type
L All 10 DNA sajnples of the 5 strains used in the PCR analyses

‘described above (wcrc amplified with E. dispar-specific primers

v
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¢ 24 48 72 96
lHours
Fisuxke 2. Growth kinctics of 5 strains of axenically grown Enr-

amocba dispar in 2-yr (CYNO 09: TPC), 3-yr (CYNO 16:TPC), and
2-mo {AS 2 IR, AS 16 IR, and SAW 1734Rcl AR} passaged cultures in
YIGADUA-S axenic medium. Mean numbers of amoebae in duplicate
cultures are ploted.

alune; the £, Irisfoi)-ric}z—spcciﬁc primers did not elicit any DNA
amplification. These findings are summarized in Table L

DISCUSSICN

We have previously reported a monoxenic culture system for
£ dispar in BCSI-S medium in which glucose was replaced
with starch and to which sterilized €. fuscicidata were added
after heat reaunent at 56 C for 30 min followed by incubation
in 1% hydrogen peroxide at 4 C for 24 hr (Kobayashi et al,,
1998). The sieritized parasite appearcd to be metabolically in-
active as judged by the nuclear magnetic resonance speetra,
Although the growih-promoting cffect of C. fasciculata was

File # 84TQ
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Pyruvate Entner-Doudorail puthway
Figure 3.  Metabolic map of 3 glycolytic pathways.

partially lost as a result of this sterilization step, the minimum
esscntial effect persisted, which made it possible to establish a
long-term monoxenic culture of E. dispar wilh metabolicalty
inactive C. fasciculata. In this study, we succeeded in producing
an axenic culture system of E. dispar by using YIGADHA-
medium designed on the basis of YI-S medivm from the mono-
xenic culture of the amoceba with sterilized C. fasciculata.

During attempts to improve the culture system, it was found
that by replacing some kinds of sugar from starch, the growth
of E. dispar was promoted significantly in the BCSI-S mono-
xenic culture system. First, a marginal growth-promoting effect
of fructose was found, although its effect was insufficient for
axenic culltivation of E. disper, and a more useful compound,
DHA. was used. The concentration (0.1%) of DHA required for
the growth of E. dispar in YIGADHA-S medium was very
critical; DHA concentrations below 0.05% and greater than
0.15% failed to effectively promote the growth of E. dispar.
However, despile the clear effect of DHA and fruclose on the
growth of E. dispar, the resulis of our biochemical assays for
phosphorylation of DHA by DHA kinase, ketohexckinase, and
kelose-1-phosphate aldolase, the enzymes invelved in the con-
version of fructose or DHA 10 DHAP (Fig. 3), showed no sig-
nificant aclivity of these cnzymes in the crude Jysates of axenic
E. dispar (CYNO 16:TPC} or E. histolytica (HM-1:IMSS clone
6) (dnts not shown). The mechanism of growth-promoting cf-
fect of DHA and lructose is not yel understood.

Pimenta ct al. (2002) demonsirated an interesting morpho-

TasLE 1. Zymodeme and PCR analyses of 5 sinins of Entamorba dispar.

Zymodeme* PCR¥
Strain Xenic (dale) Monoxenic (date) Axenic {date) tonoxenic Axenic
AW I T3dRcIAR Z-H13 (March 1985) Z-1 {Januury 2000) Z-! (February 2003) E. dispar L. dispar
AR 2R Zeb {hime 1998 el Qununry 20HK) 71 (Febriawy 20413) I elispar I dispar
AS 16 IR Zeb {June 199K) Z-1 {January 2000 Z-1 (February 2003) L. dispar . efsperr
CYNO 09191°C Z- (April 1992y Z-1 {January 2000} 2Z-| (February 2003) E. dispar E. ditpar
CYNO 16:TPC Z-111 (April 1992) Z-] (January 2000) Z-1 (February 2003) E. dispar E. dispar

* Lymtiesies 1ype 1 nnd 11 sre clnssiticd ns £, divpar.

1 PUR saabysis using 2 se1s of etigamicieotide primers cach (213 plus pl2 uad p13 plus pld. respectlvely) for splificotion of the DNAs of . Mstolyted md £

dispar. The zymodeme snd PCR unzlyses were performed around 1he saive Lime.
3 Daty cited from Mirelman ct al. {1986).
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logical characieristic of £ dispar by clectron microscopy: some
concomilant bacteria cells were free and viable in the cytoplasm
of £Z. dispar, witheut being surrounded by a distinct phagosome
membrane. This sugpests that some bacterial species <an sur-
vive in the cytoplasm and exist in a symbiotic relationship with
E. dispar, if the Emner-Doudoroff pathway docs indeed func-
lion in glycolysis in £ dispur, as reported in L fistolytica
under xenie conditions (Hilker and White, 1959), the reactions
upstream in the EMS pathway (Fig. 3) including a reaclion
regulating the transformation of fructose-6-phosphate to fruc-
losc-1.6-bisphosphate or vice versa, usually catalyzed by 6-
phosphofructokinase (6-PFK) and fructose-bis-phosphatase (EC
3.1.3.11.) and affecting the both the glycolysis and glycogenesis
pativways, may not function well in £ dispar. The regulatory
reactions in E. hisrofytica are well known lo be reguiated by a
single unique ¢nzyme (ppi-dependent 6-PFK; EC 2.7.1.90.),
and the reaction is reversible and has po apparent tegulatory
funciion (Recves ct al., 1974, 1976).

The clear growth-promoting effect of auloclaved C., Jasci-
culata (or P, aeruginosa) indicated that they contain zs "yct un-
identified heat-stable growtl-promoting substances for E. dis-
par, If the substances can be identified, YIGADHA-S medium
will Be improved. Further analyses of the axenically grown E.
dispar will cnable us to further elucidate the biological prop-

crties of £ dispar that differ from those of pathogenic E, his-
tolviica,
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Abstract

A new experimental model was developed in hamsters for amoebic abscess caused by Entamoeba histolytica. E.
histofytica wrophozoites were cultured in a liquid axenic medium, and then injected intradermaily into the cheek pouch
of the Syrian golden hamster, Mesocricetus auratus. Inoculation consistently resulted in abscess formation at the site
in 20 of 22 (91%) study animals. The amoebic nature of the abscesses was confirmed by light microscopy and
histopathologic examination. Abscess formation was maximal at day 12 post-inoculation. Potential applications of
this simple and reliable model include further elucidation of the pathogenesis of invasive amoebiasis, studies of the
host response to amoebae, and in vivo evaluation of chemotherapeutic agents that show in vitro efficacy against E.

histolyiica.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Entamoeba histolytica; Amoebic abscess; Animal model; Cheek pouch; Hamster

1. Introduction

Since the discovery of Entamoeba histolytica as
the causative agent of invasive amoebiasis in
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humans by Losch in 1875, scientists have tried to
duplicate the disease in laboratory animals.
Although rodent models have been used extensive-
ly, no single animal has been found to reliably
replicate the natural infection that occurs in
humans. Experimentally, amoebic abscesses, par-
ticularly in the liver, have been produced in rodents
by inoculating virulent trophozoites of E. histoly-
tica through various routes [1]. Injection of para-
sites either directly into the liver parenchyma or
via the portal vein have been the most widely used
technigues for in vivo studies [2,3].

1383-5769/04/5 - see front matter © 2004 Elsevier Ireland Lid. All rights reserved.

doi: 10.1016fj.parint.2004.02.002
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Shibayama et al., [4] have demonstrated liver
invasion and abscess formation by intraperitoneal
inoculation of trophozoites in hamsters. Several
unique characteristics of the golden hamster, Meso-
cricetus auratus, would seem to make it an ideal
animal model for research work such as its immu-

nogenetic tolerance to human parasites and its

possession of paired eversible cheek pouches that
can serve as natural windows for detailed micro-
scopic investigation [5]. Early parasitologic
research using the golden hamster includes studies
involving E. histolytica [6,7], Leishmania spp
[8.9], Schistosoma mansoni [10], Hymenolepis
nana [11], and Trichinella spiralis [12,13]. More
recently, the suitability of the cheek pouch of the
golden hamster, as an intact living membrane, has
been demonstrated in experimental Trypanosoma
cruzi [14,15] and Plasmodium berghei [16]
infections.

The physiologic relevance of this site for devel-
opment of an amoebic abscess has been reported
previously as examples of ameobiasis of the female
genital tract [17] and penis [18]. Since both sites
are lined by stratified squamous epithelium this
suggests that the hamster cheek pouch is a good
potential site for experimental amoebiasis.

A model for invasive amoebiasis, including
abscess production, would be useful for further
investigations of pathogenesis and potential thera-
peutic regimens. In this report, we describe a
simple and reliable technique for producing amoe-
bic abscesses in the cheek pouch of the golden
hamster via intradermal inoculation of axenically-
cultured E. histolytica trophozoites.

2. Materials and methods
2.1. Animals and preparation of inocula

Male golden hamsters (M. auratus) aged 4-6
weeks and each weighing approximately 40-50 g
were used in all experiments; hamsters were given
free access to water and standard feed. Individual
animals were selected for time-sequence studies
and killed at different points after inoculation of
parasites. Highly virulent, axenic trophozoites of
E. histolytica strain SAW755CR clone B (gener-
ously supplied Dr Diamond) were maintained in a

liquid TYI-8-33 15% Bovine serum (BS) medium
[19]. Inoculae were prepared from 72 h amoebic
cultures in a late logarithmic phase of growth.
Strain virulence was confirmed by inoculating
trophozoites directly into the liver of a hamster
with resultant amoebic liver abscess production
within 1 week. Each hamster cheek pouch was
injected with an inoculum containing 5X10° E.
histolytica trophozoites in 0.2 ml of liquid medium.
This dose was calculated after testing a range of
concentrations of amoebae from 0.5 to 2.0X10°
organisms per inoculum. Strains of Entamoeba
dispar were maintained under monoxenic culture
conditions in YIGADHA-S (yeast—iron—gluconic

- acid—dihydroxyacetone-serum) medium [20]. The

maintenance and care of experimental animals
complied with the Aga Khan University guidelines
for the humane use of laboratory animals.

2.2, Induction of amoebiasis

2.2.1. Experiment 1

Two groups of hamsters (containing four ani-
mals each) were inoculated intradermally with
axenically-grown trophozoites of either E. histoly-
tica strain SW755CR clone B (Group 1) or non-
pathogenic E. dispar CYNO16TPC (Group 2)
[20]. Organisms were inoculated intradermally into
the hamster’s cheek pouch using a tuberculin

1
needle (26G X 5) and syringe.

2.2.2. Experiment 2

The cheek pouches of 10 animals were inocu-
lated intradermally with trophozoites of the E.
histolytica SAWT55CR clone B study strain using
a tuberculin needle and syringe. Single study
animals were killed at days 2 and 4 whilst pairs
of animals were killed at days 7, 12 and 17 post-
inoculation. The last pair was not sacrificed in
order to observe the natural course of the infection.

2.2.3. Experiment 3

Twelve animals were divided into groups of four
each: Group 1—the cheek pouches of all animals
were inoculated intradermally with trophozoites of
the E. histolytica SAWT55CR clone B study strain
using a tuberculin syringe. Group 2—the cheek




