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77V TRANROEEIIMESTLR, £ DAME
BEOTIREERFROVL>TH Y, REABHAL
HOBHE - HEHHEHIRICIL S EREL, HEN2BADE
EVFEELTWS (WHO, 1976). & bICEEDEER
OB EST, HAZ OfLOIKERITHIR T LA~
7V 7 DEFIHKENEZ R L TS (Nakabayashi ez
al., 1976 ; K&K 5, 1976 ; KE&, 1977).

FIL00EERT, A< 35 Y 7 DEEME (Plasmodium fal-
ciparum Welch, 1897) % Laveran (1880) iz X Y ¥R
SHTUE, <=7V 7l aRRadicERL, &
DIZIMBEEIC X XX =5V 7 (Plasmodium berghei
Vincke and Lips, 1948) R &4, BIXEEEXT7 7Y
HEHD LEEO X AI=F Y THRENERER T~
V7RBOERRL LTELFIFERB L Y ickor.
AXI=F Y TRBRE bo=F Y 7B LRI ER
FRILERPN THITE UATHINE & SRR MR o8 & + 5 7c
E, =7V 7TRBOEFN, JREFAR X U GE%H
BFEERAT) DICHEY L ET L E LTORBIZITILTE
. L L, =7 Y 7RBOALZAFEEZ<T Y
T U7 FrORBEOIEANIEEZITIHRATE, BE
OFERGMARAIL L A v A b, B LORLFRMER &
WRMERE 2 HHEL T, FREFRMEINCERY # S LER
H5. LirLudn, SHSESKRESLREDICZ Ok
HOHEFERL TR Y, KEICDE>THHRENED
BREAMN LT DR LORBVEAERONTE .

Bass and Johns (1915-1916) %%, =35 V 7 il (Plas-

AEBREEETEHHFERE

i

(29)

modium vivax (Grassi and Feletti)] (&35 &R
MEROHEIPEF RIS TR 22 FERELT
Lk, offFicESnW T4 DBEARRE A<
7Y 7 R ARG RILER O Sy BRI BT B SR OBMEN R
bhbXHicieolz (Ferrebee and Geiman, 1946 ;
Williamson and Cover, 1966 ; Rowley et al., 1967 ;
Miller and Chien, 1971 ; McAllister and Gordon,
1976 ; Lunde and Powers, 1976 ; Eling, 1977 ; Pasvol
et al., 1978 ; Sterling, 1978 ; Eugui and Allison, 1979 ;
Mrema et al., 1979 ; Tosta et al., 1980 ; Saul et al.,
1982). Z DIED>, BE TIIRIMERAS concanavalin A 12
WETHZLE2FIH LA v VA FO5EEE (David et
al., 1978), RRYeRiEk & EF Rk & OERIKENBE)
EEOZERFIF LB (Heidrich ez al., 1979 ; Suzuki
et al., 1979), B X U0~= 7 V 7R & BAAFKES DNA
THEHL, BIEOWHFHT IO T cell sorter &V THHEE
+ %5t (Brown et al., 1980) 7z ¥ b EhTwW5.
LA L, —HOSMRENEECL ST, =7V 7RED
REBRERIRMIRIT Y T, EHEA YA FO
PR SHRERIC DRI L b v O I A bRz,
Eugui and Allison (1979) %, * FY¥F=A K [2-
(3-acetamido-5-N-methylacetamido-2, 4, 6-triiodo-
benzamido) -2-deoxy-D-glucose) ¥k % Fv 7-EHiR
EAREELET, 3EOXAI<F7YT7RE (Plas-
modium voelii, Plasmodium vinckei, Plasmodium
chabaudi) OFBGFRMIRD SyBEFERICOWTRAIL, 2
Y BIFRRBEERLTVWAR, # v A FOSEEER
WKL Tz, 220, EOHWIEA ) F=
A4 FHE#RZ, FICHED YV 3 5K Ficoll #k & ik L T
FRESMEL, EOICMIRE SESRROT, BRYRiL
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Bk L NSO R BT B EMBEB DI & D Kk R
AL Twk (Rickwood and Birnie, 1975 ; Eugui and
Allison, 1979). 413, ZOBHcER L, &< KR -
MEEZRE LTHERENTWS A N VB VY T
Lo ATV VR (A Y ~2— 7 ®280) (3-acetamido-
2, 4, 6-triiodo-5-(N-methylacetamido) benzoic acid]
FRIAT ALY, =5 Y 7 REBRGEmERE X 0%
A v VA S OSEERENEO thE % R, Eugui and
Allison (1979) DFHEE X Y Ev FLE IR O 85 B AESR
FRATHZLICEST, MO TRIFEEREF/LOT
WET 5.
HHBLUAE

1) <7V 7RELERTY

EBRICHAWER X =T )V 7RB Plasmodium ber-
ghei Vincke and Lips, 1948 ; NK 65#) X, 197942
Bzl B RFEERONKILEEZR»P O H552%T, £
DBYUHETHIRFOLOTHS. MRTFEAIL LTI
SEREIFE T4Fvy, ACD (acid-citrate-dextrose) ¥&¥E THR
U 7o RRYLARIERH 1 X 1098 % 5 ~ 78D ICR R= v
2 (M) OHEBERICERE L. S5#180ficbhbizoT
MRFTHD. oM, WEKE - B FICEERD
BRT, K91 X108 EOBRGERMIREFERE LI~ v R
T8 HTHRLET 5.

Table 1 The composition of discontinuous
metrizoic acid gradients

Density Volume Density Volume
(18C) (ml) (18C) (ml)
1.082 1.0 1.136 1.5
1.094 1.0 1.145 1.5
1.110 1.0 1.156 1.0
1.117 1.0 1.169 1.0
1.126 1.0 1.320 0.5

2) R E AR

SYBERE R O R B A EIR T R DRk 75 5 TR
L7. T/ bbb, Munthe-Kaas and Seglen (1974) o
BER (T MS BERLMIET5) ICFRIEMLE
(FCS, GIBCO) 2% #mx, &5i260.2w/v%®d A Y
SBANY T b ATV VR (1Y == 7 8280,
BB ; DU MZA R L W58 %) &Nz TL0BRE
DR HHE (1.320~1.082) > MZA BWHkEHA
# L7z (Table 1). MS BEROMBRIIKRICRT LY
<Th D : FHk 11 thiz NaCl 7.14g, KCl 0.5g, CaCl-

2H:0 0.18g, HEPES 2.4g %#¥f%L, 1MNaOH T
pH 7. 4i25A%T 5.

10X D HERFI % > MZA W%, Table LITR
L=BEOHAEEIZ L 2T Beckman SW 41Ti ik
Fu—g —fRLE (14X89mm) ICEFL, FHHATR
HGmEARRE L.

3)  RRYeARILER O Sy HE

S HERERIRIEIT TR T18C~21C TfFo7z. ICR %<
v 2 (M) OREENIZ LEHH- VK1 X10ED P. ber-
ghei BYLFRIMERZ HEAE L, 138 %G RIMERER 34980
%Iz ER Lo AT, MkOEE%Z <z ACD #&
EAENY SV ) v REREE A OB & 177
W, bz 2 EEOEERER T, onwT, FCS
% 2 %EI L7z MS #BERIC TR % 3 S, glass
beads column & cellulose powder column {23 L THIL
BREM/MREER Y BrE, BYRORFERE Lz, 0
Bl 7 LR O SRR EREE AR EiC 1ml 5EE
JL, 5,000g 3053 Lic. WOBESR, BOEDE
B, WEdH 3 EE» bERBL IV YLy Mo X
OTHE L. SE#IIEbIC MS B#Ek (FCS 2%
N 7213 RPMI 164085t (GIBCO, FCS 10%#k
m &AW TEESORLESREEEIS VIRL, HEiFHR
DL & RYLEERB X O FEE L BT EMSEAEE
DRI vz,

3) FHEHNIR B OKRYER
BESFOMM (X v A b XU - FERGLRiL
HEET) 3% 1 X104E/ml (AL, 5~ 6D
ICR %=v =z (#ff) DOEIEMNICO.1ml sEER L7z B
fE%2HZ L ICRE,» DI ERY, BHX & VA
A &R LM IC X > CRYuRmEkEE | N . &
B, FEABTSEDO~- T 2 & RPLERICH V.

4) BETHEMSEEE

Au YA NEIBRERMERDOE S E 1.5% 7 V7 v
TATFE F—=h a5 vA MEERRICX D 5 C L RHE
E%, 5,000g 5 HEELBEMEL T, WHEZ0.05M 7
IF 4 LA MEBERCHES LTINS, 2%4 R IV LR
—H AT 4 LA MEERT LREREE L. BE - BK
#TARL812TaAE L, LKB 2,088%II 7 v h— L THE
WY R EER L. coYREFBY F=rEs = UB
$RTYf L, HaIrllDS BETHEMEE (IEEETSKV)
XY BIgL .

® B
1) R BRI X 5 o8

(30)
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Table 2 Differential counts of Plasmodium berghei-parasitized erythrocytes and free merozoites,

following density gradient centrifugation in metrizoic acid

Differential counts (%)

Band Density

Schizont

Uninfected RBC Ring-form Trophozoite Merozoite
I 1.200 86.3 9.1 0 0 4.6
I 1.158 16.2 80.2 0.7 0 2.9
m 1.147 1.9 36.6 57.8 0 3.7
v 1.138 1.7 21.4 71.1 0 5.8
% 1.125 1.4 16.9 78.8 1.1 1.8
VI 1.111 1.0 0.8 83.4 8.6 6.2
VI 1.094 0 0 5.7 88.4 5.9
VI 1.078 0 0 1.2 9.3 89.5

<7 ) 7 RBREROERFERT, MZA BERE AW
7= 108k B O R BE A RCHR IS X DD BRIEO KR, 8
EDAYE (1~V) izBEshiz (Photo. 1-A, B).
£V RO ER, BOFE,S 1.200 (1), 1.158
(), 1.147 (m), 1.138 (Iv), 1.125 (V), 1.111
(VI), 1.094 (VI), 1.078 (VI) Tdh->7= (Table 2). 7&
B, EEROLERE EEOFE L FRICLETD L, v
FILFRUMEIZIARDAY KEFR LTz (Photo. 1-
C). EAV FERMUBELER LIcn b, kD @K
AR ER L1, 000fH DM & M F M T BE Lice
25,50 R 1 OB IR RIERA386.3%, /S K

IOOF

2

Parasitemia (%)
&

Days post infection

Fig. 1 Time course of parasitemia in mice
inoculated with 1 X10°¢ erythrocytes (including
normal and parasitized cells) or merozoites
purified by the present method. Mice received
intraperitoneal injection of :

o—oBand I e—eBand Il o--oBand Il e---eBand IV
o—oBand V. s—aBand I o--oBand VI = --wBand VI

&—=control

I D5 T ENRE2380.2% 2 H Sh Tz (Table
2). T A= NRED DRREMIIC b 2 EENT, AU F
Mh 5y FVIETOEBESCHML, FESOETER
X FNENST.8%, 71.1%, 78.8%, 83.4%T Hoiz
(Table 2). 3y FVIDOH ISR %2 88.4%FH, &
HIZAY FVIOESE A v VA F&89.5%DERIZE L
FCICoERER s h, PEOBRRN L SRBFEBRORA
DEDONLEFTHD. An VA MIAVY I~V
DB H1.8%~6.2%DHEFH T Hleh (Table
2), ThbHEF T THRMERERE A5 LIoRE T8l
Shic. B, £ v FOBRHERY b3 HMEK L fu/)
RERVWHES ok,

2)  SyBERE L O RRYGE

ZHESY (v F1~VI) FoMMEE, 5~ 6HEHD
ICR F=v =z (M) OIEEMNICK 1 X109Es0H8E L
ORGSO WTHRE L. BEEMEONFRIZ, 2L
2E N F 1 OFE4SY TiX 498.63X105 i @ FERRLLARIL
B, #90.91 X 105fEDERIREAIS X UHI0.46 X 105{HD 2 &
SARDBBELTWS. Ay F I ~VIOHESEFEHDN <
7 A TIX, %6 B~ 8 H TRIMERRGLER2265% ~ 85
%I EFRL, =7V 7 RERGLRMERE K 1 X108 fEHE
L 7oetRIX O FRILERRYL R L ek L 7oy, i~ T
Y 7R BB ISE G U R IR 0 R AR B
n, OB R ShTwsZ L RLE (Fig.
1). &bz, N FI~MOKESOEHEEZ T <Y
ZREEFZIBHEETIC, AV R OESOERE ST
Te=v 2 b EE#%KIIHB £ TR, $XTRCLE.

3) SEERERN%OWEEL

MZA YAHE DB B ARDE LI X 5 2y B 2
vy A4 K (O3 RV Lo (Sv RV OFEEl

(31)
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CDWTHEE LT R, XL FREERICOWTOBEMY
a2k s (Photos. 2, 3), & DHIZ LD 2T
AL L CETHEMEBSRIC X VHBELEZ LA ERD
¥, RE T AEEE B L A v /A bERLE (Pho-
tos. 4, 5). &blz, FUEOSMEA MZA BT T,
<35y 7R AR - ERSEFRMEROBEMITIEED BN
Inholc.

z ®

Bass and Johns (1915~1916) (¥, ZH#~7 Y 7R
BRLRMIROLE S EF RMIKROLEL VB 25T
LEHEL, FOREADBEEARKCEE<TY TR
R FRILER D 2y MM B B RF%E 2 SBEE S h
7-. L» L, Kreier (1977) 233 LT 5Hkic, B EER)
e FlvT~ 7 Y 7 R USRI ER & SEEIT 54
&, BIEOBBEEOEBCIT+AERLATFMIR DR
V. BEARRCY s fEREORATOBREEH W S
L, RIERESY TR ~7 ) TREBRHLTOREERE
Kprewic, HEXE LS, R Yt i b XE
L, EBMEE L TEAREY 2R Rk SHES N D
- Lt 3. ¥i- Ficoll W T BT 55% (Lunde
and Powers, 1976 ; Eling, 1977) b@EEEEIC X 5E
247235 Y (Rickwood and Birnie, 1975), & 6i2, %
DERECEREESELTAOT, SHRNSh~7
Y 7 EROBLEMEIMET L, EBRMRE LTIREST
HoD. EMETNVT I T K BAHHENE (Eisen,
1977) 3, TATIvhi<T ) 7REOBEKEICRET
20T, SEES IR E GEER - ACEORTIEICHE
ATz 3TEYTHS.

B ClRBEARESN O SHEMNEC O W T LD
MOMEN D B. Cell sorter 12 X B BYLARMMIRD FyHER
(Brown et al., 1980) ¥, <37V 7JE#HPN © DNA
PEWARTERL, BEORBIESWTOMT DS
HCH DD, FROEANCLELE2EUED AR YA b
PMEBAT D P. falciparum %o P. berghei 75 & O45yH
W ZOFERRVE L, SEO AR A FBRBALRRK
Mk E SEHOFm L ST Z L EETH D, &
7=, FROLERIL concanavalin A [ZEF S h B DITx LT
Au A rEEEShEvZ L EFIH LS (David
et al., 1978) TiX, Aw YA MOSHERERIST BAHE
<, RiRIERE FRCABES 5 L3 TERY.

Tz, —HEOBECE Y =T ) 7 RAOREH IR
RLRMEK L, FIRCA v A b OSERRERGATRE L T
BHEICOWTRA BRI LR, Eugui and Allison

(1979) OFEEERTH LTk Y, HELFH - Rk
SRS 1 R HAE O T W 3 — 2k 0 SYRERE I & FTRE
L L7-. Eugui and Allison (1979) i, #* } Vi
FUma (CIFA RYF<A FLHE, Nyegaard and
Co. A/S, Oslo) & FlvTolifi# BEARRE VT, ©7
Y 7 EUREARMIRO HREETO T B, A b Y F=A
R EAME <, BRI X 5 BBEOELND
WS 2R 2 TWBE, ZORENtichHics L
v REKET 20T, ERLTHEMRLARThER bR
(Rickwood and Birnie, 1975). L#2*L, FHx VRN
MZA (3RE - MEERAIL LTIERTHREA TN
DT, VO3 CRIICEREZL D BEI RS, T
Bl AR EARREENT 5 L TES. Ol
CHWEARERFIO MZA WRICOWTRE RS
ERIE AT b oo, AHERP CHELIARTES
F bT, MIOEFEMGLRD b 2 2 2D
<, BEEOEI L IERBIRPORLLDLERD.
Eugui and Allison (1979) DR EAERIC L B4
WECHWISELE LY b, e, BLEORSXA
BIA6.2: 1 LHREO BLE 2 AV, HEREILAL
e R B A RO & MR L C YRR R R AT o 7. £ D
cEE SRR —BR EEEY, 2w A OSHER
WY FEERIC 2 eEn Y T, BEEEIIC~ZVT
R RO S FEHR L TAMENDDOT, &
TR 5 O LR MEOEV B 2 85 2 L2t
CxBT L Lol BE, Percoll ® 3 BRENERLE
R v, &L P. falciparum JRGLFRIL
RO SMED S S s (Saul et al., 1982), A m A
FOFEETFOTWRW. LA L, HESHW Per-
coll TED MZA WKL FRRICERIREER T2 2 &
RESBTHHOT, WEREEXSHZLTARYA O
ﬁ%%ﬂ%k%i%né.SwlaaLa%@zx P.
falciparum % 7ML BYARIER O Sy % R A Tk
iz, P. berghei DRFEREVHS SNIHAITE, &
SHEELE L OMAE DEIC X0 THEORIZEERICTE
S REBEEN O B RSASIChORBRICHELND
IHwea, <79 7R EOREHIESELFNREEC
B 2B OERICEBRT 5 2 LRI SRS,

AR R I+ T Y 7RERGLROEK O & 78 D
¥, KHEOFBEOSHEMCSHATRER O LEXD
na.
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FAI=7 YV TER Plasmodium berghei Vincke
and Lips (NK 65) DA{LEY) - GG Z 1T 1
Z, FEOARSA b - SEEEBGLED O ST B
DERDY, BERKIOSERME AL LT, fHE
POEREEOFEOERLIC OV TR L 7Z.

B~ 2 (ICR) % bR, WLk X
Y ¥E# L, glass beads column & cellulose powder col-
umn %@L CHMER E M/MREBREL, HBohic B
FRMERPIER 2 BOSBEC A Wz R - SRR &
LTIELKFEHESRTWE A MY VALY T L - 2TV
VIR (4 Y R—7®280) MERTIEEC MERAIK
L OERMETRTRMHICER L, ZOWEE AV T108
BORNEREEARKREERL, BLAMEToR. %
DORER, B RIMBREER 8 ANy Riz @ & h,
ROERBF R BEFRENCHME N Thbb, &
BMENTFAY Fid 1 ARG ARIER (86.3%), 1A%
kR (80.2%), M7 x— NR# (57.8%) Lk
& (36.6%), Vi LVIRREMETERENTL.1%,
78.8%, 83.4%, VIH55EME (88.4%), VIA 2w A
b (89.5%) LW HHWKER LK. SHES NI RYL R
ERBIXUAw YA Mi? 7 2 (ICR) Iz} Lgiv Ry
EHERLTRY, ErOBFEMEE - ETEMSERRICX
SEE LB D D2l 2T, P. berghei
DAw /A bBIUBEERFSREERNE L LTHRER
OO TISNFETHE LExX DR

E i

WEkdichry, BREHBE 2 HC CRARTHRE
E, BWHBRBHEHRCCAKFSETFRECEHLET.
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STUDIES ON MURINE PLASMODIUM
I. SEPARATION OF MEROZOITES AND PARASITIZED ERYTHROCYTES
FROM THE MOUSE BLOOD INFECTED WITH PLASMODIUM
BERGHEI BY MEANS OF DISCONTINUOUS GRADIENTS

HisasH1r FUJIOKA, FuMiHIKO KAWAMOTO AND NoBuo KUMADA
(Department of Medical Zoology, Nagoya University School
of Medicine, Nagoya, 466 Japan)

A discontinuous density gradient method with metrizoic acid [Isopaque® 280, 3-acetamido-2,
4, 6-triiodo-5-(N-methylacetamido) benzoic acid] was investigated to purify merozoites and parasitized
erythrocytes of Plasmodium berghei Vincke and Lips, 1948 (NK65) from the infected blood of
mice: After the blood was collected by cardiac puncture with ACD (acid-citrate-dextrose) solution,
leucocytes and platelets were removed from the blood through columns of glass beads and cellulose
powder. Then the suspension of the P. berghei-infected erythrocytes was centrifuged in the dis-
continuous gradients of metrizoic acid at 5,000 g for 30 min. The best result was obtained when
the gradients were prepared as a series of 10 discontinuous densities (1.320, 1.169, 1.156, 1.145,
1.136, 1.126, 1.117, 1.110, 1.094, 1.082); the erythrocyte suspension was separated into 8 bands.
Each of these bands was examined by light microscopy for the ratio of erythrocytes infected with
different stages of the parasites. From the bottom, Band I (d=1.200) mainly consisted of unin-
fected erythrocytes (av. 86.3%), and Bands II-VI contained different developmental stages. The
ring froms were found in Band I (80.2%, d=1.158) and I (36.6%, d=1.147), whereas the
trophozoites were distributed rather widely in Band I (57.8%, d=1.147), IV (71.1%, d=1.138), V
(78.8%, d=1.125) and VI (83.4%, d=1.111). Band VI (d=1.094) and VI (d=1.078) were mostly
composed of the schizonts (88.4%) and merozoites (89.5%), respectively. Infectivity of all the frac-
tions was tested by intraperitoneal inoculation into groups of ICR mice; all the mice died of high
parasitemia within 9-11 days. Light and electron microscopically, no detectable morphological
change was observed between purified and non-purified parasites.

From these results, we conclude that this method is very useful in isolating different develop-
mental stages of the malarial parasites from the infected blood and in providing enough quantities
of purified merozoites and other stages of the parasite for the further biochemical and immunologi-

cal studies.

(35)



106

Photo.
Photo.
Photo.
Photo.
Photo.
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Photo.

Explanation of Photographs

Plasmodium berghei-infected erythrocytes separated by density gradient centrifu-
gation in metrizoic acid, in which 8 bands can be observed.

Schema for Photo. 1-A.

Normal erythrocytes separated into a single band.

Photomicrograph of Band VI showing schizonts obtained by density gradient cen-
trifugation. Bar=10pm.

Photomicrograph of Band VI showing merozoites obtained by density gradient
centrifugation. Bar=10gm.

Electron micrograph of a separated schizont in Band VI. N, nucleus; R,
rhoptry. Bar=0.5ym.

Electron micrograph of a separated merozoite in Band V. A, apical end; N,
nucleus; R, rhoptry. Bar=0.5pm.
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