
AD-RI23 743 ISOLATION AND~ CHARACTERIZATION OF ERYTHROCYTE AND /
PARASITE MEMBRANES FROM..(U) TUFTS-NEW ENGLAND NED ICAL
CENTER BOSTON MR D F WALLACH APR 79 DRMD7-74-C-4iiG

p UNCLSSIFIED 
F/G 6/5 U

EMMENSENESShh

I_NDMMMMM



1 . M2-

iF

• , 

r -:

Q161

.00 '~l~L. 2.0

.Ill 1.8

- "

MICROCOPY RESOLUTION TEST CHART

NA1IONAL BOREAU OF SIANDARDS I196 A

///II III~g III1

b' 
'1

. MCROCPY RSOLUION EST HAR



Qb

Isolation and Characterization of Erythrocyte and Parasite
Membranes from Rhesus Red Cells Infected with P. Knowlesi

Annual Summary Report

June 1, 1978 - May 31, 1979

Donald F.H. Wallach

q _ April 1979

Supported by
I

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Detrick, Frederick, Maryland 21701

Contract No. DAMD 17-74-C-4118

Tufts-New England Medical Cente:
171 Harrison Avenue
Boston, MA 02111

The findings in this report are not to be construed as an
4 official Department of the Army position unless so designated

Q-) by other authorized documents.

LLj

.... Approved for public release; distributior aninizted

83 03 16 079



I SECURITY CLASSIFICATION OF THIS PAGE (lWhen Data Entered)

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
I. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtitle)ISOLATION 5. TYPE OF REPORT & PERIOD COVERED

ERYTHROCYTE AND PARASITE MEMBRANES FROM RHESUS Annual--June 1,1978-

RED CELLS INFECTED WITH P. knowlesi May 31,1979
6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(@) 8. CONTRACT OR GRANT NUMBER(&)

Donald F.H. Wallach, M.D. DAMDl7-74-C-4118

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

Tufts-New England Medical Center

Boston, MA 02111 62770A.3MI6277OA802.00.060

I I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Medical Research and Development Command April 1979

Fort Detrick 13. NUMBER OF PAGES

Frederick, MD 21701 26
14. MONITORING AGENCY NAME & ADDRESS(If different from Contronllin Office) 1S. SECURITY CLASS. (of this report)

Unclassified

1Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered In Block 20, If different from Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aid. if necoeary and identify by block number)

Glycoproteins Antigens
P. knowlesi Rhesus red cells

Erythrocyte membranes

Parasite membranes host cell membranes

20. AB9TRACT (CMHAa e ae reerse aie Ft noceagy and Identify by block number)

Intraerythrocytic maturation of P. knowlesi was achieved by cultivating

iafected cells in FEP-teflon containers, at controlled pO 2 , and pH, allowing

labeling of paraslite components and pasite-induced glyc6proteins in host-cell
membranes with C-amino acids and C-sugars. Aminoacid,4nd glucosamine

* labeling were localized primarily in the parasite whereas C-galactose

(Continued on reverse)

DO, 73 EOTION OF ? NOV65 IS OBSOLETE

* SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)



SECURITY CLASSIFICATION OF THIS PAGK(Whm Daa noamd)

Block 20 (continued). and 14C-fucose associated mostly with host cell mem-
4anes. Among host-all membrane proteins preferential incorporation of
C-amino acids and 0-glucosamine occurred at pl 4.5-5.2 upon isoelectric

focusing and these proteins/glycoproteins migrated between 90,000 and
45,OOOD upon SDS-PAGE.

C Monkey anti-schizont antisera and the serum of a monkey rendered naturally
immune after infection with P.knowlesi showed the following immunoelectro-
phoretic results: (a) twenty-four immune precipitates identified in purified
schizonts. Seven components were common to schizonts and erythrocyte membranes,
four unique to the infected membrane and the thirteen were exclusively found
in the parasite. (b) Absorption of sera with schizont-infected erythrocytes
eliminated at least three schizont immy2precipitates and at least five host-
cell membrane components. (c) CIE of I-labeled membrane proteins followed
by autoradiography revealed that antigens 13 and 19 are exposed on the sur-
faces of infected cells. (d) Parasite-induced membrane components, 1 and 13,
were immunogenic in vivo. Schizonts and host-cell membranes from Rhesus

q erythrocytes infected with the Philippine strain of P. knowlesi gave the
same immune precipitates as equivalent material from a Malaysian strain of
P. knowlesi.

SECURITY CLASSIFICATION OF THIS PAGE(When Data Fntered)



1
1. Introduction

High resolution protein fractionation techniques have been applied to in-

vestigate proteins/membrane proteins of purified P. knowlesi schizonts and mem-

branes of normal and parasitized erythrocytes. Immunochemical analyses using

a rhesus monkey hyperimmune serum against P. knowlesi schizonts and bidimensional

IEF-DS-PAGE allowed us to identify several parasite-induced proteins/glycopro-

teins of which at least three are unique for the membrane of infected arythro-

cytes; the apparent molecular weights and isoelectric points of these componentsU
are 55,000D/pI 4.5, 65,00OD/pI 4.6, and 90,OOOD/pI 5.2 (1, 2).

Based on these results, our research was continued to answer the following

questions:

(a) The nature of the proteins/glycoproteins; their partial or complete

origin of the intracellular parasite.

c (b) Subfractionation of schizonts (6-10 nuclei) after disruption by nitrogen

decompression to assign membrane proteins of the schizont and components of the

vacuolar membrane.

(c) The isolation of plasma membrane vesicles derived from parasitized-ery-

throcytes enriched in parasite-specific antigens.

(d) Immunogenicity of parasite-induced proteins/glycoprotains in yivo and

0 its correlation with a protective immunity. Variation of antigenicity in differen

strains and variants of P. knowlesi.

2. Procedures; Results and Discussion

0 2.1 Metabolic labeling of parasitized erythrocytes in vitro.

Metabolic labeling of erythrocyte membrane proteins/glycoproteins must be

Abbreviations: CIE- crossed immune electrophoresis; DS PAGE-dodecyl sulfate

polyacrylamide gel electrophoresis; IEF-isoelectric focusing;

pI - isoelectric point.
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mediated by the intracellular parasite because erythrocytes lack any active meta-

bolism of their protein components. Although the technique of metabolic labeling

C we employed can by no means be considered optimal, we have obtained reproducible

data using short term cultures in a large scale.

2.1.1 Procedures

At a parasitemia of 30-50%, erythrocytes were harvested at the early

schizont stage. The erythrocytes were washed three times in Lulbecco's PBS and

then freed of leukocytes and thrombocytes using a Ficoll-Hypaque gradient (den-

3 sity 1.08) as in (1, 3). The erythrocytes have been suspended at a concentration

2 0 108 cells/ml in RPMI 1640 medium (4). 10% fetal calf serum adjusted to 3.0 g

glucose, 5 mg adenosine, 1.25 g glycylglycine, 15 mg ascorbic acid, and D-Ca pan-

* tothenate and biotin/1000 ml medium (5). The cells were cultured in Teflon bags

(Instrumentation Laboratory. Lexington, Mass) at 37C in a humidified incubator

3.4 .4perfused with 10% C02, 8% 02 and 82% N2  Cjaminc acids, C Ciglucosamilne

[14 Clgalactose and [ 14C]fucose were added to a final concentration of 50 Ci/100

ml of medium and labeling was for 12-16 hrs. After cultivation, the cells were

washed three times in PBS. Parasitized cells were isolated and disrapted by

nitrogen decompression as described in (1, 3).

2.1.2 Results

During in vitro cultivation, the intracellular -.arasi.tes ezhiilted a

* normal but delayed development to more mature schizonts (4-10 nuclei). Counts of

parasitized erythrocytes prior to and after 16 hr of culture never yielded lysis

of more than 20% of the infected cells. Because we observed a very low degree

* of reinfection the most probable reason for lysis was maturation of the schizonts

to yield merozoites.

Of the total 14C amino acids added to the medium 5-15% (depending upon

the parasitemia) of the label was incorporated into protein. Less than 20% of the

radioactivity was recovered in the membranes of infected cells, 75% and more was

associated with purified schizonts (Table 1). A substantially lower proportion
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tion of radioactive precursor was incorporated when the erythrocytes ware cultured

in presence of [14C]glucosamine (Table 1), C 14Cgalactose and 14CIfucose. Desp.te

their different relative distribution in isolated infected membrane and schi.zont:pi

14(Table 2) 0.5-2.0Z of each of the C-monosaccharides was covalently Icnorporatc.

into glycoproteins. Data presented in Table 2 Indicated that glucosamine ,as

ngQ;gpqte4 into the parasite to a larger extent than into the erythrocyte membrane

whereas galactose and fucose was predominantly associated w.ith the plasma mambra.ne

of infected erythrocytes.

q Membrane proteins/glycoproteins of parasitized erythrocytes metabolically

labelled with 14C-amino acids and 14C-glucosamine are identified in Figures 1

and 2. Selective labelling of both, the polypeptide and the carbohydrate moiety

of proteins focusing at pH 4.5, pH 4.8, pH 5.0 and pH 5.2 is observed F g. 1).

The apparent molecular weights of the proteins/glycoproteins range from 90,000P

to 45,OOOD. In contrast,'all proteins of the schizont are labelled with C-ami.no

( acids; equally 1 4C-glucosamine is incorporated into many componants with iaoelr.ctx

points between pH 6.5 and pH 4.0 and apparent molecular weight3 of 120,000 t .

20,OOOD. In addition, our results suggest that metabolic labelling fix combined

use with subce.a_-ar fractionation can yield valuable information about thab , 1..n : a

action between host cell and Darasite. This is indicated by a different e ,te:nI:

of label inccrporation into identical components of the "-o cellu.ar ccmpart-im.en :

the pl 5.2 component was labeled in both the infected membrane and in the para.ite.

However, the degree of relative glycosylation (as determined by' the ratio of "[ -4C]-

glucosamine/1 C-amino acids) is substantially higher ia- Zhe schizorix. In cont: w:

the pT 4.5 component was labeled with [1 4 C]glucosamine in the host:-cell mambrane n

but not in the oarasite.

Both, IEF and OS-PAGE revieal " C-glucosamine in the lipid r2gi n, I.e. wrata-

bolic labeling oi glycolipids (peak at pI 3.8 in Fig. 1; label at the elacI-ro-

phoresis front in Fig. 2).
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2.1.3 Discussion--

Cultivation of P. knowlesi-infected erythrocytes in a large scale 10-0 c lla

and more) initiated at the early schizont stage revealed a sufficiently synciro1x-ed

maturation to schizonts with 4-10 nuclei. As a result, we obtained a highly re-

producible qualitative and quantitative labeling pattern in purified parasites

and isolated infected membranes using 14C-amino acids and 14 C-monosaccharides as

precursors. In contrast, we had observed a rapid desynchronization wnen the

cultures of infected erythrocytes were started at the trophozoite stag (2).

The initiation of culture at the early schizont stage clearly reveals the ad-

vantages of synchronized maturation and reproducibiLity in metabolic labeling.

On the other hand, we have to accept 10-20Z lysis of mature parasilized cells.

Another disadvantage may be that the radioactive precursors are offered at

a time at which the parasite may not exhibit its maximum metabolic act..it:y (G).

DS-PAGE and IEY of metabolically labeled membrane proteins from iinfected

erythrocytes revealed label incorporation of both C-amino acids and 'C-

monosaccharides at molecular weights and isoelectric points similar to those dea-

cribed for parasite-induced components, unique for the ho.t-cell membrane ().

However, during 16 hr of labeling the infected cells did not inccrporaca suffici.nt

14quantities of C-metabolites into both parasite and erythrocyte protrtins to yield

3atisfactory autoradiograms of bidimensional IEF-DS-PAGE alectrcpheroarams.

Our data indicate that parasite protein/glycoproteias are transported to and

incorporated-into the host cell membrane. However, for a morc± quantitative anelyaia

of these interesting host-parasite relationships the cultivation conditions for

large scale cultures need to be 3tudied in more detail. In this, Tost important-

is the maintenance of synchronization for at least one cycle llc. ffectivc

* metabolic pulse labeling at different maturation stages of the intraerythrocy,:ic

parasites.
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2.2 Subfractionation of purified p. knowlesi schizonts

Intact schizonts are surrounded by two membrane systems; an outer layer, the

vacuolar membrane, originating at least in part from the host-call membrane and,

inside of this, the parasite plasma membrane (7). Our approach to this hetero-

geneous system is to convert both membranes into small vesicles which could then

be subfractionated into const;tuents of the two celluar compartments (2).

2.2.1 procedures

Isolated schizonts (6-10 nuclei) were surface-label.ed using lactoperoxi-

dase-catalyzed radloiodination as employed for labeling of plasma membranes from

parasitized erythrocytes (3). After appropriate washing, the schizonts were disrupta

by nitrogen decompression (incubation at 600 psi Y2 for 15 min).

The cell homogenate was concentrated three-fold and laden onto a dextran gra-

dient with density steps of 1.05, 1.10, 1.12 and 1.16. Ultracentrifugation was for

1.6 i0 ? 1 ° min. Four bands (BI-M4) were collected from the gradient, at th

- interphase of each density step, material that remained at the top of the tube

(soluble protein) and particles that pelleted through the 1.16 density barrier.

The total and specific 125 Ilradioactivity of each fractiou was determined; aftar

two washing steps in 5 mM P04  pH 3.0, material from each band was analyzed 'for

its protein composition. For this we employed isoelectric focusing in polyacryla-

mide (2) and crossed immune electrophoresis (see sect-iou 2.4.3).

2.2.2 Results

As documented in Table 3, only 10 of the label was associated wirh aoluble

cytoplasmic protein, indicating that most of the schizonts are intact, i.e. not

permeable to molecules of the size of lactoperoxidaseo We found that, Band 1

(lowest density) exhibited a five-fold higher speffic [ 1251radioactivity than

Zhe intact scbizonts and material that concentrated at high density (p ', 1-3.6) r,, :

probably constituting undisrupted parasites. B2 (p ". 1.10) and B3 (p "i 1.12) have

intermediate specific activities. B3, B4 and the elJ.elf: (9 > 1.16) contain In-



0 6
creasing quantities of iron granules indicated by their intense brown color. We ,I

pect that these granules act as natural density perturbants and therefore, cause

about 50% of 1i25 activity to non-specifical.y accumulate at high densit:y. The

high specific 125 Iactivity in B1 and B2, at densities where small membrane veasi-

cles tend to concentrate suggests that lactoperoxidase predominantly mediateas

radioiodination of the intact schizonts' surface membranes, Band 3 to Band 4

of the dextran gradient exhibit a different protein composition ver-y similar to,

undisrupted schizonts C., 2). In contrast, material of Bl and B2 resembles the

q protein pattern of membranes from parasitized erythrocytes as obtained by =F.

fFig. 3). This conclusion is further supported by immunochemical analyses (see

section 2.4.3, Fig. 9A-E).

* 2.2.3 Comments

The membranes =nder Investigation resemble a natural mosaic of parasIte and

host cell components. Therefore, we can only make relative aasigmenta conccrj.-ViD

the origin of proteins using most discriminating fractionatIon technliques in

combined use with selective labeling and absorption approaches. Beyond some

helpful results obtained by IEF, analysis of the grad±ent' fractions using CIE yield.

more discriminating findings (See section 2.4.3,)., According to these da.ta'Ban(1

2 exhibits the highest concentration of immune component 13, a parasite aatien

exposed on the surface of infected erythrccytes,, 32 ay, therefore, rasemble

0 material of the vacuolar membrane because from experiments using schizonts of

1251 surface-labeled erythrocytes we can exclude that B2 is contaminated by ary-

throcyte membranes.

* 2.3 Fractionation of membrane vesicles using affinity densit- perturbation.

The rationale of this approach is to purify functionally intact plasma membrare.

vesicles of infected erythrocytes enriched in parasita-specific component:z.
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2.3.1 Procedures

Unshocked membrane vesicles derived from normal or parasitized erythrocyteas

were used. As density perturbant we employed latex spheres (600 A diameter; 8)

with a density of 1.32, derivatized with about 60 fluorescein-labeled BSA mole-

cules and 25-30 imunoglobulin molecules per bead. (The technique was in prin-

ciple as described in refs. 2 and 8; the number of BSA and IgG molecules/bead was

determined by initially using 131I-BSA and 125IgG (Table 4). The Imnuogobulin (Ig

is purified from hyperlmune s.era raised in rabbits against normal monkey erythro .yt:

membranes and in monkeys against purified schizonts (1, 2). Latex spheres derivat lz

with rabbit or monkey hyperimmune ZgG were reacted with membrane vesicles of normal

monkey erythrocytes and erythrocytes parasitized by P. knowlesi, respectively. The a

specificity of each reaction was established by comparing the reactivity of beads de

rivatized with hyperimune XgG vs. the respective non-hyperimune IgG.

For density perturbation, %,7 a 101 3 beads were reacted with I mg of membraoa

( protein (unshocked and labeled with 1251, using lactoperoxidase-catalyzed radio-

iodination) for 16 hrs at 4*C with constant slow stirring. The reaction mixture

was then fractionated into latex beads, membranes and membrane-bead complexes usin.

step gradients of CaCI (20, 25, 30, 35 and 40%, w/w; pH 7.5). The membranea do not

penetrate the 20% CsCI step whereas the beads concentrate at 15% CsCI. After

Ultracentrifugation at 8 4 10 g min, the late:- spheres were lccalized -T -':hei

fluorescence and the membranes by determining the 1251-distribution (for more

experimental details see legends of Table 4 and 5).

Prior to DS-PAGE, the bead-membrane complexes were washed in 5 mM P04,

pH 8.0. The membranes were dissolved in 1% DS/40 mM DTT and the beads removed

by ultracentrifugation at 10' g • min. Using DS-?AGE the protein iomposi'-.c of

membranes specifically reacted with latex beads was compared with unreacted mem-

branes and the whole vesicles population.
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2.3.2 Results and Discussion

Preliminary experiments using normal monkey erythrocyte membranes sho,4ed that

these membrane vesicles specifically bound to beads derivatized with hy~eriumune

IgG (Table 4), At high membrane concentrations, about 50% of the beads (hyperimmuna

IgG) concentrate at the density of the membranes; this was not the case when the

membranes were reacted with beads containing normal SgG. At an increased ratio of bea

mg membrane protein (Table 4, B) about 30% of the membrane vesicles bound a 3ufficien

number of beads to concentrate at the density of beads themselves. Qualitatively

similar results have been obtained when membrane vesicles of infected erythrocytea

were reacted with beads derivatized with monkey anti-schizont 1gG (T- A 5). W-nreaa

in the control experiments (Table 5, column 2 and 3) only about 11: he 125-

membranes were recovered at the density of the latex beads (35% CsCj 'ityI

1.29) 35% of membranes reacted with "hyperi-rune beads" (Table 5, column 1).

Despite the specific density perturbation of v 25Z of the erythrocyta membrane

"esicles to a high density of 1.29 their membrane protein composition in comparison

to unreacted membranes revealed only some minor differences in the quantitative pro-

tein composition. One of the reasons for this finding may be that proteins are ex-

tracted Crom the membrane when centrifuged into high concentrations of CaCI.. We

currently investigate this possibility by centrifuging the aphere-iembrane com-

plexes in sucrose or sucrose/D20 density gradients.

2.4 Imunochemical analyses of schizonts and membrane components of parasitized

erythrocytes.

important candidate antigens that could mediate an effective immune defaDse

against P. knowlesi merozoites and intracellular forms of this parasite are those

being parasite specific and expressed on the surface of .nfected erythrocyte:

We have employed immunochemicai techniques to investigate whether the parasite

specific antigens in the plasma membrane of infected cells (1, 2) are expos.d on tlhe

cell surface and whether they are immunogenic in vivo.
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2.4.1 Antisera

Ammonium sulfate precipitated immunoglobulin of two types of antisera was

( employed; one serum was raised in a rhesus monkey immunized and repeatedly boosted

with purified P. knowlesi schizonts in Freund's complete adjuvant, the other serum

was obtained from a rhesus monkey rendered naturally immune against

P. knowlesi during the first infection. Since then, this monkey has been challenged

twice with the same strain of P. knowlesi until precip tating antibodies of suffl.-

clently high titer (required for immunochemical reactions) develoved.

q2.4.2 Procedures

2.4.2.1 Absorption of antisera

To identify parasite-specific components of the surface of infected erythrocytes

0.1 ml of antiserum was absorbed three times with 2 " 108 infected cells (schizont

stage, 4-10 nuclei). For each absorption the incubatioA was at 37* and 4*C for

20 min each. There was no cell lysis during the absorptions.

2.4.2.2 Membrane proteins

As an alternative approach to identify antigens on the cell surface, membrana

roteins/glycoproteins exposed on the surface of parasitized erythrcc7te3 were

selectively labelled using the lactoperoxidase-catalyzed radiolodinati.oa (2., 3).

Proteins of purified schizonts and Isolated infected membranes were 3olubilized In

!Z Triton X-l00 as described in (1, 2)

2.4.2.3 Crossed immune electrophoresis

CIE was performed as described earlier (1). 'he identity of antibodie3 n

different sera was established by electrophoresing the antigens separately into

each antibody and in addition, into a mixture of both immunoglobulins (9). in this

system, a selective decrease in the height of a precipitation arc reprp.zent. prcrenr;er

of IgG against this antigen in both the antisera (9).
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2.4.3 Results

Immunization of immune competent monkeys (previous data were obtained with

sera of a splenectomized animal; 1) with purified schizouts yielded a very complex

immune electrophoretic pattern of 24 well defined, but partially heterogeneous com-

ponents. The number of precipitation arcs and their relative height is highly re-

producible when tested against different preparations of schizonts and membranes of

parasitized erythrocytes. None of the sera yielded an immunochemical reacion T4.1:h

wembranes of normal erythrocytes.

qImmunoplates of both schizonts and infected membrane reveal numerous preci-
pitation arcs, which, as before (1) are numbered according to their relative mobility

in the first dimension. Although some of the components are found in both parasite

* and infected membrane, this cannot be a simple contamination because many components

predominant in the parasite (e.g. components 2 A, B, 6, 12, 14, 16, 21 and 23) are

absent in the infected membrane. On the other hand, 3s described before (i), there

are components exclusively found in the infected membrane (components 13i 10, 22

and 24). The other antigens can be identified in both schizonts and host cell mem-

branes but in different proportions (e.g. 1, 3, 4, 5, 16, etc., ref. 1). However,

uot all of these components are accessible on the 3urface of parasitized arytvro-

cytes (see below).

More information about the exposure of these schlIzont-associated antigers on

* the cell surface has been obtained by absorption of anti=schizont sera with urified

infected cells. When parasite antigens are electrophoresed against the absorbed

serum components 1, 23 and one sub-component of antigen 16 (16B) are eliminated.

* An unchanged pattern of major components 2, 3, 4, 6, 14, 16A, and 18 suggest that

these antigens are associated with the intracellular parasites. When membranes

of infected membranes are run, components 1, 10, 11, 19 (in part) and 22 are elimi-

* nated indicating that they are parasite-induced surface antigens on the parasitized

cells.

The data obtained with absorbed sera are compatible with immunochemical analy-

* ses of membranes isolated from surface-labeled cells. Autoradiograms were



obtained from inmunoplates in which proteins of infected membranes were elec-

trophoresed against an anti-schizont imunoglobulin. Only two components, antigen

C 13 and 19, are labeled at a comparably high specific activity. Ofe of these com-

ponents, antigen 13, is precipitated by sera of monkeys naturally immune against

P. knowlesi. Another component identified by some such sera is component 1,

present in both parasite and infected membrane.

Immunochemical analyses did not yield any major differences when schizonts

or infected membranes of two different P. knowlesi strains (Malayaa and Philippine,

q both kindly provided by Drs. Miller and Gwadz) and two apparently different vari-

ants of P. knowlesi (this was assumed when the identical monkey was infected in

sequence with the identical batch of inoculum) were tested against an identical

serum. However, these preliminary data suggest that component 13 in the para-

site may carry strain and variant specific antigens.

Subfractions of disrupted schizonts isolated in dextran density gradients (see

"( section 2.2) were analyzed by CIE using an anti-schizont Ig (Fig. 9A-E). The pre-

cipitation patterns of Bl and B3 (not shown) resemble those documented for B2 and

B4. B2 is highly enriched in components 13 and 19 known to be associated writh

the erythrocyte membrane (see section 2.2.3).

2.4.4 Discussion

Anti-schizont antisera raised in immune compecent rhesus monka-Y have pro-

ven to be highly discriminating reagents comparable to the resolution obtained by

bidimensional IEF-DS-PAGE. Unfortunately, bidimensional IEF-TE yLelds only a few

precipitation arcs probably due to denaturation of antigen or Intibody by 8M urea.

CIE reveals qualitatively similar results to those previously obtained by

bidimensional IEF-DS-PAGE (1). Seven schizont-induced antigens are found in mem-

branes of infected cells, four of which are exclusively found in the infected mem-

brane (1). Only two of the antigens, component 1 and 13, are inducing a humoral

immune response in the natural host. Component 13 and component 19 are intensely

labeled in intact cells using lactoperoxidase catalyzed radioiodination (this is in



6 12

contrast to data by Deans et al (10) who report on four parasite-induced components

exposed on the surface of parasitized erythrocytes). Therefore, component 13 ful-

fills three features highly relevant to a specific immune response in vivo: (a)

parasite-specificity, (b) exposure on the surface of infected erythrocytes and (c)

immunogenicity in vivo and (d) possibly expressing strain and/or variant speci-

ficity].
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Table I: Metabolic labelling of P. knowlesi-

infected monkey erythrocytes

Isotope incorporation (cpm)

Fraction 
14Caa2  

1 4C-SIc-NE2 2

TA3  z 3  TA3  %3
I z 4.. l 6  !o8.0 - 105lo

* 4.8 0 106 100 80 1 100

IN1  7.0. 105  15 5.6 *10 7

P1  3.5. 106 7.3 6 • 7.5

1) E - infected and normal erythrocytes; IM - membranes of parasi;-ized

erythrocytes; P - purified schizonts.

2) 1 4 C-aa = 14C amino acids (from protein hydrolysate);

14C-glc-% _ l ,[ 4C]-Slucosamine.

3) TA - total activity in cpm; Z distribution.

0

0
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Table 2: Relative specific activities of metabolic precursors

in infected membrane and purified schizonts.

14C  aa2 14 CglcH1 14Ca 2 14 2C -aa -gi-NH Cgal C-f uc

SA-I 1

SA-P 0.2 0.15 2.o

1) SA-IM " specific activity (cpm/mg protein) In membranes of parasitized

erythrocytes.

SA-P - specific activity (cpm/mg protein) in purified schizonts.

2), 14C-aa 2 14 C-amino acids (from protein hydrolysate). 14c-glc-N% =[14C1-

14 14 14 1glucosamine. [1Cl-gal- [1C]-galactose; C-fuc E 14C]-fucose.
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Table 3. Subfractionation of purified P. knowlesi schizonts1

Fraction S.A.2,4 r125IWdistribution (Z)4

Schizont (intact) 0.91 • 106 100.0
(±o.05)

Cytoplasmic proteins 0.59 - 106 10.0
(±0.03)

B13  4.57 * 1o6  21.3
(±0.43)

B23  2.04 o 106 9.5
(±o.19)

B33  1.57 • 106 4.6
(±0.18)

0 B43/Pellet 1.10 • 106 54.3
(o.1)

1 Purified intraerythrocytic parasites were 125I]labeled using lactoperoxidase

catalyzed radioiodination prior to disruption by nitrogen decompression,.

Fractionation was on dextran density gradients.

2 S. A.: Specific activicy;. 1 251 cvm/mg protein.

3 Band 1 (above 1.05 density step), 2(1.05/1.10 density interface),

3(1.10/1.12 density interface), and 4(1.12/1.16 density intarface),

* and the pellet penetrating the 1.16 density step.

4 Data from two independent fractionations (gradients run in duplicate).
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Table 4. Affinity density perturbation of membrane

vesicles from rhesus monkey erythrocytes in CsC1 density gradients.

I115ne 3 Control Ig2

Fraction 1317(%)3 1251(%)3 1311(%)3 1251 (%)3

A4  Membranes 64 49 72 <1

Latex spheres 5 34 <1 82

B4  Membranes 45 23 78 3

Latex spheres 28 72 1 73

Unshocked erythrocyte membrane vesicles, E 13!]-labeled using lactoperoxidae-

catalyzed radiolodination were reacted with latex spheres (600 A diameter)

derivatized with fluorescein-conjugated BSA and [125 1]-labeled IgG. Results

of t-o independent experiments (gradients run in duplicate).

2 IgG from Iabbit immune serum againsr normal rhesus monkey

erythrocyte membranes; control IgG from non-inunized rabbits.

131 V and L125 1] distribution in percent of tatal membrane and bead materfali

respectively, laden onto the CsCl gradient.

4 7 - 1013 beads reacted with 1 mg (A) or 0.3 mg (B) of membrane proteins

for 16 hrs. at 6C with mild stirring.
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Figure Legends 19

Fig. 1 IEF of membrane proteins from P. knowlesi-infected monkey erythrocytes.

The proteins and glycoproteins are metabolically labelled in vitro using

14C-amino acids and 14C-glucosamine as precursors, respectively. The

abscissa gives the pH gradient and the ordinates give the activity dis-

tribution for 14C-amino acids ( ) and 14C-glucosamine ( - - - ) in cpiu

and the absorption for Coomassie blue protein stainIng at 620 Um (-

q Fig. 2 DS-PAG electropherograms of membrane proteins from P. knowlesi-infected

monkey erythrocytes. The proteins and glycoproteins are metabolically

labelled with 1 4 C-amino acids and 14C-glucosamine as precursors, respec-

tively. The abscissas give the relative mobility and molecular size and

the ordinates the distribution of 1 4 C-amino acids (- ) and 14C-

glucosamine ( - - - ) and the absorbance for Coomassie blue protein staining

S=at 620 rm

Fig. 3 Isoelectric focusing of purified P. knowlesi schizonts, and subfracticms

thereof obtained from a dextran density gradient (see Table 1), Fowina

were dissolved in i% Triton X-100/0.1% dodecyl sulfate and focused in

4% acrylamide gels, containing 2% ampholytes (pH 3.5 - 10.0), SM urea aa

1% Triton X-100. The ordinate gives the pH gradient of the gels, 'be
IJ

abscissa the absorbance (A) for Cocmassie blue staining at 620 nm.

- - - Whole schizonts; 150 ug of protein.

- Band 1 of dextran gradient (see Table 1); 100 Vg of protein.

- - Band 4 of dextran gradient; 150 ug or protein.

- a4I n]
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Figure 1
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Figure 2
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Figure 3
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