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NARRATIVE SUMMARY OF ACCOMPLISHMENTS AND UTILIZATION

Plasmodium falciparum, African strain FCR-3, has been grown in
flow flasks, candle jars and by stationary culture in gassed

125 ml Erlenmeyer flasks. Antigens from these sources have been
used in attempts to isolate and characterize semi-purified and
purified parasite antigens, Isolation has been accomplished by
(NH4) 9°804 precipitation and polyacrylamide gel electrophoresis,
and characterization has been by biochemical and serological
methods, Candidate antigens have been injected into rabbits

and the resultant antibodies have been studied by indirect
fluoresent antibody techniques as well as in the in vitro parasite
inhibition test. Serum from immune and non-immune Aotus monkeys
has been evaluated in the I.F.A.T. tests in conjunction with the
in vitro parasite inhibition test. These are being used as
known pnsitive immune sera in the parasite inhibition blocking
test., Purified antigens were evaluated for their ability to
block the action of immune antibody in this test. Seven primary
clones of P. falciparum, FCR-3 strain, have been isolated by
limiting dilution techniques in vitro, and three of these are
being re-cloned through secondary and tertiary cloning steps

to provide greater assurance of single-cell origin.
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I.

ANNUAL RESEARCH REPORT

General Background

Melaria continues to be the most serious threat to life in
the world community of natibns, causing more than a milliop>
deaths and untold suffering and economic loss annually,
Present control and treatment measures are proving to be
inadequate against the present day widespread resurgence of
malaria; an effective vaccine is sorely needed for use in
conjunction with established procedures. The Trager-Jensen(l)

system of in vitro cultivation of Plasmodium falciparum

continues to provide materials for serology and vaccination
studies in many research laboratcries éoncerned with malaria
vaccine development. The usefulness of these cultures in
providing parasite materials for these areas of study has
been documented (2, 3, 4). When free merozoites are har-
vested from culture by differential centrifugation red cell
contaminants are present and are easily demonstrated sero-
logically. These red cell antigens make the use of such
whole merozoite preparations adjuvanted with Freund's Complete
Adjuvant undesirable for human vaccination. Thus, the:e is
an obvious need for the development of purified and well-

characterized immunogens derived from the cultured parasites.

This laboratory continues to isolate and characterize plasmodial

antigens derived from culture. The parasite inhibition test

described in our previous report, and improved in this report,



1,

2,

may prove capable of measuring one parameter of protective
immunity. Development of this test continues, together
with a parasite inhibition blocking test to be used for

purified antigen evaluation.

The question of antigenic variation occurring in Plasmodium

falciparum and its impact upon vaccine development is an

important one, and should be addressed relatively éarly in
any such developmental program., We present early results

of cloning of P. falciparum by limiting dilution techniques

in this report.
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II. Project Objective

The objective of the project is the development of é safe

and effective merozoite vaccine against Plasmodium

falciparum,

III. Continued Relevance of Objectives

No modifications in our project objective are indicated by
the present status of our research, except to state that a
possible purified subunit vaccine may be better described

as '"merozoite derived".

IV. Accomplishments: Aug. 15, 1978 - Aug. 14, 1979

This report détails the work accomplished in tﬁiq)labofqtb:y
since Feb, 15, 1979, The first six months of.th15 ép§hqi7
period were reported in detail in the Six Month Réé;;;x?Orf
the period Aug. 15, 1978 to Feb. 14, 1979, and will not 'be

reiterated in this report.

During the last six month period of the Project, we have

investigated the following aspects of Plasmodium falciparum

vaccine development:

- Antigen purification and characterization
- Production of anti-malarial serum antibodies in rabbits
- Evaluation of Aotus serum antibody levels against P.

falciparum by indirect fluorescent antibody technique

and the in vitro parasite inhibition test,
- Evaluation of rabbit serum antibody levels against P.

falciparum by indirect fluorescent antibody téchnique




Figure 1

An in vitro culture of P, falciparum

grown by the flow flask culture method
with a parasitemia of 60%
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and the in vitro parasite inhibipioh test.

- Antigen evaluation in the in vitro Parasite Inhibition

Blocking Test,

- Cloning of the FCR-3 isolate of Plasmodium falciparum.

Antigen Purification and Characterization

Parasite cultures for all the procedures discussed below

were obtained from flow flask cultures, or from cultures

in gassed 125 ml Erlenmeyer flasks. Typical fiow flask

cultures approximate 8% parasitemia; however, parasitemias

as high as 607% have been. obtained (see Figure 1),

Procedures:

1.

Particulate antigens from culture supernatants, and
subfractionation,

After 2-3 days in culture, the parasite,culturg super-
natants were harvested by cen;rifugation at 400 g x 10
minutes. The supernatant was removed and cehtrifuged
again at 400 g x 10 minutes. The resultaﬁt supernatant
(containing free meroioites)'was centrifugéd at 30,000 g
x 30 minutes., The pellet containing merozolites and
particulate material was thenféolubilized at 22°C (in |
S§DS [0.1%] buffer and centrlfuged at 12,000 g x 4§ ﬁinﬁﬁes
to remove hemazoin and other particulates. The super-
natant was then precipitated with (NH,)9°S504 at 30%

saturation., After precipitating for 60 minutes, the
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suspension was centrifuged at 13,000 g x 45 minutes,
The pellet was resuspended in Tris.glycine.SDS buffer
and then examined by polyacrylamide gel electrophoresis
(P.A.G.E.). All of the above centrifugations and’

precipitations were carried out at 4°cC,

Antigens from cultures heated by sorbitol.

Sorbitol has the ability to selectively lyse erythrocytes
containing mature étages of malarial parasites., Peilets
(400 g x 10 minutes) of infected erythrocytes were mixed
with several volumes of 5% sorbitol in PBS, pH 7.2 and
then centrifuged (400 g x 10 minutes)'for recovery pf‘
the supernatant., The supernatant was removed and
precipitated with (NH4)2°S04 at 50% saturation as pre-‘
iiously described. Uninfected erythrocyte and medium
controls were treated similarly. The precipitated protein

fractions were examined by P.A.G.E.

13

Analytical and Preparative Polyacrylamide Gel Electro~

- phoresis (P.A.G.E,)

All antigen preparations were examined by analytical
P.A.G.E. using a continuous Tris-glycine.SDS [0.025 H,_‘
Tris + 0.14 M Glycine - 0.1% SDS] buffer system, pH 8.5..

Triplicate gels were stained for protein, carbohydrate.

or lipid by the Coomassie Blue, Periodic acid Schiff (PAS)

or Sudan Black methods respectively.



Figure 2

Schematic Illustration of a P,A.G.E./S.D.S.

Separation of P, falciparum Merozoite Antigens

RE*

Origin _—_
.027

. 135

.203

.283
<324

Albumin ~"====n=£—— .351-.365

7.4 cm

R.B.C. uum—— .554‘.568

RoBoCa uo-m— -522-.636

Glycolipoprotein - .649-,703 |
717

"Cup" protein ""&Eﬂﬂﬂﬂj—- .731-.784

Tracking Dye unmmmmmJ—- 1.0 —

Front

Distance Migrated by protein
Distance Migrated by front

*%Rf =



Sufficient amounts of candidate antigens for
characterization were obtained by preparative P.A.G.E.
Each slab gel (7.4 cm x 7.4 cm) contained six samples
of the antigen preparation, with a total of four slab
géls used in each electrophoresis. One sample from
each slab gel was sliced out intact (vertically), and
stained with Coomassie Blue. The remainder of the gel
was sliced into 2 mm slices (horizontally). After
locating ‘a prospective antigen on the Coomassie Blue
stained portion of the gel, the distance from the origin
was determined and the corresponding gel slices were
identified. The protein was then eluted from the gel
with PBS, pH 7.2. The eluted protein was dialyzed
against distilled water at 4°C for 24-48 hours and
lyophilized.

Results:
Figure 2 is a schematic composite of the P,A.G.E./SDS

separation of major merozoite antigens.

Generally, specific antigens are chosen initially by
comparison of parasite and control preparations. Several
such candidate antigens have been chosen from the prepara-
tions described above. The first is in the material
precipitated at 507 (NH4)2+504 saturation from the super-
natant phase of sorbitol-lysed cultures (seé‘#bbve) and

also in thermaterial,precipigéted #g,ﬁd%m(NH4)2-304f
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saturation from tﬁe solubilized'mefozoite fraction
obtained from the culture supernatént (see above).,

This antigen is characterized by a low molecular'weight,
fast migrating band with a characteristié cup-shaped
migration pattern., It is usually located at Rf 0,731 -
0.784 after a two hour electrophoresis at 20 ma per

slab gel. A partially purified preparation rich in the
cup-shaped protein was used to immunize rabbits as
described below. The immune serum was tested using the
indirect fluorescent antibody technique (I.F.A.T.).

fhe fluorescent staiéing was positive for both red blood
cell membranes and parasites. The cup-shaped antigen

was then purified by preparative P.A.G.E. The migration
distance was similar to hemoglobin hoﬁever, the benzidine
peroxidase test, radioimmunoassay tests and amino acid
analysis were all negative for hemoglobin, Rabbits were
immunized intreperitoneally with 1-2 mg of the purified
antigen which was adjuvanted by alum or COmplete ngund's
Adjuvant, The rabbits were boosted with an aqueous antigen
4prepa:ation at two week intervals, The immune serum was
adsprbed 2-3 times with normal human erythrocytes; type‘
0t and then tested using the'I.F.A,T. ~Tﬁe?fl_ho:escent
staining was located.on the red Blbod cell mémbranes.and
didlnot appear to be parasite specific. Thé‘purified
.antigen was also used in an attempt to block the‘ﬁarasite
inhibition test (detaiis';n seCtion IV. E, on Parasite

Ihhibition Test), This é%tempt.Wés}ndt successful,



A second antigen preparation was obtained by preparative
P.A.G.E, of the 30% (NH4)2°S04 precipitate from the
merozoite fraction (see above), Proteins eluted from

the gel slices included in ﬁf regions from 0.027 to

0.622 were used to immunize rabbits as described above.
This preparation represented the above-partially purified
antigen minus the cup-shaped antigen and a lipid band

found immediately above it (see below). The immune serum
obtained showed staining of uninfected red cells in the
I.F.A.T. test, as well as parasite-specific staining
following adsorption with normal human red cells, This
preparation is currently being examined more closely in
order to locate the individual antigen(s) responsible for
the specific parasite staining., A similar antigen prepara-
tion as just described was obtained by preparative P.A.G.E,
of the 507 (NH4)2°50, precipitate of the aorbitolllysed

cultures and is also'being investigated.

A third candidate antigen was identified following
analytical P.A.G.E., by differential staining of the gels.
The antigen was isolated from SDS solubilized pellets
obtained from flow flasks. The antigen is rich in lipid
-and carbohydrate and has a detectable protein component

as well, This antigen migrates with a relative mobility
of Rf 0.649 - 0. 703 in a 2 hour electrophoresis.ﬁ The::;f
protein component was barely detectable with a Coomassie
-yBlue stain. A protein control. experiment using serial

dilutions of BSA gave an estimate of 8 pg/ml of protein.’
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in a total antigen conzentration of 3 mg/ml (by weight).
This glycolipoprotein (GLP) antigen was purified by
extraction of the 30% (NR@)-SO4aprecipitate of the
merozolte fraction with chloroform:methanol at the

ratio 1:2:0.8 (chloroform:methanol:sample)., The
extracted GLP was moderately soluble in PBS, pH 7.2,

and was checked for purity by analytical P.A.G.E.

It was found to be relatively pure, except for a,miﬁor
protein band at approximately Rf 0.324 -~ 0.336. The
possiblity that this may be protein dissociated from
the GLP antigen is being investigated. A red blood

cell membrane control was extracted in 4 similar manner
and the resulting lipid extract was found to be in- '
soluble in PBS; the red cell lipid migrated similarly to:
parasite-derived GLP. The GLPyantigen,which was isolated’
from merozoites was sometimes found in the preparations |
prepared by 50% (NH4)-S04 precipitation of sorbitol

lysed cultures.

The solvent-extracted purified parasite GLP Wa?‘ﬁﬁ?d;??a
immunize rabbits as described above. Immunefééfﬁﬁ‘wgéﬁ?
collected after two weeks and tésted by I;F.A.T; ”ihfgﬁj
serum was not adso;bed with red blood cells before'thé
test. The fluorescent staining was positive for parasitesi
vith no significant red blood cell staining occufring;

This antigeh will be tested for blocking activity ;nftbe
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parasite 1ngibition blocking test, and for its ability
to produce antibodies in rabbits capable of 1nh1b1t1né
parasite reinvasion in the parasite inhibition'test.‘
These antisera are currentiy being raised. Fuxther

characterization of the GLF antigen is underway.

Production of Anti-Malarial Serum Antibodies in Rabbits

Test antigens were evaluated by examination of the‘anti-
bodies stimulated in rabbits. Young New Zealand White
rabbits were immunized intravenously or intraperitoneally
with specific parasite antigens at doses of 1-2 mg,
adjuvanted with either alum or Freund's Complete or
Incomplete Adjuvant. Antigen boosts were given eithar,ﬁith
the appropriate adjuvant or in aqueous solution. The
animals were bled 7-10 days after antigen injections;
bleedings were designated A, B, C, etc. wiﬁh A beidg the
preimmunization sample, and B, etc. being taken following
guccessive antigen injections. The specific antigens,l
adjuvants and routes of injection for individual rabbits
can be found in Appendix 1. Indirect fluorescent antibody
titers of anti-parasite and anti-red cell specificities are
also given in Appendix 1. Additional rabbits, not listed
in Appendix 1 have Been immunized for the production of
specific anti-globulins and for_specific anti-red cell anti-

bodies for use in the fluorescent antibody pfoqedﬁ?@q.‘



Table 2
Serological Evaluation of Immune Aotus Serum
(Heterologous System)

Parasite Inhibition Test
% Parasitemia/1000 Cells

Date I.F.A.T. (I.S¥* per 50 fields)
» Infected Titer
Immune with Date of 50% 507 Serum 10Z Serum
‘Monkey # Strain Tested Serum/Medium Day O Day 2 Day 0 Day 2
Bl4 FVO 5/7/79 160 c1 0.7 > 2,2 (0) €3 0.9 > 3.8 (0)
10/28/77 Ca2 0.7 = 2.4 (0) Cp 0.6 = 4.1 (¢)
(1/28/78) %* 320 I3y 0.8 > 0.7 (8) I 0.7 = 2.5 (1)
I, 0.5 => 0.3 (6) I, 0.8 > 2.6 (0)
B18 FVO 5/21/79 10 C; 0.7 = 1.8 (1) N.L.
’ 11/16/77 Cy 0.7 = 1.9 (1)
(3/1/78) 1280 I, 0.5 = 1.2 (42)
I, 1.0 = 1.8 (15)

*¥I.S, = "Inhibited Schizonts" - see description IV. C. page 11

“*%*date of last known parasitemiafgiven in parentheses
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Evaluation of Aotus Serum Antibody Levels Against

P. falciparum by Indirect Fluorescent Antibody Technique

and the in vitro Parasite Inhibition Test

t

The details of the I.F.A.T. test procedure are presented
in Appendix 2, and the procedure for the in vitro P.I.T.

is presented in Appendix 3, with results in Tables 1 & 2.

An additional feature of the in vitro paras;te

inhibition test which was not reported in the previous

6 month report is the-observation that numerous schizonts
from which the merozoites have failed to disperse are
present in the test cuitures containing immune serum,

These forms always have pigment associated with then,

and the presence of a red cell membrane (typically
fragmented) can be readily detected with interference
microscopy and I.F.A.T. There 18 a strong correlation
between the presence of these forms which we have termed
"inhibited schizonts', and the presence and concentration
of immune serum. We believe that, at the momentwof
schizont rupture, antibody enters the cell and agglutinates
the enclosed merozoites, thereby preventing their dispersal
if the specific antibody is present in sufficient titer

to accomplish this before dispersal can occur. The

gross membrane damage probably is an artifact of the

blood film preparation; since pigment gra@uleg;g:e

invariably present in these forms. ‘Therngeéqgéﬁﬁébf the



Table 1
Serological Evaluation of Immune Aotus Serum
(Homologous System)

Parasite Inhibition Test

% Parasitemia/l1000 Cells

Date I.F.A.T. (I.S.* per 50 fields)
Infected Titer
Immune with Date of 50% 507% Serum 10%Z Serum
Monkey # Strain Tested Serum/Medium Day O Day 2 Day 0 Day 2
B3 FCR-3 4/27/79 80 Ci 0.7 > 1.5 (2) ¢€610.6 > 2.7 (0)
12/30/77 C2 0.6 > 2.5 ( 5) Cy 0.7 . > 2.7 (0)
(4/6/78)** 320 I 0.8 > 0.8 (24) Iy 0.5 -> 1.8 (4)
12 0.8 > 0.5 (14) I 0.7 > 1.9 (4)
" B9%k%k FCR-3 7/10/79 10 C1 1.0 > 4,8 ( 1) N.D.
11/3/77 C2 1.0 > 3.6 (1)
(7/3/78) 640 11 1.4 > 1.1 (41)
‘B20 FCR-3 4/5/79 80 Ci 0.8 > 2.3 (1) Ci1 0.7 -> . 4.3 (0)
2/2/79 Ca 0.9 > 3.0 ( 6) Cy 0.5 > 2.9 (0)
(4/5/79) 1280 I 0.6 > 1.7 (24) I 0.7 > 3.2 -{C)
, Is 0.6 > 1.9 (30) I 0.6 > 3.1 (1)
- B21 FCR-3 a) 3/23/79 160 Cy 0.6 > 2.1 ( 7) Ci 1.3 > 6.0 (1)
4/7/78 : Ca 0.6 > 1.7 ( 2) Cz2 1.4 > 7.6 (0)
2560 I 0.4 > 0.4 (45) I; 0.9 > 4.2 (6)
(4/27/178) . I, 0.5 > 0.2 (33) I, 0.9 -> 4.4 (6)
b) 4/16/79 40 Ci 0.7 > 2.8 ( 2) Cy 0.5 > 2.9 (0)
o } C2 0.8 > 1.3 ( 6) Cy 0.4 > 3.1 (0)
2560 11 0.6 > 0.4 (34) I 0.6 -> 1.2 (6)
Iz 0.9 > 0.4 (41) I 1.0 > 1.4 (6)

- %18 ="Inhibited SChii@nggﬂﬁ- see description IV. C. pagell
**date of last kﬂoVniﬁérqbicemiafg{Qeﬁ7in parentheses

***gplenectomized



Figure 3

A photomicrograph of g typical Day 2 culture -
containing "inhibited schizonts" of P.

falciparum found in an in vitro

in parasite
inhibition test of immune Aotus

gerun,




Figure &4

A photomicrograph of a typical Dbay 2
culture containing normal rings of P,
falciparum found in an in vitro parasite
inhibition test of normal Aotus serum, .
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relative numbers of these forms has been made by counting

the number of "inhibited schizonts" per 10,000 cells (approx-
imately 50 flelds). Figure 3 is a photomicrograph of a.
typical field containing "inhibited schizonts" found in

an in vitro parasite inhibition test of immune Aotus serum,
Figure 4 is a phbtomicrbgraph‘of a typical field found in

the ndrmal serum control in the same test. The pafasitemia
antibody concentration is important to the mechanism acting

in the parasite inhibition test to reduce reinvasion. Also,
the presence and numbers of "inhibited schizonts" were a |
dramatic indicator of the ability of immune sera to inhibit
reinvasion by merozoites in culture. Even in the heterologous
FVO/FCR-3 test system these forms were found ‘then no clear cut

effect on parasitemia was apparent (e.g. Bl8),

Evaluation of Rabbit Serum Antibody Levels Against P,

falciparum Antigens by Indirect Fluorescent.Antibody

Techniques and the in vitro Parasite Inhibition Tests

The results of the I.F.A.T. tests performed en rabbit serﬁm
raised against a variety of parasite-derived antigens are
presented in Appendix 1. These reqults are summarized
briefly below, together with comments on the parasite
inhibition test when appropriate. The antigens aré identi-

fied by the method of their preparation as well as their

_;haracteristic relative mobilities (Rf) in P.A.G.E. (Figure 2),

Th§ antigens of prigg:yuintgreqt are:
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Intact merozoites. Whole merozoitea as antigena
stimulate the production of rabbit antibodiea againat

both red cells and parasites,

(NH4)2-804 precipitation of aorbitol(lysate of.achizont-’ll
infEcted blood. These semi-purified antigena stimula-
ted rabbit antibodies against both red cella and
parasites. lhe parasite stain showed peculiarbsurface-
type staining. This preparation included the main cup-
shaped antigen (Rf 0.731 - 0.7845$ae‘well as variable .
amounts. of the glycolipoprotein (GLP) found at Rf -
0.649 - 0,703. Additional minor banda are found in thei

upper portion of the P,A.G.E. separation.

Subfraction of sorbitol lvaate antigen (2) above
further purified by elution of antigene found in P A G E. C
gel in region from Rf 0.0 to Rf O, 636 | Thie portion of;”
the sorbitol lysate excluded the G. L P._and the cup-Qi}

ahaped antigen found lower in the aeparation.’ Thaee )

«antigena stimulated rabbit antibodies againat red cells,r

but not parasites after one immunization. ‘Further

boosts and testing will'be donekand the possibility of

SDS denaturation of proteins 1is being investigated.

(NH4) 2504 precipitation of SDS eolubilized whole. mero-

zoites obtained by differential centrifugation.* Theae]“

~efantigene when injected into rabbits produced high titerah

f antibodiee against red celle, and(moavwﬁte to low


http:elution.of
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titers againstharasites. ‘This preparation includes

both the GLP found at Rf 0.649 < 0.703 and the Tcup

" shaped" protein found at Rf 0. 731 -rO 784 “as: well as

numerous minor bands found above,these areas in P.A.G.E.

separations,

"Cup shaped protein" band antigen purified by elution
from P.A.G.E. preparative gels (Rf 0,649 - 0. 703).
This antigen is a purified major component of‘antigens;

1, 2 and 4 above. 1In rabbits it produced antibod&'titers

against human red cells, but not against ngfalciparum
parasites. These antibodies agglutinate human red cells
in vitro, but fail to lyse them in the presence of fresh

guinea pig complement,

Glycolipoprotein. (GLP) purified by extraction of merozoites'
with chloroform methanol and shown to be pureﬁbpyr A G E.

It is found in the region Rf 0 649 - 0 703.1 A minor_ :
protein band, apparently dissociated from the complex

after extraction is also seen at Rf 0. 324 - 0.336. .
This GLP antigen is present in the partially purified 1,
antijens 1, 2 and 4 above. When this purified material

was injected into rabbits, it stimulated the production

of antibodies against parasites of all stages, but not
against red cells. The fluorescenL stoining in I. F A T.,~

defined parasite membranes rather than internal structures.'
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aihis'rabbit antiserum will be tested in the in XEEEQ'
iP I.T. procedure when higher titers are achieved and
‘the GLP antigen will be evaluated for its ability ‘to
block the P,I.T. with known positive Aotus serum.‘See;
"E;‘ Antigen Evaluation in the in !igrg Parasite

Inhibition Blocking Teat" below.

7. (NHg)2° 804 precipitation-derived merozoite antigens
semi-purified by elution of preparative P A G E. gels;
from the region Rf 0.0 to Rf 0.636.. _,Ihis preparationzp
is a subfraction of (4) above which excludes the GLP
and "cup- shaped" protein found at Rf 0 649 through 0 784.
This antigen preparation resembled (4) above in the‘
stimulation of rabbit antibcdies in moderate titer against

human red blood cells and low titer against P. falciparum

parasites.

Antigen Evaluation in the in vitro Parasite Inhibition.

Blocking Test

This test, which is based upon the in vitro Parasite

Inhibition Test’ described in Appendix3 is intended to

provide a method to evaluate the protective potential of a o
specific antigen. This is done by measuring the test antigen 8
capuacity for blocking the ability of immune serum to inhibit
parasite reinvasion in vitro. . The'test is still under
development in’this laboratory. However, test data on the»-.

I'cup shaped“ protein (Rf 0 731 - 0 784) described in D 5.



- L0 -

above are presented in Table 4. When this  pure material
was present at either 17 pg ér 1000 pg per 1.5 ml of
culéure medium containing 50% immune Aotus serum, the
abiiity of the immune serum to inhibit feinvasion was not
hindered. Control cultures with non-immune serum were
used as well as a ‘hemoglobin antigen control., Testing of

other parasite antigens will proceed as such purefaﬁtigens

become available.

F. Cloning of the FCR-3 Isolate of Plasmodium falciparum

Seven clones of the FCR-3 strain of Plasmodium falciparum

were obtained using limiting dilutions of parasitized

human 0+ red blood cells (P.RBC). The P:-RBC suspension

was diluted to give one P.RBC every fifth culture sample,.

Fifty-four cultures were started on Day 0 and seven were

found to be positive on Day 14 (the greatest number of

positives expected was 10 or 1l1), From the seven primary

clones, three have been chosen, based on initial growth

rates, for secondary and fértiary gloﬁing. Seven primary

and one secoﬁdary clones’hhve bgenisuécessfully‘frozén in

liquid nitrogen. Presently, ﬁé’have one tertiary and another

secondary clone ready for storage in liquid nitrogen. Tﬁe |

clones have been named following the suggestions of Jensen

and Trager.* Thus, the primary clones are FCR-3/PD-2 (Cl, i°)
’*J.'B. Jensen and W. Trager. 1978. Plasmodiumvfdiéifdfdﬁ;in"éﬁiture:

Establishment of additional strains. Am. J. Trop. Med, Hyg. 27
(4): 743-746. L L - B R A
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;»thfough FCR-3/PD-2v(7, 19); the aec&ndary clones are
PCR-3/PD-2 (C5, 20) &nd FCR-3/PD-2 (C6, 20); and the

tertiary clone is FCR-3/PD-2 (05, 390),

The medium used througﬁout was: RPMI-1640 containing

2 gm/liter NaHCO3{ 5.95 gm/liter HEPES buffer and human
o+ serum at a final concentration of 10%. For thé~f1rst
14 days, cultures were maintained in antibiotic-free medium,
After that time, gentamicin was added ﬁt'a concentration of
50 mg/liter. Spent supernatant medium was removed daily and
replaced with fresh medium, Fresh washed red cells were
added every 3-6 days, effecting a red cell dilution of 1:2
or 1:4 by 1 of 2 methods: (1) transferring the entire
contents of each culture well to progressively larger wells
'to which RBC's at the same hematocrit, have been added;

or (2) increasing the hematocrit by adding an equal volume
of RBC's to the same well, Three sizes of culture cluster
plates (Linbro, division of Flow Labs) were used: 96'w$11,
0.5 cm2; 24 well, 2 cmz; and 6 well, 9,6 cm2. Hegg:qc:ité“.

used in the procedure were 3%, 6% and 12.5%.
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Dissemination and Utilization of Research Results

- Presentations of researéh-results’during-the’period"

included in-this Annual Report were made at the NMRI,

USAID, WHO Workshop held in Bethesda, MD in October,,

v‘1978 and at the International COnference on Malaria and

' Babesiosis held in Mexico City, Mexico, April 30 -

May 3, 1979.

Work Plan for the Coming Six Months

A.

c.

We will continue to expand our culture capability '

to meet our increased demand for antigens,

The in vitro parasite inhibitiqn.téstvwill:be e@ployed'
extensively to evaluéte impuneg;eta,:and ;hgvig_!1££2;§
parasite inhibition'blockingiteggiwill uﬁdérgofurthe\tf
developpent.and will bé.u:iliéé&iiﬁ£§§témpts~to idéntifyav;

protective antigens.

Isolation of merozoite antigens will continue together
with their biochemical and seroldgical charééterizatidn{ f”
Promsing candidate antigens will be tested iﬂ vitrd'.'“

before being considered as primate immunogens.

Invoivement of Minority Personnel and Women

,Sixtwomen including one minority were involved‘iﬁfﬁ:qjgg;}j

activities during the reporting period.
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Finaneit] Statement

The expenditures and obligations related to the budget

plan from 8/15/78 through 8/14/79 and from 8/15/79

through 8/14/80 are presented as followe

- Period 8/15/78
Expenditures to 8/14/79

,Peried 8/15/79'

Salaries and Wages including $179 016
Fringe Benefits

Consultant Fees | L 93 -
Travel and Transportation 'fp)oi
Other Direct Costs | 0
Overhead - -f119,404”

Research & General Administration 9,041

Supplies 24,391

TOTAL COST TO GOVERNMENT- $331,945

to 8/14/80 (est.)
- $182,500

3,000
’xi;isodi”
‘flisootd{'
14, 245
10, 971i

| 35;738 ,
$348,104r
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IFAT Summary: Rabbits Immunized with Malarial Antigens

Rabbit - . Titer as whole serum
# Immunogen Route Adjuvant Serum IFAT ps " IFAT rbe Description and/or Comments
G’ Fresh merozoites IPp -~ CFA : Staining agaiﬁst all parasite
harvested by differ- i - 8stages with late stages brighest
ential centrifugation - and easiest to distinguish
boosted 4x " IP- aqueous . 1 week post 5120 ’ 16.000 Red. cell membranes &lso fluoresce .
' last boost after 3x adsorbtion
adsorbed
3x vs RBC
Le2 it g . CFA ) 2560 2 10,000  See 1
63 . Ly 1P CFA - 2560 . " See 1
;Sdodted 2;{?,1;5¢- o :;v.' q"quuepps e : o ';fv .  ’ ‘ijn{.f
boosted 2x ‘7 '1 IP *“aqueous’ . 2560 "
G6 . Fresh merozoites .. qv - : See 1
: : harvested by differ- T 1
ential centrifugation - :
(see 5) 1v e )
o TP ; 2560

)
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IFAT Summary: Rabbits Immunigzed with Malarial Antigens

Titer as whole serum

Rabbit .~ . . , K ’
& : .. Immunogen Route Adjuvant Serum IFAT ps IFAT rbe ‘Description”and/or‘Comments
G7 " Presh merozoites iv None
harvested by differ-
ential centrifugation
boosted 1x ce v. aqueous no apparent > 320
. o titer
"Dead
611 ,f_Pool of SOZ(NH4)2SO4 o IP © Alum s C. A more discriminate 'antibody,
S »;(sorbitol) cuts - . : than that of the pool (G1-6D) at
_ . . ‘ the same leval of fluorescent
‘boost SOZ (sorbitol) IP : Alum C. adsorbed 160 intensity i.e., G-11 stains fewer .~
. : - 3x parasites yet their morphology is -
o - ) ' . N easler to distinguish because of
boost SOZ (so:bitol) - IP Alum : D, adsorbed - 650 © . 2560 excellent edge (surface) staining
D. Strong red cell titer inteferes
B _ E e . Some discriminate parasite surface
B V staining found - not as frequent
‘ s : or as obvious as before (€)
612 ' Pool of 60% (NE;)250, 1P

sorbitol cuts

boost 50% (sorbitol) IP - - Alum ﬂfjb; adsorbed 80 = 1280 Not as vivid as G-11 - Good surface
: : S b o T ' staining of late stage parasites
Dead .
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Rabbits Immunized with Malarial Ant{gens»

IFAT Summary:

Pg8. 3

Rabbit Titer as whole serum , R
# Immunogen Route Ad juvant Serum IFAT ps IFAT rbe Description and/or Comments
G13 507% (NH;)2S0, IP CFA |

merozoite harvest
-boost 50% M's IP aqueous adsorbed 20 640 Strong red cell antibody makes-
. not adsorbed it difficult to distinguish
: ) parasites
fboéat-SOZ*H's - IP - aqueous’
zboobt 50% M's IP . aqueous
G146 -50% (NH4)280; cut P  CFA  See 13
- Merozoite Pool .- : - i
50% cut M pool ir . aqueous C 3x 20
T adsorbed -
unadsorbed - 1280
16 50% (NH,),50; cut’ 1P ‘Aluam See 13
s Merozoite Pool :
"50% cut M pool 1P “Alum C 3x 40
S . T -~‘adsorbed ' T
—unadsorbed 640
“IP éﬁﬁéaﬁsh?3*

30%" cut

""Dead
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Rabbits Immunized with Malarial Antigens

adsorbed '

Rabbit : Titer as whole serum ) :
& Immunogen Route Adjuvant Serum IFAT ps IFAT rbc Description and/or Comments
G18 50% (NH4)2S80, cut 1P Alum See 13
Merozoite poél -
50% cut M pool 1P Alum C 3x - 80
o o adsorbed 160
unadsorbed 320
/30% cut M pool 1P aqueous
619 Sorbitol lysate - IP CFA c ‘
50% (NH4)2804 cut adsorbed 20 160
R unadsacrbed 320
G23 "Cup" shaped band IP © Alum c neg: intact > 160 Strong relief staining around
- ' eluted from gel : . 3x adsorbed - dehem. > 160 edges of cells. Membrane
- . 3o ) staining 1s spotted with the
outside not as well defined as
the inside of the rbe
- dehemoglobinized cells stain
brighter than fixed ones
U628 Merozoite derived i - s D ' ﬂ_;'; o » .
Vo gel above 1lipid CIPY T Alum 20 intact 40 All parasite stages stain z red
S U T 8 Sl cell staining looks like it may
boost 1P . Alum . C 3x - .dehem; 320 define an internal membrane

; ~ antigen
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IFAT Summary: Rabbits Immunized with Malarial Antigens

Rabbit R Titer ‘as whole serum _ - : e
d ’ Immunogen : Route Adjuvant Serum IFAT ps . IFAT rbe Description and/or Comments .-
G29 Merozoite défived IP Alum 3x adsorbed 20 v;xiﬁtactf 40 . See 28

© - gel above. lipid dehem,. 320 o
-boost" k IP Alunm
630 . - Merozoite derived IP CFA C 3x 40 - intdct 40
. ~ % gel above 1lipid - ) -adsorbed ‘dehem; +~160 "
fo » . IP IFA RN

' 631 Merozoite.derived 1P  CFA c 3x 40  intact 40

.7 7" gel above 1lipid *  adsorbed - 5 dehem, . 160
" A I IP IFA

;uG33 : ’ Sorbitol derived 1P Alum B 3x - _neg . .

RS gel above 1lipid . . . adsorbed.. » :

. G34  Sorbitol derived . IP  Alum _ .- B3x - ouel
R gel above 1lipid T . g : adsorbed

635 ° . Sorbitol derived - IP ° CFA-  B'3x " ‘neg -

. gel-above lipid' , T adsorbed . e
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IFAT Summary: Rabbits Immunized with Malarial Antigens

kabﬁit»V : . Titer as whole serum . ° - ‘ . . SR
# o . Immunogen Route Adjuvant Serum 1FAT. ps IFAT rbe Description.and/or Comments. ::
G38 = Sorbitol derived IP CFA 3x 102 > 320 ' T
’ -~ . gel above lipid adsorbed o o
G41 ;,1 "Cup" shaped ip Alum N.D.
“.- . .. . gel band
‘c43i'fﬁ’;1i§ogl§co¢omp1ex’ 1P Alum* B not adsorbed 40 : 0 Good discriminate parasite’. O
. "(GLP)" SN staining with no red cell back-:
o ground - membranes of parasitized
red cells do not fluoresce :
‘G44n’;ﬁfalipoglycocéhple:, IP -CFA B not adsorbed 20 - ~10 Parasite staining not as R
- ~f3_i(Gﬁ2);f]? S - : : T - discriminate as G43B. Red cell

positive @ 1/10 and @ 1/20 -
more nonspecific background as
well

Agf&lﬁﬁﬁpféqiﬁiéﬁﬁééHéiﬁﬁ&sﬁed.;

‘Precipitate and

SREOEL

upernate mixed for injection.’
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Indireit Fluorescent Antibody Test - Procedure

Reagents & Materials:

Pluorescein conjugate: F.I.T.C. - Goat anti-rabbit IgG* at
1:20 dilution in PBS, pH 7.2. Adsorbed 2 x with mouse liver

powder (50 mg/cc).

Antigen slides: Smears‘(medium) made from £low £lask. pacted;
cells (4000 x 10 min), preferably > 10% parasitemia, rich in
late stages. slides divided across middle with barrier of ;
nail polish and silicone grease. Cells are dehemoglobinized
with 0.1% HCl and rinsed in distilled water once and PBS twice.‘

Antibody: Serum complement was inactivated at 56°C for 30
ninutes, after ‘which the serum was adao:bedll x 4°c overnigﬁt,
folloved by 2 x 37°C for 1 hour. (Adsorption overnight at
37°c was found to be detrimental to antiparasite titer. ‘ﬁbrhil

and immune sera were serially diluted 2-fold in PBS, pH 7.2.

_Procadure:

Antigen. slidea were £looded with normal or 1mmune serum dilutions

" and incubated at 37°C for 30 minuhes. The elides wer ftben
rinsed 3 x 5 minutes in PBS. pa 7 2 at 37°c. Following the
itnlea. the slides were £looded with goat anti-rabbit IsG
£luorescein conjugate and 1ncnbated for 30 minutes at 37°c.‘

~tho slides were again;r;naed 3-x 5 minutes in PBS pH 7)2,&:

*uicrobtoldgical'Aqebctatea. Walkersville, MD,



Appendix 2 - pg. 2

37°C. The wet slides were. then coveralipped with one drop

of mounting medium (50% glycerol + 50% PBS) £ollowed by a

small glass coverslip.

Microscopic examination:
A Zoliss fluorescence microscope with a mercury vapor ultra-
violet light source was used to exanine the £1uoreacent
preparat;ona. The exciter filter was the UGI and the barrier
'£11tern‘were -65 and 47, and the oll immersion objective was
43 %, 8lides were rated from 4+ to i+, tite: was taken as

ého last 1+ reading while +/- rea41ngp-werq nptéd.‘r
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Procedure for the in vitro Parasite Inhibition Test

Inactivate sera to be tested at 56°C for 30 minutes. Adsorb
both the immune and normal control serum with an edual
volume of packed human-erythrocytes overnightpat Q°C, then
twice more at 37°C for one hour. Separatenthe'serumffrom;

the red cells by‘centrifugation at 640 g x 1o£minﬁeés,

Day 0

Prepare RPMI 1640 culture medium with 10% or - 50% r[ufadsorseddV

normal or immune serum supplement.

Treat 1 volume of packed infected red cells with 5 volumes

of 5% sorbitol in pH 7.2 PBS for l minute at room temperaturer
then wash with RPMI 1640 and dilute packed cells 1s 16 (6%

cell suspension) with RPMI 1640 supplemented with'the~
appropriate serum. Plate l 5 ml volumes in triplicate in

35 mm Falcon plastic petri dishes (or 0.5 ml volumes in
triplicate in l7 mm wells using Linbro Tissue Culture Multi-

well plates) and culture in burned candle jars at 37°c.

Make Giemsa-stained blood cell films before sorbitol treatment

' and at the time of plating of the suspension.

f7Hake Giemsa-stained blood: cell'films from a11 plates atvthef e

1}hour corresponding to when'the cultures were plated on;Day,O‘:f
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Refeed all pl&tes by removing the supernatant medium and
replacing it with Qh*aﬁprgpriﬁte voluhe of complete fresh

medium,

Day 2

Make Giemsa-stained blood cell films from all platea at the -

hour corresponding to when the cultures ‘were. plated on Day 0.

On all of the blood films taken, count and plot the total .
number of parasites per 1000 red cellé'(gxpteased as percent
parasitemia) and count the percent of parasites presenﬁ in
the ring form. Note the presence or absence of merozoites
asgsociated with red cells and any degenerate older.fbrms.
Tﬁen count 10,000 cells (50 fields averaging'ZdO cells per
field) for the presence and number of "inhibited )
schizonts". These forms which we have termed "inhibitéd'
schizonts'" have been regulariy found in culturesacontainiggz‘,
immune serum. They appear to be éegménters frqm_which'che”*
merozoites have failed to dispersg.i These forms AIways have
pigment associated with them, and Ehe preéé#ééﬂéf a fed cell
memBrane (cyéically fragmented) can be readily.detected>by

interference microscopy or I.th.T. ‘Sée Figure 3 in recort.

Interpretation of Results

Day 0 culture after horbitol tréatmédt shouid“cddtaiﬁ'éiaﬁii
parasices almost entirely in ‘the "ring" trophozoite form.

‘Day 1 cultures should congist’ of parasites in the older
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trophozoite staéébéhﬁ}the gphizontgéﬁégg}‘«Theéétahogld~§e.
examined carefully fbr‘ev;dence'Ofsﬁégéﬁératiéﬁfduewto y
non-éntibody factors in iﬁhlbitOry‘ééruh; bdy'Z caltﬁréé
may show a reductidn or absence of rins formsbif th¢~§eruh'
tested has inhibitory activity againdt’pa:ésite multipl?ég;ibt
Any decrease in the percent parabiteﬁia'?njtﬁoaenﬁulgﬁféd |
contaihing 1mmun¢;a§=a could also'fgfléc;ipﬁibi:iog?fvéﬁé 
presence of num;roua "inhibited schizonts" has ﬁhub?f;g;}Jl
only been associated with immune sera, and ia'aeémingiYTa
direct result of protective antibody action. sincé man§
factors could cause a fall in parasitemia, this "1hhib1téd‘
schizont" phenomenon may prove to be a-mﬁch more meadiﬁéfﬁl
parameter than percent parasitemia, or other:growthérelated
methods such as radiolabeled amino acid incorporation by

parasites.





