UNCLASSIFIED

P ——

N

TECURITY CLASSIFICATION OF TRIS PAGE

AD-A235 905 _@

il MU
' 1
1a. REPORT SECURITY CLASSIFICATION “i §
UNCL 3 P |
~ 2a. SECURITY CLASSIFICATION AUTHOR!:I'Y bl ‘. XN 3 . DISTRIBUTION/ AVAILABILITY OF REPORT
o S Approved for public release;
2b. DECLASS‘HCAT'ON’DOWNGRADWQg“EDZJ}E . & distribution is unlimited
CAD L 0o st B
4. PERFORMING ORGANIZATION REP MBER(S) ,i; 4 5. MONITORING ORGANIZATION REPORT NUMBER(S)
S iz 2
NMR 90-142
-
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a3. NAME OF MONITORING ORGANIZATION
: Naval Medical Research (If applicable) Naval Medical Command
4 lnstitute
6c. AgORESS (Gty, State, and ZIPCode) 7b. ADORESS (City, State, and ZIP Code)
Ol Wisconsin Avenue Department of the Navy .
Bethesda, MD 20889-5055 Washington, DC 20372-5120
8a. NAME OF FUNDING /SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION Naval Medical (if applicable)
Research & Development Comman
' 8c. ADDRESS (th,‘Stare: and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
301 Wisconsin Avenue PROGRAM PROJECT TASK WORK_UNIT
) Bethesda, MD  20889-5044 ELEMENT NO. |NO. - NO. ACCESSION NO.
62770A 3M162787A870 JAN121 DA317827
11. TITLE (Include Security Classification)
Locatization of CS and non-CS antigens in the sporogonic stages of Plasmodium yoelii
, 12. PERSONAL AUTHOR(S) Aikawa W, Atkinson CT, Beaudoin LM, Sedegah M, Charoenvit Y, Beaudoin R |
° 1
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) [1S. PAGE COUNT :
journal - FROM TO 1990 ‘7
! . NOTAT! .
\ 16. SUPPLEMENTARY NOTATION Reprinted from: Bulletin of the World Health Organization 1990; Vol. 68(Supp1ement) j
pages 165-171 '
17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number) i
FIELD GROUP SUB-GROQUP monoclonal antibodies; oocysts; sporogony; endoplasmic reticulum; :
circumsporozoite protein; malaria vaccine; sporozoites; ’
Plasmodium yoelj i - =7 1
-- haaorsion {5 / ]
L 19. ABSTRACT (Continue on reverse if necessary and identify by block number) Al o agl - J“ :
. . DY TaR - '
! i Joan. crgers
Vdusiitie vt L .
V. _ — o
‘ e et e e 1
S ey e
t e i
‘ Di e o
. t
, _!'»".. Ty lhem s
3 ' n\i/\?'- ) ‘
Lise vorinl '
A\ 90! '
- . ! L}
20. OISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
LA UNCLASSIFIEDUNUMITED (] SAME AS RPT. J OoTIC USERS Unclassified
223. NAME OF RESPONSIBLE IN IDUAL 22b TELEPHONE (inc/lude Area Code) | 22¢. OFFICE SYMBOL '
Phyllis -Blum,” tlbrarian. *(301). 295-2188 MRL/NMRI
DD FORM 1473, 84 mar 83 APR edtion may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete.

UNCLASSIFIED

—— — ~— -




———

Localization of CS and non-CS antigens in the
sporogonic stages of Plasmodium yoelii*

M. Aikawa,' C.T. Atkinson,' L.M. Beaudoin,? M. Sedegah,? Y. Charoenvit.? &
R. Beaudoin?

Monoclonal antibodies (MAbs) and coiloidal gold probes were used to localize circumsporozoite (CS)
protemn and two unrelated polypeptides in developing oocysts and salivary gland sporozoites of the 17X (NL)
strain of Plasmodium yoelii. MAbs NYS1. NYS2. and NYS3 recognized different epitopes of the P yoelii CS
protein and produced similar patterns of immunolabeliing on developing oocysts and sporozoites. A small
percentage of oocysts contained developing sporoblasts ana sporozoites that did not exhibit surtface
reactivity to MAbs NYS1. NYS2 or NYS3. although internal labelling was associated with endopiasmic
reticulum (ER). These sporozoites were still capable of completing deveiopment and invading salivary
glands where they could be found adjacent to sporozoites with densely labelled surface coats. If these
sporozoites are infective. their presence may explain in part the failure of CS vaccines to completely protect
‘mmumzed ammals against challenge. The non-CS antigen recognized by MAbs NYS4 did not become
abundant until late 1n sporogony Some gold labelling was associated with the surface of buading and
mature sporozoites, but the antigen was most abundant within the cytoplasm and micronemes. A second
non-CS antigen aentitied by NYS5 first appeared in 7-day-old oocysts. although labelling was sparse. Smali
Guantities of antigen appeared on the sporoblast memuorane, cytoplasmic clefts ana ER of oocysts ana was
associated with micronemes and the surface of budding and mature sporozoites. As the role played by non-
CS antigens in the biology of the parasite is not yet known. further characterization of their function 1s
neeged before their potential as vaccine candigates can be determined.

introduction

Charoenvit and associates +/) produced monocional
antrbodies t MAbs) against sporozontes of Plasmodium
coctit. MAbs NYS1NYS2 and NYS3 recognized the
'S anugen. aithough each reacts with a different
e¢otope. The remaining 2 MAbs. NYS4 and NYSS.
recognized antigens which are not CS protein. The
antigen recognized by NYS4 is 4 140kDa protein
ireiative molecuiar mass. M,. 1400001 with a common
determinant with the CS protemn. The anugen recog-
mized by NYS5 could not be found by Western
blotung. Immunotluorescent microscopy {IFA) dem-
onstrated that 3 MAbs (NYSI. NYS2 and NYS3)
reacted with the sporozoite surface. although there
were shight differences in patterns of reactivity. On the

other nand. NYS4 producea a large patchy pattern
that appeared to be both internal and on the surtace
of the sporozote. MAb NYSS produced a pattern
that appeared to be on the surface but was restricted
to polar regions. The precise locations of antigens
detected by these MAbs were difficult to determine
because of the limited resoiution of IFA. Theretore.
we performed immunoelectron microscopy with par-
ticular attention to non-CS proteins. since we do not
vet know what role these antigens piay tn the biology
of the parasite.

Materials and methods

Since detailed descriptions of the production of
MAbs. ascitic fluids. IFA test, CSP reaction. SDS-

° The opinions and A336rtons heretn are those of the authors and
are not to be construed as official or as retiecting the views of the
US Navy or the Naval service at targe The experiments reported
nerein were congucted according 10 the principles sat torth in the

Guide for the care and use of laboratory ammals ~ Institute of
Laboratory Animal Resources. Nattonsl Research Councit (DHHS
Pub! (NIH) 86-23), 1985

" institute of Pathology. Case Western Reserve University. Cieve-
:and. O 44108, USA Correspondence shouid be sent 10 ths
address (Or M Atkawa)

2 Nava) Medical Resoarch Institute. Bethesda. MD 20014, LoA

Bullenn of the World Heaith Orgenizaron. 88 (Suppl 1 185-171 {100)

PAGE and immunodetection and sporozoite neutral-
1zation have already been published (/). these methods
will not be described here.

Immunoelectron microscopy was performed on
4-,7-, 10- and 15-day-old oocysts and salivary gland
sporozoites of the 17X (NL) strain of P. voelii. Infected
midguts and salivary glands were fixed for 20 minutes
at 4°C in 1% paraformaldehyde. 0.1% giutaraide-
hyde in 100 mmol/l phosphate buffer. pH 7.4 and
were embedded at low temperatures in LR goid resin
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{London Resin Company). Sections were cut with a
diamond knife, mounted on nickel grids and labelled
with MAbs NYS1, NYS2, NYS3, NYS4 and NYS5
and 15 nm immunoglobulin-goid as described eise-
where (2).

Results

Localization of CS protein by NYS1, NYS2 and
NYS3

NYSt, NYS2 and NYS3 produced similar resuits
when tested on 4-, 7- and 10-day-old oocysts and
salivary gland sporozoites of P. yoelii.

Four-day-old oocysts did not show subcapsular
vacuolization, cleft formation. or budding sporo-
zoites. Little label was associated with the cytoplasm.
Seven-day-old oocysts started to show synthesis of
CS antigen. Gold label was seen in association with
the nuclear membranes. endoplasmic reticulum and
plasma membranc 'Fig. 1). The subcapsular space of
developing oocysts also was labelled with gold par-
ticles. In some oocysts. the sporoblast cytoplasm had
started to contract. showing deep clefts n us peri-
pheral cytoplasm. Gold particles were seen on the
surface of clefts and on fine granular electron-dense
matenal in the subcapsular space. There were many

sporozoites in 10-day-old oocysts. Gold particles were
present mainly on the surface of sporozoites but some
particles were also seen within the sporozoite cyto-
plasm (Fig. 2). The residual sporoblast cytoplasm was
also labelled with gold particles. Membrane-bound
electron-opaque granules were also labelled with gold
particles.

Mature sporozottes in salivary glands of infected
mosquitos were coated evenly with CS protein
(Fig. 3). Label was also associated with micronemes
(Fig. 3). Electron-opaque secretory material which
surrounded the sporozoite was also labelled with gold
particles.

A small percentage < 5°%) of oocyst and salivary
gland sporozoites did not exnibit surface reacuvity
with any of the 3 MAbs to the CS protein (Fig. 4 and
5). A few gold particles were found on internal micro-
nemes. on perinuclear membranes of budding sporo-
zoites. and on endoplasmic reticulum in the sporo-
blast cytoplasm. Oocysts that contatned these “abnor-
mal” sporozoites were few 1n number. but uniform in
their formation of sporozoites that lacked surface
labelling, 1.c.. they did not contain mixed populations
of labelled and unlabeiled sporozoites. These vocvsts
were cbserved in the same section next Lo oocysts that
produced sporozottes with denselv labelled surface
COdts.

Fig. 1. Section of a 7-day-old Plasmodium yoelil oocyst incubated with MAb NYS1 against CS protein and immunoglobu-
lin-gold. Gold paructes are associated with the endopiasmic reticulum (ER). cytoplasmic matrnix and subcapsular areas

‘arrow)} x 20000

AHO Bulletin OMS Suppiemaent vor 68 1990
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CS and non-CS proteins of P. yoelll sporozoites

Fig. 2. Section of a 10-day-oid oocyst incubated with MAb NYS2 againsi CS protein and immunogiobulin-gold. Gold labe!
{arrow) 1s associated with the surtace of clefts and of budding sporozoites (S). The oocyst capsule space (CS) is aiso

labelled with gold particles. X 35000

Fig. 3. Section of a salivary giand sporozoite (S) incubated with MAb NYS3 agsinst CS protein and immunoglobulin-goid.
Gold Iabel is associated with the surtace (arrow), and micronemes (Mi). X 44000

Localization of non-CS protein by NYS4
(NYS4-non-CS protein)

Only a few random gold particles were associated
with 6- and 7-day-old oocysts. No labelling was found
tn the endoplasmic reticulum indicating that synthesis
of this antigen had not started. Synthesis of NYS4-
non-CS protetn began late tn sporogony. when bud-
ding of sporozoites started (Fig. 6). Dense labelling of
gold particles was associated with the endoplasmic
reticulum and with small membrane-bound. electron-
opaque granules in the sporoblast cytoplasm of
15-day-old oocysts (Fig. 6). These small membrane-
bound electron-opaque granules appeared to migrate
into budding sporozoites. When salivary gland sporo-
zoites were examined. micronemes, but not rhoptries.
were densely labelled by MAb NYS4 (Fig. 7). Some

WHO Bulietin OMS Supplemaent Vot 68 1990

scattered labelling was seen on the plasma membrane
of sporozoites.

Localization of non-CS protein by NYSS
(NYS5-non-CS protein)

Similar to NYS4-non-CS protein. only a few gold
particles were present in the sporoblast cytoplasm of
the 7-day-old oocysts. Antigen recognized by NYSS
appeared on the surface and cytoplasm of sporoblasts
in 10-day-old oocysts (Fig. 8). Gold particles were
seen in the cytoplasmic matrix as weil as in the
endoplasmic reticulum. Gold particles were associ-
ated with the micronemes and cytoplasm of salivary
gland sporozoites as well as on the surface (Fig. 9).

Al 4
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Fig. 4. Section of a 10-day-old oocyst incubated with MAb NYS1 sgainst CS protein and immunogiobulin-gold. Goid
particies are only associated with perinuclear membranes (arrow) and endoplasmic reticulum (ER). Label is not on the
surface (S) ot the sporoblast or budding sporozoites. x 21000

Fig. 5. Section of two sativary gland sporozoites incubated with MAb NYS2 against CS protein and immunogiobulin-goid.
Sporozoite at the right (S2) is labelied on the surface (arrow) and micronemes (Mi). The sporozoite at the left (S1) shows

goid label particles only over micronemes (Mi). x 40000

Discussion

The distntbution of circumsporozotte protein in 0o-
cysts and salivary giand sporozoites has been studied
bv 1mmunoelectron microscopy in P. maiariae.
P. ovale. P. knowiesi. P. bergher and P. falciparum

16

t3-71. Based on these data. synthesis of CS proten
appears early in sporogony before the differentiauon
of sporozortes. CS protein becomes abundant in the
oocyst cytoplasm before sporozoites begin to bud.
The presence of CS antigen in the subcapsular space

WHQ Bulletin OMS . Subplement Vol 68 1990
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CS and non-CS$ proteins of P. yoelli sporozoites

Fig 6 Section of a 15-day old oocyst incubated with MAD NYS4 against non-CS protein and immunoglobulin-gold. Dense
labeiling ot goid particles 1s mainiy associated with membrane-bound electron-dense granules (D). These granules are
also in the cytoplasm of budding sporozoites (S). A few scattered gold particles (arrows) are present on the surface of
budding sporozoites. x 40000

Fig 7. Section of a salivary gland sporozoite incubated with MAb NYS4 against non-CS protein and immunoglobulin-
go'1. Abundant gold particies are associated with sporozoite cytoplasm and micronemes (M1). Some scattered labeliing
137rows) 1S associated with the sporozoite surtace. x 45000

>

might indicate sloughing of CS antigen from the knowlesi were also shown to possess CS protein (5).

surface of the oocysts. However, cross-reactivity of MAb NYS2 with NYS4-
The presence of CS antigen in the micronemes non-CS protein on Western blots might indicate that
has been described in P. knowiesi, P. malariae. and iabeliing of micronemes in P. yoelii sporozoites could

P. berghei (3. 5. 6). In addition. rhoptries of P. be a cross-reaction (/).

WHO Eu . in ONS Supy ‘ement VoI 88 1900 199
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Fig. 8. Section of & 10-day-oid oocyst Incubated with MAb NYSS against non-CS protein and Immunogiobulin-goid. Only a
few gold particles (arrows) are associated with the cytoplasmic matrix, plasma membrane (P), and subcapsular spaces
(S). x 37000

Fig. 9. Section of a salivary gland sporozoite incubated with MAb NYSS against non-CS protein and immunoglobulin-
gold. Gold particles are associated with micronemes (Mi), cytoplasm, and the sporozoite surface (arrow). x 30000
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It is interesting that a small percentage of oocyst
and salivary gland sporozoites were not labelled on
their surface by any of 3 MAbs to the CS protein. We
do not know if these sporozoites are capable of being
transmitted or whether they are infective. If they are
infective, their presence may explain. in part. why
immunization with sporozoite vaccines is not com-
pletely protective (8-70). It is unclear what molecules
are on the surface of these sporozoites. Presence of
internal reactivity with MAbs to the CS protein sug-
gests that the antigen is not exported to the surface of
the developing sporozoites. Alternatively, only a small
fragment of the CS antigen may be exported to the
surface or a new antigenic variant that is not recog-
nized by any of the 3 MAbs may have arisen. Signific-
antly. Rosenberg and others (/1) found that over 14%
of clinical cases of P. riwax in western Thailand pro-
duced immunologically distinct sporozoites. These
sporozoites had CS protein with a different repeating
nonapeptide that did not bind antibodies either to
P. rirax sporozoites from different geographic areas
or to a recombinant CS protemn that is a potental
vaccine candidate. Since the CS protein is believed to
piay such an tmportant role in sporozoite motility and
host cell recognition and nvaston, it is clear that this
phenomenon needs to be mvesugated further.

NYS4-non-CS protemn appeared 1n the oocvst
much later than CS protein detected by NYS1. NYS2
and NYS3. The NYS4-non-CS protemn was first evid-
ent in oocysts with budding sporozoites and was
always associated with small membrane-bound elec-
tron-opaque granules tn the oocyst cytoplasm. These
granules appear to migrate to the budding sporo-
zottes. carrying NYS4-non-CS protein into  the
sporozoites. These granules might be precursors of
micronemes. since their size and shape are stmilar to
micronemes and as mucronemes of the sporozoite
also contain NYS4-non-CS protemn. Some scattered
labelling was also associated with the surface of
sporozoites. This mayv correspond to the patchy
labelling observed by immunofluorescent microscopy.

The distnbution of NYS5-non-CS protein is stm-
tlar to that of NYS4-non-C3 protein. Both antigens
are mamly located in micronemes and sporozoite
cytoplasm although NYSS5-non-CS protein 1s on the
surface of the sporozoite. Also, they appear late in the
oocyst. However, NYS5-non-CS protein was not
associated with small membrane-bound electron-
opaque granuies in the oocyst. This may indicate that
synthests of NYS5-non-CS protein 1s different from
that of NYS4-non-CS protein.

Our immunoelectron microscopy demonstrated
that the distribution of NVS4.nan.C'S protein of
P. voelii is different from that of CS protein. Since the
role of non-CS proteins in the biology of the parasite
s still not clear. further investigation of their function

WHO Butistin OMS Suppiement Vol 68 19890
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may be required before their potential as vaccine
candidates can be determined.
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