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PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT OF FUNDS
 

PART II
 

Enticy: 	 DS/HEA/M
 

Project: 	 Malaria Immunity and Vaccination, New Sub-Project with the
 
Uniformed Services University of the Health Sciences
 

Project Number: 931-0453.14
 

I hereby authorize.FY 1980 grant funding, not to exceed two hundred ninety
five thousand ($295,000), for a Participating Agency Service Agreement with
 
the Uniformed Services University of the Health Sciences to conduct research
 
on the ultrastructural and cytochemical analysis of malaria antigens.
 

I approve 	the total level of A.I.D. appropriated funding planned for this
 
project not to exceed five hundred thirty-six thousand dollars ($536,000),
 
Including the funding authorized above, during the period FY 1980 through
 
FY 1982. 1 approve further increments during that period of grant funding
 
up to two hundred forty-one thousand dollars ($241 000), sublect to the
 
availability of funds in accordance uith .I.D. allotmnt procedures.
 

Date
 

Attachments: 
A. lesearch Proposal
 
B. IL-

C. RAC Iecom..endation
 
D. '.ction .iorandun
 

Clearnnces: '. 	 /
 

DS/11F.%: JAlden ~ _date__.. 

DS/IPO: PCh.apnk .date , 
DtSc 

http:authorize.FY
http:931-0453.14


ACTION MEMORANDUM FEPRTHE DEPUTY ASSISTANT ADMINISTRATOR FOR HUMAN RESOURCESDEVELOPF 

FROM: DS/ hn
, e 

Problem: Approval of a PAF for negotiation of a PASA with the Uniformed
 
Sdrvices University of the Health Sciences under Project 931-0453, Malaria
 
Immunity ard Vaccination Research.
 

Discussion: 
 The subject activity was approved at the June 17-18, 1980
 
meeting of 
the Research Advisory Committee. Copies of the RAC recommendation
 
and the Action Memorandum for the Administrator are attached.
 

Funds for the activity are included in the FY 1980 Congressional Presentation
 
and the FY 1980 OYB for the Office of Health. The proposal has been reviewed
 
and approved by the following:
 

Office of Health (DS/HEA) 
Program Office (DS/PO)
 
DSB Project Review Committee
 
Research Advisory Committee (RAC)
 

The proposal has been found to be technically sound and to meet all the
 
requiremLntq of an unsolicited proposal contained under AID PR 78-4.
 

Recommendation: That you sign the attached PAF.
 

Attachments: 
PAF, with attachments 

Cicarance:
 
DS/EO: BChapnick /,/dte d /
 



AID PROJECT SUMMARY
 

A. Basic Identification and Fiscal Data
 

Pro2ject Title: Malaria Immunity and Vaccination
 

Ultrastructural and Cytochemical
 
Analysis of Malarial Antigens
 

New or Extension: New
 

Contractor and Address: Uniformed Services University of the
 
Health Sciences
 

School of Medicine 
4301 Jones Bridge Road
 
Bethesda, Maryland 20014
 

Principal Investigator: Susan G. Langreth, Ph.D.
 
Associate Professor
 
Department of Microbiology
 
School of Medicine
 
Uniformed Services University for the
 
Health Sciences
 

Bethesda, Maryland 20014
 

Duration: Three Years
 

Previous Project Funding: None
 

Proposed Funding: 1980 --

1981 --
1982 --

$295,000 
$110,000 
$132,000 

Total Estimate: -- $537,000* 

B. Background
 

In 1965 A.I.D. began 6o support rebearch on a new approach to the control of
 
malaria: protection from the disease by immnunization. The Agency has expanded
 
its initial support of one project at the University of Illinois to a collabora
tive network of ten laboratories working on various aspects of malaria iwnunity
 
and vaccine development. One of the A.I.D.-supported laboratories has made the
 
most significant advance in malaria research of recent times: the continuous
 
cultivation of the parasite Plasmodium falciparum in human erythrocytes invitro
 
(Trager and Jensen, 1976). T.I.D. network laboratories have also successuTT
inmunized monkeys against human malaria (P.falciparum) using cultured material
 
as a source of inmunogen. Inaddition, A.I.D. supports vccine development
 
based on an alternative stage of the parasite life cycle found in the mosquito,
 
-'mely the sporozoite.
 

*Estimated funding levels do not include institutional overhead (currently not
 
charged by this institution), or possible import duties on capital equipment.
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C. Description of the Project
 

The overall objective of this project isto locate and characterize those
 
components of the parasite Plasmodium falciparum and its host cell which are
 
important inthe immunologic protection against malaria and which, therefore,
 
may be candidate antigens for the development of a vaccine. The specific aims
 
are as follows:
 

a. To locate both the surface and the internal malaria antigens to which
 
immune animals produce antibodies.
 

b. To characterize those antigenic components structurally, cytochemically,
 
an immunologically.
 

c. To determine the structure and function of the knobs (alterations on
 
the infected erythrocyte surface produced by Plasmodium falciparum
 
infection).
 

d. To develop assays to assess purity of blood stage antigen preparations
 
and to screen for interstrain antigenic differences and antigenic
 
variation in vitro.
 

D. Scope of Work
 

The detailed research work plans are outlined in the Research Contract
 
(Attached)
Application and are to be found on pages 15 through 28. 


E. External Review
 

This proposal has been reviewed and enthusiastically approved by external
 

expert consultants, including Dr. Richard Beoudoin of the U.S. Navy Medical
 
Research Institute, Dr. Peter Contacos, Retired, U.S. Public Health Service,
 
and Dr. Irwin W. Sherman, University of California, Riverside. These reviews
 

are attached for information.
 



Site Visit
 

Uniformed Services University
 
School of Medicine
 
Bethesda, Maryland
 

At the request of your office, I made an informal site visit (Wednesday
 
April 16, 1980) to the Department of Microbiology, Uniformed Services
 
University School of Medicine, Bethesda, Maryland. The visit was to
 
ascertain the interest by the University, the support facilities available,
 
and the faculty commitment to adequately support potential research programs
 
in the malaria vaccine area.
 

The overall support that this University could provide for any USAID funded
 
contract could not, inmy opinion, by surpassed my many universities. The
 
location of the campus, with its proximity to the Naval Medical Research
 
Institute, the National Institutes of Health, and the Walter Reed Army
 
Institute for Research, is a tremendous asset both scientifically and
 
intellectually.
 

The support facilities at USUHS almost defy description. Office and laboratory
 
space isabundant as well as superbly designed with benches, electrical,
 
water, and gas inputs well placed for any research to be undertaken. I was
 
particularly impressed with the EM suites, as each suite has its own prepar
atory and dark-room facilities contiguously located. The lecture and general
 
teaching laboratory facilities are better than any I have ever seen.
 

Overall, my discussions with faculty members and admiriistrators convinced me
 
of their sincere and long term interest in tropical medicine and malaria
 
research in particular. This comitment combined with absolutely first
 
rate back-up facilities convinces me that this institution can fully carry
 
out a first-rate research program within AID's Mal4ria Immunity and Vaccination
 
Research Collaborative Network.
 

Peter . ontacos, M.D., .D. 
Malaria Consultant
 



of Malarial Antigens 
Proposal: Ultrastructural and Cytochemical Analysis 

Susan G. Langreth
Frinipal Investiqator: 

Organization: Uniformed Services University 

of the Health Sciences,
 
20014


School of Medicine, Bethesda, Maryland 


Evaluation of Proposal
 

The description of the work proposed 
by Dr. Langreth is well written and well
 

She has set forth in great detail a careful analysis of one 
important
 

documented. 

aspect of falciparum antigens which 

disappears in cultured parasites, i.e., the
 
There is
 

knob antigens occurring on the red 
cell membrane of K+ strains. 


evidence which suggests that the K+ 
strains are more antigenic than the 

K- strains
 

and that K+ strains tend to lose the knob antigens 
after prolonged maintenance
 

Clarification of this point would be 
of
 

in cultures of the Trager Jensen type. 


central importance to the USAID program since 
such an antigenic change in cultured
 

parasites could conceivably call into question the feasibility of basing 
an
 

On the other
 
effective vaccine on parasites grown 

in the Trager Jensen system. 


hand, ifthe knob antigens are responsible 
for stimulation of the immune response,
 

and especially functional immunity, the antigens could possibly 
be produced by
 

Although it would be difficult to separate them 
from the red cell
 

other means. 

membranes directly using chemical approaches 

alone, they could conceivably be
 

identified and isolated by monospecific 
antibody produced by monoclonal hybridomas
 

and then one could rely on DNA hybridization 
technology for actual production of
 

the protective antigens from which 
the vaccine could be made.
 

Regardless, Itwould appear to be absolutely 
qssential to characterize the knob
 

The bottom line, of course, is the demonstra
antigens as thoroughly as possible. This can only be done in
 
tion that K+ antigens are responsible for protection. 


However, monkeys are not readily available 
and much more inforration
 

monkeys. set up.
 
about the knob antigens is needed before an actual vaccination trial is 


Her approach to the
 
This information forms the basis of Langreth's proposal. 


as being technically sophisticated.
 
problem is systematic and thorough as well 


well-deserved reputation as an outstanding 
electron micro-


Dr. Langreth enjoys a She uses her instrument
 
scopist who goes far beyond traditional 

descriptive work. 


as a powerful experimental tool which will be invaluable to the existing USAID
 

At the end of the proposal she correctly emphasizes the
 
collaborative network. In my
 
value of analyzing all vaccine preparations using the same approach. 


opinion, this type of analysis will be necessary for any candidate vaccine 
destined
 

I strongly recommend approval of this proposal and
 
in man.
for eventual use 


suggest that the broader scope of work be emphasized, under which 
Dr. Langreth
 

invaluable service
 
can monitor the purity of candidate preparations 

and provide an 

The
 

in the characterization of the protective antigens 
in such preparations. 


technical expertise and experimental data 
obtained in analysis of K+ antigens
 

will have wide appliation to any future 
vaccine preparations.
 

R. L. Beaudoin, Ph.D.
 
BranchImrunopara,.itology 

Naval Medical Pesearch Institute
 
20014
Bethesda, Maryland 




'NIVERSITY OF CALIFORNIA, RIVERSIDE 

EPZLLY * DAVIS IRVINE * LOS ANGELrS RIVERSIDE • SAN DIECO ' SAN FRANCISCO C SATA BARBAR. 1 ANTA CRVZ 

DEPARTMENT OF BIOLOGY 
RIVERSIDE, CALIFORNIA 92521 

March 6, 1980 

Dr. J. Erickson
 
DS/HEA
 
Agency for International Development
 
Department of State
 
Washington, D.C. 20523
 

Dear Dr. Erickson:
 

Enclosed is my review of the proposal "Ultrastructural and Cytochemical
 
Analyses of Malarial Antigens" by Dr. S. Langreth.
 

I hope this critique will be of some value to you.
 

Sincerely,
 

Irwin W. Sherman 
Professor of Zoology
 

IWS:rc
 
Encl.
 



Kev....ewer:. .. i.& 
Langreth
'investigator: 


Title:' Ultrastructural and Cytochemical 
Analyses of Malarial Antigens
 

Critique
 
study


This is a well-written proposal that requests 
3 years support to 


malarial antigens using the electron microscope and cytochemical techniques.
 

The literature is reviewed carefully, and thoroughly.
 

The studies are well-conceived, and should provide 
valuable information
 

Indeed, without studies of the sort the PI proposes
for vaccine development. 


it is rather unlikely that a successful vaccine 
can be developed.
 

an accomplished microscopist and is well-versed in 
the in vitro
 

The P1 is 


cultivation of P. falciparum as well as techniques 
for EM localiZation of
 

glycoproteins. In addition, to her own research the PI will be a valuable
 

The associa
resource for the other AID contract (Rieckmann) at New Mexi.o. 


tion between the Rieckmann group and the PI can only strengthen both research
 

programs.
 

Aim a. Immunocytochemical localization of parasite antigens 
on the surface
 

of the red cell.
 

The PI is capable of making significant contributions. 
The techniques are
 

all within her ken.
 

Aim b. Cytochemical characterization of antigenic structures.
 

Agaii.,PI is well-qualified. Information to be obtained is relevant to
 

vaccine p,r!fication and characterization.
 

erythrocyte esp. knobs.
 Air c. Structural analysis of the infected 

No prothose described earlier.
as well-defined as
These studies are not 


Of interest,

vision han been made for use of freeze-fracture apparatus or SEM. 


but not a priary area of research.
 

function of the knobs in vivo.
 Aim d. Determilnation of the 


can cer. ny be ,!one well at New Mexico. This 
A worthwhile study :hat 

to see the Pt's concern for conserving Aotus (p. 25). How 
reviewer is pleired 


are V.nobless? as Jure that all parasitized RBC introducedwill the PI 


Aim e and f. Ulrrastructural studies of antigen preparations.
 

Ennential for vaccine development. PI in well-qualified.
 

who d .acovered the kioblass
A exceptlona17 talyl.nted electron micro i'(opint 

1 
And who ha ; do)ne the f ,!-;t F1 ';tudy of P. falc iarum. ''ll-quia li!1d 

condI:.on, 

to do yoh~t. 

for the ,ont part. Question the ex¢c:iiive =ou~nt 
Adezuql'tr and modoo., 

A.l2'ndtion 

Avppovil 



arch Proposal entitled "Ultrastructural and Cytochemical Analysis of
 
.,rial Antigens." Principal Investigator: Dr. SuEan Langreth,
 

The proposal is highly detailed, thoughtfully prepared, and definitely has
 
scientific merit. I certainly would endorse a project with Electron Microscopy 
(EM) orientation for the USAID Malaria Vaccine Research Program. I would 
recomend this proposal as a separate project in the USAID vaccine network 
for a multiplicity of reasons; foremost among them being that such EM expertise 
would be available for all of the network projects. Cuzrently, only the
 
Rockefeller University project has EM as an active part of its research 
project. Others in the network have to "farm out" their EM requirements 

not an optimal situation. The Ei requirements of the entire network should 
be accomplished at one source for reasons of comparability of results. If
 

USAID is to purchase expensive EM equipment, then it should be clearly
 
understood that the EM expertise of this proposed project will be available
 
to the entire network for vacine studies.
 

The orientation and emphasis of this proposal are focused on the overall
 

objectives of the malaria vaccine program. The oblectives complement and
 

integrate well with the objectives of other projects of the network. EM
 

technology is the only means of Identifying and locating protective antigenic
 

sites on and/or within the malaria parasite. In this connection, each of the
 

projects concerned with vaccination experiments shct-d provide Dr. Langreth
 
rtth adequate serum samplet from monkeys found to be totally protected by 

c ..ation. EM technology also is the only means of unequivocally assaying
 

. purity of vaccine preparaticns. Dr. Langreth's proposed studies on the
 

in vitro cultured "knobby" vs. "knobless" lines of falciparum parasite.
 

are indeed important to the USA:D goal of a malaria vaccine-especially
 
i.a they relate to he protective antigenicity of the =eronoite stage.
 

The proposed site of the project is ideal. I have visited the Uniformed
 

Servic s University for the Health Sciences ca=pts and found the overall
 
scademic interest and physical plant facilities to be outstanding. Please see
 
my eva!iation site visit report.
 

I consider the proposed budget to be indeed reasonable. Except for the
 

large in:tial expense of purchasing the Electron icroscope ($160,OCO) the
 

annual budget .-- to
ounts roughly $130,000 per year.
 

A final word about the Principal Investigator of this proposal. Dr. Largrsth
 
Is a diligent, careful and very capable scientist. I have personally reviewed
 

her contributions to the Rockefeller University proj,,.t during two site visits
 
and fct.nd them to be superior. Moreover, the fact that -the ban been associated
 
with Dr. 'WilliamTrager for the past 6 years speaks for itself.
 

MEER G. cwcz.~.' 
USACD CC?"XUTA"T :.N XA:AP"IA 
April 18, 1980 
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Agency for International Development
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Date of Submission: April 20, 1980
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Startln9 Dat#!: August 15, 1iBO 

rncipal Inve!tigator: Susan G. Langreth, Ph.D.
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B. Relevance of Proposed Work to A.I.D.
 

Malaria has afflicted the human race for centuries. It remains one of the 

most widespread parasitic diseases in tropical and subtropical areas of the world. 

According to the World Health Organization, approximately 1.5 billion people are 

at risk from this disease (Noguer et al., 1978). Of those at risk, 352 million 

live in areas, primarily sub-Saharan Africa, where there are no malaria control 

activities whatsoever. The WHO has estimated that the current annual incidence 

of malaria in Africa, Asia, and Latin America is 800 million infections, result

ing in 150 million cases of disease and 1.2 million deaths (Walsh & Warren, 1979). 

Most of these deaths will be infants and chilaLen. 

The United States has supported malaria eradication/control programs through

out the world since World War II. In the 1950's and 1960's massive efforts were
 

mounted in Asia and Latin America to eradicate malaria. These campaigns were
 

initially successful, resulting in a reduction by 500 million of %he people at 

risk from Lhin isea:te. However, there hau recently Y),!n a resurg:nce of malaria, 

partially .v; a result of Folitical instability, inade.quate financing coupled with 

inflation, complacency, and administrative difficulties.;. In addition, !-_.eral 

important technical probl m:i aave ari en. Malaria pard:;ite.; on all continents 

have deve lope.d r, i tance, to th,. drug.l g,.n,.ra111 it' use:( to cCmbat t!I-m, su1ch as 

chloroquino,. Xo:;qU itow, which tran.mrit the: di,*. ., hv, ev, 1 !,,d : e : stance 

to insccticidi:;, :;uch at; DT, di,.Irrn, pro|yotur, etc. Thi!; worl dw i ,d r,!. u 'jenco 

of mal.ria h.ia: beten '.o -.,ev,.r, Th t A.I. D. 1!1 cut-lnt]y con,-.ik,-r1nq an1 ,Xr ans.-ion 

of itu umi5 it-vnc, toxla a r'.,1po--

A IQndcn4-. f4.. mnltr r"ai'oe~ rar.od IcA-Iuu; I.,J'e'i 

tion camtpniolivi wn.- T.!;' ne; I ct ,f ' ; fcr rtye ir i (01.1r. , 1979) . A. I i o 

catcd only 0. 1% C)" thu .1 _1 ,1111'4,4 !tI C711, ()n .s1a~a ~ ~ m 9~0 '7~ 
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research (Chin, 1979). The current resurgence of malaria has stimulatee
 

both A.I.D. and W.H.O. to increase their support for research programs, but
 

total worldwide research funding for malaria remains at a low level, approximately
 

$0.02/infected person/year (Walsh & Warren, 1979). This level is significantly
 

lower than that for schistosomiasis, trypanosomiasis, leishmaniasis, or leprosy.
 

In 1965 A.I.D. began to support research on a new approach to the control
 

of malaria: protection from the disease by immunization. The agency has expanded
 

its initial support of one project at the University of Illinois (later University
 

of New Mexico) to a collaborative network of ten laboratories working on various
 

aspects of malaria immunity and vaccine development. One of the A.I.D.-supported
 

laboratories has made the most significant advance in malaria research of recent
 

times: the continuous cultivation of the parasite Plasmocium falciparum ir.human
 

.-ythrocytes in vitro (Trager & Jensen, 1976). A.I.D. network laboratories have
 

also immunized monkeys against human malaria (P. falciparum) using cultured
 

material as a source of immunogen and obtained varying degrees of protection.
 

The propos;al herein ,ubmitted is for a ralaria immunity project which would join
 

A.I.D.'s collaborative network.
 



-4-


C. Scientific Aspects of Proposed Work
 

1. 	Secific Objectives
 

The overall objective of this project is 
to locate and characterize
 

those components of the parasite Plasmodium falciparum and its altered
 

host cell which are important in immunologic protection against malaria
 

and which, therefore, may be candidate antigens for the development of a
 

vaccine. The specific aims are as 
follows:
 

a. 
To locate both the surface and the internal malaria antigens to
 

which immune animals produce antibodies.
 

b. 
To characterize those antigenic components structurally, cytochemically,
 

and immunologically.
 

c. To develop assays to asse :s 
purity of blood stage antigen preparations
 

and to 
screen for interstrain antigenic differences and antigenic vari

ation in vitro.
 

d. To deterune the structure and function of the knobn (alterations on 

the infected erythrocyte surface produced by Plasmodium falciparu 

infection).
 

2. 	Rationale 

The uniqute advantage of cytoch.miitry i. th.t th! chemcaI nature of 
cel]ular 	c0 1:onont ; can d, 	 :t-i:sd withrut tru' ' :, trtctural in-In 


tegrity inl LI 	m14t ? , , *i:.i .	 ' " .r :troyed 	by 

ho t~O tI±:.nI y -' ., 
-. C. C" !'I*t 

Vitual . r:1roy -,rrc:,sr. ."O 1_ 	 '1n 
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the level of resolution of macromolecules. 
At the present stage of malaria
 
immunity research, no one has obtained a pure fraction of any human malarial
 

component. 
 In addition, some components known to be antigenic, such as 
the
 
knobs, 
can only be detected by electron microscopy. 
Therefore, ultrastructural
 

analysis and cytochemistry is an essential approach to malaria immunity research.
 

A blood stage malaria vaccine may function by stimulating the host immune
 
system to attack exposed foreign surfaces, such as the plasma membrane (and
 
cell coat) of the parasite at the merozoite stage or the altered infected
 
erythrocyte membrane (including the knobs). 
 Immune inhibition may be the
 
result of agglutination of m,!rozoites, blocking invasion of merozoites, lysis
 
of infected erythrocytes, cc opsonization and phagocytosis cf infected cells.
 
Internal antigenic components may also be useful in a vaccine if antibodies
 
to them inhibit parasite development or the function of parasite organelles,
 
such as t}b . rozoit:e's rhoptries. 
 Using immunocytochemical techniques, by
 
which reactive sites 
are located with labeled antibodies, both internal and
 
surface ,ntiqtenic components. can identified.be Once found, :tructural and 
cyto,-hemical characterization can proceed even before pure fractions are 
obtained. In additio,, during fractionation and purification of antigens 
for ex, n vaccine unu, electron Microscopy can b, tou!:,d aneses 
quality, Frity, AM'. con ji:-tency of the preparations. Thus, ultrastructural 
analys ., nd ytoch,: i.4try are powerful but, until now, underitil'..ed approaches 

to ml-ra !munty rvesearch. 

3, L ter.tt.zr. ,' 'vit-w 

Info,:t.'cn L,, s.ri.'lar 
 parasitq rosults in numerous altarationj in the
 

pl4M.1 mc!jra;r of th hot h -. iir-/ unoloql lc9 , cht-mic.il, and 

http:cht-mic.il
http:ter.tt.zr
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structural. In Plasmodium falciparum infections, the most dramatic alter
ations are the "knobs" (electron-dense inverted cuplike protrusions of
 
the erythrocyte surface). Knobs, first observed by Trager et al. (1966), 
can only be visualized by electron microscopy. 
They are believed to be
 
involved in the sequestration of older parasites in the deep vasculature
 

of the heart and other organs, where P. falciparum undergoes schizogony
 
(Miller, 1969; Gutierrez et al., .976). 
 The knobs have been found to be
 
the sites of adherence of trophozoite- and schizont-infected erythrocytes
 

to endothelial 
cells 
(Luse & Miller, 1971; Aikawa et al., 
1972; Miller,
 
1972). 
 The gametocytes of P. falciparum are also sequestered (in bone
 
marrow) during most of their 10-day development. Although these sexual
 
stages lack knobs 
(Kass et al., 1971), 
they may also produce a receptor
 
on their host cell surfaces which is involved in their sequestration.
 

In a typical 1'.falciparum infection in its human host, one 
finds
 
only young parasites (rings) in the peripheral circulation. 
The more
 
matu.., p.irasites, bearing knobs on their host erythrocyte membranes, 

are sequestered. 
They are dislodged only in 
an im1une crisis. With the
 
advent of methcds to grow P. 
 falcioarum in continuous culture in human 
orythrocytes (Trager & Jensen, 1976), all stages of the erythrocytic life
 
cycle are re.dily obtainable. 
 In vitro cultivated orqani;:m. are ideal
 
for inve!stigainq 
 the origin fate theand of knob; not only Lb:c.use of 
the availability of maturij parasites al!:obut becau:.; the culturtv: arne 
isolated from the offecta of the i.muno -;y-;tm. An utr.i..utural tudy 
of hiv.iai, falci ;arum malarna grown in hav.vitro r,*ce,nt1y ,,,'n n c1;,!1,.t, 
(Lanqr,.tl ,t ,i. , lOYfl). Knob, firnt a; ptar on younq trul.hc~o..tv-in fected 

arythrocyte in vitro. In vtvo thii its the lifc?, cy(cltat. nt which 

http:Lanqr,.tl
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parasites disappear from the peripheral circulation and are sequestered,
 

presumably by their knobs. 
 In young trophozoites the knobs arise as
 

inverted cuplike plaques of electron-dense material just beneath the unit
 

(cell) membrane of the erythrocyte. The erythrocyte surface becomes dis
torted, .orming protrusions at the sites of knob material. 
Older parasites
 

(segmenters) generally have fewer but usually larger knobs than younger
 
parasites (trophozoites). Coalescence and sloughing of knob material 
has
 

been observed both in cultures and in Aotus monkey infections (Langreth
 
at al., 1978a). Sloughed knob material may be 
a source of antigen released
 

by the parasites in vivo (Wilson & Bartholomew, 1975) and in vitro
 

(Campbell and Langreth, unpub.).
 

Larger knobs and coalesced knob material of older parasites often ob
scure the erythrocyte plasma membrane. 
 Inability to discern this unit
 
membrane 
can be the result of oblique sections, but it is also possible
 

that the erythrocyte me"mbrane 
is structurally altered at the site of a
 
mature knob. 
 (Immunocytochemical data also implies that the erythrocyte
 

membrane is ritcred; 
See below). 
 Whether or not knob materials are 
trans
mW- cane inter.l ccmporients of the infected erythrocyte membrane can be
 
rj.olved by fr.,ze-fracturv studies. 
 The only treezc-fracture investiga

f.ions on a primate maliria are those 
of McLaren ,et al. (1977, 1979) on P. 
knowlesi. They have found that the P face of the infected eryt.hrocyte 
membra:e ha., 20% fewtr particles and that the di!;tribution of the particles 
wan ss h3 (nort clxned) . .a .everabol ically lMhld pro

toin. hiv, ht-, fo, i: ir th, iinfc , rted of primare 

m1ari . chilariqen rtd}ctUliheje & 011'sn, 197'); rzot fit al.,1979b) . Thtinw char.,r, ;-..y -il.o Lo relaL,.d to truct',Jr,-1 protein alterntion3 
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in the erythrocyte membrane, which could be detected by freeze-fracture 

techniques.
 

The Aotus trivirgatus griseimembra monkey is the animal model for
 
human falciparum malaria 
 (Schmidt, 1978a,bc). Aotus monkeys that were 
made immune to Plasmodium falciparum infection produce antibodies to the
 

knobs and sloughing knob material 
(Langreth & Reese, 1979). 
 These anti

bodies were detected by an itunocytochemical sandwich labeling technique
 

and electron microscopy. 
The knobs on both human and monkey infected eryth

rocytes bound antibody. Uninfected erythrocytes and infected ring-stage
 

erythrocytes (knobless) failed to bind antibody. 
Therefore, the parasite
 

must produce a similar antigenic change in the knobs of infectcd erythrocytes
 
of both man and monkey. 
Three strains of P. falciparum (FCR-l/FVO, FCR-J/FMG, 

and FCR-4/6252), cultured in human erythrocytes, induce erythrocyte membrane
 

alterations which have at least some common antigenicity. The knobs have
 
also been shown to be antigenically distinct from the rest of the infected
 

erythrocyte membrane in an heterologous system (Kilejian et al., 
1977).
 

Schmidt-Ullrich et al., (1979a) presented evidence that antibodies to two
 
P. knowlesi-specific antigens expressed on the surface of Rhesus monkey
 

infected erythrocytes were produced in inmrune anLnals. 
 They concluded that
 
presence of these antibodies was 
correlated with protective immunity.
 

It is still unknown whether anti-knob antibodies are protective in
 

falciparum ralaria. All previous blood-stage antigen preparaticns used 
to immunize monkey!;, even those that were mero;oit,-enriched, contained 

knob material (Siddiqui, 1977; Mitchell et al. , lt7 ; e,',; et . i., 1978; 
Riockmann et al., 1978). Natural infoction.,always Involve the pr-senco 
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of knob antigens. 
 In addition, there are other immunologically important
 

unanswered questions about the knobs. 
Are the knobs a site of antigenic
 

variation, such as occurs on the infected erythrocyte surface in P. knowlesi
 

(Brown & Brown, 1965)? 
Although common antigens on the knobs of different 

geographic strains of P. falciparum, which may be useful in a vaccine, have 

been demonstrated, it is essential to determine whether there are also 

strain-specific knob antigens and whether these play a role in immunologic 

protection against individual strains.
 

By crossed immunoelectrophoresis using immune Rhesus monkey antiserum,
 

two groups have found antigenic components in P. knowlesi schizont-infected
 

erythrocyte membranes (Deans et al., 
1978; Schmidt-Ullrich & Wallach, 1978; 
Deans & Cohen, 1979; Schmidt-Ullrich et al., 1979ab). (P. knowlesi does
 

not produce knobs). 
 Deans & Cohen (1979), working with P. knowlesi and
 

Kilejian & Olsen (1979), working with P. falciparum, both found new concana

valin-A-binding components in schizont-infected erythrocyte membr.r.6, indi

cating the presence of new sugar groups. 
Schmdt-Ullrich et al. 
(1979b) also
 
demonstrat'd by pulse-chase experiments with C14 glucosamine that the para

site-produced erythrocyte m,.mbrane alterations are glycoproteins. 
Because
 

it is not presentlY possible to obtain pure fractions of P. fa'lcinarum

infected erythrocyte membranes or knobs, 
a direct localization of labeled
 

(glyco)proteins in the knobs cannot be made utilizing biochemical techniques
 

(Kilojian, 1979; Kilejian & Olsen, 1979). However, this localization can
 

be obtained by cytochc:mical1 techniques .ind x.torad icJraphy. 

Fe t ; )e:,IV#! Lv'rn Mn'Ido to fix.am i r t he o :. i ll 
Miller . -t ,197) w:h(wei th.t the- kno!; do :,rt difler from the rest of 

tho irnfectt'! ,rythra(-tr- :!urf.-ce with rc: -:ct to :.indn. of ;ositlvely 
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charged ferric oxide hydrosols. 
In preliminary experiments, a silver
 

methenamine method modified from that of Rambourg (1967) has been used to
 

probe for glycoproteins in internal as well as surface structures 
(Langreth,
 

unpub.). 
 This reaction, performed on Epon-embedded sectioned material
 

mounted on gold grids, detects aldehyde groups in polysaccharides which 
 "e
 

exposed by periodic acid hydrolysis. P-itive reactions were obtained in
 

the parasitophorous vacuole 
(PV) of mature forms, particularly schizor.s
 

and segmenters, and on the knobs. 
This provides direct in situ evidence
 

that the knobs contain glycoprotein. Even malarias which do not produce
 

knobs do induce substantial changes in glycoproteins of the infected eryth

rocyte membrane (above paragraph; Sherman & Jones, 1979), 
but these changes
 

have been little studied cytochemically.
 

Variants of several strains of P. falciparum, maintained in human
 

erythrocytes in long-term culture, which stop producing knobs have recently
 

been discovered (Langreth et al., 
1979). The surface of the infected
 

erythrocyte of a knobless (K-) mature parasite is smooth rather than dis

torted as in the Knob-bearing (K+) wild type. 
 This change, detected by
 

electron microscopy, is the first reported alteration in host or parasite
 

as 
a result of in vitro culture. The mature forms 
(trophozoites, schizonts,
 

segmenters) of K- variaints 
cannot be concentrated by Phy.iogel, presumably
 

because their smooth and 
flexible surfaces allow them to participate in
 

rouleaux formation (Reese et al., 1979). 
 This altered behavior permits one 

to select for K+ or K- parasites by repeatedly !;ubculturinq from the Physio

gel top pha!s, (K+) or from the PhyA oriul hot tom ;hat:. (W-). Kvokli: :; ine: 

have been made in this manner for FCR-1, FC;'.-3, !'CP-4, an, r1,'O/r:ak Kzo 1/ 

Now Mexico (Langreth et a. , 1979; Campbell, un*ub. ). The miture formni in 



the K- lines are > 99% knobless, as determined by electron microscopy.
 
Knobless parasites still have Maurer's clefts in the erythrocyte cyto
plasm. 
However, loss of knobs is correlated with the loss of antigenicity
 

of the infected erythrocyte surface to immune monkey serum (Langreth & 
Reese, 1979) and with the loss of a metabolically labeled protein (Kilejian,
 

1979). 
 Loss of knobs as a result of long-term cultivation seems 
to occur
 
in all strains of P. falciparum: four additional strains, which have been
 
cultured for 9 months 
-
1 year are producing some 
knobless variants. These
 
strains are FCR-7/Kenya, FCR-8/West Africa, FCC-i/China, and FCC-2/China
 

(Langreth, unpub.). 
 Loss of knobs my reflect an altered pathogenicity of
 
the parasite in vivo. 
These variants may be attenuated or more virulent.
 

In any case, the existence of the knobless variants allows one 
to probe
 
the role of the knobs in the induction of antibody, in the sequestration
 

of older parasites from the peripheral circulation and in the protection
 

from attack by white blood cells, particularly those in the spleen.
 

An erythrocytic stage malaria parasite is surrounded by two membranes.
 
The outer one, the parasitophorous vacuole membrane or PVM, originates as
 
an invagination of the erythrocyte membrane ulpon 
 invasion by a merozoite.
 
However, the paraiiite rapidly alters the PVIM 
 structurally and chemically.
 
McLaren et al. (1977, 
 1979) have shown that the nutmier and di;tribution of
 
intranembranoun 
 particles (indicating proteins) are alter,:A! in the PVM. 
Langreth (1977) han 'hcwn that the polarities of red c(ll mter.brarae e n:ymatic 
activitie!; are r-rdifitd in the PV.M. Portion:: of the " 't: de:;o tt.d into 
the host citrculiatirn uprn ru.t: r, of , :r.iturt of 
zoites. Wheth, or ther not P".V in antiqenifcally :ut frcm th ,:rythro

cyto 'r.,ran,ii unknown . Iv,.n if PIr:I notin £t:e If .I- L v c'n 
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antigen, it should be characterized because it is currently a significant
 

Cohi-f-aht 
f isolated parasites ani parasite fractions. For instance,
 

if PVM retains erythrocyte membrane properties, its undetected presence
 

in experimental vaccines may induce autoimmune responses.
 

A commonly occurring alteration of malria parasite-infected erythro

cytes are the Maurer's clefts. 
 In P. falciparum infections, the clefts
 

appear in the red cell cytoplasm at the late ring stage, shortly before
 

the appearance of knobs on the erythrocyte surface (Langreth et al., 1978a).
 

These membrane-bound cisternae are often continuous with the parasitopho

rous vacuole membrane (PVM) from which they probably arise. 
McLaren et al. 

(1979) have found through freeze-fracture studies that Naurer's cleft
 

membranes are structurally similar to the PVM. 
Maurer's clefts can extend
 

into the erythrocyte cytoplasm from the PV to 
just under the knobs; they
 

have been found in contact with knobs in rare cases 
(Langreth, unpub.).
 

The contents of the clefts are morphologically identical 
to the contents
 

of the parasitophoroun; vacuole. Maurer's clefts may serve to transport
 

substance (:;uch as Ferhaps knob 
 aterial) betwten tht para:;ite ard the
 

erythrocut, _s-urfac,, 
 but at this time information ThOLit their And
 

function i:; lAckinlq -Sh"fnor' s dot:, a related tyl:e of 
 r-cund
 
alteration of P. v".vax nfct-i,!-eryth ; . cltCor-ct,(lam, bI!d .J!nn

labeled ,anti-:na 1ria 1 
. nt ibody (Toij e Ccat:lW7 , 1K) . -. ur,.r' cl.:t 

like PVM1, .irt : r ,tehI~ . .mw.na~t i- ~~r tr~tur 

ita ho:;t cell. A l:,-ike- v'i, .1ar-r : t. :u::t ±n,, .. i';.itd r~ot 

only for tO.,ir ov W. .mt±,;,nlcIty hut aIi'.c -,,.; ., u ,, ',t 

undotect !A 1r.,e.nce .r. c-; nta nl t : n other nor,! . uta . 1" at-lc;llc pro

paration.
 



b. 	Parasite 

The only time in the erythrocytic life cycle when the malarid parasite 

is outside a host erythrocyte and subject to direct immunological attack 

is 	at the merozoite stage. That blood stage parasite antigens, particu

larly merozoite, can induce protective immunity _o P. falciparum malaria
 

in Aotus monkeys has been well demonstrated (Mitchell et al., 1977; Siddiqui,
 

1977; Reese et al., 1978; Rieckmann et al., 1978). (However, the antigen
 

preparations in all these studies were heterogeneous and probably also
 

contained knob antigens). Protective growth- and invasion-inhibiting
 

antibodies to P. knowlesi merozoites have been found in immune sera of
 

Rhesus monkeys (Butcher & Cohen, 1972; Miller et al., 1975). Miller et al.
 

(1975) further showed that immune serum agglutinated merozoites by binding
 

their cell coats and caused reduction in invasiveness. By EM L i unocyto

chemistry it was shown that merozoites bind antibodies from Aotus monkeys
 

which are immune to falciparumn malaria (Langreth r. Reese, 1979) . The inter

action with antibody resulted in changes in texture and an apparent increase 

in 	 the merozoite cell coat. Adjacent merozoites were cross-linked and 

agglutinated by th,.ir altered cell coats. Binding of labeled antibody 

was 	 heav I on the coats of both homologous and hetrolo<;ou.s !;trains of 

parasites, indicating that the mero.oite -Turfetce-i of the tented strains 

share at least 'ome cc.non antigens. flc-:,ver, bcau' traini examined 

were both West African (FCR-3 and FC11-4) , further rim' should bents Ox 


performed usingI strains and antitera from widely different geographic
 

regions.
 

Critical anal-yui of the various morozolte nurfaco and intornal
 

antigena has yet to be made. For instance, what arc the relative
 



-'14-. 

antigenic contributions of the merozoite coat and its plasma membrane
 

after the coat is removed? Are there strain specific antigens and where
 

are they located? Where are the common antigens? Are merozoite antigens
 

(coat, surface, or internal) stable or do they undergo antigenic variation?
 

Knowledge of this kind is essential for the development of a merozoite-based,
 

vaccine effective against all strains of P. falciparum which may be en

countered in the field.
 

The ultrastructure and invasive behavior of P. falciparum merozoites
 

are similar to P. knowlesi mero-oites (Bannister et al., 1975; Aikawa et
 

al., 1978; Langreth et al., 1978a,b). The cell coat of the merozoite is
 

believed to be protein or glycoproteir. (Miller et al., 1.975; Bannister, 1977)
 

although its nature has not been rigorously studied. The coa: is also
 

present in the mr.erozoite buds of P. knowlesi schizonts (Bannister, 1977'
 

Proteins which a cell synthesizes for transport to the cell surface or for 

export are usually proce:;sed by the Golgi app-aratus, where they are fre

quently glycosylated. The Golgi apparatus of P. falcipar- i; mo-t promi

nent during :;cwhi.oqoy, whvn merozoite.! ant their coatsz, rhoptrie:;, and 

micronemes at, b,.inq for ed (Langr,.th et al. , 197,1a) . By localizirnq and 

tracing prcduct roc.;.d thrcugh tho Colcrli, one -iy jain information on how 

the para!-;ito control-, th.,e production and distribution of (rjlyco)proteini 

in the rw'roo'.t, cell coat, tlm 1, r1i to|4,oruus vicuole , :auror'.- cluft:3, 

and at th Iry.!fr yt,, "urf.%ce . !,icau!.,, :.ny of th,. .,, g;1 ccj 'ote ins appear 

ant I ,p-ni Ley nt t ito be c tlac. ,rta 1 y ,.'o,r. j 

P. t1i': ;aa - 1-h L envli in Oth' 

formation ()f~~r. mc~r-v., 1'~~i .ire, t lolievecail "4111.Ct' 

ub;_ orizcoi tr vnalj r~yto sacroe __.hc at In 'y, 

http:Langr,.th
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These organelles may also help merozoites escape 
their old host at the
 

end of segmentation by aiding in the lysis of 
the parasitophorous vacuole
 

Little is known abort the nature of rhoptry
and the erythrocyte membrane. 


or microneme contents, other than that P. berqhei 
rhortries were negative
 

for acid ph:sphatase (Aikawa & Thompson, 1971) 
and that P. lophurae rhop

tries contain som- histidine-rich protein, which may invaginate 
the erythro

cyte membrane (Kileiian, 1976). This histidine-rich protein, the only
 

used to successfully irn=,unize ducklings
purified malarial protein, was 

Although this particular

against P. lophurae infections (Milejian,1978). 


protein is present in significant amounts only 
in P. lophurae infections
 

in ducks, similarly unique and antigenic proteins 
may be present in
 

Therefore, the composition of
 rhoptries and micronemes of P. falcioartu. 


these organelles should be investigated.
 

4. 	General Fxnerimenta! Design 

The research to be conducted in this project will 
be in the following areas: 

Localization and characterization of both surface 
and internal anti

a. 


genic ccmont!nts in blood stage Plasomodium falcipartum infections. 

techniques will be applied to the para!;ite and to 
Immunocytochenical 

the infected erythroc-ytn.
 

trticularly

Cytochmical characterization of antigenic -ntructur,::,

b. 


and 	 tlh knobs, but il-;o :N,,uetr'!; ot the 
the merozoit, surf.sce 

cc rrnnt :;, :;ucha:.d 	 internal n,rozoit,! as 
parasitoIphorou: vacuole, 

:.ph .i i wil l on g yCorot,' n Tih. rot,, ' .. ~on and the 
rhoptri,'. . 

the irartradioautoirahic t.ac :,q of cc[o,,:.t :ynt h#. .d 

and prc,:::,'! .rc1 j . 

n t-1r 71h )ry,7t' rane with .arti-
C. 	strurturil .fi 

.. *r~~cn ;' ~r 
**-f *''n.
C~i .r ~er Cto 



of the knobs in vivo by comparativeof the functiond. 	 Determination 

studies of knobby (K+) and knobless (K-) lines of P. falciparum.
 

e. 	Ultrastructural analysis of blood stage P. falcipar-m 
antigen prepara

tions for quality, integrity, and purity.
 

Periodic mcnitoring by inmunocytochemistry for changes 
(antigenic


f. 


variation) in 	long-term cultured material.
 

5. 	Methods of Prccedure
 

will be maintained in vitro in human erythrocytes
Plasmodium falciparum 

Two strains will be used primarily:by the methods of Trager & Jensen (1976). 


Both of these strains have
Knoll/FCR-l and FMG/Gambia/FCR-j.
FVO/Vietnam/OaX 

knobles. variant lines.
 

a. 	I Tunoc.vtochemical localization and characterization 
of both surface and 

and infected e ,t.hrocvte.
internal antigenic components in the parasite 

inhibition assay levels with antibody-reactive
1. 	Correlation of 


sites 	dtermi.e.ne by EM ir-u-ocytochem5tr'.
 

in vitro a,ay:; for protective antibodies basel upon
Reliahic 


now being

inhibition of parasitte growth and mero:oite reinvasion are 


et al. , 1979; 	 Reese G otyl , 1979). by correladevelc;.e- (C.t. p+ll 

tIon of t ,. locatvo s of bound artibde a; deteA'..ed ... n.. to

b e!.te;eA:ItIbod7 aS ,chercalI. wit h lev.ls of inhxbtcry 

an,'d nfecte,! er',t.-cc.t, which 
assays, the c of t.,tt! ,t 

c r. b: - '"I, d.in i vt . ar at-,,,mi I,are ar.ti erical ly :n;: rtar.t 

l.:'w lvve of
Atte .i.:.will I .<c tc, 

W t . V ,, .i .. a 
growth aro! rrinva._Or, iahnidor, 

t
location of :urfa t. a.,! intt~rral ir:,oz/i r' - cal rt. 

tetted. Ta5 act.vtis c di.ffoentthe 	 d !fn:.rt -nt,-eraa=.Ong 

http:dtermi.e.ne
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dilutions of antisera will also be examined with both assays.
 

Antisera will be obtained from Aotus monkeys made immune to 

m&laria by infection followed by drug treatment or by immunization 

with blood stage antigens. Antisera will also be obtained from
 

rabbits, which have been immunized with various antigenic malarial
 

preparations, such as culture medium supernatant (Campbell, unpub.).
 
growth inhibition
 

Rabbit-produced antimalarial antibodies can be used in 
/ assays 

since P. falciparum can be cultured in human erythrocytes in rabbit 

rather than human serum (Rieckmann et al., unpub.). Monoclonal anti

malarial antibodies prcduced by hybridoma techniques will also be
 

used a-; immunocytochemical probes (see below).
 

To locate antibody reactive sites on parasite, especially mero

zoite, surfaces and on infected erythrocyte surfaces, an imnun~cyto

chemical sandwich te:hnique will be used (1Mngreth & I-e.ose, 1979). 

All sera will be heat inactivated at 560 C 'or 30 min. ar.d ab-;orl.-d 

against normal human eorythrocytet; boerorv u;t. Unfixe(d or lightly fixed 

(0.1% glutaraldhyd,', 10 rin., 4C) paraitt c 

morozoit"3 will Le wa.0hed 3 x in buffera Pr ., ,C0r ", in 

buffer at i,% cell density and incubated with th:, t,-.t ::. eoz 

10 min. at 40C. Tho :ja"plt'n will thn : w..h,-. 3 x Witt 

buffer and incuhat-l for 10 m n. at 40 C wit! " :.r1 , .v~t :., 

which i~s antil.- ly to thi, f '.r. t (t,, ) '. ru:. ar'. . , , . tc 

the r!tionI x 

cfixed an f,~.-r .' 1" ct tcfl ri-. :,-~.~4, 

incuhat ion wi th ,i:. ,~ 4 ~th~c ':Itn~.7 v 

tncubation with only theaa~cund ~tr



owu 

4 0o 

Wb.illa IF. 

*We7aw cwg o, Acaks 
xAis FP 

TAHrjquF67WI

an I0 ly~o 

X-S",-4sbd~od 

_11, _410 



antibodies. Monoclonal antibodies are produced by somatic cell
 

hybrids (hybridomas) created by the fusion of a no-mal antigenically
 

stimulated spleen cell (lymphocyte) and a myeloma tumor cell. Hydri

domas enable one to obtain large amounts of specific antibodies from 

cells which can be maintained indefinitely in culture. Some anti

malarial hybridomas have already been produced (Campbell, unpub.; 

Miller, unpub.; Taylor, unpub.). Because each hybridoma's antibodies
 

are highly specific, they are extremely sensitive probes for strain

specific antigens.
 

II. Separation and testing of erythrocyte (knob) and merozoite surface
 

antigens.
 

Because all previous "merozoite" prepa.rations used to immunize
 

monkeys against P. falciparum contained knob material, it is unknown
 

whether one or both antigens are requi'ed for the development of im

munity. The knobleus variants of the parasite will be exploited in 

order tc separate antibodici to these two components. Knob-specifiT 

serum will he produced by absorbing isolated knobless (K.-) merozoites 

against inmrune surun. Antiservzn free of anti-knob antibcdies will be 

made by abnorbing knob-hearinq (K*) infected erythrocytes against 

immune seru~m. After checking the completeness of these absorption3 

by imunocytocheistry, these two sera will b,! u.-ed in the GAPI assay 

to determine t.h-e relative roles of anti-knob a ant -- rooitv anti

boditiu in inhibition in vitro. It should be ,nnv.d, howev,:r, that 

oven if knob-ni,7cific anti::er, fail to inhibit in vilt.-o, khob anti

bodies may .ti play n rolo in vivo. Ono can onlly inve.it.il ttl tho 

role of knobs in the cellular imnuno ro onsc, in vivo. 

http:inve.it.il
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Knob-specific antiserum could be examined in vivo for its
 

ability to prevent or cure a malaria infection. However, other experi

zants involving scarce and expensive Aotus monkeys have a higher pri

ority (see Section d.); but, if all immune sera from both human and 

monkey sources screened over the next several months are found to
 

have high titers of anti-knob antibodies, in vivo testing with knob

specific antisera would become more important.
 

b. Cytochemical characterization of antigenic structures
 

I. Glycoproteins
 

These studies will focus on the knobs and the merozoite surface
 

and coat, but Maurer's clefts, the parasitophoro-is vacuole, and internal
 

merczoite components will also be examined. Successful application of
 

cytochemical techniques enables one to label structures with visible 

markers. These markers can then be used as indicators of composition 

and/or purity of fractionated antigenic preparations. Cytochermical 

tests will be applied to both Y,+and K- lines of P. falciparum and un

infected erythrocyte controls. In addition, variations as a consequence 

of l.fe cycle stage will be examined. 

General cytocherlcal tests for glycoproteins and polysaccharides 

will he iie d first. These will include rutheni",, red and Alcian blue

lan*hanuzi nitrate staining for nurfaco glycoproteins (D%,wyer et al., 

1974) and thf! thio:azr1oycra-de-silv.r rotoinate F.roc.ur- of Thi~ry 

(1967, 1969) for internal is well as surf.ice q1ycorcti:,:. Th,. Thi/ry 

reacti onn "i-'t .i:d , tct aal ,,hy'/* in ;.oly:acch.nonrou|: cn 


riden which art, ,x|o ::., Ly . i yr:,l?: I,'tlcdi:.
 

~i~cai. tnof 1.*'t n reoeptnr-r 1-~ i ~ tdart~~o mnl ar la 

r~ ~t~ar.uh 1. 1. Kro~iv.r (1,467() tout.,, *_i t ! s" a 

http:F.roc.ur
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"1surface" had few lectin binding sites relative to the erythrocyte
 

surface in P. berghei infections, they failed to distinguish between
 

parasite plasma membrane and the parasitophorous vacuole membrane, 

and they did not examine merozoites or internal components. The
 

techniques herein described are new and have not been applied to
 

malaria before. 
The technique of Horisberger & Vonlanthen (1979) will
 

be used cn the surfaces of K+ and K- infected erythrocytes and mero

zoites. 
 This procedure simultaneously localizes three lectin recep

tors (Concanavalin A, soya bean agglutinin, and wheat germ agglutinin),
 

using different size gold granules 
as markers.
 

A second method for detecting lectin binding sites, which can
 

be used to detect both surface and internal carbohydrate components
 

(Gros et al., 1977), 
will be through the application of glycosylated
 

cytochemical markers 
(Kieda et al., 1977; Monsigny et al., 1976a,b).
 

Samples (cells or 
sections) are incubated first with a lectin and
 

subscquently with a cytochemical marker 
(ferritin or peroxidase) which
 

has A-een glycosylated and carries a sugar specific for the multi-valent
 

loctin. 

The following lectins will be tested:
 

Lectin Binding Suars 

Concanavalin A a-D-glucopyranoso, (+U1-acetyl) 
a-D-mannopyranQo,;e (+.,-acetyl) 

Wheat Germ AIglutinin (WGA) D-,Ic;,Ic:A(:-(I-W',)lcNA: 

Soya Din A'pI n C',IPA) . jalactose 

Peanut A:';!utinin ("") D-ga(acIIoN;, :.' :r.,inl,.. 

Kidney P -,. Ac(gIJ tI ni. (wP"i:) ..... .. .-, . ....... ) n 
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Lectins (Cont'd)
 

Lectin Binding Sugars
 

Bandeiraea simplicifolia -2-acetamido-2-deoxy-D-glucose
 
Agglutinin II (BSA II)
 

Gorse Seed Agglutinin (UEA) a-L-Fucose, di-N-acetyl-chitoblose
 

Solanum tuberosum di-N-acetyl-chitobiose
 
Agglutinin (STA) tri-N-acetyl-chitotriose
 

II. Enzyme cytochemical reactions
 

The erythrocyte membrane reactions for ATPase and NADH oxidase
 

will be applied to P. falciparum to determine whether the parasito

phorous vacuole membrane is altered by association with the parasite 

as it is in P. loDhurae infections (Langreth, 1977). Infected and
 

uninfected erythrocyte membranes will also be compared for their enzy

matic activity. Material discharged from merozoites, rhoptries and
 

micronemes may prove to be important antigenically. Therefore, standard 

cytochemical tests for lytic and secretory enzyme activities will be
 

applied to malaria parasites in order to characterize these organlles
 

(Novikoff et al., 1971). 

III. Radioautography
 

Because the synthetic machinery of mature erythrocytes is non

functional, the structural and chemical changes found not only in
 

the parasite but also in the infected erythrocyte are undoubtedly 

produced by the parasite. Parasite-controlled synthe.,is and processing
 

of materials can be confitr.ed directly by EM radioautography. These
 

experiments munt be done oi synchronized infe:ctions. Cultures of K+ 

parasitet; will be .,ynchronized by a doubl, rhyniog,',l proceduro 

(Nguyen-Dinh L Lanrjreth, unpj',lb.) . An ayrichronou : culture in; sub

jocted to ~hystio'pl t...tnt. Tho txp portion (75% Ma.Luro fnmrn) is 

http:confitr.ed
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mixed with uninfected erythrocytes. Invasion of merozoites is allowed
 

to occur for 12 hr., 
at which time a second physiogel separation is
 

made. 
 The bottom of this preparation, containing young rings, which
 

are 6 ± 6 hr. old, is taken as the starting material of a "synchronous"
 

culture and plated at 8% suspension. Starting parasitemias are about
 

3%, which is 
just sufficient for electron microscopy. Once synchronized,
 

the parasites can be |.ulsed and pulse-chased withi radioactive precursors
 

at various life cycle a and for various periods of time.
 

The cytochenical .ll
it indicate which sugars are predoninant
 

in the glycoprotein's of a.,. .!cnic structures (knobs, merozoite cell coat,
 

parasitophorous vacuole° 
 t0'.) . The incorporation of the appropriate
 

tritJated sugars adi l u transport 
will then be investi

gated. These tec: 
 :...,c evr been .iplied to malaria parasites, 

but reliable mt.cd. .A e . ta1b1Tht for other cells (Michaels &
 

Leblond, 
 1976; al., 1969). Since proteins for export are 

usually glyco t ! C.)!,;i, we ex',!ct to find label in that 

organello after thcUt 14y, thes exp,-rment-, we will determine 

where aind w1d- in j !ifv cyclt- protein,,
are qlycocylated, 

by what .t.z.u .:: t., y . tr.intsporttt , 'InA whu Th3r t!h'.y 11ptIear at 

external . ak1 ti;ol>. N.d cell ccat. lnfor,'ation on t1he cyto

chemica 1 ,a t t1:-'tl.ti r .r place ofPi: :ynth, :;i: wi11 atsist in 

the isolation 'C.tt.,o:n p'otfntiA. antigens or in their;,-ir 0.,1r of t~hc, 

elimination from. f r~ctionated matorial, 
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c. 
Structural analysis of the infected erythroc-ite membrane with particular
 

reference to the knobs.
 

I. Freeze-fracture
 

Structural changes in the infected erythrocyte membrane will be
 
examined by freeze-fracture/freeze-etch techniques. 
Attempts will be
 
made to determine whether knob material is an integral part of the rbc
 

membrane, i.e., 
a transmembrane protein. 
 In addition, the particle
 
composition and distributions in normal and K+ and K- infected erythro

cyte membranes will be compared in order to determine whether other
 

possible protein changes in the erythrocyte membrane 
as a result of
 
.nfection by P. falciarum are expressed across the membrane. 
By using
 
sorbitol-ynchronized parasitized cells (Labros & Vanderberg, 1979),
 
correlation of the structural alterations found with life cycle stage
 
will be attempted. Both FVO and FMG 
 strains will be examined because
 

of the possibility of interstrain differences.
 

II. Scanning P!ectr~n microscopy
 

Scanning electron microscopy will be used to investigate inter

strain differences in the size, nunber, distribtition, and antigenicity
 

of knobs at P. falcinarum infected erythrocytes. Tht development of 
an immunocytochr.mical assay for scanning micro:;copy will be attempted. 

The antibody marker will he he-mocyanin or Thisgold. a.!;ay would 
enable one to rapidly ncreen for anti-knob or other !nurfa,,. antiode. 
Specific antiLodi,-; to ni2raco ccm!c.rnt:; ',: ;ch .: thc:-;, which may be
 
produced Ly hybridr:-.;.,,xlr b, partclL-l, u1:.,1 
 ; ,,omy,,ri.:trains 
by CEM. '.,. Thtylor chcrl'rtlO
. r -..
 

surface will Le .. . in t: 
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d. Determination of the function of the knobs in vivo
 

The role of the knobs in sequestration and immunogenicity will be
 

tested by comparing the behavior of infections of K+ and K- parasites of
 

strain FVO of P. falciparum in Aotus monkeys. 
Strain FVO was chosen be

cause, although it is chloroquine-resistant, it is well adapted to Aotus
 

and its infections can be cured by appropriate drug treatment (Schmidt,
 

1978a,b). 
 Monkeys will be karyotyped and grouped accordingly (Miller et
 

al., 1977). 
 The minimum number of monkeys will be 6/experiment (3 K+ and
 

3 K-), but if splenectomies are to be done, more monkeys would be required
 

per experiment.
 

Cloning of knobless 
(K-) will be necessary to obtain genotypically
 

pure lines. 
 This will be accomplished by dilution, micromanipulation,
 

or single drop/mechanical cloning methods. 
K- variant clones will be
 

examined by EM to be certain that each is 100% knoble,ss and remains stable 

in vitro. K+ and K- line:s will be transferrd from htuan erythrocyte.s to 

Aotus erythrocytes in vitro as follows. Parai.;ite-; in huzn r d colls will 

be synchronized by norbitol 
(Lanbrcs F. Vanerl;erg, 1c479) an" then ,lloweu
 

to mature. 
Nature forri; (trophozoit'.s, schi zonts, and *,.I,.nzr:) will be 

concentrateI Ly grad i.nt rpodure. Oirem 
 ita 

with monk,!y 'rythrooy*:, 
. After cultivation, fer an tI o>a1 4 hr.' 

virtually all 
ti, pra:,i tt,.
s 'wil -, .n
 

variant In ,,ythroc)0t,:: iotu':in vitro will 
 L,1:, ex::-:.,: y to .-~k 

certain tr.,ittthe. :s'tt: 1 i-i flh n ho'. ' ",.,w : r : , . 

O a ::p 1e,,: r t',.,,] , 

l Tthnuo-
 )fr t!. , v.a iaint in 1.% k&-rkns'!,nt it ,,7 ho 



-26

knob-bearing "wild" type in pathogenicity. The pattern, rate, and course
 

of parasitemias of the K+ and K- lihes will be monitored by Giemsa-stained
 

blood films. Blood will also be examined by electron microscopy for the
 

possible appearance of knobs in the K- variant. Aotus monkeys are too
 

valuable to allow the infections to run their natural course. As soon as
 

the outcome is obvious, animals will be cured by treatment with amopyroquin
 

(20 mg/kg/day). If more than the minimum six monkeys per experiment are
 

available, some animals will be splenectomized during the infections and
 

their spleens examined histopathologically. Cured splenectomized monkeys
 

will be added to a breeding colony. Cured intact monkeys will be rechal

lenged with K+ or K- parasites and will be used as sources of immune sera
 

required for the experiments in Section a.
 

If K- does no. revert to K+ in vivo, many questionc will bk answered 

about the role of the kr,oh'.. Biy sequestering mature parasitized cells, 

do the knobs prote t from iimune phaijocyto-is in the :;pln? Art! k,.oh'" 

nece :;;ary for ,, 1ue.tx-Ition of P. falciparu.n ,.rythrocytic i.r-rait:tM;? If 

K- para:;it:; do ,st; ,.t,,r, i:; it in the ! edfl', 1.tcm ;: K 4 r.i t,..: Will 

T-. ,.c or or will it he .-7.or,. r.,pidll y !,, V 1? A ,. vh, 

ant bd..P:1 'o , , k!o i,.n : tt.h i t', bloodv ;UI':"(y!".;.:. 

and pl,:-,in ., : :'i ,.,. ;- ,' .,. ,: .7 ,. 

OccA'ior.,117 :.; :'toi1', oof )J|:ro* d . . t 

in vitro **.~ #7-:41: I fl14 ;I. ~ ~ .~j:I~ 

the kitb(III v;r .r. w.I 1cht -,. y V t1 .1 ;ti I f: 71:t t- e 

Lnun t T- prn,,s whiez will to' im 1rti--1 ;*n;' '.; 
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The most critical in vivo experiment involving knobless "mutants"
 

will be to determine whether immunization with K+ or K- merozoites pro

vides equal protection against subsequent challenge with a "wild" type
 

knob-bearing strain. If K- merozoites are found to be equally protective,
 

knobless strains will be particularly valuable as a source of vaccine
 

antigens because they grow more rapidly than K+ in culture (otyl & 

Reese, unpub.) and because K- seems to be stable in long-term culture
 

whereas K+ is not. If K- merozoites do not protect well, vaccine antigens
 

may have to be prepared only from relatively short-term cultured material.
 

anz!vsis blood _r~arat m 

All previou:i blood ntaq;e antigen pre,',tration, ,v,:n th,o;e which were 

used succe s;fully to i.un.e rokeys , wre .oe .. oe ,and contiminated 

with hoit c,!1 m.teri.l. No on~e can afford to, continu,, t,) n 1,;. rink 

monkey. by cxj c., %; th.:-n ) "i± rty" . tii.. , cor.tair., -;'ch " ir.tcted" 

debri . h . rtc c11 ,. can. I-v 

culr1'', in .i: t rn t:hf-y n.. 

e. Ultrastructural of stacie P. falciraum antic:en ions 

rment of .ntbn cva11 'i , a:. tytir 

At :i rurel-y !!orocUla tli't-tYc 1ron mcroticorq car. detect 

p a 4 5 t~ , d 4~ o i . ~( ~ ' ' c~ or i r e !!) , ~ 'e_ 

pa ~ote !x>{'ri :.4 , v .. r1r, gd~jtro n 4 
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les v~sicules de transition entre l'ergastoplasme et Vappaxreil de Goli.
 

J. Microscop. 8: 689-708. 
Tobie, J.E. & G.R. Coatney. 1961. Fluorescent mntitc y staining of hu.,tn malaria 

parasites. Exp. Parasitol. 11; 128-132, 

Trager, W. & J.B. Jensen. 1976. Human malariA yetr.tsitots in cofnlt:. ,iui ijlrue . 
Science 193: 673-6"75. 

,. . .L
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includes critical point dryers, an automatic freeze dryer, JEOL 35 scanning
 

electron microscope, a Balzers BAF 301 freeze-etch microtome, a vacuum evaporator
 

with a rotating piccform, and a cryostat. Animals will be housed at the centralize(
 

animal resources facility, under the direction of Dr. Richard C. Simmonds. The
 

facility has had previous experier.=e with Aotus monkeys.
 

The principal investigator, Dr. Susan G. Langreth, will spend 75% of her
 

time on the project. Her academic appointment is Associate Professor in the
 

Department of microbiology. Dr. Langreth's curriculum vitae is appended to the
 

proposal. Current research support for the principal investigator is as
 

follows:
 

W.H.O. (TI6/181/M2/17C) , Aor'brane Interactions in Malaria; 

Principal Investiqator; 30% calary + effort, 1979-81
 

A.I.D. Conlr:dct No. TA-C-1373, Lar-, ScUlo Culltuie:; of Humin Malaria 

.tr.Ll t.,t.ir for n. for 

An'ly:i'n of t',. Pr,1!;i t,-1.; :. ill iam Traqer, Principal Investigator; 

70% .;alatry' vf,." rt, 1~,79i-81. 

(P. f. 1ci vrl: r) u;,, imu:ni.ation nd ,Utigenic 

Both qr'int t t '.!l:i rato of Yiara.;itoloqy at the Fckefoll'r University. 

Th W.H.O. ;a.nt I;; not tran:-vr~i1--e and.oj d ter:inate as soon as Lzngreth 
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laboratories within the malaria immunity and vaccination research program.
 

The requirements for an 
acceptable electron microscope are:
 

1) routine high resolving power
 

2) ease and speed of operation
 

3) contamination-free high vacuum
 

4) great electronic stability
 

5) reliability
 

6) ease of maintenance 

7) rapid and reliable service and parts
 

8) 
proven and modern design to avoid discontinuation by company.
 

Several instruments fulfill these criteria: Hitachi 11600, Philips 400, Zeiss 10,
 

or JEOL 100 CX/SEG. The Philips 400 can 
 be eliminated because of its excessive
 

price. The Hitachi, Zeiss, and JEOL are similar in price, 
 but the JEOL is superior 

in ease and reliability of operation. The JE.OL 100 CX fe,aturer ,odern, tested,
 

and well-designed electronics and vacuum 
 rystemo. The JEOL ser jice or,'jini.ation
 

has an outstanin-y 
 r(putation for speed and reliability,. Thereforo, the JECL 

100Cx/SEG i; tho instru-ent of choice. 

Ultraicrotcx-,,, This instru-.,ent is required for producing the ultra thin section

of Epon-.mL..cIed biological m-tterial for exa:ination in a tran!.ri-.in electron 

micro-cope. 

Contrifuse,. -he refr,%ted 


Vuld 1-o unedj he4vj 1,. With the crni-c.rrletr, 14 ha, .1 .... ,
 

.;. i: -t.C3cfr ,;,n,r.ral .... : triiu/ *hich 

Infrctod c r
 

I i i c:- i iid- rc;. A n :.r;G~cpo ivh §Q;cr*-4r ~ptcl g n'.444r 

http:tran!.ri-.in
http:Epon-.mL
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A dissecting microscope is required for orienting specimens during embedding for
 

electron microscopy and for trimming blocks.
 

Laminar flow biohazard hood and incubator. These are the major pieces of equip

ment required in order to culture Plasmodium falciparum in vitro in human erythro
 

cytes.
 

Balance, pi{ meter, curing oven, refrigerator. This equipment is baoic to any
 

biological research laboratory.
 

Liquid nitrocen tank for cryopreervation. A neans of storing various strains 

of P. falciparurinot currently being used is esential for any laboratory doing 

culture ,.,rk. Al;o, fresh isolates must b*! preserved for antigenic ccmparisc..s 

with loig-term cultured material (Section f). 

Darkrocm dtoi:_ L-1uij r,n. in order to obtain consistent high quality results, 

rihotogr-iph:; t..kr, in thoe ,.ctron micro.;cope mus;t b/ processed unde- controlled 

conditio:..~ (h':irkrcx.:nequip.41r"1t r' n(dciule: a w.%ter te', 4turv and 

pressurt. r-,u:1 itor, i ni9 :c,:n hur-t av]i .tlci ;.stem, and dev;.Koping tanks3 and 

film rack:;.
 

Miacelln-oun !:mall itemn. rhi- cataqory in budgeted at $2000 for Year 1, $3000 

for Year .1,and '3500 for Yuar 3. 

Dio( eiis ki~ irci ei~nial for producing the ccntivmnd r've5 

'-n r,.cn which i~r c u f(, (,ol 0_1,ctron microaiigtently hi i qt i1 y 

Ie tc W (I ,II i th ' acopy . I b I.IV*. I V 4." ,Ug.or ty 
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to that of Dupont. Also, Dupont will guarantee only one rcsharpening of its
 

product; Diatome guarantees five.
 

sources of seru:m for the maintenance of
Rabbits. These animals will be used as 


P. falciparum in culture and for some of the immunocytochemical experiments in
 

Section a.
 

Aotus monkeys. In order to locate and characterize the antigenic components in
 

blood stage P. falcipartm infections (Section a) , the sera from monkeys immune to 

malaria is essential. The sera from immune and normal monkeys is also necessary
 

in order to perform the i.munocytochemical experiments outlined in Section; c and 

I>havior of K-infectedf. Immunization with K+ or Y- erozoites and testing tbe 

erythrocytes in vivo (Section d) obviou.sly cannot 1e dor.e witho,,t. cnky:;. ;otus 

monkeys of Colombian origin will 1:e Purchzitnd fr-m South ;ericin Vrirnates 

.($400/ariimal1) arld karyotyj}ed by the :ow Entlan ?rimatt, Centter ($l'7-/. %i 1) 

will -e oued 2 to a caqp, (rack of r) ciqe;- at C3OC00) Pri:rat, i'.ar2 i' curr,.ntly 

-a:ars 2 and 3 inclules allowance- for the$400/ani:-.l Pe" y1.ir. Th,- budct in 


board of monk.eys purchased in prtiviou!; years.
 



SUMMARY BUDGET
 

Category Year 1 Year 2 Year 3 Total
 

Salaries 
 34,000 39,100 44,965 118,065
 

Fringe Benefits 8,500 9,775 
 11,240 29b,515
 

Consultant Fees 
 500 575 660 
 1,735
 

Travel-Domestic 2,000 2,300 2,650 6,950
 

Travel-Foreign 1,500 1,725 1,985 
 5,210
 

Equipment 207,400 
 3,000 3,500 213,900
 

SupplieL + Services 39,900 51,405 
 65,470 156,775
 

Publication Costs 1,200 
 1,380 1,590 4,170
 

295,000 109,260 132,060 536,320
 



-41-


CURRICULUM VITAE
 

Susan G. Langreth
 

Personal History
 

Education 

1962 B.A., Zoology Wellesley College (Durant Scholar, General 
Honors, Phi Beta Y..pra, Signa Xi Associate) 

1969 Ph.D., Biology University of W . 

Thesis Title: Studic. cti C.ir-,or Cr.h: I. SpermatoqgeneFis; 
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