QO OUW s e Ty o e - a—— A |

AD-A189 007

ROODO 1 ABARY

SYNTHETIC PEPTIDE VACCINES FCR THE CUNTROL CF
ARENAVIRUS INFECTONS

FINAL REPORT

M, J. BUCHMEIER and PETER SOUTHIAN ‘

DTIC

@AELECTE

July 31, 1986

Supported by

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

Contract No. DAMD17-83-C-3013

Scripps Clinic and Research Foundation e
La Jolla, California 92037

~ Approved for public release; distributicn unlimited

The findings in this report are not to be construed as
an official Department of the Arnmy positicn unless so
designated by other authorized docunments

H

s e st e

Bg 2 09 v20




T —

AN T AL, LR Lt he
I SR R R

SECURITY CLASSIFICATION OF Tw'S PAGE

£l 07 YLD

‘ REPORT DOCUMENTATION PAGE

3

Form Approved
OMB No. 0704-0158

1a. REPORT SECURITY CLASSIFICATION
Unclassified

10. RESTRICTIVE MARKINGS
None

2a. SECURITY CLASSIFICATION AUTHOQRITY

. DISTRIBUTIIN/AVAILABILITY OF REPORT
Approved for public release;

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE

distribution unlimited

4. FERFORMING ORGANIZATION REPQRT NUMBER(S)

. MONITORING ORGANIZATION REPORT NUMBER(S)

6a. NAME OF PERFORMING ORGANIZATION
Scripps Clinic & Res Fdn

6b. OFFICE SYMBOL

(If applicable)

7a. NAME OF MONITGRING ORGANIZAT.ON

6¢. ADDRESS (City, State, and 2IP Code)

10666 N, Torrey Pines Rd.
La Jolla, CA 92037

7b. ADDRESS (City, State, ana ZiP Code) x

8a. NAME OF FUNDING / SPONSORING
ORGANIZATION U,S,Army Medical

8b. OFFICE SYMBOL

(if applicable)

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

Research & Development Command DAMD17-83-C~3013
8¢. ADDRESS (City, State, and ZiP Code) 10. SOURCE OF FUNDING NUMBERS
Ft. Detrick PROGRAM PROJECT TASK WORK UNIT
Frederick, MD 21701-5012 ELEMENT NG. INO. 3M1- NO. ACCESSION NO.
61102A 61102BS12 AC 126

11, TITLE (Include Security Classification)

Synthetic Peptide Vaccines for the Control of Arenavirus Infections

12. PERSONAL AUTHOR(S)

Michael J. Buchmeier, Ph.D.; Peter Southern, Ph.D.

13a. TYPE OF REPORT
Final

13b. TIME COVERED
frROoM 82/12/1 t0 86/7/31

15. PAGE COUNT
43

14. DATE OF REPORT (Year, Montn, Day)
1986 Jul 31

16. SUPPLEMENTARY NOTATION

it
..'4‘1

17. COSATI CODES
FIELD GROUP SUB-GROUP
06 ol
06 06

18. SUBJECT TERMS (Continue on reverse if necessary and identify lyy biock number)

Arenaviruses, peptides, lymphocytic choricmeningitis virus, ﬂ

LCMV, viral infections

=i

within the LCMV glycoproteins.

using cloned ¢

19. ABSTRACT (Continue on reverse if necessary and identify by biock number) Arenaviruses are endemic un both the
African and South American continents and represent significant health hazards.
nostic methods and effective treatment protocols are not currentl}y available.
genetic cloning methods to develop an effective vaccine against arenaviruses.
studies are being carried out and techniques established with the prototype arenavirus lympho-§}
cytic choriomeningitis virus (LCMV), and these techniques wiil be applied for rapid future
development of vaccines against the pathogenic arenaviruses Lassa, Junin and Machupo.
techniques of protein chemistry we are identifying and mapping importaut immunogenic regions
The LCMV genomic RNAs have been cloned and the primary seq-
uence of the viral polypeptides deduced from the cloned viral cDNAs,
ponding to the immunogenic regions will be synthesized chemically and assayed for ability to
induce protective neutralizing antibody responses in experimental animals.

roaches to therapy for acute arenavirus infections will also be explored.
ytotoxic T-lymphocytes and antisera against comoonents of
ihility complex (H-2 in mice) in attempts to modify the progress of viral disease in mice.

FTEAE

g

Precise diag
We are using
Developmental

RS

W,
P

Using

Short peptides corres-

Experimental app- B

These will include §
the major histocompat

20._DISTRIBUTION/AVAILABILITY OF ABSTRACT
UNLLASSIFIEO/UNLIMITED £ SAME AS RPT.

_ [ oTic USERS

21. ABSTRACT SECURITY CLASSIFICATION
Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL
Mrs. Virginia Miller

22b. TELEPHONE (include Ared Code) | 22¢. OFFICE SYMBOL
301/663-7325 SGRN-RMI-S

DO Form 1473, JUN 86

el

/

Previous editions are obsolete.

T O MR L OUTU KR
;e,«v!jf.,.;;l%-.ni‘m,p tﬁ*.a; L

IFICATION OF THIS PA

ECURITY

SR N LIORNY
ém&m et



!
@1
|

e

-

P IR TR TR CC L CCI B P o P "%t IS a2 S 5" s s TR - F.S 58" War s 7o - SR A,

AN L
?J & R‘t“?\{"&‘\

A

wn cur original research contract propozal C€3013 entitled
*Synthetic Peptide Vaccines for the Control of Arenavir.s

-4
5

fections,™ we propesed to develop synthetic appruaches ¢
vacoination against areravirys infaction: ernhacicing ]
Farticalar synthetic peptide kased arproazhesn. In adiivicn, we
rrovosed To investigata he  potential of irmine reazgents,
particularly moroclonal antibodies to conmtrel and moadify tre
courne of onyoing disease in aninals using iymphooyti
choriemeninyitis wviruz {nfection as a s3fe and Locura®e paradios
{or the pathogenic hunman areraviruses,

During the tera of this contract, 1 December 1982 = 31 July 1986,
ve have accomplished the goals set forth in the origiral
preeosal., The CDNA secquence ¢f the § fNA seqgment of LCYM virus
nas been determined and the protein secuences cf the strictursl
roteins NP, GP=1 and GP-2 have teen deduced. Synthetic peptis
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en made and cerresponding antisera prevared against them in
Fbits., These antisera have Lbeen used to map topographically
'd structurally important domains on the viral glycoproteins. A
Arge panel of moncclonal antibodies to the LOMV glycoprotein has
en rapred topographically on the LCHV glysoproteins and both
igue and conserved neutraliziny epitepes defined. Fimally, the

ences of LCIV and other arcraviruses have boen aligred and
rred and common structural features of each determired in
to define regions of functioral and/or fmzuroloyical
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Foreword

In conducting the research described in this report, the
investigators adhered to the "Guide for the Care and Use of
Laboratory Animals," prepared by the Committee on Care and Use of
Laboratory Animals of the Institute of Laboratory Animal
Resources, National Research Council (DHEW Publication No. (NIH)
78-23, Revised 1978).

The investigators have abided by the National Institutes of
Health Guidelines for Research Involving Recombinant DNA
Molecules (April 1982) &and the Administrative Practices
Supplements.
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A. Introduction and Qverview

The results described in the following final summary progress
report cover the term of the contract 1 December 1982 through 31
July 1986 inclusive. During this periocd we have focused on four
prinary goals as described in the original proposal. These were:

Identification and mapping of Antigenic Determinants on the LCMV
glyceproteins.

Cloning the genomic S RNA of LCMV which contains the structural
protein genes.

Determination of the amino acid sequence of the viral polypep~
tides from the cDNA sequence.

Synthesis of peptides correspecnding to regions of the wviral
rolyreptides of predicted structural and/or antigenic importance.

We have accomplished the stated goals and in addition have
rerformed comparative analyses of LCMV, Lassa related and
Pichinde viruses at the protein level by peptide mapping and at
the sequence level. These studies are important to assess the
degree of structural similarity among viruses of the group and to
predict areas orf potential functional or immunological interest.
These studies, as well as others enumerated in this progress
report, are described in detail in 24 accompanying publicatiens
{Appendix 1).

In other studies of interest to this contract we have developed
techniques for detecting viral genetic material and gere products
in secticned organs and tissues of whole animals and in
collaboration with Dr. Oldstone have followed tha expression of
these viral "footprints® during the course of persistent LCHV
infection. The clearance — effect of virus-directed
immunomodulation on infection was also studied using cloned 7T-
lymphocytes.

In cellaboration with Yves Riviere and M.B.A. Oldstore, genetic
reassortant strains of LCHV were mnade using the mouse
neuroviruient Arm strain and the guinea pig lethal WE strain in
crdar %o study the viral genes involved in virulence. The L=-RNA
enccded gene preduct, vrresumably the viral RNA zoivnerase, was
fcund %tc ke reguired to preoduce fatal hemorrhagic fever-like
disease .n the guinea pig, while the S-RIA was sheown to determine
neuro-endocrine virulence in the mouse. Using these sane
reassortant viruses it was also shown that virus svecific
cytotoxic I lymphocytes (CTL) reccgnize determinants ccded on the
S-RINA of the virus.

Finally, wusing sequence informaticn which has becon available
for several arenaviruses during the past 2 years (8,9,10), we are
able to make precise comparisons betueen virulent and avirulent

€
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and 0l1d and New World strains, and will propose in this contract
unifying approaches to their diagnosis and control.

An important consideration in a project sach as this is whether
the basic information we derive in the 1laboratory will be
applicable to studies of the epidemiology aid pathogenesis of the
relevant human pathogens. To increase the probability of success
of this cross-fertilization we have hosted a senior USAMRIID
investigator, Dr. Peter B. Jahrling, in our laboratory on a
working sabbatical leave during 1985. Dr. Jahrling has worked
actively on several of the projects to be described in the
detailed report presented below, but more imporant to the 1long
term goals of USAMRIID is the fact that Dr. Jahrling has acquired
significant skills in the areas of molecular immunology (i.e.,
antipeptide and anti ID approaches), and molecular biology (DNA
and RNA analysis and in situ hybridization with oligonucleotide
rrobes). We are confident that Dr. Jahrling will incorporate
these new skills and approcaches into his work at USAMRIID, and we
will welcome proposals for additional sabbatical or exchange
visits of this kind during the next contract pericd.

B. Molecular biologv ¢f ICM virus: studies based on cloning and
sequencing the LCMV RNAs

During the previous contract periocd we have made significant
progress in the following areas:

cDNA cloning and sequencing of LCMV (Armstrong strain) genomic L
and S RNA segments. The entire S segment has been cloned and
sequenced and approximately 50% of the L segment has been cloned
and sequenced.

Identification of protein coding regions and development of new
highly-specific antibody reagents based on synthetic peptide
technologies.

Development of region specific and strand speciflc hybridization
probes to monitor replication and transcription in both acute and
persistent infections.

Analysis by in situ hybridization to whole body secticns, of the
distribution of LCHMV genetic material in persistently infected
nice.

Constructien of complete cDMA genes for LCHMV NP and GP-C and
construction of LCMV-vaccinia reccmbinant viruses.

Use of genetic reassortants of LCIV to analyze melacular basis cf
A<
disease.

1) cDNA Cloning and Sequencing

We have generated overlapping cDNA clones that cover the entire
genonic S-RNA segment of LCHV and have determined the nucleoticde
sequence of the S RNA segnment from these clones (Appendix 2).

Gahﬂ'ua& Ak oty
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Much of the sequence has actually been derived from independent,
overlapping clones and this provides a high degree of confidence
that the composite sequence is truly representative of the
population of viral RNAs.

v, In the course of characterizing cDNA clones to cover the carboxyl
2, terminus of GP-2, we examined one clone that appeared to include
ﬁ the GP-C translation termination signal and the intergenic

hairpin region. However, nucleotide segquencing revealed that
this clone contained a srall deletion that removed the A residue
from the UGA termination codon and part of the hairpin region.
This clone results, most probably, from an in -vitro cloning
artifact but does have several interesting properties that merit
further investigation. As a result of the deletion, an
additional twenty amino acids would be added to the terminus of
GP-2. The normal terminus of GP-2 contains the amino acids Lys,
Arg, Arg COOH, and we have previously shown (Buchmeier et al., J.
Virol., submitted) that the cleavage of the GP-C precursor to the
mature GP-1 and GP-2 glycoproteins occurs at adjacent Arg, Arg
residue, position 262-263 in GP-C. There are no other pairs of
adjacent Arg residues within GP-C. Therefore, we might predict
that it the extended primary translaticn products were
synthesized, then cleavage could occur by a process equivalent to
the 4P-1/GP-2 cleavage that would remove the extra 20 amino
acids.
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We have cloned the extend.d GP-C gene (called GP-X)} into §8V40
based plasmid vectors and are about to initiate gene transfer
experiments. We are synthesizing a peptide that corresponds to
the additional amino acids at the carboxyl terminus and antibody
to this peptide will be helpful in monitoring expression of this
gene. This antibody will also be used to examine acutely and
persistently infected cell cultures to explore the possibility
that our cDNA clone may represent a normal (minor) mRNA and that
different forms of GP-C and, depending on cleavage, GP-2 may
exist during virus infections.

A
“

The reconstructed ¢DNA genes will also ke useful for in situ
hybridization studies as they will provide 1long, gene-specific
probes which should increase the sensitivity of detection for
viral nucleic acids,
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P St

S

The general organization of the LCMV-Arm gencme is similar to
that reported for Pichinde virus (PV)(3), LCHMV=-WE (10) ard Lassa
and the ambisense character of the arenavirus genomic S segments
first provosed by Auperin and Bishcp (8,11) seems ncw to be -
firmly estaklished (Figure 1). All the information so far
available for the L segment suggests that this is a conventiocnal
negative-sense genomic RNA. e have cloned and sequenzed 3.4 %
from the L segment and are currently screening an extensive
collection of new cDNA clones for additicnal L seguances.
Different estimates for L put the length tetween 7 and 9 kb
indicating that our available sequence information covers 30-50%
of the L seguence.
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A number of potential Lassa c¢LCNA clones have been prepared but
none has yet been definitively identified. Dr. Kathryn Wright
(postdoctoral fellow with Dr. Buchmeier) has been learning the
techniques of RNA electrophoresis, transfer and hybridization and
is now ready to begin screening these clones. The approach will
be to 1label plasmid DNAs in vitro by Nick translation and
hybridize dot blots and RNA gel filters prepared with the Lassa L
and S genomic RNA segments. LCMV probes and purified viral RNAs
will be used as appropriate for positive and negative controls.

2) Identification of Protein Coding Regions

Computer analysis of the nucleotide sequences has identified
potential protein coding regicns (i.e., translational open
reading frames) and predicted the aminn acid sequences for these
proteins. We have synthesized short peptides (typically
containing 12-25 amino acid residues) from different regions of
these potential proteins and used polyclonal anti-peptide
antisera raised in rabbits to determine reactivities with
purified virion proteins in Western blotting experiments (12).
In this way, we have assigned protein coding regions to actual
viral proteins and established that the gene order on the S-RNA
segment 1is 3' NP, GP-2, GP-1 5' (Figure 2). We have also
developed the first reagents to recognize the L protein. We have
characterized antipeptide antisera raised against pradicted amino
acid residues that detect a single high molecular weight protein
(approximately 206,000 daltons) in Western blots of purified
virion proteins (Yigure 3). A number of other L=-derived
antipeptide antisera are being characterized with respect to
viral protein recognition, but we will have to wait for
completion of the cloning and sequencing to resolve whether any
other proteins are encoded by the genomic L segment.

3) Region and Strand Specific Hybridization Probes

We have used c¢DNA clones derived from the NP and GP coding
regions to analyze RNAs from acutely and persistently infected
cells. The nick-translation prccedure (13) for labelling DNA
results in equal incorporation of radioisotope into both DNA
strands =~ such probes detect all viral RNA homologous to the
probe but yield no information on polarity (Figure 4). We have
therefore sub-cloned many of the LCMV cDNAs into SP6-plasmid
vectors in order to synthesize strand-specific (RNA) probes
(14,15). This recently described technigque works with good
efficiency to generate in vitro labellad RNA probes which can be
used to examine RNA polarities. We have been able to verify that
the NP mRNA is complementary tc the genome and tnat the putative

GP mRMNA is in the same readirg sense as the genomic RY (Figure
5). During acute infection of tissue culture cells we can also
demonstrate significant amounts of the Zfull-length gencnic
ccmplementary (GC), replicaticn intermediate RUA. We estimate

that there may be approximately equivalent amounts of this full-
length genomic complementary RNA and full-length genomic RNA at
the time of peak virus producticn (Figure 3). The relative
abundance of the full=-length GC RNA can be probably explained by
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Figure 1

Proposed Transcription and Replication Scheme for the LCMHV
Genonmic S RNA Segnent. The genomic sense (GS) PMNA frem the
virion is transcribed into a genomic ccmplementary (GC) NP mRNA
which apparently terminates in a hairpin region ketween the NP
and GP coding regions. De novo synthesis of NP may nmelt the
hairpin structure to allcv synthesis of a full-length GC

RNA
whichr would then function as a replicacion intermediate for <+he
syntnesis of progeny GS RlNAs. Transcription of the GC RNA
generates the genomic sense G2 mRNA which again apparently
terminates in the central hairnin regicen. The twec

sub-~genonic
mRMAs and th full-length GC RNA are readily detectable in
acutely infected cells by hybridizaticn with nick translation
prebes or with strand-specific riboprobes (see Fiqures 4 and 5),
e do not vet know whather the 5' ends of the mRNAs coincide with

or lie internal to the 3' ends of the full-length GS and GC RNAs.
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. Coding Assignments LCMV S-RNA

3 .. ’ 5 :

'
L]
vs RNA | . { (3375 bases) ‘
s L4 |
ve ANA o}
& T
Polypeptide .y NP(558as )} {hoe GP:C (498aa) ;
' 11
N cec N
. ' -14% -4h -39 272-216 229.233  59.79
Peptide 19_25__\ /4‘5'4’.15‘2 m}?ﬁ I\T
Anti-Peptide .NP GP-2 GP-1

Figure 2. Summary of strategy which has resulted in definitive
assignnent of the gene order of the LCMV S-RNA. Peptides wywere
synthesized which corresponded to the anmino acid sequencas oz ﬁP
and GP-C as indicated. Antisera were raised to each peptide in
;abbits and the reactivity of each with bonafide viral, proteins
is shown. ‘
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ldentification of an L-RNA

A encoded gene product
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‘53 virus — LCMV PV
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Peptide 39:NEKVFEESEYFRLC
(L 174-187)

Figure 3. A sequence representing amino acids 174-187 of the
LCMV L~RNA open reading frame was synthesized and antiktody made
in rabbits. The resulting antibedy reacted specifically with two
polyreptides or approximately 163 and 130 xd. The antibody was
specific for LCMV and did not react with Pichirde virus {(PV).
Reactivity was blocked by incubation in the presence of 3 ug of
free peptide. This is a direct demeonstracicn of an LCTV - L-RNA
encoded gene product and presumably represents the wvirion RYA
polymerase. /
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Figure 4. Hybridization analysis of LCHV S-RNA species produced
in short term. high multiplicity virus infections. Total
cellular RNA was extracted with quanidinium thiocyanate at the
indicated times post infection, denatured with glyoxal and
separated on the bhasis of size by electrophoresis in an agarose
gel. RNA extracted fron purified Leuw virions was
electrophoresed in an adjacent lane on the agarcse gel. RNA
within the geol1 was transferrsd to a nitrocellulose f£ilter and
then the filter was hybridized sequentially with clened LIV S
cONA probes that had been labeled with #%? in wit»s by nick
translation. The figure shows strong hybridizatisn to gencmic
sized S-RNA but there is also clear hybridization to smaller RNA
species in the whole cell RNA samples that dininishes as the
infection pregresses. Prores frenm the nucleoprotein (MP) and
glycopreotein (GP) cecding regicns hybridize to two different sized
S sub-gencnmic (mRNA) species. There is a faint indication or
MRYA svecies in the purified virion RNA sample.
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GP S PROBES

Figure 5. Hybridization analysis with strand-specific probes to
LCMV RNAs in acutely infected tissue culture cells.

A LCMV-Arn infected total cell RNA
C Control uninfected BHK cell RNA

W/A Two independent reassortant viruses with the genotype
"WE=-L and Arm-S

The filter was hybridized sequentially with a double-stranded
nick translated probe (NT), a strand-speciiic genom.u sense prcbe
(GS) and a strand-specific genomic complementary -(GC) probe. All
the probes cover the same region of the GP gene. The GS probe
only detects the full-length gencmic cecmplementary (replication
interaediate) RMA, whereas the GC probke detects koth the rfull-

length genomic S-RIA segment and the presumptive G2 mRUA.
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the requirement for this RNA to serve as a template for
glycoprotein C mRNA synthesis (11).

o date, we have not been able to detect any L derived RNA
species that are shorter than the full-length, but, until we have
cloned probes representative of the entire L segment, we cannot
completely rule out the possibility that small RNAs may be
present. We have established from sequencing and hybkridization
experiments that the portion of the L segment, 1linked by anti-
peptide antisera to the 200 kd protein, generates a transcript
which is complementary to the genomic L RNA.

4) In situ Hybridization

We have developed a technique for in situ hybridization to whole
mouse sections in order to monitor the distribution of LCMV
genetic material during the establishment and maintenance of
persistent infections in vivo. A detailed ac.ount of this work
has been published (Nature 312, 555-558, 1984) and we have gained
substantial new insight into the process of persistence.
Individual animals show remarkable similarity in the distribution
of LCMV genetic material and a general trend emerges that, with
increasing age, the animals show reductions in titers of
infectious virus that can be recovered from serunm or disrupted
tissues but show tremendous increases in LCMV RNA 1levels in
tissues (Figure 6). The sectioning technique has the potential
to ‘reveal wviral RNA in unexpected locations and by cutting
sections from a given animal at a variety of depths we can insure
sampling of alil major organs (Figure 7). In studies beyond the
scope of this contract, we are characterizing the sequence
content of the RNAs that accumulate in vivo during persistent
infections and should eventually be able to formulate a molecular
explanation for persistence and estimate the involvement (if any)
of defective interfering viral genomes.

5) Construction of Complete NP and GP cDNA Genes and Subsequent
Expression from Vaccinia Virus Vectors.

Using restriction sites that are common to overlapping clones we
have begun the process of joining different clones together to
create complete genes. For GP, we have joined 3 different clones
to form a continuous seguence that covers all of GP-1 and 60% of
GP-2. For NP, two clones have provided the ccmplete gene sequence
and these have been combined in a straightforward manner.

In collaboration with Drs. Lindsay Whitton and Michael 0Oldstone
at Scripps, we have inserted the partial GP-C gere (aa 1-360) of
LCIV-Arm and the complete GP-C of LCMV~-WE into a vaccinia virus
expression vector (16,17). Following infecticn with the LCHMV-GP-
C/vaccinia recombinant virus there is detectable synthesis of a
GP-C related protein but immunofluorescence analysis shows
substantially more cytoplasmic than surface accumulation of this
protein, suggesting that inefficient transport of the recombinant
GP~-C to the cell surface occurs. Nonetheless, the reccmbinant
vaccinia infected cells were lysed efficiently in vitro ir a
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Figure 6. Accumulation of viral RNA sequences during the course
of LCMV persistent infections in BALB/w mice. All animals were
infected at birth with LCMV (60 PFU given by intracerebral

injection) and then were sacrificed at the indicated times. The
in situ hybridization with an S cpecific probe was performed as
described previously. At day 5, four individual animals showed
no detectable hybridizaticn signal despite having high titers of
infectioug virus in most tissues (e.g., brain, mean titar at day

5: 6 x 10° PFU/g). By day 15 and onwards, all three animals at

each time point show significant and highly repreducible
accumulation 2f viral nucleic acid. At day 180 the mean %iter in
PFU/g.

brain: 1 x 10




BALB/W MICE

S RNA

g Aeg




W B I A e W el W e NG U T . B A I - K-

Figure 7. Whole beody in situ hybridization and histopathologic
analysis of a single section taken from a 19-20 day pregnant
adult BALB/WEHI mouse persistently infected with lymphocytic
choriomeningitis virus (LCMV). This female mouse had been mated
with a persistently infected BALB/WEHI male. In situ
hybridization was performed using a cloned 589-bp cDNA _probe
derixgd from the L-RNA segment of the viral genome (4 x 108 yodn}
of P-labeleg nick-translated probe, specific activity of 1 x
105 to 5 x 10 cpm/ug DNA was used). Other exzerimentis showed
that the hybridization signal was specific for LCMV nucleic acid
and could be eliminated by RNase pretrsatment; there was

= no
signal with hybridizaticn to tissues from uninfected mice. TWO
embryos can be observed in the stained secticn. There 1is a

strong hybridization signal fren thg central nervous tissues of
embrvo 1 (F1l) and the liver (L), brain (B), and thymus (T) of the
pregnant mouse. (H) Heart; (L) liver; (El) embryo 1l; (E2) embryo
20




standard °lcr release assay by populations of H=-2 restricted,
LCMV-specific cytotoxic T lymphocytes (CTLs). This result
suggests that although we did not use a complete GP-C gene the
sequences contained within the partial gene included a major
recognition site for LCMV specific CTLs and that surface
detection of antigens is much more sensitive in CTL killing
assays than in immunofluorescence studies. Using the truncated
GP-C gene (containing amino acids 1-363) and further carboxyl-
terminal truncations, Dr. Lindsay Whitton has begun to map
epitopes recognized by CTLs using populations of spleen cells and
. also with H2 restricted, LCMV-ypecific CTL clones that have been
derived in Dr. Oldstcne's laboratcry. We have performed a first
series of pilot experiments to determine whether protection
against lethal LCMV-WE challenge is conferred by immunization
with the LCMV-Vacc. recombinapt. Nine guinea pigs were
inoculated intradermally with 10° pfu of two different vaccinia
constructs. Three weeks after inoculation representative animals
were bled, and four of each group as well as two vaccinia wild
type and LCMV-Arm wild type infected guinea pigs were challenged
with 200 pfu of LCMV-WE. All of the vaccinia construct and wild
type infected animals died 11-14 days later of typical LCMV-WE

disease. As in previous experiments, the LCMV-Arm immunized
controls survived WE challenge and had high titers of
neutralizing antibody. The second half of the LcuvV-Vacc.

inoculated groups have been reimmunized with a second dose of
each of their appropriate constructs and will be followed ¢to
detect rise in anti-LCMV antibody for an additional month prior
to challenge. We will continue to assess additional LCMV=-
Vaccinia constructs for protective efficacy and are at the
present time with Drs. Whitton and Oldstone preparing additienal
recombinants containing full length and a series of truncated
length of LCMV-Arm GP-C. These recombinants will be made
availakle to Fort Detrick investigators if we are able to show
protection in the WE challenge protzcol.

c. Use of Genetic Reassortants of ICHV to Analyze Molecular
Basis of Disease

We have collaborated with Drs. Yves Riviere and Michael 0Oldstone
to preduce genetic reassortants of LCMV which have been used to
analyze the genetic basis of pathogenesis. Although these
stiidies were not formally a part of this contract, the findings
impact on our approaches and our thinking with regard to
arenavirus virulence. These experiments are documented in the
accempanying manuscripts (Riviere et al., J. Iamuncl. 136:304;
Scuthern et al., Cold Spring Harkor Vaccines 36, in wress:
Riviere et al., Virology 142:175: J. Virol. 33:966; J. . irol.
55:704), therefore the findings will merelvy be surrmarized briefly
here.

Genetic reassortants between the LCHV-irm and WE strains were
made ©cy mixed infection of RBHK cells. Selectzd isolates were
clcred, and their genotypes with respect %o the L and S segment
derivations were characterized by monoclonal antibecdy and eDNA
hybridization analysis. Clones of the gesnotype Arm/Arm, WE/WE,




Arm/WE and WE/Arm (where the notation indicates L/S RNA segments
respectively) were identified and re-cloned to ensure
homogeneity. Only isolates of the genotype WE/WE (parental) and
WE/Arm (reassortant) were found to cause lethal disease in the
guinea pig. The Arm/Arm (parental) and Arm/WE (reassortant)
clones caused no disease. Thus in the guinea pig model the L
segment 1is associated with virulence, Production of disease is
also dependent upon host species. It was shown that the S
segment of LCMV-Arm is responsible for determining neurocendocrine
trepism in the C3H mouse. Cytotoxic T-lymphocytes which are
important in acute LCMV CNS disease apparently recognize a
product of the S-RNA since CTL with specificity for LCHMV-Arm were
only able to kill cells replicating the S segment of that virus.
Whether the target of CTL is a viral glycoprotein or
nucleoprotein was not resolved by these experiments since both
are encoded on S.

The implication of these studies to this contract is twofold.
First, any vaccine should strive to maintain high levels of
expression of the S encoded gene products because of their
demonstrated irportance in both CTL and neutralizing antikody
responses. Second, any effort to control or systematically
attenuate virulent Lassa virus must address changes in the L-RNA
segment. These could conceivably be accomplished through
targeted or site directed mutagenesis or as we have demonstrated
with LCMV, through the construction of reassortants containing
the surface proteins of virulent Lassa and the L gene of an
attenuated strain or of another arenavirus. Clearly a detailed
¥nowledge of the L gene and its products is important to
understand virulence and attempt through rational means to modify
it.

D. Structural analysis of ICHMV and Other Arenaviral Polvreptides

1. Epitope mapping of the LCMV glycoproteins: Identification of
a type common neutralizing antigenic site.

We have used a pznel of over 40 monoclonal antibodies against the
LCMV glycoproteins (and over 100 against NP) to characterize the
viral structures targeted by neutralizing antibody. Surveys of a
large number of the monoclenals in our library were done in order
to identify those with neutralizing capacity in the absence of
additional effectors such as the complement system (C') or anti-
Ig reagents. Six such neutralizing monoclonals were found, all
of which reacted with GP-1. Using these and other !Ab against
GP-1 and GP-2, topographical relationships were established among
antigenic sitss (epitcres) on the envelope glycoproteins of ey,
Fourteen purified MAb were radiolabeled and used as urcies in a
solid pnrase competition binding assay Takle 1, ~Tigure 8).
Epitopes on GP-1 were found to cluster in four antigenic domains
as summarized in Table 2. Five neutralizing MAE raised by
immunization with the WE strain of LIV reactad within a single
epitope termed GP-1lA. This epitope was present cn all of the 4
commonly used laboratory strains of LCHMV (Armstrong, WE, Traubp
and Pasteur). A second epitope, termed GP-13, was characterized
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Figure 8. Ccrmretitive binding assays with
noncclonal antibodies. The follewing MAb were icdinated for use
as prcktes, Panel A, WE-258.4; panel B, WE-197.1; panel C, WE-
36.1; panel D, WE-6.2; panel ¥, WE-40.3 and panel F, 2-11.19.
Radiclakeled moncclenals were mixed with tenfold serial dilutions
of unlakeled ccrmpetizers and binding measurad on LCHMV-WZ (panels
A-E) or Arm (parel F) coated wells. Unlakeled cempet:ng
antikcdies were WE-2353.4 (Q), WE=-197.1 (), WE=-36:1 (A), WE-
6.2 (&), W -11.10 (Q ), WE~327.3 (»), WE=2.9 (x),
WE-67.5 (O ), and guinea pig-z2ntilCHV (e).

LCHV neutralizing

E-40.3 (9), 2
), WE-18.3 (¥




Table 2

SU?.?MARY OF COMPETITION RIA DATA .
Inhibition of Binding by Un!abeled Competing Antibody

} 3 *
GP-1 GP.2
i > rongiiengiung ‘
3 2EEE

Radizlabeled - B Nmensncn Qooaw S
Antitedy ety SR 2 G S9SN ANaNSERiame oS35S Deination
WE35.1 + ®®000080 o0
WE-253.4 + LN X N N IR YoloNoNeXoXeNoJoXeoXe, Qo0CO
\"E-187.1 + o000 O .]0 O OO0 0O 614
\WE-6.2 + 000000 00
WE-$0.3 +(WE) 000000 00
WE327.3 - V000008 000 }GPIB
WE-2.3 - Ooooool)oooonro b
WE18.8 - 0000000 xJte! ) ep1c
WE-67.5 - oNeNoReNoXoXo) OOO Clooio
21140 +ARM) 00 000CA0 CCle9 060 ) 610
WE33.8 - oio @60 } 624
WE-83.6 - 26 @ @i0 e
ARM 9.7.9 - [@iseeic |cr2s
WE-11.4 - 00088 |crac

* @ >80% inhibition by unlakeled antibcdy
0 40-803% inhikition by unlabeled antibedy
O <40% inhibitizn by unlabeled antilzdy

*x Adf’lt:. ral Mhb were included as unlabeled compaetitor

ntikedies.
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by a group of MAb which were very weakly or non-neutralizing. A
subset of these GP-1B antibodies partially inhikited binding to
site GP-1A, thus these epitopes are probably topographically
linked. A third site, GP-1C, was also non-neutralizing, and in
contrast to GP-1A and B was a denaturation resistant sequential
antigenic determinant. Antibodies to site GP-1B enhanced the
pinding to site GP-1C presumably through a conformatioral change
in the GP-1 molecule induced by binding of the GP-1B moncclonal
(Figure 9). It may prove desirable to build such positive
coorerative binding strategies into a potential vaccine provided
that the structural perturbaticns can be well defined, as they
are here. 1In addition to the type common neutralizing site GP-1A
described above, we found a second neutralizing site termed GP-
1D, which was confined to the Arm strain of virus and mappred near
but not a*t site GP-1A. Site GP=-1D appeared on the basis of
analysis of Rat-Rat hybridomas to be an immunodominant site on
2rm in that animal suggesting that neutralizing antibody response
has a component of species specificity.

Analysis of GP-2 revealed 3 poorly resolved binding sites which

we termed GP~2aA, B and C (Figure 10). GP-2A was defined by two
antibcdies WE-83.6 and 33.6, while GP-2B and C represented the
binding sites of 1 antibody each. Thiese observations are of

interest beyond the LCMV system. The 5 MAb defining sites GP-2A,
B and ¢ all reacted with the African arenavirus, Mozambique
(Mopea) and tlie 3 MAb against site GP-2A also reacted with Lassa
and Pichinde suggesting that this site is conserved on both New

~and 01d World arenaviruses (3,18)..  We have subsequently - tested - - §

MAb WE-33.6 on additional viruses by immunofluorescence found
that it reacts positively with LCMV, Lassa, Mopea, Pichinde,
Tacaribe, Amapari and Parana.

Finally, we have used our competition binding assay to defiae the
epitcpes recognized in a polyclonal guinea pig antibody response
to LCMV. Guinea pigs were immunized by primary infection with
1000 pfu of LCMV-Arm followed 4 weeks later with a challenge dose
of 5 ug purified LCMV-WE i.v. These guinea pigs Jdeveloped PRD5p
titers of neutralizing antibody averaging 1/4217 and 1/35%4%
measured against LCIV-Arm and WE respectiveiy and were solidly

immune to WE challenge. Polyclonal IgG was purified_ from these
neutralizing antisera and used as both competitor anc °I probe
in the competition assay. As showp in Figure 11 and Table 3,

this polyclonal anti-LCHV IgG was directed predominantly against
the GP-1lA major reutralizing epitope. This observaticn is of
interest for two reasons: 1) because it points out the limited
spectsum of antigens on GP-l1 that are reccgnized by the
polyclenal antibody resvonse, and 2) because an emivalent
immunization schedule with LCMV has been shcwn by Cahrling and
cclleagues (personal communicactiocn) to result in solid rprotection
against Lassa challenge in guinza pigs and mcnxzevys.

The observation of a major conserved neutralizirg detecrminant on
the GP-1 protein of LCMV suggests that this model might be an
excellent system in which to explore the feasibility of an anti-
idiotypic vaccine approacn. We are uniquely prepared to approach
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specific monoclonal antikodies WZ=33.6 (A), WE-53.6 (3), 9-7.9
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-
23




3
[~
=
= 100
=
S 75
E
=
E
= 50
=
e 25
P4
7 8
Log:e 1/Ab Dilution
Figure 11. Competitive binding assays using lzsI-labeled

polyclonal gquinea pig-anti LCMV IgG. Assays were perfermed on
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this question 1in the coming project period since we have well
characterized mono- and polyclonal anti-LCMV antibodies, and cDNA
clones, and are intimately familiar with all of the available
LCMV biological model systems. This approach will be discussed
more fully in the experimental protocols for the next project
period. An effort will also be made in collaboration with Dr.
Jahrling <to use the techniques we have defined to quantitate the
epitope specific responses of humans to Lassa using |his
collection of human plasmas from convalescent patients and Lassa
monoclonals derived elsewhere.

2. Molecular architecture of the GP-C precursor: Use of synthe-
tic peptides and antibodies to define gene order and cleavage.

As mentioned briefly in section B2, we have used antibodies

against synthetic peptides corresponding to defined sequences on
the NP and GP-C genes to map the genes on the S-RNA segment. We
have also used these reagents to precisely identify the GP-1/GP-2
junction on GP-C and to identify the cleavage signal. Additional
studies are in progress to define the linear secuences of GP-C
which correspond to binding sites of neutralizing and other
antibodies and to attempt to define stretches of amino acids
which are recognized by cytotoxic and helper T cells.

All of these manipulations have a common basis in our ability to
efficiently produce synthetic peptides corresponding to specific
sequences deduced from cDNA analysis. Peptides were synthesized
by solid phase chemistry using an Applied Biosystems model 430A
peptide synthesizer (funded in part by this contract). Coupling
efficacy was monitored by ninhydrin analysis at each cycle and
homogeneity of the hydrogen fluoride cleaved product was assessed
by analytical HPLC on a VYDAK reverse phase C-18 column.
Coupling efficiency was usually greater than 98% per cycle and
70% or more of the cleaved product of a typical 12-16 residue
peptide eluted as a single HPLC peak.

Peptides were coupled to Keyhole Limpet Hemocyanin (KLH) via free
sulfhydryl groups of cysteine using the bifunctional reagent MBS
(M-Maleimidobenzoyl N-hydroxysuccinimide ester). KLH=-peptide
conjugates were emulsified in Freund's Adjuvant, and rabbits were
immunized 3 times at biweekly intervals. Ten days after the
third iwmunization a boosting dose of 100 ug of free peptide
adsorbed on alum was given intraperitoneaily. Sera were cbtained
starting 1 week later and assayed by ELISA against free virus and
against viral proteins. Specificity of anti-viral responses was
demonstrated by inhibition of anti-viral reactivity by free
veptide.

Initially synthetic peptides were made corresponding tz several
regions of the S and L-RNAs of LCMV with the aim c¢cf first
defining the coding assignments of these regions and as a first
step toward studying their functional and biological properties.
Seven peptides were chosen from the S-RNA (see Figure 2) and one
from the L-RNA and antibody was produced. Results of these
immunizations and the specificity of the resultant antibodies are
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summarized in Table 3.
Table 3
SUMMARY RESULTS OF ANTI-PEPTIDE IMMUNIZATION

Elisa Titer ‘ Polypeptide
Specificity
Peptide Rabbit # Anti-peptidel Anti-viral? (Method)
GP-C 59-79 7542 16,000 64 GP-1 (IP, WB)3
7543 16,000 16 GP-1 (IP, WB)
8827 16,000 4 GP~1 (IP, WB)
GP-C 62-71 789 75,000 5 GP-1 (WB)
790 75,000 - GP-1 (WB)
GP-C 228-239 791 15,000 5 GP-1 (WB)
792 78,000 - NIL
GP-C 272-285 797 3,125 25 GP-2 (WB)
798 3,125 25 GP-2 (WB)
GP-C 378-391 9257 260,000 64 GP~2 (WB)
- 9258 S 16,000 64— T GP=2 (WB)y
NP 132-145 2159 15,000 KD NP (WB)
2160 15,000 ND NP (WB)
NP 454-462 216% . 625 ND NP (WB)
2166 3,125 ND . NP (WB)
L 174-187 8821 260,000 64 P 180+165 (WB)
8822 260,000 16 P 180+165 (WB)

1 Anti-peptide titer measured on microtiter wells coated with
0.1 nmol of peptide.

2 Anti-viral titers measured on microtiter wells coated with 1.0
ug of purified LCMV-Arm.

3 IP, Immune Precipitation, WB, Western Blotting.




It can be seen from these data that generally high 1levels of
anti-peptide antibody were achieved using the immunization scheme
described. In subsequent experiments antibody titers measured
against peptide have ranged between 1/75,000 and 1/1,000,000.
Despite high anti-peptide ELISA titers, anti-viral titers in
these assays have been lower and less consistent. For example
rabbits 7542, 7543 and 8827 were all immunized in the same manner
with the 20 amino acid peptide GP-C 59-79 and all three produced
antibody titers of 1/16,000 against peptide. When measured
against virus these three sera titered 1/64, 1/16 and 1/4
respectively. Despite the low ELISA titers all three sera were
active against native GP-1l in immune precipitation assays and all
reacted with denatured GP-1 in Western blots leading us to
discount the significance of low anti-viral ELISA results.
Similarly sera from rabbits 9257 and 9258 reacted only moderately
against wvirus in ELISA but in Western blots were strongly
positive at dilutions of 1/400 and greater (Figure 12A). Also
shown is the inhibition of binding activity by the addition of 1
ug of free peptide to the antisera before use in the blot (Figure
12B), thus confirming that the anti-viral activity was due to
peptide immunization and not an effect of polyclonal stimulation
by or molecular miuwicry with the KLH carrier protein.

Using these techniques we were able as shown in Figure 2 to
definitively map the gene order of the S-~RNA of LCMV. On the GP-
C precursor molecule, GP-1 occupies the amino terminal and GpP-2
the carboxy terminal domain. We wished then to define the limits
cf each glycoprotein. Sequence comparison between LCMV-Arm and
WE and Pichinde GP-Cs revealed several conserved features near
the middle of the approximately 500 amino acid molecule. As
shown in Figure 13, a sequence homelogy of 11 of 12 residues
appears at amino acids 228=-239 (238-249 in Pichinde) and a second
stretch of 12 of 15 is conserved at 272-286 (281-295 in PV).
Between these conserved stretches there is 1little significant
conservation with the exception of the double basic amino acid
sequence-RR- at 262-263 in LCM, and -RK~- at 271-272 in Pichinde.
We reasoned that since there are a number of biological systems
in which double basic residues serve to signal proteolytic
processing events that the double basic sequence might serve the
same function in arenavirus GP-C processing. Therefore we made
peptides corresponding to the two conserved sequences flanking
the =~RR- putative cleavage site. The results of analysis of
these peptides is shown in Table 4 and Figure 14. In the next
contract period we will synthesize and study additicral peptides
representing the major portion of the GP-C gene of Lcuv.
Complete sequences of GP-Cs of LCM Pichinde and Lassa viruses are
shown in Figure 15. Antikody to peptide 228-239 reacted with GP-1
and 272-285 with GP-2. Furthermore, we have synthesized an
additional peptide 253-262 which represents the sequence
immediately adjacent on the amino terminal side of &tha -RR-
dcuklet, and this antibody recognizes GP-1l. Thus it is unlikely
that the cleavage of GP-C to produce GP-1 and GP2 occurs anywhere
but at the double basic residue ~-RR- at positions 262-263. This
is the first use of the synthetic peptide approach to precisely
localize the cleavage signal for a protein and will undoubtedly
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Figure 12. Reacticn of rabbit antibody to peptilde GP-C 378-391
sequence LEHAKTGITSVPXRC. Panel A, Prebleed and post-
lmmgnlzation sera showing reaction with a band migrating in th

positicn of GP-2 indicated by guinea pig anti«LCMV serun. Pane?
B. Antipeptide serum reacts at 1/100 and 1/409 with GP-2 but
addition of 1 ug of free peptide abolishes reactivity.
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PUTATIVE CLEAVAGE REGION OF GP-C
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Figure 13, Amino acid sequence arcund the Cleavage sita of CP=~
C. Comparison of LCMV-Arm with LCHV-WE and Pichinga GP=-C

sequences is shown Sequences chcsed for peptide i o
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Figure 1l4. Reacticn of anti-peptide antibosdies, corresponding
to sequences flanking the GP-C cleavage site, with LCMV
structural proteins. Reaction of juinea pig polyclonal antibedy
to the virus is shown for comparison (anti-LCV). )
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be useful to others. Moreover, in a number of biologic systenms
including viruses, enzymes, and the complement system, cleavage
activates or regulates biological functicns of a molecule. For
example in the paramyxo- and coronaviruses proteolytic cleavage
activates the fusion function by cleavage of Fg F, + F, and E,
Espa + Ejp respectively (19,20). The anti-peptide reagents we
have made representing the cleavage domain will provide useful
probes to study the process of cleavage, and poatential bioclogical
activity of the cleaved glycoproteins. Finally, it is worth
noting that sequence data for the Lassa GP-C supplied to us by
David Auperin at CDC (personal communication) reveals precisely
the same architecture arocund the cleavage site as we have
described for LCM and Pichinde viruses.

Our efforts to define the structural and functional topography of
GP-C continue. Currently we are preparing antisera to a series
of overlapping peptides spanning the bulk of the GP-C molecule in
an effort to 1) define regions accessible at the surface of
native GP-1 and 2; 2) to survey for evidence of virus
neutralizing activity in association with a specific region or
regions of GP-1l; -.and 3) to identify peptides with stimulatory
activity for T~ helper and cytotuxic cells. We have also made an
effort to identify regions which are conserved broadly among
arenaviruses with the interest of producing a set of widely
epplicable antibody probes for the glycoproteins of a number of
the viruses.

E. Anti-idiotypic approaches to immunization: Pilot studies

We have begun studies to determine the feasibility of preparing
an anti-idiotypic vaccine (21) against arenaviruses. The
observation of a single neutralizing determinant ~<chared among
multiple strains and immunodominance of that site in polyclonal
antibody responses suggested to us that an anvi-idiotypic vaccine
could be prepared. We purified monoclconals reacting with site
GP-1A, the major neutralizing determinant on LCMV, - and reduced
these to F(Ab) fragments by digestion with pepsin. Purified
F(Ab) was used to immunize guinea pigs and rakbits to produce
anti-F(Ab) which was then adsorbed with an unrelated 1IgG A
monoclonal to remove anti-xenotypic and isotypic reactivity. Tﬁe
adsorbed  sera react only with the relevant, immunizing
monoclonal. We are currently in the process of confirming anti-
idiotypic reactivity by showing the ability of the adsorbed
antisera to block monoclonal antibody-antigen interactizn. An
internal image anti-idiotypic antibody Wwould be predicted to
block the antigen antibody union. Once specificity has been
demonstrated the antibody will be gzpurified by affinity
chrematcgraphy on a column containing the immunizing GP-1A
monoclonal antitody, F(Ab) fragments will be prepzred, and guinea
pigs will be immunized. The animals will be monitored for
production of LCMV neutralizing antibody and will ultimatzly be
challenged with LCHV-WE to test protection, If protection can ke
demonstrated we will extend these studies in collaboration with
Dr. Jahrling, who was a partner in the pilot work, to include
anti-Id prepared against monoclonal and polyclonal antibodies to




Lassa virus. If these pilot experiments show evidence of
neutralizing response and/or protection we will move rapidly to
produce monoclonal anti-idiotypic antibodies which would then
supply a virtually unlimited source of a given immunogen of
interest. Success of this approach hinges upon identifying the
appropriate internal image anti-Id which mimics the
conformational structure of the neutralizing site on the virus.
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Appendix II

Complete nucleotide sequence of the LCMV Armstrong S RNA.
sequence 1is shown as duplex DNA running S' to 3°'.
glycoprotein coding region is 1located at the 5' end of
sequence and the nucleoprotein ceding region at the 3' end.
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