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SCIENTIFIC PRGR5SS

_____li: 1. Peptide vaccines:
To elicit neutralizing immunity agalnst Ricin using analogous

synthetic peptides two approaches were pursued. The first approach
utilized sequences from the putative active site of the enzynatic
activity (Ricin A peptides) and the Second from the part of the B
chain containing t.e major galactose binding site which facilitate
cell entry (Ricin 8 peptides).

a. Ricin & chain:
i.Data from 10 vaccines (11 hydrophobically-linked protecsome-

lipopeptide vaccines (in saline) and 5 Covalently-lInked KLh-
peptide vaccines (emulsified in Corplete Freund's Adjuvant (CFA))
representing 8 areas of Ricin A chain were analyzed and compared
(see enclosed Table 1). Anti-peptide and anti-Ricin A protein IgG
was successfully induced against most of the area except 199,122
and 235. The proteosome vaccine for :he 161 area was significantly
superior to the KLM/CFA system In Inducing anti-RIcIn A protein IgG
and for the 290 area was superior in Inducing both anti-protein and
anti-peptide IgG.The titer of anti-peptide IgG induced by peptide
from region 5 (199 and 205) was low and Ricin A chain protein was
not recognized at all by these antibodies. None of the vaccines
induced detectable neutralizing antibodies in an in vitro assay
using native Ricin; nor did the peptides inhibit neutralization of
Ricin A polyclonal sera.Amino acids 209 and 211 of Ricin A chain
are considered critical to its enzymatic actIvity. Vaccines
containing peptide 199-221 however were not immunogenic; although
immunizacion with vac-ines containing 190-214 did induce high-
titered Igo against 190-Z14 (Table 1), peptide 199-221 was not well
recognized by these antibcdies indicating that IgG to the critical
209-211 area is still lacking. For that purpose vaccine containing
peptide 205-213 was used. This vaccine was also ineffective against
boih the homologous peptIde and Ricin A.
ii. 13 peptides from 9 areas of Ricin A chain were delivered to

the Div. of Patnophysiology, UySANRIID, in order to determine if one
of these areas would be recognized by a neutralizing MAb available
to :ne USAMRIID. A peptide conta;ning amino acids 91-117 was
strongly recognized by the NMb but an overlapping peptide
containing 107-1J2 was not indicating that the protective
monoclonal interferes with Ricin A toxicity by recognizing the area
contained in amino acids 91-110. On receipt of the MAb from
UsAmRIID, we confi-med these results.Three 10-mer peptides (9!-100,
vd-103 and 101-11C) were synthesized, purified and tested in both
direct binding and inhibiticn ELISAs to determine which part of 91-
117 is active.None of these short peptides were active.
Accordingly, A 15-met, 96-120, and a 20-mer, 91-110, were
svnthesized,purified and tested as above. Both of these peptides
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were positive indicating that the active site is defined by the 15-
mer, 96-110.

AiL New vaccines were made using KLM or proteosome preparations
that are superior in developing anti-protein antibodies (MgC-1 and
GCIaX-R) with peptide 91-117 that reacts vith the neutralizing
monoclone. Serum ZLISA results are pending complet-.on of
immunization.

b. Ricin B chain:
i.Oata from 8 vaccines (7 hydrophobically-linked proteosome-

lipopeptide vaccines (in saline) and 1 covalently-lrlnKed KLN-
peptide vaccine (emulsified in Complete Freund's Adjuvant (CrA])
representing peptides from the two hcmologous galactose binding
site on the Ricin 3 chain were analyzed (see enclosed Table 2).
Since two Ricin B peptidss 236-257 and 244-252 from the 2nd binding
site induced antibodies that recognized the homologous paptides but
did not recognize native Ricin 3 protein, five other peptides were
synthesizedr, purified and vaccines were made from the first
putative site (20-28,20-47) and the second (232-239,247-256) .These
vaccines induced anti peptide but not anti Ricin 3 protein
antibodies.

ii.Peptide 210-257 was complexed to 5 different preparations of
proteosome3 to determine if changed presentation of this peptide
induced IgO that recognize the protein: A new lot of meningococcal
prcteosotnes made in Israel (MgC-I), and 3 proteosome preparations
made by Dr. Mylan Blake at the Rockefeller UnIv., N.Y.: MgC-R, and
2 gonococcal proteosomes: GC-Std-R, and GC-X-R (lack-.ng class 3
protein). Significantly, the standard MgC proteosom. induced the
highest anti-peptide titers whereas the others induced better anti-
protein titers, especially MqC-1, which elicited the poorest anti-
peptide titers (Table 3).Hence two now RiCin B peptide vaccines
were made with the GC-X-R and MGC-X linXed to 244-262 peptice whicn
induced anti Ricin a titers of .25,000 (o.d.>0.3) with anti-peptide
titers of 6,400 indicating the efficacy of this approach.
Nevertheless, non of these vaccines Induced detectatle neutralizing
antibodies In an in vitro assay using native Ricin.

2.Monoclcnal Ab (MAW Droduction:
Neutralizing MASs to both A and a chains of Ricin can te used to
identify lpitides that represent neutralizing epitopes of the
toxin.

a.Ricin A chain
sera of mice immunized with Ricin A chain showed a) high titered

polyclonal anti-Ricin A antibodies by ELISA and western blots and
b) low-titered activity In an in vitro assay developed to test for
neutralization or native Ricln. Spleens of these animals were used
for fusion and 40 MAbs were identi:ied that recognized Ricin A.
Although It was initially found that many of these had neutralizingr
activity as well, 1t was subsequently shown that the this was due
to a factor In tne horse serum used to grow the cells. When regrown
in fetal calf serum none of the 40 MA3s that recognized Ricin A
chaIn nELISA neutralized Ricin toxicity.

b.Ricin S chain
Polyclonal antisera fron mice immunized with Ricin B chain

/
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neutralized Ricin at a titer of 1;9000 after 2 boosts. From the
hundreds of Mabs that bound to Ricin B chain in an ELISA, when tho
two hybridomas selected for sub-cloning were expanded. and grown to
ascites fluid, one clone was found to be superior in neutralizing
toxicity in vitro - this clone will be tested for in vivo
neutralization.

._ Proteosome vaccines made from 12 lauryl-cysteine
peptides were tested for induction of binding antibodies to the
native SEE protein and to homologous and overlapping peptides in an
ELISA. Sera were also sent to Dr. P. Gemski at WRAIR for
functional assays and for comparison with ILH-covalently coupled
peptide vaccines. The data are summarized in Table 4 below.

SEB is not toxic in vitro and is toxic at low doses only in man
and monkey. In order to test the SEB vaccines made, new ideas for
a mouse model for SEB toxicity were tested for the second time and
data confirmed feasibility of the model.

C. SECRTORY 11OMNITY: Ricin k peptides RA144 and lauryl-
cysteine-RA144 were purified in largt quantity to make vaccines for
oral immunization of pregnant rabbits to test colostrum and lung
lavage for secretory IgG and IqA. The protocol included SEB alone
or coupled to beads, Ricin A alone or coupled to beads, RA144 alone
or coupled to beads, or lauryl-cysteine or Proteoso:mes.Vacc.nes
tested did not give high antibody titers in colostrum cr lung
lavage following oral immuniza:ion cf rabbits.A murine system was
developed to evaluate induction of IGA in the respiratory tract and
protection against respiratory infection following intranasal
immunization using peptide vaccines.Mics immunized intranasally
with Ricin A or Ricin B ptptides complexed to proteosomes inducod
low levels of specific IgA and IgG in bronchial lavage fluids and
sera, respectively. Cholera toxin B chain (CTB) enhanced immunity
when mixed with free Ricin A peptide or with Ricin B peptide
complexed to proteosones.A new protocol was designed to induce
higher levels of antibcdy (2 series, 3 weeks apart,- of 3 weekly
immunizations). Secretory immunity experiments using shigella LPS
with protaosones to evaluate oral and intranasal immunization using
antigens of known military importance indicate that at least three
doses are needed for optiral responses.
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TARLE I? !MMUMOJOICIZCTY *0 MICIN A PIPEPT VACCNIM U31NG
PROTIOsCM-LIPOPIPMjES CIA SO of, 1CLUM011PT160 (Inq CPA):
TERTIAAY M',*IN 44 qESPCidSES as measjrsd by IL1SA

Area (O.D.lufS Aaimst

(cCatkat alelm A k4.tn(e&A
Prot~if Peptic*

prot"Pam C161-186 5.20 3,2.00

3 ________ C171-198 200 80C

KLH/CFA C17".!98 3.200 6,1,00

4 Praoteolc C190-21S S1,210 6,4C00

KLHICFA C190-215 1,600 830

p ratfalam cmQ-221 '50 too

KLl/CFA C19-221500

6 c'1.1l7 ~~~1,6400 ________

7 protel.om C107-132 1.6mC 3.20a_____

Se protecsom CS213 50 0
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TAK E IR 4JINCGENIC!TY Om~ i NS) 04 KLMH
PEPTIDE (in CIA) VACCINE3 from thea 3 CHAIN of tCIN: TZfTAftY
"JoeI0 Igo 49P~OV33 A*AIMST lMO04moous AMCIN PROTEIN or
PEPTIOWS fo- RwaatF04 by BUA

tcnCarrier/ Sou~rce pepie, Reuiprocal Serum Titer
Arma Adjuvant of LOCAtion (.. 05 Aaint

Pepti~e CPtptide

9 rotooo.mo fticjn 0 C230-;57 100 3,~O

10 Prcteoscme 11cin I C244-262 200 11600

10 Protmemoss ItciA a C244-262 200 s

9, orotecimm Ricin I C232-239 <50 400

10. 3fctrom icivi I cý7-256 so 0

IiRci 1CeS¶ e C20-47 SQ 5400

Ilab Protgosec"W Ricn C20,20 3 .400
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'AGL9 3S IMJUdOi*ICIty 04 M0~~ELp~~2qVAICCIIUWS Iro V14, a tAIE of

R1C221: SICOVAAY ard rEATIAXY MiAINO tic 19"sDtt ICAINS1 XK@404oiJs
RICINM 71RTIM or PSpTIOES as measujred by [LISA

Maifn prot#64CMwsi 9 Auiprocaa Striu TIM
A'.aa Stdo 2tandard (0.0. O.S) Ag.,,nat

Is Israel
0"~) Sourwce pepi da,

as o Lwati~on
ROCKatetter P"1e (Ia0o Moaedo*ouj

NC Wv~#-Cylvin. Protein Peptide

smcocci
X* cc 20 30 20

tackin~g Class

____ Std. 011C q~icrn S C230-237 so so 3,Z200 25,600

9 ?4 C-I RICIf, a Ic230-24.7 so I.60 goo 12,800

N 'geCR A~ AI~" rm C230-257 Aso 200 50 3,200

RC :za ¶ Ricn B C230-2S7 100 2CC goo 3,200

4C.XC Rii 230-2!7 1.00 400 ±00 4,600

____________ ________ 1 ______ ____-26_ ___00__ 61400

77777=7 -'17777
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l'9JR0~IC~l OF PROTEMSQ-LIMPTffICE VACC14IES
USING Sit PlPTlIDS: T117LARY ARO QUATERNA4RY
WAIME igG 11"ISPMS :AS NMIADA IN AN ELISA

mO eaf pMMAL S*,in Tito. (C.D. b .S) Al*(netsILocotion $IS Protalm 1cHemoLoout

____ j trtr Jtorl'4f ccP.trcfvy

______ 1301.6000

4t-70____ 3.200 12, 5O 102,000

8 1-9 102C0IO,400 204,~00

6 3-112 so 50 i02,=C

7 101-130 0 SO'so 230
a 113-144 ¶2,00 ~ 02o

9___ 130-160___ 6 ,40C 12,500 204,30C

______ 6,40C ________ too_____

.1 sco3co So-2 10-220 00 40



B. oEMORY IV--NIITY- NiLce were ±nMMwiL:d intranuaslly with
throe insRciz a pvptLdom that wore roco"ie~d b~j tha protective *Ati-
Ricin a mAb (R191-117, Rl91-110 and RA96-1101. Peptides that were
hydropbobically caiplexed to proteoscmes were found more potent in

induciing Lnti-Ricin ISA and ISO in bron.chial and intestinal lavag.

fluids and sera than those linked ccvaleatl.j to carrier protein,
KLH. Priming intranazally was found superior to parenteral priming.
Reomakably high antI-Ricvi titesu were o bjaied with RA96-110

couplexed to proteoucues (sert% titer >460 at 1o.d 1.0 for bronchial
IgA and 200 tax saxa Ig& in iom ani-o~l1).
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