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ORSWORD

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

Citations of commercial organizations and trade names in this
report do not constitute an official Department of the Army en-
dorsement or approval of the products or services of these organi-
zations.
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I. INTRODUCTION

The sodium channel blocker saxitoxin (STX), produced by the
dinoflagellates of the genus GonyaulaX, and the protein synthesis
inhibitor ricin, produced by the castor plant Ricinus communis, are
extremely toxic biological compounds. The main objectives of this
investigation are to generate specific and pr,)tective monoclonal
antibodies (mAbs) with high binding affinity constants, to develop
sensitive immunoassays for the specific detection of these toxins,
and to assess the feasibility of anti-idiotype (anti-Id) based vac-
cines for the induction of active and protective immunity against
the in vivo toxicity of these compounds.

Idiotypes or Id determinants are antigenic determinants or
amino acid sequences associated with the variable (V) region of an
antibody molecule. Anti-Id antibodies (or Ab2) are specific anti-
immunoglobulin (Ig) antibodies that can be used to serologically
define the Id (or Abl). Anti-Id antibodies can be classified into
three different categories based on their binding specificities
(1). Anti-Id antibodies binding to framework determinants not as-
sociated with the antigen-binding site of the Abl (anti-antigen),
and therefore not inhibited by the antigen are referred to as Ab2a.
Anti-Id that are inhibited by antigen, and can display similar ter-
tiary conformation to that of the nominal antigen (antigenic mimic-
ry) are designated Ab2b, or internal image anti-Id. Whereas, those
anti-Id that are inhibited by antigen but lack biological mimicry
are referred to as Ab2y. It is the Ab2b with its antigen mimicry
that have been proposed as potential antibody-based vaccines (2).
Indeed, anti-Id vaccines have been shown to induce protective immu-
nity against a variety of experimental bacterial, viral and para-
sitic infections.

For nonproteinaceous, low molecular weight biological and
chemical toxins such STX, the anti-Id vaccine approach may repre-
sent the only safe and effective strategy for vaccine development
since their extreme toxicity precludes their use as immunogens.
This anti-Id-based vaccine approach was successfully demonstrated
in our laboratory in inducing protection against the in vivo toxic-
ity of the trichothecent mycotoxin T-2 (3).

Because ricin is a protein toxin composed of two disulfide-
linked glycoprotein chains whose primary amino acid sequences have
been determined, it is also proposed, in addition to the anti-Id
approach, to develop subunit vaccines based on synthetic peptides
homologous to antigenic sequences of the ricin A and B chains.

This report describes our research work in the generation of
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mAbs against STX using different conjugation methods for preparing
STX-conjugates, and different immunization schemes. Monoclonal
anti-ricin antibodies have also been isolated by immunizing mice
with a variety of antigens (ricin whole molecule, purified chain A,
purified chain B, and synthetic peptides homologous to the ricin A
and B chains). Passive and active protection experiments against
the in vivo toxicity of ricin using anti-ricin mAbs and synthetic
peptides, respectively, are also discussed. Finally, we will re-
port on our progress in the monoclonal and polyclonal anti-Id ap-
proaches in the STX and ricin systems, with the ultimate aim of
inducing active and protective immunity against toxicity.



II. RESULTS

A. MONOCLAL ANTI-SAXITOXIN ANIBQDIES

We had previously generated two murine mAbs specifii for STX
with approximate affinity constants (Ka values) of 10 M_ , using
formaldehyde as the coupling reagent in the preparation of STX-
conjugates (4). These anti-STX mAbs were used in a sensitive en-
zyme-linked immunosorbent assay (ELIS4 ) for the specific detection
of STX. They were able to displace [ H]STX binding to rat brain
membranes in vitro, and to partially protect against STX-induced
reduction of peripheral nerve action potential in rat tibial nerve
in situ. It should be noted that this protection was only partial,
which could be accounted for by the relatively low Ka values of the
anti-STX mAbs generated.

We have taken two approaches in attempting to enhance the K
of the generated mAbs. The first approach involves our continued
effort to design more immunogenic STX-conjugates by coupling STX to
the protein carriers keyhole limpet hemoc:'anin (KLH) or bovine se-
rum albumin (BSA) via the linker N-succini.aidyl 3-2 (pyridyldithio)
propionic acid (SPDP). The propionic acid linker is thought to
enhance immunogenicity of the hapten-protein conjugates by render-
ing STX more solvent-exposed and accessible for immune recognition.
The conjugates were prepared by adding 50 mg of KLH or BSA in 15 ml
of borate buffered saline (BBS, pH 7.2) to 5.2 mg of SPDP in 0.2 ml
dimethyl formamide. The mixture was incubated for 1 hr at room
temperature and dialyzed overnight against BBS at 40 C. Dithiothr-
eitol (3.85 mg) in BBS was addei to the KLH-SPDP, and dialysis
against 2 liters of BBS containing 3 mM sodium borohydride was done
for 1 hr at 40 C. The buffer was changed to BBS, and dialysis was
continued for another hour at 40 C. The STX derivative (decarbamoyl
STX), grepared by drying 5 mg STX under vacuum followed by heating
at 110 C for 3 hr in the presence of 7.5 N HCl and drying under
vacuum, was added to the dialysate, The STX-SPDP-carrier conju-
gates were reacted for 3 hr at room temperature and dialyzed for 3
days with daily changes of the dialysis buffer. Routine binding
ELISA indicates the presence of STX in the conjugates, however the
amount present and the ratio of conjugation are not known. Five
and 4 fusions have been performed with spleen cells from BALB/C
mice immunized with STX-SPDP-KLH and STX-SPDP-BSA, respectively. A
total of over 3,000 resulting hybrid culture supernatants have been
screened for binding to STX using the ELISA described previously
(4). Among these, about 49 hybrids were found to be positive in
the binding ELISA, however none had Ka values, as determined by
IC 5 . competitive inhibition enzyme immunoassay (4,5), significantly
higher than the two anti-STX mAbs previously generated (4). Five
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fusions were also performed with spleen cells from BALB/C mice im-
munized with STX coupled to KLH or BSA using formaldehyde. Al-
though specific anti-STX6 mA~s were generated as above, none showed
Ka values higher than 10 M- .

B. MONOLONA ANT-RICIN ANTIBODIES

One of the major emphasis of the present study is to generate
anti-ricin mAbs of high binding affinity that would protect against
ricin in vivo toxicity. For this purpose, BALB/C mice were immu-
nized with either native ricin antigens or with synthetic peptides
homologous to amino acid sequences of the two ricin chains.

1. Monoclonal Antibodies Raised Against Native Ricin: Groups
of BALB/C mice were immunized intramuscularly with whole ricin
(1.0ug/mouse), or purified ricin A chain (10 ug/mouse), or with
purified ricin B chain (10 ug/mouse). The native ricin antigens
were purchased from Sigma Chemical Co., St. Louis, MO. The first
injection was done in Freund's complete adjuvant (FCA), the second
in Freund's incomplete adjuvant (FIA), and subsequent injections
were in phosphate buffered saline (PBS, pH 7.2). Immunizations
were given at 2-week intervals. The mice were bled before and af-
ter each immunization, and their sera tested for ricin reactivity
as follows. Microtiter wells were coated with a pretitrated amount
of whole ricin (0.05 ml/well of a 10 ug/ml solution), or ricin A
chain (10 ug/ml), or ricin B chain (10 ug/ml) overnight at 40 C.
The wells were washed with PBS supplemented with 5% normal goat
serum (PBS/NGS), and blocked with PBS/NGS for 1 hr at 370 C. The
wells were washed and 0.05 ml of serial dilutions of preimmune or
immune sera were added. After 1 hr incubation at 37 0 C and washing,
0.05 ml of a 1:2500 dilution of goat anti-mouse Ig conjugated to
horse radish peroxidase (HRP, Fisher Scientific, Orangeburg, NY)
were added to the wells. After 1 hr incubation at 37 C, reactivity
was detected by addition of the substrate ABTS (2,2-azino-bis-[3-
ethyl-benzthiazoline-6-sulfonate]). Positive reactivity is defined
as optical density (OD4tO m) greater than 3x that of preimmune
sera. TFTA-1 and TFTB-Iliybridoma (ATCC, Rockville, MD) culture
supernatants specific for ricin chains A and B, respectively, were
used as positive controls. Culture supernatant from HD11 hybridoma
secreting an IqG1 mAb specific for T-2 mycotoxin served as the
negative control (6,7). Hybrid culture supernatants yielding posi-
tive reactivity in binding ELISA were selected and further tested
in an inhJbition ELISA ns follows. Dilutions of positive superna-
tants giving approximately 50% binding in the ELISA described above
were incubated with an equivalent volume of inhibitors (whole ri-
cin, chains A or B at 200 ug/ml) for 1 hr at 37 0 C. Following incu-
bation, the mixtures were added to the wells which had been pre-
coated with the immunizing antigen, and the ELISA was continued as
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described above. This concentration of inhibitors (200 ug/ml) was
selected based on observations that mAbs not inhibited by this con-
centration of inhibitors would in all likelihood possess relatively
low Ka values. Culture supernatants whose binding was inhibited by
greater than 30% were further selected for the EL-4 in vitro pro-
tection assay. Th-' EL-4 cells, obtained from Dr. J. Hewetson at
USAMRIID, were used to determine the in vitro toxicity of ricin.
EL-4 in log phase growth were washed and resuspended at a cell den-
sity of 2x10 cells/ml in Dubbelco MEM (DMEM) supplemented with 10%
fetal bovine serum (FBS). Triplicates of 0.05 ml containing 10i
cells/well were added to 96-well flat bottom tissue culture plates.
Different concentrations of ricin in 0.05 ml of leucine-free DMEM
medium were added to the wells which were incubated overnight at
3• 0 C. After incubation, 0.05 ml of DMEM containing 1.0 uCi of
[ H]leucine were added to the wells, which were incubated for 4 hr
at 37 0 C. The cells were then harvested and processed for scintil-
lation counting, The concentration of ricin inhibiting approxi-
mately 50% of [ Hileucine uptake was determined to be 6.0 ng/ml,
which is routinely used in our laboratory for assessing antibody
protection. In this in vitro protection assay, the proper concen-
tration of ricin is incubated with an equivalent volume of anti-
ricin mAbs for 1 hr at 370 C. The mAb/ricin mixture was addeJ to
the EL-4 cells, and the assay preformed as described above.

Using this approach, a number of hybrids specific for ricin
have been isolated (Table 1). Among the 7 mAbs raised against
whole ricin, 6 were of the IqM isotype, whereas one (BG11-G2) was
an IgGi. The six IgM mAbs reacted strongly in binding ELISA with
ricin- and ricin A-coated wells. E4, E7 and D6 mAbs reacted to a
lesser extent with ricin B chain-coated wells, whereas Al, 3F2 and
WR1C4 did not. The BG11-G2 IgG 1 mAb was specific for whole ricin,
and did not react with chains A or B. The binding of Al and 3F2
were inhibited by A chain, but not by ricin or B chain. The bind-
ing of the other 4 IgM hybrids were inhibited most strongly by ri-
cin A chain followed by whole ricin, and to a lesser degree by ri-
cin B chain. BG11-G2 binding was only inhibited by whole ricin,
suggesting that the expression of the antigenic determinant in-
volved requires both chain in their native conformation. All 7
mAbs, with the exception of Al, protected EL-4 cells against the in
vitro ricin toxicity, with BGl1-G2 being the most efficient, as
determined by titration experiments (data not shown).

Two mAbs (A2H11 and 3B8) were isolated from fusions of chain
A-immune spleen cells. Both mAbs reacted with whole ricin and ri-
cmn A-coated wells, and not with ricin B-coated wells. Their bind-
ing were inhibited by whole ricin and chain A, and to a lesser ex-
tent by chain B. It was surprising that chain B was able to inhib-
it their binding, however one likely explanation would be the con-
tamination of the purified chain B by whole ricin or chain A. Both
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mAbs showed some protection against the in vitro ricin toxicity in
EL-4 cell assay.

Three mAbs (7F3, FDlO and HC7) were generated from spleen
cells of mice immunized with purified ricin B chain. They possess
similar reactivity patterns in that they reacted with both whole
ricin and ricin chain B, and not with chain A. Their binding were
inhibited by whole ricin and chain B, and not by chain A. They
only partially inhibited the in vitro ricin toxicity as assessed by
the EL-4 cell assays.

In summary, mAbs raised against whole ricin molecules appear
to provide a higher level of protection against ricin toxicity.
Among these mAbs, BG11-G2 appears to be the most promising mAb. As
will be discussed later, this IgG 1 anti-ricin mAb was capable of
protecting against the in vivo toxicity of ricin.

2. Monoclonal Antibodies Raised hgainst Ricin Synthetic P
tides: A number of synthetic peptides homologous to either ricin
chain A or B have been synthesized in our laboratory. The ration-
ale for the selection of these sequences for synthesis will be dis-
cussed later. Two of the synthetic peptides, namely A-18 and B-18,
were conjugated to KLH and used to immunize mice for the production
of mAbs. The A-18 sequence (Figure 1) which is homologous to an
amino acid sequence of the ricin A chain starting at position 18,
defines a solvent-exposed alpha-helical region. The B-18 sequence
(Figure 2) which is homologous to a sequence on the ricin B chain
starting at position 18 contains one of the 2 galactose-binding do-
mains of the B chain. Three mAbs were isolated from A-18-KLH-im-
mune spleen cells that bound to whole ricin and chain A, but not to
chain B. Their specificity was demonstrated by the inhibition of
their binding by ricin and chain A (Table 1). Likewise, the two
mAbs produced from B-18-KLH-immune spleen cells reacted with ricin
and chain B, but not chain A, and were inhibited by ricin and chain
B. None of these mAbs protected against ricin toxicity by more
than 50%. Thus, although anti-ricin mAbs specific for either
chains A or B could be generated from synthetic peptide antigens,
they do not appear to be highly protective. Although two more syn-
thetic peptides are currently available in our laboratory (see be-
low), mAbs against them have not been generated. Our plan is to
investigate these peptides as well as others that we have proposed
in order to derive mAbs that are protective either singly or in
combinations.

C. BALB/C IM M E RESPONSES AGAINST RICIN SYNTHEIC PEPTIDES

In addition to the strategy of generating anti-Id antibodies
which may be effectie as vaccines against ricin toxicity, we also
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propose to develop synthetic peptide-based subunit vaccines because
of the proteinaceous nature of ricin. Based on the knowi ,' imary
sequences of the A and B chains of ricin, we have selectec "ur se-
quences thus far for synthesis. These sequences are chb'.Mn oased
on their high hydrophylicity/hydrophobicity indices, a•pha-hrilcal
structures, beta-turns, galactose-binding domains of t'.- BR
and high potential exposure to solvent or accessibility lor inmune
re:ognition. Two amino acid sequences homologous to tha A chain
were selected for synthesis because they represent .--.xions uf sol-
vent-exposed, potentially immunogenic alpha-helic:... %trzt•tes.
They are designated ricin A-18 and A-95 (Figures I and 3, r.-tpec-
tively). Two sequences were also selected from the icl i % -:hain.
Designated B-18 and B-230, they encompass the qalaot4z.-hLr~ing
domains of the ricin molecule B chain (Figures 2 and 4., c.:3pective-
ly). It is believed that these sequences represent °:hv 'n.nding
sites of ricin to complex sugars on the cell membrane, .. owing the
internalization of the ricin molecule into the cell cy-_.plasm where
the A chain exerts its toxicity. Three of these peptides (A-18, A-
95 and B-230) were synthesized as free peptide3 followed by conju-
gation to KLH by carbodiimide reaction to render them immunogenic.
The fourth peptide (B-18) was synthesized on a backbone of branch-
ing lysine core as described by Posnett et al. (8), and referred to
as multiple antigenic peptides or MAP (Figure 5). Peptides synthe-
sized as MAP have been demonstrated to render the need for carrier
proteins obsolete in generating high titered anti-peptide and anti-
native antibodies. This approach is attractive because the possi-
bility exists for the synthesis of MAP with multiple sets of pep-
tide arms, or the synthesis of polymers containing two or more dif-
ferent peptide epitopes. The latter property may be significant in
the development of effective vaccines in instances where there is a
requirement for more than one protective immunogenic epitopes.
Groups of BALB/C mice were immunized with the synthetic peptides in
various adjuvants as shown below:

A-18 Peptide A-95 Peptide
(6 mice/group) (5 mice/group)

1. A-18 in alum 1. A-95 in alum
2. A-18-KLH in alum 2. A-95-KLH in alum
3. A-18-KLH in FCA 3. A-95-KLH in FCA

4. A-95-KLH in FIA

B-230 Peptide 3-18-MAP Peptide
(5 mice/group) (5 mice/group)

1. B-230 in alum 1. B-18-MAP it PBS
2. B-230 in FCA 2. B-18-MAP in alum
3. B-230-KLH in alum 3. B-18-MAP in FCA
4. B-230-KLH in FCA 4. B-18-MAP in FIA

10
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Each mouse received 10 ug per injection of peptides A-18 or A-
95, or 50 ug of peptides B-230 or B-18-MAP intraperitoneally on a
two-week interval. The reason for increasing the doses of the lat-
ter two peptides was the relatively low antibody responses obtained
with 10 ug of A-18 and A-95 peptides (see below). However, it be-
came apparent that higher dcses did not in this case result in en-
hanced antibody responses, and that peptide synthesized as MAP in-
duced a significantly stronger immune response.

1. Immune Responses Against Ricin A-18 Peptide: The binding
ELISA results of mice immunized with A-18 peptide, determined as
described Above, are shown in Table 2. The majority of the animals
immunized with unconjugated peptide, or with A-18-KLH in alum or in
FCA developed demonstrable anti-ricin titer after the 3rd immuniza-
tion. The sera reacted not only with the immunizing peptide, but
also with whole ricin and chain A. No significant reactivity was
observed with chain B (data not shown). The reactivity against A
chain (with titers ranging from 1:40 to 1:1280) appeared to be
somewhat higher than those against A-18 peptide (1:20 to 1:320) and
against whole ricin (1:20 to 1:320). With few exceptions, the se-
rum titers of all three groups of mice did not increase signifi-
cantly with booster injections and remained rather modest up to the
5th and 6th immunizations. No obvious differences were noticed
with various adjuvants employed.

2. Immune Responses Agains Rcin A-95 Peptide: The serum
reactivity of mice immunized with ricin A-95 peptide is presented
in Table 3. Unlike peptide A-18, conjugation of A-95 peptide to
KLH followed by immunization as alum precipitate or as FCA emulsion
did not result in significant anti-peptide or anti-ricin reactivi-
ty, even after the 6th immunization. On the other hand, unconju-
gated A-95 peptide immunogen given in alum or FCA induced a detect-
able anti-peptide and anti-ricin reactivity after 2 to 3 injec-
tions. The reason for this is unclear. It was somewhat surprising
that the free peptide was immunogenic, however it should be noted
that these are rather large peptides composed of 20 or more amino
acids (Figure 3). As is the case with A-18 peptide, A-95-immune
sera reacted with the homologous peptide, chain A and ricin, but
not with chain B. The antibody titers of all groups did not in-
crease significantly after the 6th immunization, and different ad-
juvants did not influcnce the anti-ricin antibody titer.

3. Immune Responses Against Ricin B-230 Peptide: Groups of
BALB/C mice were also immunized with ricin B-230 peptide, which
encompasses one of the two galactose-binding domains of the ricin B
chain. The binding ELISA results which are presented in Table 4
are somewhat confusing and disappointing. Unconjugated B-230 pep-
tide in alum or FCA induced primarily an anti-peptide antibody re-
sponse which was apparent only after the 3 r or 4th immunization.
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No reactivity was observed with the native ricin B chain, whereas
only minimal reactivity was obtained against whole ricin following
the 5tb immunization. B-210-KLH in alum induced an anti-ricin re-
sponse after the 5th injection, however no reactivity was observed
with the homologous peptide or with ricin B chain. Immunization
with B-230-KLH in FCA resulted in a strict anti-B-230 response with
some anti-whole ricin reactivity after the 5th injection, and no
detectable anti-native B chain antibody response.

4. Immune Responses Against Rcin B-18-MAP: As mentioned
earlier, a synthetic peptide homologous to the second galactose-
binding domain of the B chain (residues 18-48) was synthesized on a
backbone of lysine, designated B-18-MAP. The ELISA binding results
of sera of mice immunized with B-18-MAP are shown in Table 5. Un-
like the thre, other peptides which required 2 to 3 injections be-
fore detection of a low antibody response, ricin B-18-MAP adminis-
tered in PBS or in alum induced a detectable although low reactivi-
ty after the primary immunization. The anti-peptide and anti-na-
tive antibody responses increased dramatically with subsequent
booster injections. Two weeks after the 4th immunization, the an-
tibody titers reached levels of 1:160 to greater than 1:10,000,
which were not achieved with 5 or 6 injections with the other pep-
tides not synthesized as MAP. The 2 groups of mice immunizes with
peatide in FCA or in FIA gave low responses following the 2 na and
3r immunizations. The reason for this is not clear, however, it
is noteworthy that B-18-MAP peptide did not emulsified well in
these adjuvants because of their low solubility. Nevertheless,
after the 4th immunization, these 2 groups of animals develop-d
titers comparable to those of the PBS or alum groups. The immune
responses induced were specific in that no significant reactivity
was obtained against chain A (data not shown). These results sug-
gest that B-18-MAP peptide induces significantly higher anti-pep-
tide and anti-native antibody responses that could be obtained with
the other peptides studied which were not synthesized as MAP. Sera
from the B-18-MAP-immune mice were able to protect against the in
vitro ricin toxicity using the EL-4 cell assays (data not shown),
whereas sera from the other groups did not. Whether this enhanced
immune response and associated protection are due to the MAP syn-
thesis or due to the inherent immunogenic property of the B-18 pep-
tide is not known, To attempt to answer this question, we synthe-
sized A-18 and B-230 peptides as MAP, and immunized BALB/C mice as
follows:

A-18-MAP B-230-MAP
(6 mice/group) (6 mice/group)

1. A-18-MAP in alum 1. B-230-MAP in alum
2. A-18-MAP in FCA 2. B-230-MAP in FCA

12



The mice received 50 ug/each per injection intraperitoneally
on a 2-week schedule. They were bled before and after every immu-
nization, and reactivity was assessed in ELISA as described above.
Peptide A-18 synthesized as MAP induced an earlier and significant-
ly better antibody response compared to that obtained with A-18-KLH
immunization (Table 6). There did not appear to be any significant
differences between the use of alum or FCA as adjuvant. Immuniza-
tion with B-230-MAP (Table 7), however did not result in a signifi-
cantly higher antibody response than immunization with B-230-KLH,
suggesting that peptide B-230 sequence may not be very immunogenic,
at least in BALB/C mice.

5. I=mune Responses Against Ricin Peptide Combinations: In
order to determine how BLAB/C mice would respond to different com-
binations of ricin peptide-MAP (e.g., antigenic competition),
groups of 6 mice each were immunized with 50 ug of each peptide in
alum as follows:

Combinations of Peptide-MAP

1. A-18-MAP and B-230-MAP
2. A-18-MAP and B-18-MAP
3. B-18-MAP and B-230-MAP
4. A-18-MAP, B-18-MAP and B-230-MAP

The results of their sera reactivity are presented in Table 8-
11. In summary, no antigenic competition was observed. Ricin pep-
tide-MAP that induced a good antibody response when given singly
also induced a good antibody response when given together with oth-
er peptide-MAP. The converse was also true. Thus, the sera of the
first group of mice immunized with A-18-MAP and B-230-MAP gave high
antibody reactivity against chain A and whole ricin, but low reac-
tivity against chain B (table 8). This was not surprising due to
the poor immunogenicity of the B-230 peptide even when synthesized
as MAP. It is noteworthy that mice immunized with all three ricin
peptide-MAP gave significant titers against whole ricin, chains A
and B. This may represent a good combination subunit vaccine in
c r attempt to induce active and protective immunity against ricin
in vivo toxicity.

D. SYNTHETI PEPTIDES AS SUBUNIT VACCINES AGAINST RICIN Il
VIVO TOXICITY

Encouraged by the anti-ricin antibody titers obtained above
with the MAP system, we investigated the ability of some of these
ricin peptides in inducing an active protective immunity against
the in vivo toxicity of ricin. A group of 20 female, age-matched
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BALB/C nice were immunized as above with 50 ug each of A-18-MAP in
alum. Two weeks after the 3rd booster injection, the mice were
bled and their sera tested on ELISA as described, to ensure that
the immunization process is properly done. The titers of the 20
mouse sera against chain A and whole ricin ranged between 1:64,000
to 1:128,000 and between 1:8,000 and 1:16,000, respectively (data
not shown). The mice were boosted twice more, and 10 days follow-
ing the 5th immunization, the immune mice and a group of age-
matched unimmunized controls were challenged subcutaneously with
various doses (0.2 ug, 1.0 ug and 5.Oug/mouse) of ricin (Table 12).
The rationale for selecting these particular ricin doses is that we
had previously determined the LD5 n dose of ricin in BALB/C mice to
be approximately between 0.1 and-6.5 ug/mouse (data not shown).
After challenge, the number of dead mice in each group and the
elapsed time between challenge and onset of death were recorded.
All mice that received 5.0 ug/mouse died. At the 1.0 ug/mouse
dose, 4/5 nonimmune mice died, whereas 3/7 immune mice did. All
the mice receiving 0.2 ug/mouse survived the challenge. It is im-
portant to notice that it took considerably longer for the peptide-
immune than the nonimmune mice to succumb to the challenge, whether
they received 1.0 or 5.0 ug of ricin. This delay in elapsed time
between challenge and death can be best illustrated in the survival
graph presented in Figure 6. Thus, 52 hr after administration of
1.0 ug of ricin, only 20% of the control mice survived, whereas
there was a 100% survival in the immune group. Thus, immunization
with a single ricin peptide (A-18-MAP) in alum was partially pro-
tective against the in vivo ricin toxicity, as assessed by the sur-
vival ratio as well as by the delay in onset of death. Another
group of 25 mice have been immunized with a combination of A-18-
MAP, A-95-MAP and B-18-MAP in alum. B-230 peptide was not included
because our results thus far suggest that B-230 is not very immuno-
genic. As of this writing, the mice have received 3 immunizations
and are showing good antibody responses to ricin, to ricin chains A
and B. They will be boosted twice before a challenge experiment
will be performed.

E. ASSIVE PROTECTION AGAINST RICI TOXICITY

To determine if one can passively protect mice against ricin
toxicity, we selected one of the better anti-ricin mAb generated,
namely BG11-G2 (see above), and injected the hybrid cells into
BALB/C mice to produce ascites. The BG11-G2 ascitic fluid was har-
vested and the IgG mAb was purified by caprylic acid precipita-
tion. The purifieA IgG mAb (10.0 mg/mouse) was injected intraper-
itoneally into groups ok BALB/C mice, which were challenged the
following day with various doses of ricin (Table 13). We had
previously determined that the circulating BG11-G2 reached optimum
levels approximately 12-24 hr after i.p. injection of the mAb (data
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not shown). Although all untreated and treated mice died from
challenge with either 2.5 ug or 5.0 ug of ricin, a considerable
delay in the onset of death was observed with the groups that were
pretreated with BG11-G2 anti-ricin mAb. A larger amount of puri-
fied BG1l-G2 mAb is being produced, and the experiment will be re-
peated with a higher dose of BG11-G2. However, these results sug-
gest that it is indeed possible to delay the onset of death by pre-
treatment with a specific anti-ricin mAb.

F. ANTI-IDIOTYPIC ANTIBODIES

The other proposed strategy for the induction of active pro-
tective immunity against the in vivo toxicity of ricin and STX is
the anti--Id-based approach. The general scheme for this approach
is presented in Figure 7. The first requirement for a successful
anti-Id vaccine is the generation of a high binding affinity and
protective anti-toxin (Abl) antibody. This Abl is then utilized to
produce a second generation antibody (Ab2) of the internal image
class that has the ability to mimic the tertiary conformation of
the nominal antigen (toxins), and thus can be used to induce the
production of an anti-toxin immune response.

1. Ricin 4onoclonal Anti-IdiotVyes: We have thus far select-
ed 3 anti-ricin mAbl (see Table 1) for the generation of monoclonal
anti-Id antibodies:

a. WRIC4, an anti-ricin mAb derived from a fusion of spleen
cells of mice immunized with ricin.

b. A2H11, an anti-ricin mAb derived from a fusion of chain A-
immune spleen cells.

c. BG11-G2, a recently derived anti-whole ricin mAb, and
probably the best mAb generated thus far.

Groups of syngeneic BALB/C mice were immunized i.p. with 10
ug/each of WRIC4 or A2H11 anti-ricin mAbs in alum. Injections were
done every other week. Sera from these mice obtained 2 weeks after
immunizations were tested for anti-Id reactivity employing a "sand-
wich assay" as follows. Briefly, purified Abl anti-ricin mAb
(WR1C4, A2H11 or BG11-G2) were used to coat microtiter wells at a
concentration of 10 ug/ml. After blocking unreactive sites, serial
dilutions of the anti-Id (Ab2)-containing sera were added to the
wells, which were incubated for 1 hr at 370 C. After incubation,
the wells were washed followed by the addition of biotinylated Abl,
and incubated at 370 C for 1 hr. The wells were then washed, and
avidin-HRP was added, and the wells incubated for another hour at
37 0 C. Reactivity was detected by addition of the ABTS substrate.
No anti-Id reactivity was detected after 5 immunizations of WR1C4.
On the other hand, some anti-Id reactivity was observed with sera
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obtained two weeks after the 5th immunization with A2H11 (Teble
14), although the anti-Id antibody titers were quite low. The mice
were boosted, and three independent fusions have been performed
Approximately 750 resulting hybrids were screened for anti-Id reac-
tivity using the sandwich ELISA described above. None of the test-
ed culture supernatants showed any significant anti-Id reactivity.
It should be ment!oned that the Abl were used as unconjugated immu-
nogens in a syngeneic system (BALB/C into BALB/C). This may ac-
count for our inability thus far to induce significant anti-Id re-
activity. Experiments are underway to immuniza BALB/C mice with
WRIC4 and A2H11 Abl conjugated to KLH. BG11-G2, a recently derived
antl -ricin mAb, has also been conjugated to KLH for this purposc.

2. Ric.in P yc_ Anti-Idiotypes: In addition to the mono-
clonal anti-Id approach, it was thought advantageous to also pursue
the polyclonal anti-ld strategy, as suggested by Dr. J. Hewetson
(USAMRIID). For this purpose, we have immunized 2 New Zealand
White rabbits with ricin (50 ug/injection). After 4 immunizations
given at two week-interval, the rabbits were bled and their sera
tested for anti-ricin reactivity as described above. The sera tit-
ers of the rabbits ranged from 1:5,000 to 1:10,000 (data not
shown). The rabbit anti-ricin IgG was purified by adscrption to
and elution from a protein A-agarose column, and tested for protec-
tion against ricin toxicity in EL-4 cell assays. Results obtained
with rabbit No. X-840 are presented in Table 15. As mentioned be-
fore, in our hands, a final concentration of 6 0ng/ml of ricin rou-
tinely inhibits approximately 40%-60% of the [ H]leucine uptake by
EL-4 cells. When rabbit X-840 purified IgG was added to the EL-4
cultures in the presence of ricin, there was a pronounced reduction
in the percent inhibition of leucine uptake, suggesting a protec-
tive effect of the rabbit anti-ricin IgG. The same concentrations
of preimmune rabbit X-840 IgG did not have any effect. Similar
results were obtained with rabbit X-639 and are not shown. Al-
though these rabbit anti-ricin IgG are available, we have not begun
immunization for anti-Id production. We have instead elected to
work with a better characterized polyclonal goat anti-ricin IgG
preparation generously provided to us by Dr. J. Hewetson
(USAMRIID). This goat anti-ricin IgG preparation has been demon-
strated to protect against ricin in vitro toxicity (9,10). BALB/C
mice were immunized i.p. every other week with 50 ug/mouse of pro-
tein G-purified goat anti-ricin IgG (generously provided by Dr. J.
Hewetson) precipitated in alum. Following the 3rd immunization,
the sera of the 5 mice were pooled and adsorbed over a normal goat
IgG-agarose column in order to remove anti-isotype and anti-allo-
type reactivity. After adsorption, mouse anti-goat Ig reactivity
was detected as follows. Microtiter wells were coated With a
predetermined optimum concentration of goat Ig (2.0 ug/ml), and
blocked. Serial dilutions of the pooled, adsorbed mouse sera were
added. The wells were incubated for 1 hr at 370 C. After washing,
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0.05 ml of a 1:2,500 dilution of goat anti-mouse Ig-HRP were added.
After incubation and washing, reactivity was developed by the addi-
tion of the substrate ABTS (Table 16). Most if not all anti-iso-
type and anti-allotype reactivity had been adsorbed, as no reaction
was observed with wells coated with normal goat IgG. On the other
hand, the same sera reacted strongly with wells coated with goat
anti-ricin IgG, suggesting a significant anti-Id antibody titer.
The Ab2-containing adsorbed mouse sera were precipitated with satu-
rated ammonium sulfate to purify the Ig fraction, which was alum
precipitated. This purified Ig fraction was alum precipitated, and
used to immunize a group of 6 BALB/C mice for the production of
anti-ricin Ab3. However, after 5 immunizations of 50 ug Ab2/mouse
given i.p. on a two-week schedule, only minimal anti-ricin reactiv-
ity was observed (data not shown). Although these results are dis-
appointing, it should be pointed out that whereas the generation of
Ab2 was successful and was done in a xenogeneic system (e.g, goat
AbM into BALB/C mice for Ab2 generation), the production of Ab3
(anti-ricin) was done in a syngeneic system (e.g., BALB/C Ab2 into
BALB/C mice for the production of Ab3). This may well account for
the lack of a strong Ab3 antibody responses observed presently.
For this reason, we have initiated an experiment in which New Zea-
land White rabbits were immunized with the purified goat anti-ricin
IgG. The generated rabbit anti-Id sera will be adsorbed as above
to remove anti-isotype and anti-allotype reactivity. The adsorbed
sera will be purified by protein A- or protein G-agarose to obtain
rabbit anti-Id IgG Ab2, which will then be alum precipitated and
used to vaccinate BALB/C mice for the production of anti-ricin an-
tibodies. It is anticipated that this strategy will yield a sig-
nificantly higher anti-ricin Ab3 response than obtained above.

3. Saxitoxin Polvclonal Anti-Idiotypes: Sinc? the 2 anti-STX
mAbs thus far generated had Ka values of only 10 M- J, and because
of the availability of purified burro anti-STX IgG (provided by Dr.
J. Hewetson) which has been shown to protect against STX toxicity
in vitro (11), we decided to utilize this purified burro anti-STX
IgG as the Abl preparation for the generation of anti-Id anti-
bodies. The approach taken was similar to that discussed above
with the goat anti-ricin IgG, and yielded similar results. BALB/C
mice were immunized as above with protein G-purified burro anti-STX
IgG. The mouse immune sera were pooled and adsorbed over a normal
horse IgG-agarose column. Normal horse 1gG was used because normal
burro IgG is not readily available, and because the horse is proba-
bly the closest species to the burro in evolutionary terms. The
adsorbed mouse sera were tested in ELISA employing wells coated
with a predetermined optimum concentration (4ug/ml) of normal horse
IgG or burro anti-STX IgG (Table 17). As is the case with the ri-
cin system, the adsorbed mouse sera lost its reactivity with normal
horse IgG, but reacted strongly with burro anti-STX IgG, even at a
1:10,000 dilution. As discussed with the ricin system above, the
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V

adsorbed sera were purified by ammonium sulfate precipitation, alum
precipitated and used to immunize BALB/C mice for the generation of
an Ab3 anti-STX antibody response. The results obtained were simi-
lar to the ricin situation discussed above, in that no significant
anti-STX activity was induced after 5 immunizations of the mouse
Ab2. Therefore, we have immunized New Zealand White rabbits with
the purified burro anti-STX IgG, and will take the approach de-
scribed above in which we will attempt to induce a protective anti-
STX antibody response in BALB/C mice by immunizing them with puri-
fied rabbit Ab2 IgG specific for the burro anti-STX IgG.
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III. SUMMARY

With respect to the STX project, although mAbs with higher
binding affinity than the 2 mAbs we had previously generated, have
not been isolated, we have identified a source of polyclonal (bur-
ro) anti-STX IgG Abl, which is protective in vitro. This purified
burro anti-STX IgG is currently being utilized to induce rabbit Ab2
which should be able to induce in vivo an active and protective
anti-STX antibody response. The mouse Ab2 generated by immuniza-
tion with burro anti-STX IgG during the course of this investiga-
tion appears to be specific for the burro IgG since no reactivity
was observed with normal horse IgG following extensive adsorption.
The observation that this BALB/C murine Ab2 did not elicit a sig-
nificant anti-STX in BALB/C mice is most likely due to the synge-
neic system employed. The strategy of producing rabbit Ab2 specif-
ic for burro anti-STX IgG, which will then be used to immunize xe-
nogeneic BALB/C mice is expected to yield an anti-STX antibody re-
sponse capable of protecting against the toxicity of STX.

Important achievements have been made in our studies of ricin.
A number of anti-ricin mAbs have been produced that have been in-
corporated into rapid and sensitive immunoasssays for the specific
detection of ricin. One of these anti-ricin mAbs, namely BG1l-G2,
has the potential of passively protecting against the in vivo tox-
icity of ricin. BG11-G2 mAb, which has been conjugated to KLH, is
being used to immunize BALB/C mice for the production of murine
anti-Id mAb. Based on our past successful demonstration of the
usefulness of the anti-Id-based vaccine approach in the mycotoxin
T-2 system (3), we feel that we will isolate an anti-Id mAb with
antigenic mimicry which may serve as an effective vaccine against
ricin toxicity.

As with the STX system, purified murine Ab2 generated from
immunization with goat anti-ricin IgG did not induce significant
anti-ricin Ab3 response in BALB/C mice. However, rabbits have been
immunized with goat anti-ricin IgG to produce rabbit Ab2. Prelimi-
nary results suggest that rabbit Ab2 reactive with the goat Abi
have been produced. It is anticipated that the polyclonal rabbit
Ab2 IgG would be effective in inducing in BALB/C'mice an active and
protective anti-ricin immune response.

We have also synthesized peptides homologous to amino acid
sequences of the ricin A and B chains, and have investigated their
ability to induce anti-ricin immune.responses in BALB/C mice.
Moreover, a single synthetic peptide (A-18) synthesized on a lysine
backbone was shown to be capable of inducing an anti-ricin antibody
response that at least partially protected against the in vivo tox-
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icity of ricin in mice. We are optimistic that a combination subu-
nit vaccine composed of A-18, A-95 and B-IS synthesized as MAP will
serve as an effctive subunit vaccine in the induction of an active
and protective anti-ricin antibody response.
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Table 1

Characterization of Monoclonal Anti-Ricin Antibodies

Reactivity %Ia EL-4b
with by

MAbs Immuno- Isotype
gens Wc Ad Be W A B

Al W IgM +f + - 2 82 2 28.8
E4 W + + ± 36 70 16 100.0
E7 W + + ± 25 90 9 98.2
D6 W + + ± 41 55 11 96.1
3F7 W " + + - 10 48 0 84.7

WRlC4 W + + - 55 58 5 91.5
BGI1-G2 W IgG 1  + - - 95 5 2 100.0

A2Hil1 A IgG 1  + + - 43 78 24 36.3
3B8 A IgM + + - 37 47 13 27.9

7F3 B IgM + - + 54 4 38 45.1
FD1O B + - + 43 0 42 36.2
HC7 B IgG 1  + - + 32 6 34 52.3

1C2 A18-KLH IgG2a + + - 43 78 3 45.2
1D6 IgG 2 b + + - 34 93 0 29.5

4F IgG 1  + + - 46 58 1 37.8

BD10 B18-KLH IgM + - + 36 6 67 34.2
KG7 IgG 1  + - + 64 9 73 41.8

aMean of triplicate % inhibition of binding defined as [(mean OD
without inhibitor) - (mean OD with 200 ug/ml inhibitor) / (mean OD
[ithout inhibitor)] x 100.

ean of triplicate % protection defined as [(mean % inhibition of
H]leucine uptake without mAb) - (mean % uptake with 50 ug/ml mAb)

L(mean % uptake without mAb)] x 100.
"lqhole ricin.
dA chain.
eB chain.
fPositive reactivity defined as OD 3x > control OD.
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Table 2

REACTIVITY OF MICE IMMUNIZED WITHl RICIN Alt PEPTIDE

A18-coated wells Whole-coated wells A Chain-coated wells
Mouse No. ,,

3 0 4 u Su 6 30 4' S" 6O 3, 4,5 65"G

100 4 0 a 80 40 80 10 80 20 40 160 40 160 160
122 60 80 40 20 80 80 20 20 160 80 so so
101 Alum 80 80 80 160 40 160 20 20 80 160 160 640
102 40 40 20 40 320 80 20 20 160 80 80 80
110 80 80 20 20 80 160 10 20 80 80 80 160
120 320 320 40 40 80 320 40 40 160 160 160 80

200 80 40 20 20 160 80 40 40 80 160 640 1280
201 40 160 20 20 40 80 40 40 160 80 320 320
210 IMN 80 80 10 10 40 80 20 20 160 80 40 40
202 Alum 80 80 10 10 40 40 20 20 80 80 40 40
220 80 160 40 40 80 80 20 20 160 80 80 80
222 - 160 20 20 80 80 40 40 80 80 80 80

310 20 40 20 20 40 40 10 10 40 80 40 40
302 =8 20 40 10 10 40 40 10 10 80 80 20 40
301 FCA 60 160 80 80 40 80 20 20 160 160 160 160
320 40 40 10 10 40 40 10 20 80 80 40 80
300 80 80 40 80 80 160 20 20 160 160 160 160
322 80 160 320 320 40 160 40 40 80 160 1280 320

aReciprocal dilution of serum giving positive reaction (defined as at least

three times above the preimmune serum)
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Table 3

REACTIVITY OF MICE IMMUNIZED WITH RICIN A95 PEPTIDE

A95-coated wells Ricin coated-wells Ricin A-coated wells

House
NO.

20 30 40 50 20 30 40 5 20 30 40 so

900 4 0 a 40 80 160 80 40 40 40 80 40 160 160
901 40 40 80 40 40 20 20 40 40 20 160 80
910 Alum 10 20 80 80 40 40 40 40 20 10 80 80
920 40 20 80 80 80 40 40 20 80 80 160 40
902 Mouse Died

800 0 0 0 1 10 0 0 0 20 0 0 0

801 IKN 0 0 0 0 0 0 0 0 0 20 20 0

802 Alum 0 0 0 20 10 0 0 0 0 20 0 0
810 0 0 0 20 10 0 0 10 20 10 10 0

820 0 0 0 0 20 0 0 0 20 20 20 0

10-00 0 0 0 0 10 0 0 0 20 20 20 0
10-01 I 0 0 0 0 20 0 0 0 10 0 0 0
10-10 FCA 0 0 0 0 10 0 0 0 10 0 0 0
10-20 0 0 20 0 10 0 0 0 20 0 0 0

10-02 0 20 10 0 20 0 0 0 10 0 0 0

11-00 10 10 40 40 40 20 40 40 80 40 80 40

11-01 20 20 80 40 80 20 40 40 80 80 160 80
11-10 FCA 20 10 40 80 40 20 40 40 40 20 80 80
11-20 0 0 20 40 20 40 40 40 20 20 80 40
11-02 20 10 80 40 80 40 40 40 160 80 160 80

See legend of Table 2.
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Table 4

REACTIVITY OF MICE IMMUNIZED WITH RICIN 8230 PEPTIDE

House No. 3230-coated wells Whole Ricin-coated wells B-chain-coated wells

10 20 30 40 so 10 20 30 40 so 10 20 30 40 so

401 0 a 0 0 0 0 - - 0 0 80 - - 10 0 0
402 KLM 0 0 0 0 0 - - 40 0 160 - -0 0 0
410 Alum 0 0 0 0 0 - - 0 0 80 - 0 0 0 0
420 0 0 0 0 0 - 40 0 0 160 - 0 0 0 0
422 0 20 0 10 0 - 80 0 160 - 0 0 0 0

SO0(D) 0 80 80 160 80 - 40 0 - 320 - 0 0 0 0
S02 0 0 20 80 320 - - 40 0 40 - - 40 0 0
SID Alum 0 0 0 80 160 - - 40 0 40 - - 40 0 0
520 0 0 80 40 80 - - 20 0 10 - 20 0 0 0
522 0 0 20 320 - - 20 0 40 - 20 0 0 0

600 0 0 0 160 160 - - 20 0 0 - 20 0 0 0
6012 0 0 0 80 640 - - 20 0 0 - 20 0 20 0
620 FCA 0 0 20 40 160 - - 20 0 10 - 20 0 0 0
622 0 0 0 80 160 - - 20 0 0 - 0 0 20 0

700 0 0 0 20 80 - - 0 0 40 - 0 0 0 0
701 FCA 0 0 0 20 320 - - 10 0 80 - 0 0 0 0
702 0 0 0 40 160 - - 0 0 80 - 0 0 0 0
710 0 0 0 20 320 - - 80 0 160 - 80 0 0 0

aReciprocal dilution of immune sera giving OD410nm at least three times above

that of the preimmune sera.
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Table 5

Reactivity of Mice Immunized with Ricin B-18-MAP

Reactivity with
Mouse

No.
Whole Ricin B Chain

10* 20 30 40 10 20 30 40

in PBS:
A-00 4 0 a 80 80 160 80 320 160 640
A-10 0 160 160 320 0 40 160 1280
A-02 20 40 320 - 1280 40 320 1280 10000
A-I1 20 80 640 1280 20 640 1280 10000
A-20 20 ND 640 640 80 ND 640 1280

in Alum:
B-00 10 160 640 10000 20 320 2560 >10000
B-10 20 320 640 >10000 20 320 640 >10000
B-1I 40 640 640 5120 40 320 640 >10000
B-02 10 320 1280 5120 20 640 1280 >10000
B-20 20 160 320 2560 40 640 640 >10000

in FCA:
C-00 0 0 20 640 0 20 320 1280
C-10 0 40 160 1280 0 20 640 >10000
C-1I 0 40 320 1280 20 80 640 >10000
C-02 0 20 160 1280 0 20 320 10000
C-20 0 20 20 640 0 20 40 >10000

in hIA:
D-00 0 0 80 160 0 0 640 10000
D-10 20 20 80 >10000 40 40 1280 >10000
D-11 0 20 160 640 0 40 640 >10000
D-20 0 ND 160 1280 0 ND 640 >10000

*Two-week bleed post number of injections indicated.
aReciprocal dilutions giving positive reactivity defined as OD>3x
preimmune OD.
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Table 6

Reactivity of Mouse Bar& Immunized with A-IS-MAP

Mouse Ricin A Chain Whole Ricin
No.

10 20 30 40 10 20 30 40

Group 1 : A-18-MAP in Alum

1-00 5 0 0 a 500 5000 20000 500 500 5000 20000
1-01 50 500 5000 10000 50 50 500 5000
1-10 50 5000 5000 10000 50 500 500 5000
1-11 50 500 5000 20000 50 500 500 5000
1-02 50 5000 5000 5000 50 500 500 5000
1-20 50 5000 5000 20000 50 500 500 20000

Group 2: A-18-MAP in FCA

2-00 50 500 5000 5000 500 500 500 10000
2-01 50 500 500 5000 50 500 50C 5000
2-10 50 500 1000 10000 500 500 500 5000
2-11 50 500 5000 20000 500 500 5000 5000
2-02 50 500 500 5000 500 500 500 5000
2-20 50 500 5000 20000 500 500 5000 10000

aMean reciprocal dilution of duplicate determinations.
Positive reactivity on B chain-coated wells ranged around 1:20
dilution for all sera.
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Tabl.e 7

Reactivity of Mouse Sera Immunized with B-230-MAP

Mouse Ricin B Chain Whole Ricin
No.

10 20 30 40 10 20 30 40

Group 3: B-230-MEP in Alum

3-00 0 a 50 500 500 0 50 500 200
3-01 0 500 5000 2000 0 50 500 500
3-10 0 50 500 500 0 50 500 200
3-11 0 0 50 200 0 0 50 200
3-02 0 50 Mouse died 0 50
3-20 0 50 500 500 0 50 500 500

Group 4: B-230-HAP in FCA

4-00 0 0 0 0 0 0 0 100
4-01 0 0 20 10 0 0 0 100
4-10 0 0 0 0 0 0 50 100
4-11 0 0 50 100 0 0 50 100
4-02 0 0 0 100 0 0 0 100
4-20 0 0 0 0 0 0 50 100

aMean reciprocal dilution of duplicate determinations.
No reactivity on A chain-coated wells was obtained for all sera.
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Table 8

Reactivity of Mouse Sera Immunized with A-1S-MAP and B-230-MAP
(Group 5)

Mouse Ricin A Chain Ricin B Chain Whole Ricin
No.

10 20 30 10 20 30 10 20 30

5-00 5 0 a 5000 5000 0 0 50 0 500 5000
5-01 50 5000 5000 0 0 50 50 500 5000
5-10 50 5000 5000 0 0 50 0 500 500
5-11 50 2000 5000 0 50 500 0 500 5000
5-02 50 5000 5000 0 0 50 0 500 2000
5-20 50 500 50000 0 0 50 0 50 1000

Cont'

40 40 40

5-00 20000 200 20000
5-01 20000 100 10000
5-10 5000 50 5000
5-11 2000 50 5000
5-02 20000 20 10000
5-20 20000 200 5000

aMean reciprocal dilution of duplicate determinations.
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Table 9

Reactivity of Mouse Bera Immunized with A-18-MAP and B-18-MAP
(Group 6)

Mouse Ricin A Chain Ricin B Chain Whole Ricin
No.

10 20 30 10 20 30 1 20 30

6-00 5 0 a 500 5000 50 500 5000 50 500 * 5000
6-01 500 500 5000 500 2000 5000 500 500 5000
6-10 50 5000 10000 50 5000 10000 50 500 10000
6-11 50 500 5000 50 5000 10000 20 500 5000
6-02 50 500 5000 50 500 5000 50 1000 5000
6-20 20 500 5000 50 5000 50000 50 500 5000

Cont'
40 40 40

6-00 5000 10000 5000
6-01 20000 20000 10000
6-10 20000 20000 10000
6-11 20000 50000 20000
6-02 5000 20000 10000
6-20 10000 20000 20000

aMean reciprocal dilution of duplicate determinations.
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Table 10

Reactivity of Mouse Sera Immunized with B-18-MAP and B-230-MAP
(Group 7)

Mouse Ricin B Chain Whole Ricin
No.

10 20 30 40 10 20 30 40

7-00 10a 1000 5000 20000 50 500 5000 10000
7-01 50 500 5000 10000 20 200 2000 5000
7-10 500 1000 10000 20000 50 500 5000 5000
7-11 50 500 5000 20000 20 500 5000 10000
7-02 500 500 10000 50000 500 500 5000 10000
7-20 50 1000 5000 20000 50 200 5000 10000

aMean reciprocal dilution of duplicate determinations.
No significant reactivity was observed with ricin A chain-coated
wells (data not shown).
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Table 11

Reactivity of Mouse Sera Immunized with A-18-, B-18- and B-230-MAP
(Group 8)

Mouse Ricin A Chain Ricin B Chain Whole Ricin
No.

10 20 30 10 20 30 10 20 30

8-00 5 0 a 200 10000 500 5000 5000 50 500 5000
8-01 20 500 5000 200 5000 5000 500 500 5000
8-10 50 500 20000 50 500 10000 50 500 5000
8-11 20 1000 5000 50 5000 5000 50 200 2000
8-02 50 500 5000 50 1000 5000 50 1000 5000
8-20 50 500 10000 50 2000 10000 50 500 2000

Cont'

40 40 40

8-00 10000 20000 5000
8-01 50000 20000 10000
8-10 50000 20000 5000
8-11 20000 10000 10000
8-02 20000 20000 20000
8-20 20000 50000 2000

aMean reciprocal dilution of duplicate determinations.
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Table 12

In Vivo Challenge of MAP-Ala Immune Mice

Whole ricin I Dead mice/total I Elapsed timea
(ug/mouse)

Nonimmune Immune Nonimmune Immune

1/26hrsb 1/20hrs
5.0 5/5 6/6 2/29hrs 5/46hrs

1/31hrs
1/46hrs

.1.0 4/5 3/7 1/26hrs 1/54hrs
2/46hrs 1/72hrs
l1/52hrs 1/118hrs

0.2 0/5 0/7

aTime between ricin administration and death
bNumber of dead mice/elapsed time
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Table 13

Passive Protection Against Ricin In Vivo Toxicity

Ricin No. Dead mice/Total No. Elapsed timea

(ug/mouse)

Untreated Treatedb Untreated Treated

5.0 5/5 5/5 3/20c 2/95
2/23 3/115

2/23 1/122
2.5 5/5 5/5 1/25 1/137

1/26 1/139
1/48 1/144

1/161

aTime between ricin administration and death
bi.p. injection of 10 mg of purified BG11-G2 in PBS as described in
text
CNumber of dead mice/elapsed time in hours
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Table 14

Reactivity of Nice Immunized with Monoclonal A2H11 Anti-Ricin

Mouse Nos.

Serum 0,0 2,2 0,2 2,0
dilution

P1a 50 Pr 50 PI 50 PI 50

1:10 . 0 5 b .29 .04 .19 .06 .17 0 .14

1:20 .03 .08 0 .05 0 .06 0 .02

aPreimmune sera; 50 indicates 2 weeks post the 5 th immunization

bIMean of duplicate determinations
The sandwich ELISA assay was done as described in the report
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Table 15

Rabbit Anti-Ricin IgG Protect Against Ricin In Vitro Tocxicity

Rabbit X-840 EL4 Cells Cultured (cpm) %1aIgo
(ug/ul) Without Ricin With Ricinb

None 101,512 ± 4 ,8 7 2c 48,521 ± 3,267 52.2

Anti-Ricin IgG
(20.0) 98,045 ± 5,001 102,156 ± 4,913 0
( 0.2) 103,527 ± 7,109 88,937 ± 3,296 14.1
(0.02) 95,M42 ± 4,901 65,912 ± 3,902 31.2
(0.005) 99,390 ± 3,956 54,937 ± 2,917 44.7

?rimmmune IgO
(20.0) 95,684 ± 4,178 50,034 ± 3,290 47.7
(10.0) 101,256 ± 5,298 47,998 ± 4,712 52.6

&Percent inhibition of [3H]leucine uptake was determined using the following
formula: %I - [(mean cpm without ricin - mean cpm with ricin)/(mean cpm
gThthout ricin)] x 100.

The final concentration of ricin used was 6.Ong/ml.
CMean cpm of triplicate determinations.
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Table 16

inti-Id Reactivity of Mice Immunized with
Goat Anti-Ricin IgG

Dilution of Wells coated with
adsorbed sera

Normal goat IgG Anti-ricin IgG

1:10 0.03a 0.64
1:20 0 0.68
1:40 0 0.66
1:80 0 0.61

1:160 0 0.44
1:320 0 0.47
1:640 0 0.28

1:1280 0 0.29
1:2560 0 0.11
1:5120 0 0.05

aMean of duplicate determinations
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Table 17

Anti-Id Reactivity of Mice Immunized with
Burro Anti-Saxitoxin IgG

Wells coated with IgG from
Dilution of

adsorbed sera
Normal horse Burro anti-saxitoxin

1:10 0 . 0 5 a 1.11
1:20 0.03 1.13
1:40 0 1.03
1:80 0 0.99

1:160 0 0.86
1:320 0 0.79
1:640 0 0.78

1:1280 0 0.64
1:2560 0 0.51
1:5120 0 0.36

1:10240 0 0.23
1:20480 0 0.10

aMean of dup' cate determinations
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FIGURE LEGENDS

Fig. 1. Amino acid sequence and physical/chemical characteristics
of ricin A-18 synthetic peptide.

SFig. 2. Amino acid sequence and physical/chemical characteristics
of ricin B-18 synthetic peptide.

Fig. 3. Amino acid sequence and physical/chemical characteristics
of ricin A-95 synthetic peptide.

Fig. 4. Amino acid sequence and physical/chemical characteristics
of ricin B-230 synthetic peptide.

Fig. 5. General schematic structure of multiple antigenic peptides
(MAP). B-18-MAP is shown.

Fig. 6. Survival curves of BALB/C mice challenged with 1.0 ug of
ricin/mouse.

Fig. 7. General scheme of the anti-idiotype-based vaccine approach
for toxins.
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RICIN A-18 PEPTIDE

N-Terminus-C-V-Q-S-Y-T-N-F-I-R-A-V-R-L-T-T-G-A-D-V-R-COOH-Terminus

AMINO ACID ANALYSIS:

Asp 1 Leu 1
Asn 1 Nle 0
Thr 3 Tyr 1
Ser 1 Phe 1
Glu 0 His 0
Gly 2 Orn 0
Ala 2 Lys 0
Cys 1 Arg 4
Val 3 Pro 0
Met 0 Trp 0
Ile 1

CHARACTERISTICS:

Molecular Weight: 2584.3
Extinction Coefficient: 0.6
Isoelectric Point: 9.2

Figure 1
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RICIN B-18 PEPTIDE

N-Terminus-G-L-C-V-D-V-R-D-G-R-F-H-N-G-N-A-I-Q-L-W-P-C-K-S-N-T-D-A-N-

Q-L-G-G-COOH-Terminus

AMINO ACID ANALYSIS:

Asp 3 Leu 3
Asn 4 Nle 0
Thr 1 Tyr 0
Ser 1 Phe 1
Glu 0 His 1
Gln 2 Pap 0
Gly 5 Orn 0
Ala 2 Lys 1
Cys 2 Arg 2
Val 2 Pro 1
Met 0 Trp 1
Ile 1

CHARACTERISTICS:

Holecular Weight: 3557.4
Extinction Coefficient: 1.6
Isoelectric Point: 7.3

FIgure 2
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RICIN A-95 PEPTIDS

N-Terminus-C-P-D-N-Q-E-D-A-E-A-I-T-H-L-F-T-D-V-Q-N-R-Y-T-F-A-F-G-

COOH-Terminus

AMINO ACID ANALYSIS:

Asp 3 Leu 1
Asn 2 Nle 0
Thr 3 Tyr 1
Ser 0 Phe 3
Glu 2 His 1
Gln 2 Pap 0
Gly I Orn 0
Ala 3 Lys 0
Cys 1 Arg 1
Val 1 Pro 1
Met 0 Trp 0
Ile 1

CHARACTERISTICS:

Molecular Weight: 3103.7
Extinction Coefficient: 0.6
Isoelectric Point: 5.4

Figure 3
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RICfIN B-230 PEPTIDE

N-teruninus-C-G-L-V-L-D-V-R-R-S-D-P-S-L-K-Q-I-I-L-Y-P-L-Y-P-L-H-G-D-p-

N-Q-G-COOH-Terminus

AMINO ACID ANALYSIS:

Asp 3 Leu 5
Asn I Ni. 0
Thr 0 Tyr 1
Ser 2 Ph* 0
Glu 0 His 0
Gin 2 Phe 0
Gly 3 Orn 0
Ala 0 Lys I
Cys 1 Arg 2
Val 2 Pro 3
Met 0 Trp 0
1ie 2

CHARACTERISTICS:

Nolecilar Weigth: 3205.1
Extinction Coefficient: 0.44
Isoelectric Point: 7.1

Figure 4
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Survival Curves of Mice Challenged vi-th 1.0 ug Ricin

1.8 ug ricin/mouse

500

S25 non- inmune

Z6 46 5Z 541 72 118

T I me (hr§)

Figure 6
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General scheme for producing anti-idiotype vaccines
against toxins

Figure 7
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