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An immunological precipitation system, with rabbit dipicolinyl antibody, was
developed for the purpose of evaluating the role of spore dipicolinic acid as a specific
haptenic determinant.

Dipicolinic acid (DPA), a major constituent of
bacterial spores, was isolated and identified by
Powell (3). Numerous investigations have in-
volved the role of DPA in the heat resistance and
dormancy of bacterial spores. However, no data
have been reported concerning the possible role
of DPA as a specific haptenic determinant in the
production of antiserum against bacterial spores.
Evaluation of this possibility required the produc-
tion of antibody against DPA and the develop-
ment of an immunological precipitation system
for the assay of this antibody. The production of
antiserum immunologically specific for the hap-
ten, DPA, was reported by J. R. Lowell, Jr.,
Aerojet-General Corp., El Monte, Calif. (personal
communication). This antiserum was obtained
from rabbits immunized with a conjugate of azo-
coupled DPA and human gamma globulin.
The DPA immunizing antigen reported in this

note was prepared by conjugating bovine serum
albumin (BSA) with DPA, by use of 1-ethyl-3-
(3-dimethyl-amino propyl) carbodiimide hydro-
chloride, by the method of Sheehan and Hess (6).
The conjugate (120 mg) was administered intra-
muscularly to a rabbit during a 9-week period.
Antigen for the beginning three weekly injections
was emulsified in an equal volume of Freund's
complete adjuvant (Difco).

Antigen for the assay system was prepared by
conjugating DPA with a heterologous protein,
bovine gamma globulin (BGG), by the mixed
anhydride synthesis of Vaughn and Osato (7).
The successful coupling ofDPA to BSA and BGG
was demonstrated by comparison of the ultra-
violet absorption spectra of conjugated and native
carrier proteins.

Rabbit antiserum against DPA-BSA gave a
positive ring-precipitin test with DPA-BGG
antigen. The specificity of this reaction is shown
by the results in Table 1. There was no precipita-
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tion with BGG, but a heavy precipitate formed
when antiserum was combined with BSA alone
or BSA conjugated with DPA. A moderate
amount of precipitate was formed with the
heterologous antigen, DPA-BGG, indicating the
presence of specific antibody against DPA. Fur-
ther support for the specificity of dipicolinyl anti-
body is shown in Table 2. These results were ob-
tained by the rapid turbidimetric assay for pre-
cipitating antibody (W. F. Vincent, unpublished).
DPA strongly inhibited the precipitation, whereas
2,5 pyridine dicarboxylic acid and Bacillus an-
thracis spore extract gave 34 and 78% inhibition,

TABLE 1. Specificity of antibody against DPAa

Antigen AntiserumAntigen ~~to DPA-BSA
BSA. ++++b
BGG.......................... 0
DPA-BSA................... ++++
DPA-BGG ..................... ++
DPA.......................... 0

a With pre-immune serum, there was no precipi-
tation with any of the antigens.

b Symbols: 0, no precipitation; ++, moderate
precipitation; ++++, heavy precipitation.

TABLE 2. Inhibition of precipitation of antibody
against DPA by various inhibitors

Inhibitora Per centLnhibitora ~~~inhibition

2,6 Pyridine dicarboxylic acid (DPA).. 90
2,5 Pyridine dicarboxylic acid........ 34
Aqueous extract of B. anthracis spores. 78

a Inhibitor concentration was 1.25 Itmoles per
ml of reaction mixture. Extract of B. anthracis
spores was prepared by heating washed spores for
15 min in a boiling-water bath. Based on ultra-
violet absorption data, the spore extract was ad-
justed to contain an equivalent amount of DPA.
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respectively. No immunological precipitate was
formed in the qualitative ring-precipitin test
when DPA-BGG was combined with rabbit
antiserum against washed, autoclaved, whole B.
anthracis spores. Stimulation of antibody to spore
DPA would require that DPA be attached to an
immunogenic macromolecule. Autoclaved B.
anthracis spores used for immunization might
lack sufficient bound DPA to produce a sig-
nificant immune response in the rabbit. DPA is
released from spores during germination (4) or
when autoclaved (2). Rode and Foster (5)
showed significant differences in the rate at which
DPA was released from spores at various tem-
peratures. El-Bisi et al. (1) suggested the existence
of DPA in more than one structural form. In the
spore, it may be loosely bound and easily released
by mild heating, or it may be strongly bound and
require extreme heat to be released.
Our results demonstrated the production of

specific dipicolinyl antibody in the rabbit after im-
munization with a DPA-BSA conjugate. Dipi-
colinyl antibody was not detected by the ring-pre-

cipitin method in sera from rabbits immunized
with autoclaved B. anthracis spores.

We acknowledge the capable technical assistance of John R.
Harrison and Earl W. Harris.
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