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Sulfobenzylpenicillin (sulbenicillin)-BGG conjugate was shown to be highly reactive
with anti-sulbenicillin-BSA serum. This conjugate was, however, not reactive or was only

slightly reactive with anti-benzylpenicillin- and anti-ampicillin-BSA sera produced in
rabbits. The immunological specificity of sulbenicillin seems to be dependent on the acyl
side chain of the molecule, while, its immunological cross-reactivity seems to be dependent
on the 6-aminopenicillanic acid moiety in the structure of penicillin. Also, with other
penicillin derivatives, similar evidence was obtained. Immunodiffusion studies revealed that
two precipitin bands developed between several penicillin-BGG conjugates and anti-penicillin-
BSAserum. Since these precipitin bands do not correlate with BGGand BSAused as

carrier, the bands are probably formed by the specific immunological reaction between
penicillin and anti-penicillin serum. Furthermore, specific reactivity of sulbenicillin is also
demonstrated by the development of passive cutaneous anaphylaxis test.

Sulfobenzylpenicillin (sulbenicillin)* is a newly developed semi-synthetic penicillin with broad
antibacterial activity. This penicillin is especially active against Pseudomonas aeruginosa.1'^ The
structural formula of sulbenicillin is similar to that of benzylpenicillin, ampicillin and carbenicillin.
These penicillins differ in having -SO8, -H, -NH2 and -COOH,respectively at the a-position of
the acyl side chain.
It is well knownthat benzylpenicillin and various semi-synthetic penicillins sometimes elicit

hypersensitivity in clinical use. The antigenicity of the semi-synthetic penicillins is not only depended
on the 6-aminopenicillanic acid moiety which is commonto penicillins, but also strongly on the
chemical nature of the side chain at the 6-position. Similar findings were observed regarding

cephalosporin derivatives. 4'8)
In the present study, the immunological cross-reactivity between sulbenicillin and each of its

related penicillins was examined using quantitative precipitin reaction, hapten-inhibition of pre-
cipitin, agar-gel precipitin reaction and passive cutaneous anaphylaxis.

Chemicals :

Materials and Methods

Sulbenicillin and carbenicillin used in this study were supplied by Takeda Chemical
Industries, Ltd. , Osaka, Japan, ampicillin was by Wyeth Laboratories, U. S. A., 6-aminopenicillanic
acid was by Royal Netherland Fermentation Industries, Holland, and benzylpenicillin was a com-
mercial product of Takeda Chemical Industries, Ltd.

Bovine serum albumin (BSA) and bovine gammaglobulin (BGG) were purchased from Armour
Laboratories, Kankakee, Illinois and Nutritional Biochemicals Corporation, Cleveland, Ohio,
U.S.A., respectively.

* Formally named sulfocillin.
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Preparation of Penicillin-protein Conjugate: One hundred mg of BSAor BGGwas dissolved
in 10 ml of physiological saline and 600 mg of a penicillin was added to these protein solution. The
mixture was adjusted to pH 10 with 1 n NaOH.After 24-hour incubation at 37°C the reaction
mixture was dialyzed at 4°C for 56 hours repeatedly against a large volume of physiological saline,
pH8.

Antisera: Rabbits weighing 2.5^3.5 kg of either sex were used. Ten ml of a penicillin-BSA
conjugate was emulsified in 10 ml of complete Freund's adjuvant. One tenth ml of the mixture
was injected intradermally into 20 sites on the abdomen. A week later two ml of the emulsified
mixture was intramuscularly injected. Thereafter, injections were repeated at weekly interval by
the intradermal and intramuscular routes. One week after the fourth injection the rabbits were
intravenously given 60 mg of penicillin alone dissolved in physiological saline as a booster. Four to
ten days after the last injection of the penicillin the sera were prepared from the blood obtained by
bleeding.

Quantitative Analysis of Precipitin Reaction: Following the method developed by

Heiderberger,6) antisera were clarified by centrifugation of the above-mentioned sera at 10,000
r.p.m. for 60 minutes. Various amounts of penicillin-BGG conjugate dissolved each in 1 ml of
1/15 m phosphate buffer saline at pH 7.4 were added to 1 ml of each antiserum. After 2 hours of
incubation at 37°C the mixtures were stored at 4°C for 48 hours. Each reaction mixture was then
centrifuged and the precipitation thus obtained was washed three times with 2 ml of ice cold
phosphate buffer saline. The amount of protein in the precipitate was assayed by the method of
Lowry7) (modification of Cioculateau's method) and was calculated as BGG.
Quantitative Hapten-inhibition of Precipitin Reaction : Methods developed by Pauling et al.8)

were used. Increasing amounts of a hapten dissolved in 0.5 ml of phosphate buffer saline at pH 7.4
were added to 0.5 ml ofantiserum. After 2-hour incubation at 37°C, a maximumreaction producing
dose on homologous precipitin reaction of penicillin-BGG conjugate dissolved in 1 ml of phosphate
buffer saline at pH 7.4 was added to the hapten-antiserum mixture. After a further 2-hour
incubation at 37°C and subsequent 48-hour storage at 4°C, the resultant precipitate was washed and
assayed for protein by the method described above.
The inhibitory effect of hapten was calculated by comparing with the amount of protein in the

precipitate of the hapten-containing and non-containing tubes.
Immunodiffusion Analysis: Methods developed by Ouchterlony9) were used. Analysis was

done in 0.8 % agar (Special agar B, Wako Pure Chemical Industries, Ltd., Osaka, Japan) containing
0.85 % NaCl and0.01 % NaN3.

Passive Cutaneous Anaphylaxis Test: The method developed by Ovary10) was used. Antisera
were injected intradermally into the skin of guinea pigs, and a mixture of penicillin-BGG conjugate
and 1 % Evans blue solution was challenged by the intravenous route 6 hours after sensitization.
Fifteen to 30 minutes after challenge, areas of dye leakage were measured in size from two distinct
directions.

Results

1. Cross-reactivity between Various Anti-penicillin-BSA
Sera and Penicillin-BGG Conjugates

The results of quantitative precipitin analysis of rabbit anti-penicillin-BSA sera by homologous
and heterologous penicillin-BGG conjugates are shown in Fig. 1 and the relative values of precipita-
ble antibody and antigen complex at a point of maximumprecipitation are summarized in Table 1.
In all the cases of anti-penicillin-BSA sera tested, the strongest reaction was always observed between
homologousantigens and antibodies.
Anti-sulbenicillin-BSA serum showed a strong reactivity against sulbenicillin-BGG conjugate.

Carbenicillin-BGG conjugate reacted moderately with anti-sulbenicillin-BSA serum and the other
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Fig. 1. Cross reaction of quantitative precipitation of penicillin-BGG conjugates with various anti-

penicillin sera

Table 1. Cross reactivity of quantitative precipitation of
sulbenicillin, benzylpenicillin, ampicillin, carbeniciilin
and 6-aminopenicillanic acid-BGG conjugates with

various antiseia (%)

Antigen (penicillin-BGG conjugate)
Antiserum

SB-PC PC-G AB-PC CB-PC 6-APA

Anti-SB-PC 100* 26.2 20.0 45.0 ll.9

Anti-PC-G 22.1 100 39.3 41.0 21.6

Anti-AB-PC 45.3 65.4 100 37.4 32.9

Anti-CB-PC 94.0 61.5 58.0 100 31.0

Anti-6-APA 101.9 84.0 79.1 89.4 100

SB-PC: Sulbenicillin. PC-G: Benzylpenicillin. AB-PC:
Ampicillin. CB-PC: Carbeniciilin. 6-APA: 6-Amino-

penicillanic acid.
* Relative value of precipitable antibody and antigen
complex at point of maximumprecipitation, taking the
absolute rate of homologous system as 100.

three conjugates showed weak re-

activity. Consequently, the percentages
of precipitable antibody and antigen

complex of the antiserum were 26.2,
20.0, 45.0 and ll.9 against benzylpeni-
cillin-, ampicillin-, carbenicillin- and

6-amino-penicillanic acid-BGG con-

jugates, respectively, based on the whole
amount precipitated against homologous
antigen at a maximumreaction.

Against anti-benzylpenicillin-BSA

serum, 41.0 and 39.3^ of maximally
precipitable antibody and antigen com-
plex of homologous system were
precipitated by carbenicillin- and

ampicillin-BGG conjugates, respectively. On the other hand, only 22.1^ of precipitable antibody
and antigen complex was precipitated by sulbenicillin-BGG conjugate.

Against anti-ampicillin-BSA serum, 65.4^ of precipitable antibody and antigen complex at
maximumprecipitation in homologous system was precipitated by benzylpenicillin-BGG and by the
other three antigens 32.9~45.3%" of precipitable antibody and antigen complex at maximum

precipitation in homologus system was precipitated.
Against anti-carbenicillin-BSA serum, carbenicillin- and sulbenicillin-BGG conjugates showed
mutually equivalent reactivity. Ninety-four per cent of precipitable antibody and antigen complex
at maximumprecipitation in the homologous system was precipitated by sulbenicillin-BGG con-
jugate. On the contrary, 61.5, 58.0 and 31.0^ of precipitable antibody and antigen complex at
maximumprecipitation in the homologous system were precipitated by benzylpenicillin-, ampicillin-
and 6-aminopenicillanic acid-BGG conjugates, respectively.
Against anti-6-aminopenicillanic acid-BSA serum, all the test antigens showed strong reactivity.
Heterologous antigens were found to the precipitate of precipitable antibody and antigen complex
at maximumprecipitation, in the homologous system in the range from 79.1 to 101.9^.
Each anti-penicillin-BSA serum was shown the strong reaction with BSAbut no precipitate was
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produced by addition of BGGinto anti-penicillin-BSA serum. Also, no reaction was observed
between penicillin-BGG conjugate and anti-BSA serum.

2. Inhibition of Precipitin Reaction by Hapten
A quantitative hapten inhibition test was carried out using each hapten in concentrations from

0.032 to 20 mM/liter on various anti-penicillin-BSA sera. As shown in Fig. 2, precipitation of anti-

Fig. 2. Hapten inhibition of precipitation of various antisera by sulbenicillin, benzylpenicillin, ampicillin,
carbenicillin and 6-aminopenicillanic acid-BGGconjugates

sulbenicillin-BSA serum against sul-
benicillin-BGG conjugate was inhibited
most effectively by sulbenicillin and
the inhibition of precipitation by
benzylpenicillin was the weakest.
Furthermore, the precipitation in the
benzylpenicillin-, ampicillin- and

carbenicillin-systems was inhibited most
effectively by homologous penicillin. In
contrast, in the 6-aminopenicillanic acid
system all the test haptens were almost
equal in inhibitory activity.

3. Immunodiffusion Test
Immunodiffusion test was per-

formed between various anti-penicillin-

Fig. 3. Agar precipitation of penicillin-BGG conjugates
with anti-penicillin serum
S: Anti-penicillin serum (1 :1)
1 : Sulbenicillin-BGG conjugate (1 :20)
2: Carbenicillin-BGG conjugate (1 :20)
3 : Benzylpenicillin-BGG conjugate (1 :20)
4: Ampicillin-BGG conjugate (1 :20)
5 : 6-Aminopenicillanic acid-BGG conjugate (1 : 20)
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BSA sera and penicillin-BGG

conjugates. Twodistinct precipitin
bands were developed within 72
hours at 4°C. As can beseenin

Fig. 3, when antiserum was filled
into the center hole, the inner

precipitin band fused to all the test
antigens, although the reaction
between anti-penicillin-BSA serum
and 6-aminopenicillanic acid-BGG
conjugate was very weak. The
outer precipitin band formed a
spur between homologous and
heterologous antigen, although no
precipitin band was formed
between anti-sulbenicillin-BSA
serum and benzylpenicillin-,

Fig. 4. Agar precipitation of penicillin-BGG conjugates, BS,
and BGGwith anti-penicillin serum

Anti-penicillin serum (1 : 1)
Bovine serum albumin (1 ,000 mcg/ml)

Bovine gamma globulin (1 ,000 mcg/ml)
Sulbenicillin-BGG conjugate (1 : 30)

Carbenicillin-BGG conjugate (1 : 30)
Benzylpenicillin-BGG conjugate (1 : 30)

Ampicillin-BGG conjugate (1 : 30)
6-Aminopenicillanic acid conjugate (1 : 30)

ampicillin- and 6-aminopenicillanic acid-BGG conjugates, between anti-carbenicillin-BSA serum and
6-aminopenicillanic acid-BGG conjugate, between anti-benzylpenicillin-BSA serum and sulbenicillin-
and 6-aminopenicillanic acid-BGG conjugate between anti-ampicillin-BSA serum and sulbenicillin-
and 6-aminopenicillanic acid-BGG conjugate and between anti-6-aminopenicillanic acid and all test
antigens (Fig. 3).

The precipitin band produced between anti-penicillin-BSA sera and BSA and the two precipitin
bands produced between anti-penicillin-BSA and penicillin-BGG conjugate crossed (Fig. 4). From
these observations, two precipitin bands seem to be produced by specific immunological reactions.

4. Passive Cutaneous Anaphylaxis Test
Passive cutaneous anaphylaxis in the skin of guinea pigs was observed between various con-

centrations of anti-penicillin-BSA sera and penicillin-BGG conjugates. The guinea pigs were treated
intradermally with anti-sulbenicillin-BSA serum in the dilution range from 1 : 10 to 1 : 1,000 and they
were challenged intravenously with sulbenicillin-BGG conjugate in the dilution range from 1 :5 to
1:200. The largest dye leakage was obtained at the site of injection of the ten fold-dilution of
antiserum and by the challenge of 20-fold diluted antigen. The sameobservations were madeby
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passive cutaneous anaphylaxis test
between each anti-penicillin-BSA serum
and the homologous penicillin-BGG

conjugate. The optimum dose of
benzylpenicillin-, ampicillin-, carbenicil-
lin- and 6-aminopenicillanic acid-BGG
conjugates was 10 times, 20 times, 20

times and 20 times dilution, respectively.
Using a concentration of antiserum
which showed an area of dye leakage of
15mm in diameter and an optimum

dose of antigen, the cross-reactions were
examined. As shown in Table 3, the

test penicillins maybe classified into two
groups. By intravenous challenging

injection of sulbenicillin-, carbenicillin-
and 6-aminopenicillanic acid-BGG con-
jugates, little or no dye leakage was

observed at the site of the intradermal
injection of anti-benzylpenicillin- and

anti-ampicillin-BSA sera, but anti-

sulbenicillin-, anti-carbenicillin- and

6-aminopenicillanic acid-BSA sera

reacted with all the antigens. On the
other hand, benzylpenicillin- and

ampicillin-BGG conjugates produced a
strong reaction of the same degree at

SEPT. 1973

Table 2. Passive cutaneous anaphylaxis of sulbenicillin-
BGGconjugate with anti-sulbenicillin serum

Each value represents the average size (mm) of dye leakage
at the antiserum injection sites

Table 3. Cross reactivity of passive cutaneous
anaphylaxis of sulbenicillin, benzylpenicillin, ampicil-

lin, carbenicillin and 6-aminopenicillanic acid-BGG
conjugates with various antisera

Each value represents the average size (mm) of dye leakage
at the antiserum injection sites
SB-PC: Sulbenicillin. PC-G: Benzylpenicillin. AB-PC:
Ampicillin. CB-PC: Carbenicillin. 6-APA: 6-Amino-
penicillanic acid

the injection site of all the test anti-penicillin-BSA sera.

Discussion

Benzylpenicillin, ampicillin and carbenicillin are similar in chemical structure to sulbenicillin,
and 6-aminopenicillanic acid is the basic structure of these semi-synthetic penicillins. Therefore,
these compounds were selected as the reference compounds in the present study.

In the quantitative precipitin test, a weak reaction was observed between sulbenicillin and
benzylpenicillin, but a strong reaction was observed between sulbenicillin and carbenicillin. Also,
moderate cross-reactions were obtained among benzylpenicillin, ampicillin and carbenicillin.
Furthermore, the results of hapten-inhibition test on the sulbenicillin system correlate well with
those given by the quantitative precipitin test. With the other penicillin systems, the strongest
inhibition of precipitin reaction was produced by the homologous hapten. Although 6-amino-
penicillanic acid showed a strong reactivity with anti-6-aminopenicillanic acid system, it showed
weak reactivity with several anti-penicillin sera. Furthermore, the test penicillins and 6-amino-
penicillanic acid showed a strong reactivity with anti-6-aminopenicillanic acid system. These
findings suggest that the immunological specificity of penicillin depends on the acyl side chain moiety
of the penicillin molecule, and the weak cross-reactions among the penicillins tested may depend on



VOL. XXVI NO. 9 THE JOURNAL OF ANTIBIOTICS 491

the 6-aminopenicillanic acid moiety. These results were similar to those obtained in the study on
benzyl-, phenoxymethyl-, phenoxyethyl-, dimethoxyphenyl-, methylphenylisoxazolyl- and
aminobenzyl-penicillins by Horiuchi and Shibata.3)
Atsumi et al.ll) found that anti-benzylpenicillin antibody can be fractionated into five antibody

populations having different binding properties. In this study, several anti-penicillin sera reacted
weakly with 6-aminopenicillanic acid, although they reacted strongly with homologous penicillin.
Accordingly, the antibody production by the acyl side chain moiety in penicillin seems to occur
more readily than with the 6-aminopenicillanic acid moiety.

In passive cutaneous reaction test, no reaction was observed between sulbenicillin-, carbenicillin-
and 6-aminopenicillanic acid-BGG conjugates and anti-benzylpenicillin- and anti-ampicillin-sera.

The experimental observations reveal that chemically related penicillin derivatives show
immunologically somewhat different antigen-antibody reaction patterns due probably to different
acyl moieties. Such being the case, intradermal skin test for detection of penicillin allergy due to
the penicilloyl antigenic determinant, should be performed with the penicilloyl derivative of the
penicillin to be used for therapy and reliance not placed wholly on the benzyl penicilloyl derivative
as is current practice.
It was noteworthy that we have observed two precipitin bands between anti-penicillin-BSA sera

and penicillin-BGG conjugates under the experimental condition used, although the penicillin used
was chemically pure. Further study on this point is under progress and will be reported separately.
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