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Mouse anti-benzylpenicilloyl IgE monoclonal antibody:
preparation, characterization and cross-reactivity

HOPUKUSHIMAL RITSUKO MISAKI M TAREUCHI YASUKO NIINOMI
& M CHHARADA Shionosgi Research Taboraioris . Shionogi & Co. T td. Fukushimea-Ki
Osakea S35 Japan

o Accepted for publication X4 Norember 1986

SUMMARY

Anti-benzyipeniciltovl (BPC ) monoclonal antitody of the TgE class was prepared from
spleens of immune CBIL/6 mice whose sera reacted with BPO-hapten. penicillin G (PCG)
polvimer. cephalothin (CET)-hapten and CET polvmer. Affinity chromatography
experiments showed that the haptenic specificity of the fgE monoclonal antibody
(designated BIE-13CE) was directed mainly to phenyvlacety] portion of BPO group. BIE-
13CE antibody reacted on passive cutancous anaphylaxis (PCA) assay with BPO-hapten.
CET-hapten. cephaloridine-hapten and CET polymer. but did not react with PCG
polymer.  ampicillin-hapten. or cefazolin-hapten. These results indicated that the sera of
the immune CoBL6 mice contained TgE antibodies capable of cross-reacting at the
monoclonal antibody level with various forms of eliciting antigens and that the cross-
reactivity of the antibody could he ascribed essentially to the structural similarity of acyl
side chains of the antibictics. The structure of the CET polymer is also discussed in terms
of its PCA reactivity with the monoclonal antibody and analytical and spectral data of the
polvmer.

Keywords antibiotics  TgFE monoclonal antibody  cross-allergenicity  penicillin-
allergy

INTRODUCTION

Chinical therapy using ff-lactam antibiotics sometimes leads to allergy of the immediate type such as
anaphylactic shock and acute urticaria. where Igh antibodies hasve been considered to be involved
(Dewdney. 1977 de Weck. 1983: Sogn. 1984). In some patients. penicillins and cephalosporins
cause cross-allergenicity (Levine. 1973: Petz, 197R%: de Weck 1983: Sogn. 1984), and it has been
regarded to be due to the structural resemblance of their acyl side chains or nuclear portions. mainly
based on analyses of hightv cross-reactive rabbit Ig( antibodies (Shibata ef al.. 1966: Batchlor er al..
1966: Atsumi e al., 1967; Nishida cr of., 1972: Petersen & Graham. 1974; Dewdnev. 1977:
Muranaka er al.. 1980). However, not all patients with penicillin allergy show cross-allergenicity
with other antibiotics of similar structures (Abraham. Petz & Fundenberg. 1968: Girard, 1968:
Assem & Vickers, 1974; Petersen & Graham. 1974: Petz, 1978 Warrington et «l.. 1978: Solley.
Gleich & Van Dellen. 1982). According to Pets (197%), cross-allergenicity of penicillin-allergic
patients with cephalothin (CET). cephaloridine (CER)Y and cefazolin (CEZ) occurs with an
incidence of SR04 1307 and 40" respectively. Moreover, mouse IgF anti-benzylpenicilloyl
(BPO) antibodies do not necessarily cross-react with CEH T -hapten (twata et al.. 1982: Harada er al..
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T986:). The cross-reactivity depends on the mouse strain.

isotypes of the antibodics examined (1}
made us suspeet that, in the

the immunizing conditions and the
arada. Watanabe & Takeuchi. 1986b). These obsery
case of the TeF class, anti-BPO o
the cross-reactivity Antihodies other than the anti-BPoO)
Maore exact stady s require

ations
ntibodies might not he responsible for
antibodics might cause the Cross-reaction.
d toidentity and characterize the antibodies that cause the cross.
reaction. but it has been hindered by extremely iow concentration of IgE in the
of monoclonal antibody techniques (o this problem should provide us with
analysing the cross-allergenicity of f-lactam antibiotics,
We recently found that lgk antibodics produced against
immunizing conditions in Ce-Bl.6J

serum. Application
a new approach for

a BPO-protein conjugate under certain
mice were highly cross-reactive on - passive cutaneous
anaphylaxis (PCA) with CET-hapten and penicillin G (PCG)- and CET polymers (Harada or al..
1986a. by In the present study. we prepared monoclonal anti-BPO antibody of the lgE class from
spleens of the imune CBL 61 mice and examined its properties. The results revealed the presence of
anti-BPO TgE antibod~ molecules cross-reactive with CET-hapten and CET polvmer.

MATERIALS AND METHODS

Chemicals. Bis-hensviammonium, N—(l)—7-hcn/_vlpcnicillu_vl)-::—uminncupm;ltc(B[’()J{/\('/\). a
conjugate of p was prepared by the method of Levine (1962).
hyvdrochloride were purchased from Nakarai Chemicals Co..
as prepared by alkaline hydrolysis of phenylacety! chloride. and
and extraction with dicthvlether. Phenylacetic
ary analyvsis. A commercial product of 2-thiopheneacetic acid was further
recrystatlized from petrolenm cther. 2.5.5.1 rimclhylthi;\?olidinc-él-czlrboxylic acid was prepared by
the method of Nagasawa. Goon & Demaster (1978).

Preparation of antibioric -prote

CGowith s-aminocaproic acid.
Phenylacetvighveine and benzylamine
Osaka. Japan. Phenylacetic acid w
subsequent neutralization

acid was recrvstallized
and identified by clement

in conjugates. The antibiotics used were PCG (Meiji Seika Co..
Tokvo. Japan). ampictllin taminobenzy Ipenicillin. ABPC. Merck Banvu Co.. Tokyo. Japan). CET
(Shionogi Co.. Osaka. Japam). CEFR {Shionogi Co.y and CFE7 (Fujisawa Co.. Osaka, Japan).
Conjugates of hovine-:-globulin (BGGH with PCG (abbreviation: BPO-BGG). and conjugates of
guinea pig serum albumin (GSA) with PCGL ABPC. CET. CER and CEZ (abbreviations: BPO)-
GSALABPC-GSA. CET-GSALCER-GSA. ( FZ-GSA . respectivelv) were prepared following the

method of Levine & Guary (1961). The <at nound haptenic groups of these protein conjugates

were determined by the method of Ebata. Mivake & Uchida (1976). The Ibllowing conjugates were
obtained: BPO,,-BG(G. BPO,-GSA. ABPC,-GSA. CET+-GSA. CER«-GSA. CEZ.-GSA.
Preparation of PCG- and ¢ ET polymiers. PCG- and CE1 polymers were prepared as described
previously (Harada ¢f af. 1986a). Thus. an aqueous solution of PCG (240 mg:mb) or CET (250
mg ml) left at room temperature for 7 davs (CET) or 15 days (PCG) was separated by Sephadex
G-25 gel filtration using pure water (CET) or (-5, NaCl solution (PCG) as the cluent. Molecular
weights of fractions were estimated by relative elution volumes of actinomyein D, glucagon and
polyethyleneglycol-1.000 and -4.000. 10 both cases. fractions cont
wt ol 1.000° 3.500 daltons approximately corresponding to the trimer-decamer were pooled and
Ivophilized. The NaCl-containing PCG polvmer was further free
with pure water followed by Ivophilization.
Analvtical and spectral data of the CET polyme

aining polymers of apparent mol.
d of salt by the secand gel filtration

1. The following data were obtained on the CET
polvmer dried in racuo over P2O< for 2 hat 25 ¢, Elementary analyses: Found ("0): C. 38-51: H.

384N 3-73:S. 1368 Na. 970, Catculated (") for structure HI-A or V(X =0H)(Fig. 3): C. 4337
H. 323 N, 502 s, 12:R6: Na. 9-22. Caleulaied (") for structure V (X. OH: SCH-C(=CH.)-
COCOONa =21 ) Co42:81: . v-03: N 4-68:S.14:27: Na. 1023, UV (Jmax. nm, H-0): 193, 230.
270 (shoulder). IR (em ' Nujol): 2380 (OI1. NH). 1756 (weak. f-lactam CQ), 1705 (weak., —CHO).
1624 (broad: in dimeths isulphoxide SPHE G 1619 (COO ) and 1664 (CONH)). '"H-NMR (PPM.
D.OY: 67-3R. 703 and 705 (thiophen 3 protons), 6:22 and 6-38 (weak, —SCHC(=CH-)CO—).
392 (thiophene-—( J7.( ‘ONH--). 3-4] (weak., ‘*S('H;(‘(:(‘II;)('O-).

Hybridomas. The cell fusion experiment was performed essentially by the method of Galfre &
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Milstein (FO8 1) Female C--BE6IShi mice were immunized by asingle intraperitoneal injection of
BPO-BGG (1 myg per animal) emulsificd with an equal volume of Freund's complete adjuvant
(FCA) (Harada er al.. 1985). Splenic lvimphocytes prepared from immune C<:BL/6JShi mice 7 days
atter prime immunization were fused with Sp2'0-Ag 14 myeloma cells using 50” polyethyvlencgly-
col-4000 (Wako Pure Chemicals Co.. Osaka. Japan). The fused cells were suspended in HAT.
selection medium containing RPMI-1640 (Nissui Seivaku Co.. Tokyo, Japan) and 20, heat-
inactivated fetal calf serum. and then were mixed with a suspensicn of thymocytes from "“Co-
ircadinted (ahout 1000 1ad) Wistar rats as feeder cells, and finally were plated in 96-well tissue
culture plates

PC A assar. The PCA assay was performed by the method of Mota & Wong (1969) and Ovary.
Caizza & Kojima (1975). Fach female Wistar Shi rat was injected intracutancously with SO gl of
serially diluted culture supernatants of hybridoma-growing wells or ascites of hybridoma-bearing
mice. After 18 24 h. cach sensitized rat was injected intravenously with 0-5 ml of PBS (phosphate-
butfered 015w saline) solution containing cliciting antigen (1 mg unless otherwise noted) and Evans
Blue dve (5 mg). In the case of PCA in mice. cach female DS/Shi mouse was injected
intracutancously with S0 b of antibody sample. then after 1 h or on the next day. was injected
intravenously with 6:2 ml of PBS solution of eliciting antigen (1 mg unless otherwise noted) and
Fvans Blue dve (0-5 mg). Both rats and mice were killed | b after the antigen challenge. and the PCA
titre was recorded as the reciprocat of the highest dilution that gave a S mm blue spot inside the skin.

Production of monoclonal antibody. BIE-13CE hybridomas producing [gE anti-BPO mono-
clonal antibody were cloned twice successively by limiting dilution in a single cell culture. Farge
amounts of monoclonal antibodies were produced in the ascites of (BALBic < C-BL 6)F, (CBF))
or (C-BL 6~ DBA 2)F, (BDF,) mice which had heen injected intraperitoneally with 0-3 ml of
2.4.6.10-tetramethvidecapentane Spristanc). then intraperitoneally with BIE-13CE hybridomas
after 1 week or more.

Purification of IgF monoclonal antibodv by atfinity chromatography. 1gE monoctonal antihodies
were isolated from the ascites of hvbridoma-bearing CBE, mice by ammonium sulphate
precipitation (Liu er al . 1980). Proteins soluble at 30", saturation. but precipitable at 60" were
isolated. redissolved in PBS and dialvzed exhaustively against PBS. This sample was then applied to
BPO-GSA-Sepharose 4B gel column prepared by coupling BPO-GSA and BrON-Sepharose 4B
(Pharmacia Japan Co.). Unbound materials were washed out from the immunoadsorbent column
with PBS. The bound gk monoclonal antibodics were cluted with 0-02 M BPO-EACA in PBS
solution. Elution fractions or their :lialvzates were tested for the TgE antibody by the rat PCA assay.
In order to compare the ability of various haptens to clute the IgE monoclonal antibody. we
prepared seven sets of the gel column. The partially-purified CBF, ascites (total PCA titre: 27%) was
applied to cach gel column (4-2 ml. bed volume). Flution buffers were prepared by dissolving
phenylacetviglveine. phenylacetic acid. 2-thiophencacetic acid. benzylamine hydrochloride, 2.5.5-
trimethvithiazolidine-4-carhoxvlic acid. BPO-EACA or PCG in PBS. if necessary. with the aid of
minimum amounts of sodium hvdroxide. The final concentration of the haptens was adjusted to 20
mu except for 66:7 ma of 2.5.5-trimethylthiazolidine-4 carboxylic acid. This is because NMR
analvsis of the compound showed it to be a stercoisomeric mixture of 28,45 (7075) and 2R .4S (30"0),
the latter isomer corresponding te the configurations of the PCG and the BPO group (Levine. 1962:
Nagasawa, Goon & Demaster. 1978). The eluate was fractionated into 2 ml portions and the second
to the fifth fractions were assaved for the IgF antibody by rat PCA.

Chemical analysis of monoclonal antibodyv. Sodium  dodecyl sulphate polyacrylamide gel
clectrophoresis (SDS-PAGE) was performed by the method of Lacmmli (1970). Marker proteins
for mol. wt estimation were from the Biorad standard kit 161-0304 (Biorad Chemical Division.
USA) Antibodies used for Quchterlony’s double diffusion test were goat anti-mouse IgE antiserum
(Fea-srecific) (Nordic Co.. Netherlands). goat anti-mouse TeG. 1gM, 1gA antibodies (Fc;.pa-
specitic) (Cappel Co.. USA) and rabbit anti-mouse x.7 antibodics (Miles Lab.. USA).

RESUILTS

Production of lgF monoclonal antibody. Splenic lvmphocytes of CBL.6 mice primed with a
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BPO-BGG conjugate were fused with Sp 2.
Culture supernatants of hy
detection of

nmrimmunoglohuIimpr(»ducing mycloma cells
bridoma-growing wells were screened in the rat PCA assay for the
Ik antibodies reactive with BPO-hapten. PCG polymers or BGG. Of 743
supernatants. four reacted with BPO-GSA. two reacted with BGG. but none with PCG polymer.
Among these IgF antibody-producing hybridomas only one clone (BIE-13CE) showed stahle
production of IgE antibody and could be propagated. We first confirmed the isotype of the BIE-
I3CE antibody. then examined the specificity of antigen binding and PCA reactivity of the
antibody. ’

Isotype analvsis of monoclonal antibodv. The isotype of the monoclonal antibody, BIE-13CE.
was determined by the PCA reaction. SDS-PAGE analysis and double diffusion test. (1) PCA
reaction: BIE-13CE antibody could sensitize rat skin. This activity was substantially abolished by
heat treatment of the sample at 56 C. for 30 min. The PCA titres in rats for both long (72 h) and
short (424 h) sensitization periods were the same, showing pe
These results were consistent with known char
1983: Tung. 19R3), BIE-13CE antibody
even ashort sensitization period (1 h)w

rsistent skin-sensitization capacity.
acteristics of mouse IgE antibodies (Mota & Perini.
also could sensitize DS/Shi mice for 4 days or more. though
as sufficient to give the maximum antibody titre. Again. the
skin-sensitizing activity of this antibody was heat-labile. (I1) SDS-PAGE analysis and double
diffusion test: the monoclonal antibody was purified by antigen column. Affinity-bound IgE
antibody was eluted with BPO-EACA (Fig. 1A) and detected by the rat PCA reaction. SDS-PAGF
analysis of the purified antibody run under reducing conditions (Fig. 1By showed two bands with
apparent molwt of 76 > 10* and 24 x [0, corresponding to heavy and light chains. The mol.wt of
the heavy chain was distinet from that of the ;7 chain (mol.wt 50 x 107) like other known mouse
antibodies of the IgE class (Eshar Ofarim & Waks, 1980: Liu e al.. 1980). In Ouchteriony’s double
diffusion test. the affinity-purified antibody reacted with anti-mouse IgE (Fer-specific) or anti-
mouse k antibody but not with antibodies to mouse [gG. IgM, IgA and /.

Antigen hinding of BIE-13CF Iglfnmmx('/onu/ann‘/maﬁz The binding of BIE-13CE antibody with
various chemically synthesized haptens was estimated by means of affinity chromatography. The
amounts of the antibody eluted under stmilar conditions were compared by the rat PCA assay (Fig.

(a) (b)
mol. wt
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Fig. 1. (1) Affinity chromatography of teE monoclonal
from CBF, ascites was loaded on a BPO-GSA-Sepharos
tested by rat PCA assay. + . PCA titre > | 0);
monoclonal antibody (BIF

antibody (BIE-13CF). The sample partially purified
¢ gel column. Fractions eluted with BPO-FACA were
. PCA ttre - 10, (b) SDS-PAGFE analysis of aftinity-purified IgE
AI3CE). Left. Marker proteins, Right, Affinity-purified antibody treated with SDS
o) was used. H. Heavy chain. L. light chain.

and 2-mercaptoethanol. Acrvlamide gel (10
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Elution with PCA titre (IOQQ)
~ ! 2 3 4 5 6 7 8 9 10
T 1 | A S S G S S A
)
BPO-EACA-benzylomine * o ] :
|
PCG N ]
1
phenylacetyiglycine / l\,CHzCONH(‘,H?(;O()H [ —) "
y : :
) |
phenylacetic acid / \GH?COOH - | '
s |
- —— ,
2 -thiopheneacetir acid ﬁqﬂm;?my)” [ P | |
) i
2,5,5 - trimethylthiazolidine - Ciq.-5-,CH3 |
- P A31TTCH,

4 -carboxylic acid ”N"{CO%H :
benzylamine A pCHomr, T .
N/ .

Fig. 2. Comparative eflectiveness of haptens to etute the aflinits. hound 1gE monoclonal antibody (BIE-13CE)
Antibodies eluted under similar conditions from BPO-GSA-Sepharose column were assayed by rat PCA
Rroken lines indicate the totat amount of antibody loaded. * The structure is given in Fig. 3 (structure D

). Although the PCA assay is semi-quantitative. it can be used to estimate the relative affinities of
the antibody for various haptens. BPO-EACA and PCG were the most effective cluents among the
haptens examined. Even phenvlacetylglyeine and phenylacetic acid. both corresponding to the acyl
side chain of the BPO group. could clute the antibody cffectively. In addition. 2-thiophencacetic
acid. corresponding to the acyl side chain of CET. could clute the antibody. having a little Tower
PCA titre than phenviacetic acid. The amount of antibady eluted with 2.5.5-trimethylthiazolidine-
d-carboxvlic acid. corresponding to the thiazolidine ring portion of the BPO group. was about one-
fiftcenth of that with phenviacetic acid. The results shown in Fig. 2 indicate that the haptenic
specificity of the antibody was directed mainly to the phenylacetyl portion and. to some extent. to
the thiazolidine ring portion of the BPO group

PCA reactivity of BIFE-13CE lgF monoclonal antibody. The antigen specificity of the BIE-13CE
antibody was examined by PCA assay using various cliciting antigens. [t is noteworthy that BIE-
13CE 1gF antibody in both ascites and affinitv-purificd preparations highly cross-reacted with
CET-hapten in the PCA assay in rats tovernight sensitization) and mice (1-h sensitization). As
shown in Table 1. almost the same PCA titre was observed with BPOW-GSA and CET-GSAL This

Table 1. PCA reactions of BIE-13CE Igl monoclonal antibodies with BPO - GSA and CET-GSA: cross-
reactivity with BPO- and CFT-haptens

Fliciting antigen*
Rat POAY Mouse PCAY

Antibody preparation BPOL-GSA CEFT-GSA BPOL-GSA - CET-GSA

CBF, ascites RARRN ! ots ot
B, ascites 2 A v 2
Affinity-purified o e a R

* 1 me animal
FWistar rats sensitized overmght

DS mice sensidized for 1 h

S POA titre.

Index numbers are mean vaues from duplicate assays.
Affinity-purified by antigen column using BPO-EACA.

i e A
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Tahle 2. PCA reactions of BIF-13CT TeF monoclonat antibodies with aged CET solution and CET polymer

Fliciting antigen*
Rat PCAA Mouse PCAT

Antibods prepazstion CET aped$ 1 polvmer  CETaged CET polvimer

R . DS mghr 208 me 2mg) 2% (Smg) 255 (0-4 mg)
( }ascites (2 me)
Aflinity purifiedt i A A b 26

* U mg animal. imless otherwise noted

T Wistar rats sensitized overnight

£ DS mice sensitized overnight

§ CET aqueous solution lety standmg for | week
Potvmers of CET separated trom aged CET solution.

¢ PCA titre from duplicate HESHIS

** Ehciting antigen dose animal

EAMinity-purified using BPO-FACA

indicates a high degree of cross-reactivity between BPO- and CET-haptens. since BIF-13CE
antibady does not react with GSA (data not showny, BIE-13CE antibody cross-reacted also with
CER-hapten. the PCA titre heing nearly the same as that with CET-hapten. Cross-reactivity was
also found with aged CET <olution and its fractionated materials. CET polymer (Table 2). The
degree of cross-reactivity of BIF-13CT: antibody with CET-de

rived clicitors is comparable to that
found in conventional antibodics of immune sera of C

s:BL-6 mice from which spleen cells were
obtained for the hyvbridoma formation (Harada ef al.. 19864, b). On the other hand.BIE-13CF
antibody caused no cross-reaction with PCG polymer unlike the conventional antibodies
mentioned above (Harada e al.. 1986a). CEZ-hapten. aminobenzylpenicitloyl (ABPQO)-hapten.
BGG (carrier portion of the immunogen). BPO-FACA and a fresh solution of PCG and CET also
could not elicit rat PCA with BIE-13CFE antibody. the PCA titre being less than 2!,

DISCUSSION

The cross-reaction among f-lactam antibiotics may oceur with antibodies specific to some structure
common to various antihiotic-protein conjugates. e.g. a linkage portion between the antibiotic-
hapten and the protein carrier as suggested by Haan eral (1985). The cross-reaction is also possible
with antibadies produced against some immunogenic impuritics common to various antibiotic
preparations. Minute traces of protein impuritics. which are penicilloylated with penicithn, are
contained in penicillin preparations (Kristoflerson ef «f.. 1977 Ahlstedt. Kristofferson & Petersson.
1979: Bundgaard. 1983). Carrier portions of penicilloyl-protein impurities may induce the
formation of cross-reactive antibodics, Consides mg these possibilitics, we examined the specificity
of binding and PCA reactions of BIE-13CE monoclonal antibody.

BIE-13CE antibody reacted in the rat PCA assay with BPO-. CET- and CER-haptens. Aged
CET solutions and CET polvmer also reacted with this antibody. Evidently, BIE-13CE antibody is

directed to the BPO group rather than to the carrier portions of penicilloyl-protein impurities within

the preparation. since it hinds to reerystallized pure BPO-EACA. Furthermore. BIE-13CE
antibodyis not an antibody specific to the linkage portion of BPO-protein conjugates. because of its
cffective hinding to phenylacetic acid.

Ttis known that rabbit Lo anti-BPO antibodies comprise antibodies raised to the whole BPO
group or it partial structures such as the acvlside chain and the nuclear portion (Atsumi et af..

1967, 1968)  Antibodies mainly directed to the nuclear portion have been considered to be
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responsible for the cross-reactivity with several penicillins and those to the acevl side chain for the
cross-reactivity with cephalosporins (A tsumi of al.. 1967: Nishida er al.. 1972). In the present study.
affinity chromatography experiments (Fig. 2) showed that 31E-13CE antibody had much higher
aflinity for the phenvlacetyl portion than for the thiazolidine ring partion of the BPO group. The
hinding reactivity of Ble-13CE antibody to 2-thiophencacetic acid suggests that the acyl side chain
is responsible for the cross-reactivity with CET-hapten. This view is consistent with the PCA
reactivity of the antibody with other antibiotic haptens such as ABPC. CER and CEZ. BIE-13CFE
antibody distinguished BPO-hapten from the 6-amino-substituted derivative (ABPO-hapten). hoth
of which have commaon thiazalidine ring portions. Sueeess of the antibody to produce PCA with
CER-hapten but not with CEZ-hapten is casily explainagle because both CER and CET but not
CE7 hase the common structure of w thiophene ring as an acvl side chain.

The present study showed that mouse anti-BPO Tgk antibody reacted with CET-hapten at the
monoctonal antibody level without participation ol other antibodies. Thus, it might be possible that
the cross-reactivity and its heterogeneity obsen ed with the immune sera of BPO-sensitized mice are
ascribed only to anti-BPO antibodies. The heterogeneity might be duc to differences in the affinities
of anti-BPO antibodies (Eisen & Siskind. 1964: Siskind & Benaceral. 1969). which are known. in
rabbit 1gG anti-BPO antibodies. to be accompanied by differences in binding specificities of the
antibodics (Atsumi of al.. 1968). Characterization at the monoclonal antibody levet of many Igk
antibodics. including non-cross-reactive gk anti-BPO antibodies. is needed for complete
understanding of the cross-reactivity and its heterogeneity.

I'he antibody titre in PCA elicited with the aged € B solution was high and comparable to that
of the CET polymer as shown in Fable 2. PCA-elicitable dimer and polymer are contained in
amounts of about (0% in the nged materials and their amounts are sufficient Lo clicit the high-titre
PCA. The contaminating monomers which might inhibit the PCA by competing with polymeric
materials would have been diffused out rapidhy by | hafter the elicitor challenge from the sensitized
qite of the skin because of Tower avidity of the monomet than the dimer and polymer for Igk
antibodics bound to the mast cells. Our preliminary experiment shows that inhibition of PCA by
CET monomers mixed with cliciting polymers did ot tast for half an hour after the chicitor
challenge (data not shown).

In the POA assav. BIF-RXCE antibody cross reneted with the CET polymer but not with the
PCG polymer. One possibility is that the CET polvmer having much higher degree of
polymerization is more antigenic than the PCG polvmer. as has heen demaonstrated in polymers of
penicitling (Munro e al.. 1976). This possibility can he excluded since the difference in mol.wt and
henee the degree of polymerization between these polymers is not so prominent, and the doses of
these polvmers arce high enough for PCA elicitation. it is probable that CET is polymerized in a
different manner from PCG. so that BIE-13CE antibody can distinguish the structural differences
ol these polvmers. Tncontriast to many reports on ihe strnctures of polymers of penicilling (Smith &
Marshall. 19712 Bundgaard & Fersen, 1077 Bundgaard. 1983) the structure of the CET polymer
has not been studied. The CET poiymeris prohably dissimular i structure Lo the PCG polymer (Hin
Fig. 1) formed by acvlation with penicillenic acid. since formation of the penicillenic acid
cquivalents from cephatosporins appears difficult (Dewdney. 1977: Bundgaard. 1983: de Weck,
1983). The acyvl side chain may he postulated as the repeating structure since the monoclonal
antibody specific mainly for the acyl side chain can clicit PCA reaction with the CET polvmer. The
presence of the thiopheneacetoamido group in the polymer asan essential component is supported
by TR, NMR and UV spectral data (see Materials and Methods section). Elementary analysis of the
CFET polvmer (see Materials and Methods) roughly accords with structure HI-A (Fig. 3) which has
heen considered to he a hvdrolysis product of cephalosporins (Newton. Abraham & Kuwabara.
1968 Schwartz. 1969: Hamilton Miller. Newton & Abralsan, 1970). Thus the repeating unit of the
polvmer would be structure HI-A. The polymerization may oceur by aldol condensation ol 1ME-A o
vield a polymer of structure Vv (X = OH) shown in Fig. 3. Then the hydroxy group in V. may
condense partly with compound 1V, another possible hydrolysis product of cephalosporins
( Ahraham & Newton. 1961: Newton. Abraham & Kuwabara. 1968: and unpublished data of DrM.
vy oshioka in our lahoratories) to give structure VX = OH: SCH.C(=CH)COCOONa=2:1). The
partial presence of the SCH:CC=( HCOCOON grouping is supported by the NMR data of the
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Fig. 3. Chemical structures of antibiotic haptens,

BPO-hapten. BPO-FACA [R -
HL-COHED CFT-hapten. V.,

antibiotic hvdrolysis products and antibiotic polymers. 1.
CHR)SCOOH L POG polymer: TH-A. HE-B. 1V, hydrolysis products of CFT:
an estimated structure of CET polymer.

CET polymer as well as a hetter accordance with the cleriental analysis data. The actual structure.
however. would be more complicated since the estimated structure cannot completely explain all
spectral data. especially many unidentified complicated '"H-NMR signals appearing at 2- 4 ppm
(data not shown). Although the actual structure is still unknown., the presence of monoclonal
antibody which can distinguish the PCG polymer from the CET polymer in spite of binding
specificity for the acyl side chain strongly suggests difference in steric structures between these
polymers. As far as structures I and V are compared. PCG polymer retaining the thiazolidine
appears more rigid than the CFT polymer. The less-flexible structure of PCG polymer may hinder
the binding with the monoclon:.i antibody or the effective cross-linking of 1gk: antibodies bound to
Fes receptors enough to trigger the PCA reaction (Levine, 1965a. b: Ishizaka & Ishizaka, 1978).

Weare grateful to Dr M. Yoshioka for vitluable suggestions and for permission to use his unpublished data of
hyvdrolysis products of antibiotics. We wish to thank Drs M. Jde, K. Sugita, M. Ebata, T. Kamigauchi. M

Takasuka. K. lgano and Ms. J. Kikuchi and Messers. A. Watanabe, A. Misaki. T. Sueishi and Y. Ide for their
vatuable advice and technical help
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