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IN 'TRODUCTION

[ - i t i - thrcatenrng i Ìnaphy lact ìc  ( rype l )  i :eact ions ro
penic i i l in  are u /e l i  recognised and rcpor ted to  be the
most  t icc luent  caLÌsc o f  anaphy lax is  in  man ( ldsoe e/
ul.. 1968). A number of in ttiu, and in L,itro technleues
are ava i lab le  for  the d iagnos is  o f  immediare a l le ie ic
reactions to penici l l in inciuding skìn tesrs and detJc_
t ion o f  c i rcu la t ing IgE ant ibod ies in  pat ients '  sera.
For  rhe detect ion o f  pen ic i l l in - react i r .e  IgE ant i_
bodies. both rhe radioal lergosorbenr test (RAST)
(Adk inson,1915 Kraf t  and Wide,  1976;  Kraf t  er  a l . .
1977 ;  Spa rh  e t  a l . , 1979 ;  Juh l i n  and  W ide ,  1979 ;  Ja r i sh
et  a l . ,  1981)  and ELISA (de Haan et  a l . .  lg lg \
have been used with the RAST and reported ro
produce excel lent correlat ions with skin test results
us ing penic i l loy l -po ly lys ine (Ahls tedt ,  t9g4) .

The penici l loyl determinant is said ro be the major
antigenic determinant in penici i l in al lergy (Levine
and Ovarr ' ,  l96 l :  Parker  e t  a l . ,  1962;  de Weck,  1962;
Dewdney,  1977;  Ahls tedt  e t  a l . ,  l9g0) .  Many so_
called "minor" determinants have also been identi f ied
including the penici l lenate determinant, penici l loic
acid. the penici l lanyi determinant, penamaldate and
penaldate determinants, o-penici l lamine, penicoyl de_
rivativ 'es and penici l l in polymers, although their in_
volvement in human al lergic reactions is unclear
(Dewdnei ' .  1917:  parker ,  l9g0;  Ahls tedt  and
Kr is to f ferson,  1982;  de Weck,  l9g3;  Weiss and
Adkinson,  1988) .  L imi ted in format ion is  ava i lab le
concerning the al lergenicity of penici l l ins in man.
especial ly rvi th regard to f ine structural al lergenic
dif ferences berween the penici l l ins. Indeed, with the
exception of the RAST studies of Juhl in and Wide
(1972), and prel iminary reporrs by de Haan et al. .
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Abstract- lv f  uch ot ' the l i terature on penic i l l in  hypersensi t iv i ty  is  devoted ro the ident i f icat ion of  penic i l l inant igens rather than al lergens.  Human lgE-bin i ing aete.minants on di f ferent  penic i l l ins have rarely beenclosely invest igated wrth thc v ierv of  def in ing f ine 
"structural  

a l lergenic features and di f ferences.  we havedeveioped radio immunoassays employing àmpic i l l in ,  amoxic i l l in  and t icarc i l l in  sohd phases for  thedetcct ion qr f  penic i l l in-react ive IgE ant iboJies.  Quant i tat ive hapten inhib i t ion studies employed to ident i fyIgFl-b inding regions on the penic i l l in  molecules ievealed a heterogeneous group of  a l Ìergenrc determinantsconsist inq exclusivel-v,  or  in part ,  of  the a-aminobenzyl  and benzyl  srde chain groups and the p- lactam
lnc i  rh iazo l i d ine  r i ngs  o f  the  pen ic i l l i n  nuc leus .

(1985)  and de Haan and van Keta l  (19g7)  employ ing
both human sera and mouse monocional  ant ibod ies.
few investigations have made any artempt to identi fy
which regions of the penici l l in molecule are comp_
lementary to rhe combining sites of penici l l in-reactive
IgE antibodies in sera from al lergic parients.

Bearing in mind our current inadequate knowledge
of penici l l in al lergenic determinants, we attempted to
produce penici l l in complexes suitable for use in sol id
phase assays to detect penici l l in-reactive IgE anti-
bodies and to employ the assays to identi fy IgE-
binding determinants on dif ferent penici l l ins.

}IATERIALS AND N{ETHODS

Subjects and sera

On the basis of case histories and skin tests to the
penici l l in in question and/or penici l loyl-polylysine,
patients Mo, El,  Fo, Di, Ca, Ba, Wa, Cr, Sm
and McC were diagnosed as clinically allergic
to penici l l ins. Patient Go reacted cl inical ly to D_
penìci l lamine.

Sera from adults al lergic to house dust mites
and/or _srass pollens were obtained after clinical
diagnosis, made on the basis of case history and skin
prick tests, had been confirmed by the detection of
al lergen-specif ic IgE antibodies in the RAST. These
sera showed radioactive uptakes of l045o/o with the
corresponding allergen discs. Sera from non-allergic,
healthy adults were collected from hospital staff
members. Cord sera were obtained from the Depart-
ment of Obstetr ics, Royal North Shore Hospital.

Drugs and chemicals

o-Penici i lamine, phenethici l l in potassium, t icar-
ci l l in disodium, 6-aminopenici l lanic acid, cephalothin

L
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scdiurn and ethanolamine were obtaine,- i  from Signra
Chemica l  Co.  1St .  Lou is ,  MO).  The to l lowi r rg  Ciues
were donated: ampici l l in sodium (Beecham Research
Laborator ies ,  N.S.W.) ;  amoxicr l i in  sod ium (CSL,
Vic.);  benzylpenici i l in sodium (Glaxo Austral ia,
Vic.);  phenoxymethyipenici l l in potassium (Abbort
Aust ra l ia ,  N.S.W.) ;  ep ic i l l in  (E R Squibb and Sons,
Vic . ) ;  rnez loc i i l in  sod ium (Bayer  Aust ra l ia ,  N.S.W.) ;
p iperac i l l in  soc l iurn  (Cyanamid Aust ra l ia .  N.S.W.) ;
c loxac i l l in  sod ium and f luc loxac i l l in  sod ium lA loha-
pharm Pty .  L td ,  N.S.W.)

Preparation oJ drug--solid phuse cor:alent complexes

For the preparatron ol '  each drug-sol id phase
support,  condit ions tbr optimising the coupling of the
cirug to the activated sol id phase rvere determined by
invest igat ing the pH,  temp and t ime of  incubat ion.
Optimum condit ions are given for the preparation of
the most  react ive suDoor ts .

(l) Ampicíllin

(a) A mp ic il I in -e po.ry -ac t iu a r e d - S e p har o s e 6 B (sup -
port i) .  Ampici l l in sodium (60 mg) rvas dissolved
in water (a mi) and mixed rvith epoxy-activated-
Sepharose 68 (500 mg) .  The pH was ad justed ro  10.8
with I  M NaOH and the mixrure gently shaken at
25 'C for  20hr .  Af ter  washing wi th  water ,  0 .1 lv l
borate truffer pH 8 and 0.1 M acetate buffer pH 4, the
remaining free activated groups on the gel were
blocked by incubation with I  M ethanolamine pH 9
at room temp for 4 hr. The gel was then washed as
described above and washed f inal ly with water.

(b) A m p i c i I I in -diu in y I s u I p ho ne - a c t iu a t e d - S e p har o s e
6 B (support 2). Divinylsulphone-activated Sepharose
68 was prepared as prevtously described (Baldo and
Fisher, 1983c). Ampici l l in sodium (60 mg) was dis-
solved in water (a ml) and mixed with divinylsul-
phone-act ivated Sepharose 6B (1 .5mI  sed imented
gel).  The pH was adjusted to 10.0 with I  M NaOH
and the mixture gently shaken ar 25"C for l6 hr. The
gel was then washed and blocked as in (a) above.

(2) Amoxicillin

(a) A m o x i c i I I in -e p o x.v - a c t i o^ a t e d - S e p h a r o s e 6 B (s u p -
port l) .  Amoxici l l in sodium (60 mg) was coupled to
epoxy-activated-Sepharose 68 (500 mg) as in l(a)
above except  the pH of  coupl ing was 11.6.

(b) Amoxicillin-diuin.vlsulphone -Sepharose 6B (sup -
port 2). Amoxici l l in sodium (60 mg) was coupled to
d iv iny lsu lphone-act ivated Sepharose 68 (1 .5  ml  sed i -
mented gel) as in l(b) above except the pH o[
coupl ing was 9.0 .

(3) Ticarcillin

Ticarci l l in disodium (50 mg) was coupled to epoxy-
activated-Sepharose 68 (500mg) as in l(a) above
except  the pH of  coupl ing was 11.8.

Dll rp G. Hrnu and BRrar A.  B.r . r -uo

i,| o-Peni,:illcunine

o-Penici l iamine 160 mg.; i . i3s cc"'Dier to epoxy-
activated-Sepharose 68 (500mg) as in l(a) abcve
except the pH of coupling was 12.2.

(5) Ethanolamine*Sepharose complex

This was prepared by using 300 mg of
ethanoiamine and 500 mg of epoxy-activated-
Sepharose 6B (Baldo and F isher ,  1983ó) .

Detection of drug-reactitte IgE antibodies by radio-
itnmunoussay

Antibodies were detected as previously described
(Harle et al. ,  1987). Brief ly, serum (50 pl) was incu-
bated with 6 mg of the sol id-phase complex for 3 hr.
Tubes were then washed and centrifuged three times
with phosphate-buffered sal ine containing 0.05%
Trveen-20 before adding 30,000 cpm of r25I-anti-

human IgE. After 18 hr, tubes were again washed and
counted in a Packard Auto-Gamma Spectrometer.
The presence of specific IgE antibodies was deter-
mined by the per cent radioactive uptake of r25l-anti-

human igE. i .e. per cent of counts added.

lnhibition assay

Serum (50 pl),  appropriately di luted was incubated
for I  hr with 50pl of a solut ion being tested before
addit ion of the sol id phase (6 mg in 100 p l) .  The assay
was then performed as above (Harle et al., 1987).

RESULTS

Detection of IgE antibodies that react with penicillins

Table I summarises results obtained from direct
binding radioimmunoassay studies in which ampi-
cillin, amoxicillin ticarcillin and o-penicillamine solid
phase complexes, control supports and Pharmacia
penicillins V and G and HSA control discs were used
with sera from control subjects and subjects clinically
al lergic to penici l l ins. With the ampici l l in-,
amoxicillin-, ticarcillin-, o-penicillamine- and con-
trol-Sepharose supports, a serum was regarded as
positive in the radioimmunoassay when the radio-
active uptake of labelled second antibody was greater
than three times the cord/normal value (Wide et al.,
1967). An uptake of 2-3 times the cord/normal figure
was considered to be a borderline positive.

With ampicillin--epoxy-activated-Sepharose 6B
(support l) ,  sera from 9 patients Ba, Ca, Cr, El,  Fo,
McC, Mo, Sm and Wa produced significant uptakes
of rrsl-anti-human IgE which were between five and
25 times the uptakes obtained with cord serum, sera
from "normal" non-allergic subjects and from sub-
jects allergic to house dust mites and/or grass pollens.
The uptakes with sera Mo (14.9%) and Ca (10.9%)
can be regarded as strongly positive. Serum from
subject Go, who reacted clinically to o-penicillamine,
gave an uptake of l.60/o which was regarded as a
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c lear  pos i t i ' , ' "s  wi th  the pharmacia  penic ì i l i i i  C ass?v,
rvhr is t  s ix  sera,  Ca,  Cr ,  E i ,  Fo,  Sm and Wa rvould  be
regarded as pos i t ives wi th  the penic i l l in  V assay.

Hapten inhibition stLtdies x,ith penicillins und
cephalothin

Resul ts  o i  inh ib i t ion s tud ies where sera Mo.  Cr ,
Ca. and El were preìncr,rbated r l , i th a number of
penic i l l ins  and cephalo th in  before rhe addi t ion o f
ampic i l l in - -epox) ' -acr ivated-Sepharose 6B (suppor t  l )
are  summansed in  fab le  2 .  The quant i t ies  (nmol )
requrred to  produce 509,0 inh ib i t ion o f  lgE ant ibody
bind ing are compared s ide-b1 ' -s ide for  each of  the
compound.s tested. Detai led inhibitory dose_response
profi les are given in Figs l{  for sera NIo. Cr, Ca anci
NfcC respectiv 'ely. With serun-r Nfo, three penici l l ins,
ampic i l l in ,  benzy lpenic i l l in  and amoxic i l l in  were
c lear ìy  the besr  inh ib i tors  produc ing 50% inh ib i t ion
wi th  7-5,  100 and 125 nmol .  respect ive ly ,  o Ieach com_
pound.  The next  best  inh ib i tors  w,ere phenoxymethy l -
penic i l l in ,  pheneth ic i l i in ,  c loxac i l i in ,  mezloc i l l in  and
epic i l l in  wi th  act iv i t ies  ranging f rom 230 to  360 nmol ,
respect i ! 'e iy ,  for  50Zo inh ib i t ion,  whi lc  p iperac i l l in
and f luc loxac i l l in  shorved thc-  weakest  inh ib i tory  ac_
t iv i ty  o f  the penic i l l ins  rested (F ig .  l ) .  Cephalo th in
proved to  be a weak inh ib i tor  o f  IgE ant ibody
bind ing wi th  50% inhrb i t ion nor  be ing ach ieved wi th
1500 nmol  o f  drug whi ls t  6-aminopenic i l lan ic  ac id ,
the weakest  inh ib i tor  tes ted,  produced on ly  l6%
inh ib i t ion wi th  2000 nmol  o f  compound.

Wi th  serum Cr  (F ig .  2) ,  benzy lpenic i l l in  was the
most  potent  inh ib i tor  o f  IgE b ind ing (150 nmol  for
50o, , ;  inh ib i t ion)  whi le  phenoxymethy lpenic i l l in ,
piperaci l l in and ampici l l in proved to be the next best
inhibitors and these compounds were better than
amoxic i l l in ,  pheneth ic i l l in .  ep ic i l l in  and mezloc i l l in ,
respectively. Both cioxaci l l in and f lucloxaci lr in
proved to be relat ively poor inhibitors whilst 6_
aminopenici l lanic acid produced 20o/, inhibit ion wirh
2000 nnro l  o f  compound.  Cephaloth in  was the
weakest inhibitor of al l  compounds tested ,,vi th less
than l0% inh ib i t ion be ing ach ieved wi th  1500 nmol
of  drug.

Although benzylpenici l l in (280 nmol for 50% inhi-
b i t ion)  proved to  be the mosr  potent  inh ib i tor  o f  the
IgE antibodies in serum Ca, a dif ferent prof i le of
inhibitory potencies to that of serzr Mo and Cr was
obta ined.  P iperac i l l in  was rhe second best  inh ib i tor
(350 nmol  for  50oA inh ib i t ion)  wi rh  mezloc i l l in .  amoi_
c i l l in ,  phenoxymethy lpenic i l l in ,  pheneth ic i l l in ,  amox_
ic i l l in ,  c loxac i l l in ,  ep ic i l l in  and f luc loxac i l l in  ranging
f rom 380nmol  to  720nmol  respecr ive ly  lor  50%
inhib i t ion.  As shown in  F ig .  3 ,  a l l  the penic i l l ins
tested were similar in inhibitory porency and the
dose-response profi le was markedly dif ferent to that
obta ined wi th  serum Mo (F ig .  l ) .  Unl ike the f ind ings
wi th  sera Mo and Cr ,  6-aminopenic i l lan ic  ac id
proved to be a moderately good inhibitor producing
49o/o inhibit ion with 2000 nmol of compound. As
with sera Mo and Cr, cephalorhin again proved to be

boider i ine pcs i t rve.  Serum f rom :ub ject  D i .  w i , th  ; , '
uptake o i  1 .2?t  oroved negat ive \ i , r rb  1 ! ,g  arnp ic i l l in
support.  Background binding Ìevels of U.6*0.79lo were
obta ined wi th  conrro l  sera.  w i th  conrror  suppor ts  o f
ethanolamine-Sepharose and Sepharose alone, both
the penic i l l in  pos i t ive  sera and cont ro l  sera gave row
uptakes in  the range 034.1o/o.

Uptakes of  r :51-anr i -human 
IgE wi th  ampic i l l in_

dì r , iny lsu lphone-Sepharose 6B lsuppor t  2 ,  Table  l )
for  9  sera Ba,  Ca,  Cr ,  E l .  Fo,  McC,  I , f  o ,  Sm and Wa
were cons idered pos i t ive  wi th  uptakes betwecn 5 and
32 t imes the va lucs obtarned r , , , i th  cont ro l  sera.  In
par t icu lar ,  sera Ca and Cr  were s t rongly  pos i t ive  wi th
uptakes of  12.9 and l2 .0oh,  respect ive ly .  fn  cont rast ,
the control sera produced low uptakes (0.4_{.59/o).
Sera Di and Go were regarded as negative with
uptakes of 0.7o,to and 0.4o/o, respectively.

Sera f rom e ight  pat ients  Ba,  C.  Cr ,  Fo,  McC,  Mo,
sm and wa rvere posit ive with amorici i l in-sepharose
(supporr  l ) .  Serum Ca showeci  the h ighesr  uptake
(8.9 ' , /o)  o f  i rs l -ant i -human 

igE whi le  serum Di  was
borderi ine and sera Er and Go negative with uptakes
of  1 .0% and 0.5%, respect ive ly .  Conrro l  sera aqain
gave low' uptakes of 0.6%

When amoxic i l l in  was couplec l  to  d iv iny lsu lphone_
act rvated-Sepharose 68,  9  sera Ba,  Ca,  Cr ,  E l .  Fo.
McC,  Mo,  Sm and Wa proved pos i t i re  wi th  serum Cr
(11.2%) hav ing the h ighest  uptake of  r i l_ant i_human
IgE. Serum Di again proved to be a borderl ine
posit ive while results with control sera were in the
range  0 .q .5%.

With the t icarci l l in-Sepharose support,  serum
McC from a subject who reacted cl inical ly to t icar_
ci l l in, gave an uptake ol 19.9o/o. Of the seven other
sera tested, f ive were posit ive while sera Di and Go
proved to be borderi ine posit ives. In contrast. uo_
takes obtained with control sera were again low
(0.1-0.e%).

With o-penici i lamine--epoxv-activated_Sepharose
68, control sera _eave low uptakes of 0.24.36/o while
sera from six penici l l in reactors Ba, Cr, Fo, McC, Mo
and Sm and serum from Go who reacted cl inical ly
to o-penici l lamine. were ai l  posit ive. Sera Ca, Di
and Wa were borderl ine and serum El proved nega_
tive.

Table I also summarises results obtained with the
Fharrnacia Phadebas RAST penici l l in sol id supporrs.
In the "Directions for use" supplied with the pÀàrma_
cia penici l l in discs. i t  is suggested that a rat io of the
uptake of  pen ic i l l in  G or  V d iscs re la t ive to  the HSA
disc of 2 or higher can be considered a posit ive result
whereas a rat io lower than 2 is considered negative.
Based on this cri ter ion, sera from f ive penici l l in_
a l lerg ic  pat ients  Ca,  Cr ,  E l ,  Sm and Wa would be
considered posit ive with the commercial penici l l in G
discs whilst sera from six patients Ca, Cr, El,  Fo, Sm
and Wa would be regarded as posit ive wirh the
penici l l in V discs. Based on our more str ingent proto-
col for posit ivi ty, namely, a rat io of three t imes
background, only three sera, Cr, El and Sm wouid be
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'Sera  Mo,  Cr .  and
o50o, i ,  

inh ib i t ion  o f
C i r  ' , vc re  used a t  a  d i lu t ion  o f  I  :1 ,
IgE b ind ing  was nor  ach ieved (see

Serum E l  was  used und i lu ted
F i g s  l ,  2  a n d  3 ) .

a verv  weak inh ib i tor  o f  IgE ant ibody b ind ing (20, , /o
inh ib i t ion w ' i th  l - j00 nmol  o f  drug) .

With serum El, benz.v-lpenici l l in (200 nmol for 5002i,
inh ib i t ion)  was constderab ly  more porent  an inh ib i tor
o f  IgE ant ibody b ind ing than ampic i l l in  and i ìmoxi -
c i l l in  (360 and 520 nmol  for  50% inh ib i t ion.  respect -
ively). Untortunately. lack of sera prevented further
invest igat ions wi th  orher  penic i l l ins  and cephalo th in .

Using t icarci l l in-sepharose, IgE binding was in-
hibited best when serum McC was preincubated with
t icarci l l in (470 nmol for 50% inhibit ion) (Table 3,

Fig. a). The next best inhibitors ampici l l in, phenethi-
ci l l in, amoxici l l in and benzyipenici i l in ranged from
600-1050 nmol for 50% inhibit ion, respectively.
Cephalothin although the weakest inhibitory com-
pound tested. proved to be weakly active with 39%
inhibit ion being achieved with 2000 nmoi of drug.

DISCUSSION

The exact chemical nature of each of the drug-sol id
phases prepared and used in this study is not known.
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less l ikely. The great difhcult ies involved in
defining the complexes chemical ly, and in
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Fig.  L lnhib i t ion by penic i l l ins and cephalothin of  IgE
binding in serum Mo to ampic i l l in-sepharose complàx.
Serum Mo was used at  a d i lut ion of '  I  :2.  Key to symtols:
(Q) benzylpenic i l l in ,  ( r l )  ampic i l l in ,  ( ! )  amoxic i l i in ;  (g)
phenoxymethylpenic i l l in ;  (A) c loxaci l l in ,  ( , r )  f luc loxaci i l in :
(V) p iperaci l l in ;  (V) phenethic i l t in ;  (O) meztoci l l in ;  (*)
cephalothin;  (+)  6-aminopenic i l lanic acic i ;  (  + )  epic i i l in .

In part icular ,  the nature,  number and rat io of  the
l inkzrges involved in the at tachment of  the l igands tcr
Sepharose has yet  to be def ined.  However,  wi th the
bis-oxirane-and div inylsul fone-act ivated supports.
nucleophi l ic  addi t ion is  l ikely to occur v ia the R (s ide
chain)  pr imary amino groups on ampic i l l in  ancl
amoxic i l l in  and the th iophene r ing of  t icarc i l l in .
Addi t ion v ia the phenol ic  __OH of  amoxic i l l in  seems

20 200 2000

Compound (nmol)

Fig. 3. Inhibit ion by penici l i ins and cephalorhin oi IgE
binding in serum Ca ro ampici l l in-sepharose compléx.
Serum Ca was used at a di lut ion of I  :2. Key to symbols:
(Q) benzylpenici l l in; (O) ampici l l in; ( l)  amoxici l l in; ( I)
phenoxymethylpenìci l l in; (A) cloxaci l l in: ( l)  f lucloxaci l l in:
(p)  p iperac i l l in ;  (V)  pheneth ic i l l in ;  (O)  mezloc i l l in ;  (O)
cephalothin: (+') 6-aminopenici l lanic acid; ( + ) epici l i in.

demonstrate that penici l l in-reactive IgE antibodies
can be detected with the drug-sol id phases employed
and the specif ici t ies of at least these populat ions of
antibodies can be defined with confidence. This is
because conciusions on anrigen-binding specif ici ty oi
the igE antibodies are obtained from experiments
involving pre-incubation of serum antibodies with
Jree, and not chemical ly coupied, drug.

The penici l l in-sol id phases we have developed and
employed for the detection of penici l l in-reactive IgE
antibodies, proved to be at least as useful as, i f  not
more valuable than, the commercial ly avai lable peni-
ci l l in G and V sol id supports. This was i l lustrated by
results obtained with sera from I I different subjects
diagnosed as cl inical ly al lergic to penici l l in. With the
latter drug-sol id phases, six of the I I  sera were found
io be positive whereas 9 positive sera were identified

2000

I r J

precisely
quant i -

precisely identi ly the dif ferent populat ions of peni_
ci l l in-reactive IgE antibodies present in the sera.
Nevertheless, the findings reported here cleariy

tat ive terms. leavesan element of doubt in trvine to
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Fig.  2.  Inhib i t ion by penic i l l ins and cephalothin of  IgE
binding in serum Cr 1o ampicil l in-Sepha.os. comple"x.
Serum Cr was used at  a d i lut ion of  l :2.  Key to symbols: '19;
benzylpenic i l l in ;  (O) ampic i l l in ;  ( ! )  amoxic" t in,  ,a,  On._noxymethylpenicii l in; (A) cloxacilt in; (l) f lucloxicil l in;
(V) p iperaci l l in ;  (V) phenethic i l t in ;  (C) meztoci l l in ;  ( l j
cephalothin;  ( - )  6-aminopenic i l lanic acid;  (  o )  epic i i t in .

Compound (nmol)

Fig.  4.  Inhib i t ion by penic i l l ins and cephalothin of  IgE
binding in serum McC to ticarcil l in-SeDharose comolèx.
Serum McC was used at  a d i lut ion of  I  :2.  Key to symbols:
(C) benzylpenic i l l in ;  (O) ampic i l l in ;  (n)  amoxic i l l in ;
( l )  phenethic i l l in ;  ( l )  cephalothin;  (A) p iperaci l t in ;  (p)

t icarc i l l in .

/,/ I
d . /
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igE an i l : ,o . -1 ies in  rhe :erum of  pat ient  l io  were
ri irected towards an unsubsti tuted benzene r ing. The
f,ar weaker inhibit ion of epici l l in, rvhich contains a
cyclohexadiene r ing. relat lve to ampici l l in confirmed
that a benzene nng is an importent t 'eature of the
complemenrarr- al lergenic determinant. In addit ion,
the much berter inhibit ion e.xhrbitcd by benzylpeni-
ci i l in compared to phenoxyn-rerhylpenicrl l in suggested
that  the O atonr  in  the la t ter  compound was not
recogniseci by the complcmentarl '  IgE antibocl ies.
The fact that mezloci i l in ancl prperaci l l in \ \ , 'ere con-
siderabl;r ! \ , 'e{ì .ker inhibitors tha.n anrpici l l in indicaiecl
that  the amino grot rp  o i '  ampic i l l in  ra ther  than a
subst i tu ted amino group \ r ' i rs  a lso impor tant  for
cornp lementz ì rv  IgE ant ibodv rccoqni t ion.  Fur ther
conf i rmat ion that  thr  spec i f ic i ty  o i  the sub. jec t 's  IgE
ant ibod ies was c l i rec ted to lards the R group was rhe
ext remeiy  poor  inh ib ì tory  i ic t iv i ry  o [  6-aminopenic i l -
ian ic  ac id  which conra ins the f  - lac tam anc j  th iazo-
l ic i ine r inss o f  the pcn icr l l in  nuc ieus.  

- l -hus,  
tor  serum

Mo,  the a l iersen ic  determinunt  recognised by the
conrp lementary  IgE ant ibod ics  appezrrs  to  be a lmost
exc lus ive ly  the e-amrnobcnzy l  group of  the ampic i l l in
mc, lccu le  (F ig .  5) .  Wi th  serum Cr .  a  s l ight ly  d i f Ì -erent
spec i f ic i ty  pat tern . , ras  obse rved.  In  th is  casc,  the IgE
ant ibod ies appeared to  bc pr i rnar i ly  complcmentary
to  the benz i ' l  g r ( )up of  benzv lpenic i l l in  wi th  a  smal l
degree of recognitron of '  the B-lactam ring. 

-fhis

concìusion was reached after comparing the results
obta ined wi th  benzy lpenic i i l in  wr th  the inh ib i tory
act iv i t ies  o f ,  on the one hand,  ampic i l l in  and
piperac i l l in ,  conrpounds conta in ing z-subst i tu ted
benzyl groups and, on the other, phenoxymethylpeni-
c i l l in  and pheneth ic i l l in  both o f  which conta in  a
phenoxyalky l  group (Table  2) .  Addi t ion o f  a  sub-
s t i tuent  to  the aromat ic  r ing as in  amoxic i l l in  led to
a decrease rn antigen-antibody complementari ty as
shown by compar ing the inh ib i t ion potenc ies o f
ampic i l l in  and amoxic i l l in .  The very  weak inh ib i t ion
exhibited by 6-aminopenici l lanic acid again con-
f i rmed that  the R group was par t icu lar ìy  impor tant
for  IgE ant ibody b ind ing.

With serum frorn subject Ca, a third parrern of IgE
antibod.v" specif ici ty rvas observed. Although benzyl-
penic i l l in  was marg ina l ly  the best  inh ib i ror ,  a l l  o f  the
other  penic i l l ins  tes ted proved ro  have s imi lar  inh ib i -
lory  potenc ies.  These resu l ts  seem to  ind icate  a  more
impor tant  ro le  tor  the "backbone"  f  - lac tam and
th iazo l id ine r ings (F ig .  5)  rhan was rhe case wi th  the
ai iergenic determinants complementar) '  to the IgE
ant ibod ies in  sera Mo and Cr .  Th is  conc lus ion was
supported by the clear recosnit ion of 6-aminopenici l-
lan ic  ac id  by the subject 's  IgE ant ibod ies.  The re la-
t ive iy  weak inh ib i torv  act iv i ty  o f  cephalo thrn on rhe
other  hand suggested that  the th iazo l id ine r ing is  the
region of the molecule that is most complementary to
the IgE antibodies in the sera of subjecr Ca.

The f inding that t icarci l l in was the best of the
inhibitors tested r l ' i th serum McC was consistent with
the cl inical diagnosis that the patient was al lergic to
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rv i th  the ampic i l l in  anc i  amoxic i l l in  suppor ts .  S ix  o l
the e ight  sera rcs ted wi th  rhe t icarc i l l in  supporr  were
pos i t ivc  wi th  rhe l i iehesr  uprake (  l9 .9g i , )  he ing
recordccl wit ir  scra f iom the subjcct r,ho rvas ci inical l-v
a l ic rg ic  to  the drug.  The remain ing two sera examined
were border l ine pos i t ives.  Resui rs  theretore re-
in fbrced ear i ie r  conc l i rs ions that  penic i l i in  RAST
assa)'s can bc a valLrable adjunct to the case history
and sk in  tesrs  in  the d iagnos is  o f  an immediate
aì lerg ic  rcact ion to  penic i l l in (s)  (de Weck,  1983) .

A nunber of the sera tested showed posit ive reac-
t ions with more rhan one of the dif ferent pdnici l l in-
sol id phascs regardless of the chemical nature of the
s ide chain  o f  the penic i l l in  molecu le  a t tached to  rhe
sol id support.  On the other hand, the vastly dif ferent
uptakes of rr5l-anti- IgE recorded by the same sera
(for example sera NtcC and Mo) when used with
dif ferent penici l l in-sol id phases, suggested the pres-
ence of other IgE antibodies that preferential ly recog-
nize determinants present, or avai lable tbr reaction,
on on ly  one of  ihe suppor ts .  In  an at tempt  to  obta in
information on the f ine-structural specif ici t ies of
some of the penici l l in-reactive IgE antiboci ies, de-
tai led hapten rnhibit ion studies were performed rvith
5 sera.  Wi th  serum Mo,  i t  was c lear  that  the IgE
antibodies w'ere primari ly directed to the alkyl side
chain  (R group)  o f  the penic i l l in  molecu le .  Thus,
ampic i l l in .  benzy lpenic i l l in  and amoxic i l l in  were con-
siderably more potenr inhibitors of igE binding than
other  penic i l l ins  which,  a l though they conta ined an
aromat ic  bcnzene group,  had subst i tu t ions a t
the pr imary amino -qroup (mezloc i l l in ,  p iperac i l l in )
or incorporated f ive membered orazole r ings
(cloxaci l l in, f fucloxaci l l in) adjacent ro rhe benzene
r ing or  conta ined ethers  in  the s ide chain  (phenory-
methy lpenic i l l in ,  pheneth icr l l in ) .  S ince a l l  the peni -
c i l l ins  tes ted in  the inh ib i t ion exper iments  var ied in
the R group onl-v-, i t  was clear that the dif ferences in
rnhibitory porencies were due enrirely to the compo-
sit ion of this group. The greater inhibitory potency of
ampici l l in compared to amoxici l l in suggested that the
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as with sera Mo and Cr, i t  seems l ikely that the R
group is an important feature of the al lergenic deter-
nrinants recognized by IgE antibodies in these three
subjects. Overai l ,  f indings with the sera of al l  f ìve
subjects indicate that, as with a number of other drug
stud ies so far  (Har le  e t  a l . ,  1987;  SmaI  e t  a l . ,  1988) ,
the specifrci ty of the penici l l in reactive IgE antibody
response is heterogeneous.

In a recent study, two patients who reacted cl ini-
cal ly to amoxici l l in were found to be skin test and
RAST positive to the drug, RAST negative to benzyl-
penici l loyl and skin test negative to benzylpenici l loyl
and a minor determinant mixture. RAST inhibit ion
showed that with both sera the IgE responses were

S p a c e - f i l l i n g  m o d e l  o f  a m p i c i l l i n

G'--

l t \ . , , t t ,
l...-,'\c-,

I
c c 2 H

this drug. Although cephalothin proved ro be the
weakest inhibitor, signif icant inhibit ion was obtained
over the concentration range 600-2000 nmol per tube
(Fig. a). Ticarci l l in and cephalothin have a 3-thio-
phene and 2-thiophene moiety respectively as the R
side chain with the former compound having a
carboxyl group on the e-C of the side chain. The
weaker inhibitory activi ty of cephalothin is probably
best explained by the presence of the dihydrothiazine
nng instead of the thiazol idine nng that occurs in the
penici l l ins (Table 2, Fig. 5).

Although lack of sera precluded derai led inhibit ion
studies on serum El, benzylpenici l l in was the most
potent inhibitor of the three penici l l ins examined and.

Fig.  5.  Al lergenic determinants recognised by IgE ant ibot l ies in the sera of  three penic i l l in-a l lergic subjects.
The determinants were identified in hapten inhibition studies using an ampicil l in solid phase. ttr" hui"tr.O
and dot ted shadings refer  to regions of  the molecule showing high and low degrees òf  complementar i ty

respect ively to the pat icnts '  IgE ant ibodies.
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The presencc ( l t '  a  p- lac tam r ine and an amide
l i nkaee  i o  t he  R  g roup  s i de  cha in  i n  cepha iospo r íns
suggcsts  the possrb i i r ry  o l  c ross- react i l ' i t ; i  w i th  the
penic i l l ins  and th is  was.  in  fac t ,  observed in  the
prcscnt  invesr igz i t ion.  . - \  s tuc ly '  o i  cephaiospor in-
rcact iv r  IgE ant ibod ics  in  ihe sera o t 'sub jects  a i lerg ic
to  cephalospor ins  anc i  the cross- react rvr t ies  o f -  these
ant ibod ies i l ' r th  penic i l l ins  rs  cur rent lv  unt lerway
(F {a r l e  rnc l  Ba ldo .  unpub i i shed ) .

I t  is  c lcar  rhat  the inrmunoassays de scr ibred here for
the detect ion o i  IgE ant ibod ies rhat  rcacr  wi th  a
nurnbcr  o f  d i i le  rent  penic i l l ins .  are  va luabie  adc i i t ions
both to  the pcn ic i i l in  RAST'S cLrr rent i l r  i i va i lab le  and
as suppicme n iarv  c l iagnost ic  a ids to  case h is tor ies  and
sk in  t cs t s .  FL r r t he r  app l i ca t i on  o f  t he  i n rmunoassavs
conib ined rv ' i r l i  hapte i r  inh ib i t ion s tud ic ,s  o i  the t -v -oe
deta i led here w ' i l l  he lp  to  idcnr i fy  and def ine m() re
p rec i se l l , t he  n r - rmbe r  and  na tu re  o f  a l l e rgen i c .  as
drs t inc t  f rorn  ant igen ic .  deter rn ina in ts  on the many
c i i f fc rent  penic i l l in :  t rver lnb le  tor  use.

. 1 t ' kn t tn ' l e lq€n t t ' t ! r s - .We thank  Drs  D .  Bass .  M.  F i she r .
A Ker lp.  \ f  \ l tzr . lcr ' .  S.  Van Nunen, P.  Ward and J.  Wel ls
tbr  sera.  This r i t ' rk  ' , \ ,as sLtppor led bv the Nat ional  Heal th
and  V{cd ica l  Resc l r i - ch  Ccrunc i l  o i  Aus t ra i i a .
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