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The influence of two different carriers, poly-r-lysine (PLL) and human serum albumin (HSA) in the

binding of specific IgE antibodies to the benzyl penicil loyl hapten (BPO) was determined in a solid-phase

assay. Serum samples from patients with a history of immediate reaction to penicil l in and which had

shown the presence of IgE antibodies to BPO were used. Benzyl penicil loyl derivatized cellulose discs

were prepared using PLL of clifferent molecular weight and HSA as carriers. These were treated with

different molar ratios of benzyl penicil l in. These reagents were compared for uptake of BPO-specific IgE

using a pool of sera in a radioallergosorbent test (RAST) type assay. Two PLL systems and two HSA

systems were finally compared using 26 individual sera. RAST values were compared by Kruskal-Wallis

and Wilcoxon tests. The relationships between the four different assays were evaluated by determining
pearson correlation coefficients and the concordance by determining intraclass correlation coefficients

(ICC). Analysis of means by the Wilcoxon test revealed significant differences (P < 0.01) only when the

different carrier assays were compared. The correlation coefficients between all the assays were

significant (P < 0.0001), but the ICC was low when the different carrier assays were compared. These

results indicate that the nature of the carriers studied (PLL and HSA) influences the capacity for binding

IgE antibodies in the RAST procedure. The differences observed indicate that one conjugate cannot be

substituted for the other in the determination of IgE antibodies to BPO and that BPO-PLL is preferable.

Key words:  IgE ant ibody;  Radioal lergosorbent test ;  Benzyl  penic i l loy l  hapten-poly-r- - lys ine conjugate;  Benzyl  penic i l loy l  hapten-

human serum albumin conjugate

Introduction

The major antigenic
nant of  penic i l l ins has

and al lergenic determi-
been ident i f ied as the

product resulting from the conjugation of benzyl
penic i l l in to HSA carr ier  molecules (Levine and

Ovary, 1961; De Weck, 196D. This chemical

structure derives from the opening of the betalac-

tam molecule by the amino group of different

carriers. This has been named the major determi-

nant.
Other metabolic products derived from benzyl
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penic i l l in have been shorvn to bc invorved in
a l le rg ic  reac t ions  (Dewdney,  1977:  parker .  l9g0 :
Wciss and Adkinson. lggl l ) .  Basccl  on rhe conju_
gat ion of  Bp with ei ther HSA rtr  pLL ct i f fercnt
methods have been usecr for  in v ivo c ietect ion of
IgE an t ibod ies  to  pen ic i i l i ns  (Basomba er  a r . .
I9 l9 :  Edwards  er  a l . .  1992) .  Other  au thors  have
used as  the  car r ie r  d i t fe ren t  p ro te ins  (Dc  Haan e t
a l . ,  1979) ,  po lymers  (Ohno and Stahmann.  lg l2 )
or red cel ls (De Weck. 1962).  Recent ly systems
using penic i l l ins conjugated direct ly to epo.w act i_
vated resin have been reported (Harre and Barcro.
1990).  In addi t ion some studies have suggested
that penic i l l in s ide chain-speci f ic  ant ibodies are
also present in some pat ients '  sera (Batchelor et
al . ,  1966; Petersen and Graham, l9 j4:  Blanca er
al . ,  1990. 1991).  However,  when the same hapten
is conjugated to a carr ier  the nature of  the carr ier
can also inf luence the capaci ty of  the conjugate
to bind to IgE ant ibocl ies (Lee er al . ,  l9B5; 'ùru
et al ,  1989).  In th is study we compared a var ie- ty
of  BPO-PLL and BPO_HSA conjugates for  their
abir i ty ro bind ro Bpo-speci f ic  IgE ant ibodies in
sera f rom pat ients al lergic to benzyl  penic i l l in.
Reagent preparat ion and assay condi t ions were
opt imized in order to determine whether the
differences observed were rerated to the carrier
used.

Materials and methods

act ivated cel lu lose discs as above.

the  pena lmadate  method (Lev ine ,  1962) .  The op_
t ima l  BPO-HSA con jugare  (1 ,  5 ,  10 .  50  anO tóO
mg/ml )  was  then coup led  to  cyanogen bromide_

Huntun sentnr albuntin (ÍtSA)
HSA (50 mg/mD was couplecl  to cyanogen

bromide-act ivatecr cei lurose discs as cre scr iùed
above. These cr iscs were then treatecr wi th benzvr
pen ic i l l i n  a r  200 mg/ml  as  above.

Positire sera
26 sera were obtainecl  f rom pat ients wi th a

h is to ry  o f  an  immedia te  reac t ion  to  pen ic i l l i n  and
were al l  shown to contain detectabre Bpo-speci f ic
IgE ant ibody. posi t ive pools of  h igh and low
mean RAST value to BpO were prepared from
somt:  of  these sera.

Negatice sera
24 sera from atopic subjects with total IgE

values in the range 5-1700 IgE uni ts but wi th no
history of  penic i l l in al lergy were employed. pools
of  some of the sera were used in selected studies.

R/IST assays
The assays were carried out as clescribed by

Wide e t  a l .  (1969)  us ing  e i ther  30  t l  o f  borh
serum and human ant i_IgE (methocl  a)  or  50 pl
of  both serum and ant i -human IgE (method b).
Resul ts obtained with Bpo der ivat ized discs were
expressed as percentage of label uptake after
subtract ing the uptake of  the s ingle carr ier
der ivat ized discs.  A test  sampre was considerecr
posi t ive when i t  gave a resul t  greater than the
mean plus 2 SD from a group of negative sera in
the same assay system.

RAST inhibitiort
These studies were carr ied out using BpO_e_

amino caproic acid (BPO-EACA), prelared as
descr ibed by Batchelor et  a l .  (1966) ut  tò0,  10, 1,
0 .1 ,  and 0 .01  mM in  the  l iqu id -phase assay  w i th  a
sample of  pooled posi t ive sera.  Assays comparing
var ious BPO-PLL and BpO-HSA discs * . . .  .u. l
r ied out on the same occasion.

Tests oJ' statisticat significance
Total  IgE was ascertained in the sera in order

to invest igate whether there was any relat ionship
between the IgE level  and the RAST value for
any of  the four methods used. A comparison of
the var iance of  the fbur methods ,uvas made using
the  Kruska l -Wal l i s  tes t  and a  compar ison o f  the

BPO-PLL deriuatized discs
Poly-r-- lysine (1 and I0 mg/ml)  of  molecular

weights 3,  9,  22,  50, 100 and 400 kDa were
coupled to cyanogen bromide act ivated cel lu lose
discs as descr ibed previously (Edwards, l9B2).
These discs were then treated with benzyl  p.ni-
c i l l in ar 1,  10,  25 and 50 mM as descr ibed by
Edwards er al .  (1982).

BPO-HSA derit'atized cliscs
HSA (100 mg/ml)  was rrearecj  wi th benzyl

pen ic i l l i n  a r  200 mg/ml  in  o rder  to  op t im it L tÉ /  tL t r  l n  o roe r  to  op t tmtze  the
BPO content of  the conjugates as measured bvred by
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mcl ìns  o f  the  va lues  be twecn thc  BPO-HSA and
thc  BPO-PLL mcthods  w i ìs  madc us ing  thc
Wi lcoxon tes t  (S icge l .  1956) .  Thc  re la t ionsh ips
between thc assays were evaluated from Pearson
correlat ion coeff ic ients (r ' )  and concordance \ \ 'as
calculated from the analysis of  var iance (ANO-

VA) of tr.vo factors (serum RAST values and
methods) by determining the intraclass correla-
t ion  coef f i c ien t  ( ICC)  (F le iss .  1975) .

Resul ts

Optini:ution of BPO-PLL rengent discs Jor uprake
r,tf specific IgE antibody

As shorvn in Fig.  I ,  I0 mg/ml PLL conjugate 9
kDa coupled to discs gave a higher IgE uptake
than d id  con jugate  used a t  I  mg/ml  and the
opt imal concentrat ion of  benzyl  penic i l l in was 25
mM. The negat ive control  pool  gave values of
labe l  up take  be lo rv  l% o f  to ta l  counts  added.
Simi lar  resul ts were obtained with the posi t ive
control  pool  and the other molecular weight PLLs
used (3,  22,  50, 100 and 400 kDa).  Thus there rvas
no increase in thc IgE ant ibody binding capaci ty

1 0  2 5  5 0  1 0 0  m M

Fig .  l .  Pe rccn ta ,qe  l15  I  up t . r ke  ve rsus  concen t ra t i on  t l f  benzy l
pcn ic i l l i n  uscd  to  p rcpare  UPO-PLL  d i scs  a f te r  i n i t i a l l y '  cou -
p l i ng  I  (  r  )  and  l ( )  (o )  mg / , /m l  t )  kDa  PLL  to  cvanogen
bromidc  ac t i va tcd  ce l l u losc  c l i scs .  . . \  pos i t i re  sc rum p t lo l  (up -

pc r  l i ncs )  unc l  ncga t i " ' e  sc ru rn  po r t l  ( super imposed  lo rvc r  l i ncs )
\ \ ' c r c  s t t rd led .
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F i g . 2 .  P e r c e n t a g e  u p t a k c  t ' t t r l s l  a n t i  I g E  v e r s u s  a m o u n t  o l
BPO-HSA (  r  )  us ing  l { )0  mg lm l  HSr \  and  200  mg, 'm l  o f
benz l ' l  pen ic i l l i n  ( see  methods  sec t ion )  o r  HSA.  10 ( )  mg  ( r )

tb l lorved by t reatment of  the discs wi th 100 mg of  benzl l
pen ic i l l i n .  A  pos i t i ve  se rum poo l  (upper  l i nes )  and  nega t i v ' e

se rum poo l  ( l o rve r  l i nes )  r ve re  s tud ied .

on increasing the molecular rveight of  the PLLs.
al though in the negat ive control  pool  and indiv id-
ual  negat ive sera there was an increase of  the
non-speci f ic  b inding. Al l  subsequent studies em-
ployed discs prepared using 9 kDa PLL coupled
at 10 mg/ml fo l lowed by t reatment rv i th 25 mlvl
b e n z l  l  p e n i c i l l i n .

Optirni:ation of BPO-HSA reagent discs
The opt imal BPO content of  BPO-HSA conju-

gates was obtained by t reat ing 100 mg/ml of
HSA with 200 mg/ml benzyl  penic i l l in.  With th is
rat io,  the number of  BPO haptens in the carr ier
was 22. As shown in Fig.  2,  coupl ing of  100
mg/ml BPO-HSA to cyanogen bromide-act ivated
cel lu lose discs.  fo l lowed by t reatment wi th 200
mg/ml benzyl  penic i l l in.  gave a s imi lar  opt imal
uptake of  label  using both posi t ive and negat ive
serum pools.  Subsecluent studies uscd discs pre-
pared by coupl ing HSA at 50 mg/ml fo l lowed by
t rea tment  w i th  100 mglml  BP.

Comparison by R"{Sf inhibition of' BPO-PLL arul
IIPO-HSA RIST r/r.ics

The resul ts of  these str . rd ies arc shown in Fig.
i .  In  a l l  cascs  BPO-EACA fu l l v  inh ib i ted  an t i -
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Fig .  3 .  RAST inh ib i t i on  s tuc r ies .  Morecura r  wc igh t  o i  t he  pLLs
of  the conjugates rvere:  3 kDa (  r  ) .  9 kDa ( . ) .  -50 kDa (  r  ) .
l i )O  kDa  (c ) .  BPO-HSA (  a  ) .  Monomers  o f  BpO-EACA were

used  fo r  i nh ib i t i on  in  the  f l u id  phase .

body binding, conf i rming rhe speci f ic i ty of  the
assay system. AJthough al l  BpO_pLL discs gave
simi lar  inhibi t ion curyes, BpO_HSA discs re_
quired ten-fold less Bpo-EACA for 507c inhibi-
t ion.  This suggests rhar al l  the BpO_pLL discs
had a higher hapten densi ty of  BpO groups avai l_
able fbr  ant ibody binding and this would accounr
for the general ly higher ant ibocly uptake with test
sera (see later) .

RAST inhibi t ion studies using indiv idual  sera
(2,  6 and 9 of  Table I )  are presented in Fie.  4
comparing the BPO-PLL of  9 kDa and the eÉO_
HSA discs.  With al l  three sera studied higher
molar concentrat ions of  BPO-EACA were re_
quired for inhibi t ion when Bpo-pLL discs were
used. These di f ferences were of  the order of  r00
mM for sera ? and 6 ancl  10 mM for sera 9.

Total IgE leuels
These are shorvn in Table I .  There was no

s ign i f i can t  cor re la t ion  be tween thc  leve l  o f  I sE
and the  RAST va lue  de termined by  anv  o f  ùe
methods used. The r  value rvas 0.031 for BpO_
PLLa. 0.005 tbr BpO.pLLb. 0.021 ior  BpO-HSAa
and 0.09 fbr BPO-HSAb.

Contpurison ofR.{Sf t.ulttcs oJ' ìnttirittrnl sern
Thc mean and SD values for the negat ive

control  group were 0.9.9 ancl  0.6.3 tbr  the BpO_
PLLa.  0 .92  and 0 .20  fo r  the  BpO-pLLb,  0 .25  and
0.36 for the BPO-HSAa ancl  0.35 ancl  0.10 tor
BPO-HSAb.

RAST values 2 SD above the mean of  the
negat ive sera were considered to be posi t ive.  The
resul ts for  the sera studied are presented in Table
I .  In most cases method 'a '  gave sl ight ly higher
rcsul ts than method 'b '  for  a given carr ier  system,
but comparisons between pLL and HSA cl iscs
within a given method showed more str ik ing di f_
ferences. Two sera in part icular,  l0 and 16. were
negat ive using HSA methods. Addi t ional lv sera

TABLE I

SPECIFIC IGE ANTIBODIES DETERMINED IN 2ó SERA
TO BPO.PLL AND BPO-FISA CONJUCATES
BPO-PLLa  and  BPO-HSAa:  30  g . l  o f  se ra  and  an t i - l gE  were
used .  BPO-PLLb  and  BPO-HSAb:  50  , r_L I  o f  se ra  and  an t i - l gE
were  used .  Mean  va lue  and  SD tb r  each  de te rm ina t ion  was :
BPO-PLLa  16  and  14 .5 ,  BpO-pLLb  13 .8  and  13 .7 ,  BpO_HSAa
8.3 and 9.3 and BPO-HSAb 6.4 anct  7.7.

Sc ra BPO- BPO- BpO- BpO- IeE
PLLa PLLb HSAa HSAb

I
2
3
1
5
6
7
8
9

1 0
l l
t 2

I . t
l a

r 5
l 6
t 7
l l Ì
1 9
l0
: l
22
l3
l l

1.5
, o

10.38
17.98
27.5
4.1.6
1-+.7-l
1  |  1 1

a + . /  I

1 9 . 1
6 .91

16.9.1
i  5 .8
9 .9

10.25
5 .87
9.5

i 0.09
-5.8-5
e.8l

19.6 i

2 .19
ó .  l 6
6.-1.+
1.87
-r .95

16 .31- ) |

t1.07 :1.1
4  t . 65  I  l . 8  t
21 .38  17 .16
18.36 t0.05
I  1 . 7 9  1 0 . 1 3
10 .7  21 .13
2, t .1  1 .8
7 5..1ri

l  1 .67 13.77
16.05 0.76
8.5 6 .1
9.-18 3.59
1.79 ,1.09
3.-19 rl
6 .11  3 .6
-1.91 0.03
8 .96  L  l 8

12 .8  -11 .3
3 .97  1 .05
3.i9 . t
,5.05 :1.6
1.69 i .8
2.9 3.8-5
) . l  l  1 . 6

l 1  i J  l {  r q

r . 6  1 . 9

3 . 1  3 8
18.02 90
10.99 65
18.66 ;10
8 .16  I  000

12.91 160
l . l 9  2 1 0
1.37 120
9.68 80
0.60 10
5.6 60
2.22 100
a  î --ì ._ i  I  t)
I  3 5  1 {

2.68 110
0 .25  120
I  . 1 8  6 8

3-5.67 66
1. .12 E9
1 . 3 1  1 0 0
1 a /  { \
2.78 2{)
1.63 t20
l . 1 6  l l 0

I I  1 6 0
I  i R  r i

I
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F i g .  1 .  R A S T  i n h i b i t i o n  s t u d i e s .  S e r u m  I  (  r  ) .  s e r u m  6  (  r  )
; rnc l  sc rum 9  ( . )  r ve rc  i nh ib i ted  us in . -e  so l i d -phase  BPO-HSA
RAST d iscs  (dashcd  l i nc )  and  BPO-PLL  RAST d iscs  ( con -

t i nous  l i nc ) .  I n  the  l l u id  phasc  monomers  o f  BPO-EACA
were  usco .

12 and 17 rvere weakly posi t ive in the HSA s-v-s-
tcms but c lear ly measurable rv i th both PLL meth-
ods. The reasons for these di f ferencc's are not
clear but might be explained b1'  the fact  that  the
PLL sol id phase is more ef f ic ient  at  b inding low
aff in i ty i rnt ibodies such as may be present in
these sera.  When the di f ferent assays were com-
pared (see Table I )  there were s igni f icant di f fer-
ences  be tween the  BPO-PLL and BPO-HSA
methods (  P  <  0 .001) ,  bu t  when the  resu l ts  ob-
tained by methods ut i l iz ing the same carr ier  were
compared the di f ferences were not s igni f icant.
The Pearson correlat ion coeff ic ients arc pre-
sented  in  Tab le  I I .  In  a l l  cases  the  r  va lues  were

TABLE I I

PEARSON CORRELATION COEFFICIENTS AND ICC
\ , . \ LUES BETWEEN THE FOUR DIFFERENT ASSAYS

The  nL rmbers  i n  [ r racke ts  a re  the  ICC va lues .

R  v a l u e  ( l C C  v a l u e )

I  { )3

s ign i f i canL (  P  , :  { ) . (X)01) .  F lo rvevcr .  the  ICC va lucs
werc low rvhcn thc di f fcrcnt  mct i lods rverc com-
p a r c d  ( s e c  T a b l e  I I ) .

Discussion

For the determinat ion of  ant ibodies of  d i f fer-
en t  i so typcs  to  pen ic i l l i ns  the  na ture  o f  bo th  the
car r ie r  (Vega e t  a l . .  1989)  and the  hapten  (B lanca
et  a l . ,  1991)  may in f ' luence the  capac i t -v  fo r  b ind-
ing  IgE an t ibod ies .  Therc  i s  ev idence us ing  rabb i t
po iyc lona l  (A tsumi  e t  a l . .  196 l )  and mousc  mono-
c lona l  an t ibod ies  (De Haan,  1985:  Fukush ima e t
al . ,  1987) that  d i f f 'erent parts of  the benzyl  peni-
c i l l in molecule may form di f ferent epi topes. This
has also been shorvn with IgE ant ibodies f rom
pat ien ts  a l le rg ic  to  pen ic i l l i ns  (Van De l len .  I91 I ' .
B l a n c a  e t  a l . ,  1 9 8 8 ;  B l a n c a  e t  a l . ,  1 9 9 1 ) .  W i t h
regard to the nature of  the carr ier ,  d i f ferent
structures have becn used for the est imat ion of
bo th  lgE and IgG ant ibod ies  such as  pro te ins
(Wide e t  a l . .  1971.  De Haan.  1979) .  po l1 , ' l ys incs
(Edrvards  e t  a l . ,  1982;  B lanca e t  a l . ,  1990) ,  bac te-
r iophages (Haimovich et  a l . ,  1967) v i ra l  part ic les
(Mamas e t  a l . .  1979) .  po lyacry lamide (Ohno e t  a l . .
L91D and red cel ls (De Weck. 196- l ;  Thiei  et  a l . .
1964).  The nature of  the carr ier  and the densi t -u-
of  the hapten in the conjugate ma.v inf luence the
ant ibody  b ind ing  capac i ty  (Lee e t  a l . ,  198,5) .  In
this study the t r .vo most commonly used carr iers
fo r  de termin ing  IgE an t ibod ies  to  the  BPO deter -
minant were compared in t l - re samc radioim-
munoassay in order to determine whether there
were di f ferences in their  capaci ty to bind IgE
ant ibodies.

Prel iminary resul ts f rom our group indicated
that di f ferences did er ist  using thesc two di f fer-
cn t  car r ie rs  (Vega e t  a l . ,  19 .99) .  The PLLs may
have the theoret ical  advantage of  producing con-
jug i ì tes  w i th  a  h igh  dens i ty  o f  hapten  s ince  n lo re
amino groups per molecule are avai labe for con-
jugat ion than in HSA. Moreover.  in the HSA
molecule not al l  the BPO groups are exposed to
the ant ibod-v (Lafaye et  a l . .  l98l ì ;  Yvon et  a l . ,
1990) .  ln  our  s tudy  there  were  on ly '  s l igh t  d i f i c r -
ences betrveen di f ferent molecular rveight PLLs.
horver ,e r .  rvhen BPO-PLL and BPO-HSA reagents
\ \ ' c rc  compared bv  RASI -  inh ib i t ion  us ing  l  pos i -

B P O -
PLLa

BPO-
PI-Lb

BPO-
FiS. \A

BPO-
HSr\b

B P O -
P L L a  I  ( l )  0 . 9 S  ( 0 . 7 5 )

B P O .
P L L _ b  0 . e 8 ( 0 . 7 - i )  I  i l )

uPo
[  {S. \a  0 .S- l  (0 .  I  ]  )  ( ) .3  I  (0 .  l l  )

BPO-
i  {s , - \b  0 .s  j  (0 .  1-_r  )  ( ) .3  1  (0 .  10 )

( ) s - r  ( 0 . 1 1 )  0 . 8 i  ( 0 . 1 3 )

0 . s l  ( ( ) . l l )  0 . s l  ( ( l . r ( ) )

I  i l )  0 . 9 S ( ( ) . 6 1 )

i ) . t ) S ( ( r l )  I  ( l )

\
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t ive  serum poo l  and BPO-EACA as  an  inh ib i to r
the  resu l ts  d id  suggest  a  h ighe r  haptcn  c lens i ty  on
thc PLL discs.  When the two carr iers were com_
pared us ing  26  ind iv idua l  sc ra  f rom pen ic i l l i n
al lergic pat ients the two BPO-PLL systems gavc
higher values and four sera were ei ther vcry
weakly posi t ive or were negat ive to BPO_HSA
discs.

The da ta  ind ica te  thar  in  the  casc  o f  the  meth_
ods using the same carr ier  there were no di f fer_
ences in the resul ts obtained. However,  the val_
ues  o f  the  means were  h igher  when the  BpO-pLL
methods (a and b) were compareci  to the BpO_
HSA methods. When the methocls using di f ferent
carr iers were compared there was a good correla_
tion in every case, whereas the ICC values werc
low when di f ferent methods were compared.
Whether these di f ferences are related with thc
backbone of  the carr ier  and/or to the speci f ic i ty
and affinity of the antibodies is not known at
present and further studies wi l l  be requireci  to
resolve these points.
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