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Protein A, a cell wall component purified from Staphylo-
coccLts aureus, is able to bind with immunoglobulins, espe-
cially with IgG, in at least 65 different mammalian species
known to date [1]. This has made protein A a valuable re-
agent which has been utilized successfully for a wide varie-
ty of laboratory techniques [2]. In human immunoglobulins,
protein A binds to IgG subclasse s 1,2 and 4 [3], IgA2 l4l, a
group of IgM [5], and a small part of polyclonal IgE 16,71.
Protein A does not bind to myeloma IgD [8], but perhaps to
the IgD on the lymphocyte surface [9].

During the past 10 years it has been recognized that a cell
wall protein from certain species of streptococci, especially
Lancefield group C and group G, exhibited a broader range
of binding to IgG than protein A [0' 1l]. For human immu-
noglobulins protein G has been shown to bind all four sub-
classes, including IgG3 (to which protein A does not bind),
but does not bind to IgM, IgA and IgD UOl. The binding of
protein G to human IgE has not yet been studied.

In the present study we describe the binding of protein A
and protein G to human IgE. We compare the binding differ-

Abstract
We studied the binding of protein A and protein G to human monoclonal and
polyclonal IgE,. An ELISA was used to measure human IgE. Protein A-Sepha-
rose did not bind to monoclonal IgE, but bound to l2-l4o/o of serum polyclonal

" IgE and to -3% of the polyclonal IgE purified from the serum. No difference in
binding to protein A was found between IgE from an allergic patient and that
from a non-allergic subject. Protein G bound to neither polyclonal IgE, nor mono-
clonal IgE. Thus, protein G is better than protein A with respect to separation of
IgE from IgG.

ences between monoclonal IgE and polyclonal IgE, be-
tween IgE from an allergic patient and from a non-allergic
subject, and between purified and unpurified serum IgE,.

Serum IgE was purified mainly according to previously
described methods [12]. Briefly, serum (2 ml) from an al-
lergic patient with a high IgE level was precipitated between
30 and 55% saturation of (NHa)2SOa, dissolved in 0.02 M
phosphate-buffered saline (PBS) pH7.2 and applied to a Se-
phadex G-25 column equilibrated with PBS. This IgE-con-
taining fraction r,vas then applied to a Con A-Sepharose co-
lumn (bed volume 12 ml). After washing with PBS, IgE, was
eluted with 0.2 M methylmannoside in PBS from the co-
lumn and applied to a protein G-Sepharose column to re-
move IgG. The purified IgE, in the effluent from the protein
G column was pooled and concentrated for the use of pro-
tein A-binding analysis.

Total IgE was measured by a sandwich ELISA. Polysty-
rene microtiter plates were coated with 0.1ml/well of a
l:2,000 goat anti-human IgE (a gift from Dr. N.F. Adkin-
son, Jr. which was affinity purified with PS myeloma-Se-
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pharose 48) in 0.05 M carbonate buffer (pH 9.6) overnight
at 4oC, and then washed three times with washing buffer
(0.05% Tween 20 in PBS). A test sample or IgE, reference
semm (No. 6015, also a gift from Dr. N. F. Adkinson, Jr.),
diluted in ELISA buffer (0.2% bovine serum albumin in
washing buffer), was added (0.1 ml/well) and incubated for
2h at37'C. After washing, 0.1 ml/well  of di luted rabbit an-
ti-human IgE (Dakopatts, Denmark) was added and incu-
bated for2hat3l"C. After washing,0.l ml/well of alkaline
phosphatase-conjugated goat anti-rabbit IgG (H+L; Jack-
son Immunoresearch Laboratories, Inc.) was added and in-
cubated for 2 h at37 "C. After a final washing, 0.1 ml/well of
substrate, p-nitrophenylphosphate I mg/ml in diethanola-
mine buffer (pH 9.8), r.vas added and incubated overnight at
4"C. The reaction was stopped by addition of 0.1 ml of I l/
NaOH. Absorbance was read at 410 nm on an automated
MR700 microplate reader. The level of total IgE was calcu-
lated by interpolation from the dilution curve of reference
serum. This assay was shown to be specific to human IgE;
its sensitivity was I ng/ml. Human IgG, IgA, IgM and IgD
were not detected by this assay (table l).

The following IgE-containing samples were analyzed
for binding to protein A and protein G: (1) 25 ptgof PS mye-
loma IgE (a gift from Dr. T. Ishizaka) diluted in l ml of
0.05 M phosphate buffer (PB) pH7.2; (2) 0.1ml of al lergic
patient serum diluted in 0.9 ml of PB; (3) 0.4 ml of non-al-
lergic subject semm diluted in 1.6 ml of PB, and (4) two IgE
fractions. Each was purified from 2 ml of allergic patient
semm as described above. These samples were separately
applied to a protein A-Sepharose CL-48 (Pharmacia) co-
lumn (bed volume 6 ml) and a protein G-Sepharose 4 Fast
Flow (Pharmacia) column (bed volume 6 ml), which were
equilibrated with PB and then allowed to stand in the co-
lumn for l5 min. After washing with PB, the fractions were
pooled. Proteins binding to the column were eluted with
0.1 M glycine buffer (pH 2.1) and neutralized with 0.5 M
Tris buffer (pH 8.0). The fractions eluted from the prorein A
or the protein G column were pooled and dialyzed against
PB overnight. Total IgE was assayed by ELISA for rhese
starting samples,, effluents and eluents. The percentages of
IgE in the effluent and the eluent were calculated (table 2).
The results showed that protein A-Sepharose essentially did
not bind to monoclonal IgE (0.12%), but did bind to 12-14%
of serum polyclonal IgE andl-306 of purified serum poly-
clonal fgE. Protein A bound12% semm IgE from an allergic
patient andl4o/o IgE from a non-allergic subject. In contrast
to protein A, protein G bound to neither semm polyclonal
IgE, nor monoclonal IgE,

Studies have demonstrated that 6-70/o of polyclonal hu-
man IgE bound to protein A [6, 7]. We have shown that a

Table 1. Cross-reactivi ty of total IgE assay to immunoglobulin G.
A, M, and D measured bv ELISA (OD 410 nm)

Concentration

flg/ml
Myeloma protein

IeG IgA IgM IgD IgE

0 . 0 1
0 . 1
I
1 0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

>2.0
> 2 . 0
>2.0
>2.0

ln this ELISA, microplates coated with mAb anti-human IgE were
sequential ly incubated with dif ferent di lut ions of myeloma IgG or
IgA, IgM, IgD, and IgE, then rabbit anti-human IgE, and f inal ly en-
zyme-conjugated goat anti-rabbit tgG.

subpopulation of polyclonal dog IgE, bound to protein A,
but not to protein G U3]. Our present studies show that pro-
tein G is better than protein A with respect to separation of
IgE from IgG, as protein A binds to a small portion of poly-
clonal IgE. Also, protein A does not bind to IgG subclass 3
t3 l

In our studies, the purified IgE bound to protein G
(l-3%) less than the unpurif ied IgE (12-14%).During the
pr,rrification procedure, the IgE fraction was passed through
a protein G column to remove IgG. If there was any IgG-
anti-lgE, in the fraction, these immune complexes would
have been removed by binding to protein G. This may ex-
plain why the purified IgE fraction bound to protein A less
than the unpurified IgE. Even after purification, howeveq
still some IgE (l-3%) bound to protein A. This excludes the
possibility of the presence of IgG-anti-IgE immune com-
plexes which may lead to the binding of the small portion of
polyclonal IgE to protein A.

The mechanisms of the different binding properties of
polyclonal human IgE between protein A and protein G are
unknown. Previous studies of IgG have shown that the Fc
and Fc'fragments were more strongly bound to protein A
than Fab fragments and that the heavy chains, but not the
light chains, were capable of binding to protein A [14]. The
mechanisms for the binding of IgE to protein A are not very
clear, but studies with human IgE have reported that the pro-
tein A-binding sites on the IgE, molecule were not heat la-
bile [6] and were located on the region of Fab'2, rather than
Fc.  [15] .

Binding assays involving purified Fc fragments from hu-
man IgG suggest that protein G has specificity for a Fab re-
gion determinant(s) not recognized by protein A, whereas
the Fc determinants for protein A and protein G are identical
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Table 2. Chromatography of human IgE
on protein A- and protein G-Sepharose Protein A Protein G

effluent

IgE '  %

effluenteluent eluent

IgE '  % IgE' % IgE' %

Purified myeloma
IgE (PS)

l 3  1 ,497 1 5 41 0 0 0  2 0 1 , 5  1 9
(0 .  12)

I  1 61 0 0 0
(0.06)

Serum
Allergic patient
Non-al lergic patient

1 8 7  8 8  2 6
t ,126 g6  t77

t2
I A
I T

266 100
t .366 r00

0
0

0
0

Purif ied serum IgEr
Al lerg ic  pat ient  No.  I  1 ,143 97 34
Al lerg ic  pat ient  No.2 2 ,213 99 27

a
J

I

'  The amount  o f  IgE (ng)  r ,vas obta ined by mul t ip ly ing the concent rar ion by rhc vo lume.
r The ptrr i f ìed IeE fract ion was passed throLrgh a protein G column to renrove IgG cluring i ts
pLrri f ìcat ion procedure. Therefore, the analysis of binding to protein G was not required for the
IeE fract ion.

or overlapping Il]. The strongest binding to protein G for
IgG from various species occurred at pH 4 and 5, but the
highest binding to protein A occurred at pH 8. This supports
the concept of different molecular mechanisms for immu-
noglobulin binding by these two bacterial proreins [16].
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