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The major cat allergen Fel d I is a homodimer of which each monomer
consists of two disulfide-linked polypeptide chains: chain 1 (70 amino acid
residues) and chain 2 (92 amino acid residues). Twenty-one synthetic
peptides of 14 amino acid residues length, overlapping by seven residues
and spanning the entire sequence of both chains, were synthesized. These
peptides were coupled to CNBr-activated Sepharose-4B and used as
solid-phase antigens in epitope-mapping studies with monoclonal antibodies
against native and reduced/alkylated Fel d 1.

Two monoclonal antibodies directed against reduced /alkylated chain 1
bound to the overlapping peptides 53—66 and 60-70 of chain 1. The
monoclonal antibody directed against reduced/alkylated chain 2 bound to

demonstrated by inhibition by reduced/alkylated Fel d 1 for all three
monoclonal antibodies.

Another monoclonal antibody against reduced/alkylated Fel d I had
been found to bind predominantly to reduced/alkylated chain 2 on
immunoblot in previous studies (27). It bound to peptides 1-16 and 60-70
of chain 1 and peptides 1-14 and 50-63 of chain 2; it is therefore
probably directed against a conformational epitope formed by these four
regions. Possibly because of low affinity of this monoclonal antibody,
specificity of its binding could not be verified by inhibition studies.

A panel of monoclonal antibodies directed against native Fel d 1 bound
to peptides 1-16 and 60-70 of chain 1 and peptides 1-14 and 43-56 of chain
2. For two monoclonal antibodies, binding to each peptide was
investigated and shown to be inhibitable by native Fel d 1. These
antibodies are therefore probably directed against a conformational epitope
formed by these four regions.

These studies give us substantial information about the quaternary
structure of Fel d 1.

the overlapping peptides 36-49 and 43-56 of chain 2. Binding specificity was
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Epitope mapping with synthetic peptides has been
demonstrated to be a suitable tool to locate some
antigenic determinants on allergens. For the aller-
gens Gad ¢ 1(12), Amb a 111 (3), Chi 1 1 (20), Cor a
1, and Bet v I (13), 0.28 wheat z-amylase inhibitor
(30) and Der p 11 (29) epitopes were found by this
technique.

The most important allergen from the house cat
(Felis domesticus) is the major allergen Feld I (9, 19,

22). It is found in cat saliva (1, 4, 6, 8), pelt (4, 8),
and lacrimal fluid (26). The physiologic function of
Fel d 1 is unknown. It has been isolated from house
dust (7) and cat dander (11, 16, 17) by affinity chro-
matography and has an apparent mol. wt. of
approximately 37000. This native Fel d I is a ho-
modimer: on SDS-PAGE under nonreducing con-
ditions Fel d 1 is an 18000-mol.-wt. protein; under
reducing conditions it dissociates into two chains:
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chain 1 with an apparent mol. wt. of 5000 and chain
2 with an apparent mol. wt. of 13000 (11, 27). Amino
acid sequence analysis of Fel d 1 (14, 21) shows that
these two polypeptide chains, respectively, consist of
70 amino acid residues (chain 1) and 92 residues
(chain 2) with derived mol. wt. of 7863 and 10121.
Each chain contains three cysteine residues, and
preliminary analysis indicates that chains 1 and 2 are
connected by disulfide bonds in an antiparallel to-
pology (21). Chain 2 is glycosylated, probably at
asparagine 33 (the sequence *N-**A-*T is a pre-
dicted glycosylation site), and treatment of the aller-
gen with N-glycosidase shows only a slight reduction
in the inhibition capacity of the RAST, as compared
with native Fel d I (11), implying that the carbohy-
drate moieties do not play a major role in antibody
binding. Denaturing conditions, such as heating or
treatment with 6 mol/l guanidine, cause only a mod-
.est reduction of Fel d 1 activity. After cystine reduc-
tion and blocking renaturation by alkylation, more
than 957, loss of activity in RAST inhibition exper-
iments and allergen-binding experiments (11, 16, 27)
was found, suggesting that the native conformation
of Fel d I is important for most IgE antibodies. De-
tection of epitopes for antibodies to native Fel d I,
by means of synthetic peptides, therefore might seem
unexpected. However, in our previous studies, an
epitope of the Dermatophagoides pteronyssinus aller-
gen Der p 11, comprising residues 65-78, was found
for a number of IgE sera (29), whereas group II mite
allergens, like Fel d I, almost completely lose their
IgE-binding capacity after reduction and alkylation
(18).

In the present study we synthesized a panel of
overlapping peptides taken from the sequence of Fel
d 1. Because of the importance of the native confor-
mation for IgE antibody binding, we expected to find
epitopes more easily with monoclonal antibodies
against reduced/alkylated Fel d 1 (27). With three
different monoclonal antibodies against reduced,

chain 1:

alkylated Fel d I, three different epitopes were found,
one of which seemed to be a conformational epitope.
With monoclonal antibodies against native Feld I1(7,
9, 11) a conformational epitope was also found. The
antibodies bound to other peptides than human IgE
sera (28). Comparison of the epitopes found with the
monoclonal antibodies gives us information about
the quaternary structure of Fel d I and the effect of
reduction and alkylation upon this quaternary struc-
ture.

Material and methods
Peptides

Synthetic peptides were made by the T-bag method
(2, 15, 23), adapted for Fmoc (9-fluorenylmethoxy-
carbonyl-)-chemistry (5, 29). All peptides were syn-
thesized with an additional lysine at the C-terminus
in order to facilitate coupling to CNBr-activated
Sepharose (Fig. 1).

On reversed-phase HPLC (Delta Pak C-18, gra-
dient from 0.1%, TFA (trifluoroacetic acid) in water
to 0.1% TFA in acetonitrile, UV detection at 214
and 280 nm), 14 peptides, including peptides 1-16
and 60-70 of chain 1 and peptide 43—56 of chain 2,
showed only one main peak. Four peptides, includ-
ing peptide 5063 of chain 2, showed a second peak,
varying from 13 to 809, of the main peak (409, for
peptide 50-63). Two peptides showed two second-
ary peaks, varying from 10 to 55%, of the main peak
(peptide 1-14 of chain 2 showed two secondary
peaks of 10%, of the main peak). Only peptide 78-92
of chain 2 gave a poor HPLC profile, probably be-
cause of poor solubility in the mobile phase.

Preparation of solid-phase antigens and testing

Lyophilized peptides were dissolved in water (the
poorly soluble peptides were dissolved in 0.5 ml of
frgsh DMF (N, N-dimethylformamide), from which

| | | |
H;N-EICPAVKRDVDLFLTGTPDEYVEQVAQYKALPVVLENARILKNCVDAKMTEEDKENALSLLDKIYTSPLC-COOH

chain 2:

HOOC-RGLTNLKLDEVTNQVAEGMCDKSSSITTMVLGDLVRSILGNEVYCDOQIKKMATREPETANVKTLSLDLLLENGNAVAFFVDYFIPCTEAMKV-NH,

30 20 10

Fig. I. Amino acid sequence of both chains of Fel d I, indicating the 21 overlapping synthetic peptides.
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residual dimethylamine was removed by purging with
nitrogen) and coupled to CNBr-activated Sepha-
rose-4B (Pharmacia) without further purification.
Of each peptide, 4 mg was coupled to 500 mg of
Sepharose in 0.1 mol/l bicarbonate, pH 8.5. After a
16-h incubation at 4°C, the remaining binding sites
were blocked with 0.5 mol/l glycine, pH 8.5, for 2 h.
After extensive washing, the Sepharose was sus-
pended in 250 ml PBS-AT (phosphate-buffered sa-
line with 0.3% bovine serum albumin and 0.1%
Tween-20). In the radioimmunoassay (RIA) test the
monoclonal antibody was incubated head over head
with 0.5 mg Sepharose-coupled peptide in an end
volume of 550 pl PBS-AT for 16 h at room temper-
ature. After washing the Sepharose five times with
PBS-T (PBS with 0.1%, Tween-20), we added anti-
1gG reagent (1 ng), radiolabeled with 400 Bq 1251, ing
PBS-ATS (PBS-AT with 4.5% normal bovine serum
and 0.5% normal sheep serum) (500 pl). After a
16-h incubation the Sepharose was washed four
times with PBS-T, and bound anti-IgG reagent was
measured by counting the gamma radiation. Results
are given as percentage of added label bound by the
solid-phase antigen.

Murine monoclonal antibodies

Two monoclonal antibodies directed against differ-
ent epitopes on Fel d 1, Fdl-a, and Fdl-b, were
obtained and described (9). In addition, the mono-
clonal antibody C5/24.6 (10) and the monoclonal
antibodies 1G9, 2H4, 3E4, 5E3, and 6F9 (7) against
Fel d 1 were tested. Monoclonal antibodies FdR-1a,
FdR-1b, FdR-2a, and FdR-2b against reduced/
alkylated Fel d | were obtained and described (27).
Monoclonal antibody against the house-dust mite
major allergen Der p 11 (25) was used as negative
control.

Inhibition studies

The specificity of binding to Sepharose-coupled pep-
tides 1-16, 32-45, 39-52, 53-66, and 6070 of chain
1, and to Sepharose-coupled peptides 1-14, 3649,
43-56, 50-63, and 64-77 of chain 2, was studied by
competitive inhibition experiments (24). The mono-
clonal antibody dilutions (50 pl) were preincubated
with 50 pl of a dilution series of 10%, (w/v) cat dan-
der extract, containing 13 pmol/l (1 U =110 pmol)
of Feld 1 (Haarlems Allergenen Laboratorium, Haar-
lem, The Netherlands), reduced and alkylated Fel d
1 (11 pmol/l (27)), or the corresponding peptides
(1 mmol/l). As negative control, an irrelevant pep-
tide (GVTHDQLNNFRAGFD), containing a lin-
ear epitope from the nonbiting midge allergen Chi 1
I (20), was used as inhibitor. After 2 h, 250 ul of
PBS-AT and 250 pl of Sepharose-coupled peptide

Epitope mapping of Fel d 1 by monoclonal antibodies

suspended in PBS-AT were added, and the rest of
the procedure was performed as described above.
With the monoclonal antibodies C5/24.6 and FdR-2b
cross-inhibition studies were also performed with
the four Sepharose-coupled peptides that they bound
to and there four peptides as inhibitor.

Results

Monoclonal antibodies against reduced and alkylated
Fel d 1. Monoclonal antibodies FdR-1a and FdR-
Ib, directed against chain 1 of reduced/alkylated Fel
d 1, bound predominantly to the Sepharose-coupled
overlapping peptides 5366 and 60-70 of chain 1
(Fig. 2A). As they showed the same specificity in the
peptide RAST, only monoclonal antibody FdR-1a
was more closely investigated. Inhibition studies
with reduced/alkylated Fel d 1 demonstrated that
binding to these two peptides was specific (Table 1).

25 —
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chain 1 chain 2

starting residue of peptide

Fig. 2. Binding of monoclonal antibody FdR-la (2 pmol 1gG/
test) to the Sepharose-coupled peptides of chains 1 and 2 (A) of
Fel d 1 and of monoclonal antibody FdR-2a (1 pmol IgG/test) to
the Sepharose-coupled peptides of chains 1 and 2 (B). As blank
Sepharose blocked by 0.5 mol/l glycine was used (0.1%, binding
for both).

257

£ it aa s m——



van 't Hof et al.

Table 1. Inhibition studses wath monoclonal antibodies FdR-1a and FdR-2a against
reduced/alkylated Fel o |

Sepharose-coupled Sepharose-coupled
Monocional Ch.1, 53-66 Ch.1, 60-70
antibody Inhibitor 1 pmol IgG/test 2 pmol lgG/test
FdR-1a Fel dl >10 7
Fel d1R/A 0.09 0.05
Ch.1, 53-66 51
Ch.1, 60-70 >200
Chi t | peptide >200 >200
Sepharose-coupled Sepharose-coupled
Monaclonal Ch.2, 36-49 Ch.2, 43-56
antibody Inhibitor 4 pmol IgG/test 1 pmol lgG/rest
FdR-2a Feld| >10 >10
Feld I RIA on 0.41
Ch.2, 36-49 5
Ch.2, 43-56 21
Chi t| peptide >200 >200

The amounts of nmoles of inhibitor that gave 50% inhibition are grven.

Monoclonal antibody FdR-2a, directed against
chain 2 of reduced and alkylated Fel d I, bound
predominantly to the Sepharose-coupled overlap-
ping peptides 36—49 and 43-56 of chain 2 (Fig. 2B).
Inhibition studies with reduced/alkylated Fel d 1
demonstrated that binding to these two peptides was
also specific (Table 1). Both monoclonal antibodies
also bound, to some extent, to other Sepharose-
coupled peptides, but as the percentage of binding
did not exceed that of the monoclonal antibody
against Der p Il and binding was not inhibited by
reduced/alkylated Fel d 1 or native Fel d I, it was
considered to be irrelevant (Fig. 2A, 2B, 4D).

Monoclonal antibody FdR-2b bound to the
Sepharose-coupled peptides 1-16 and 60-70 of
chain 1 and 1-14, 9-21, 43-56, and 50-63 of chain
2 (Fig. 3A). No inhibition was found with reduced/
alkylated Fel d 1. To investigate whether this effect
was caused by the low affinity of this monoclonal
antibody to reduced/alkylated Feld I, a factor which
could lead to the requirement of a larger amount of
inhibitor than that used in our assay, we tested dis-
sociation of antigen-antibody complex. The solid-
phase bound, antigen-antibody complex was incu-
bated with an excess of native Fel d I and reduced/
alkylated Fel d I for 25 h. This had no significant
effect on the amount of monoclonal antibody bound
to these Sepharose-coupled peptides (data not
shown). The results of inhibition and cross-inhibition
experiments are summarized in Table 2.

Monoclonal antibodies against native Fel d I. Eight
monoclonal antibodies against native Fel d 1 were
tested. These monoclonal antibodies were divided
into three groups, based on their ability to inhibit

258

25 — Sm—

= A: FdR-2b

H

h=

=

L]

5

£

b=}

1=

3

2

=

8

1 18 32 46 60 1 1520 83 57 1M
chain 1 chain 2
25

E B: C5/24.6

b4

Eonl ]
o

£

2

3

2

=

b

L]

1 18 32 46 60

1 1529 43 67 M

chain 1 chain 2

starting residue of peptide

Fig. 3. Binding of monoclonal antibody FdR-2b (2 pmol 1gG/
test) to the Sepharose-coupled peptides of chains 1 and 2 (A) of
Fel d 1 and of monoclonal antibody C5/24.6 (7 pmol IgG/test) to
the Sepharose-coupled peptides of chains 1 and 2 (B). As blank
Sepharose blocked by 0.5 mol/l glycine was used (0.2%, and 0.7%,
binding, respectively).

-

binding of Fel d I to Sepharose-coupled monoclonal
antibodies Fd1-a, Fd1-b, and 3F11 (Table 3). These
three monoclonal antibodies only slightly inhibited
each other’s binding to Fel d I and therefore are
supposed to recognize different epitopes (Chapman
MD, personal communication). This is illustrated by
the use of monoclonal antibody Fdl-a and mono-
clonal antibody Fdl-b in a two-site assay (7). All
three Fdl-b-related monoclonal antibodies bound to
the Sepharose-coupled peptides 1-16, 32-45, 39—
52, and 60-70 of chain 1 and 1-14, 9-21, 36-49,
and 43-56 of chain 2. Of the Fdl-a-related mono-
clonal antibodies, only SE3, which slightly inhibited
binding of Fdl-b to Fel d I, bound to these
Sepharose-coupled peptides; the strictly Fdl-a-
related antibodies, 3E4 and Fdl-a itself, did not.
Both 3F11-related monoclonal antibodies, 2H4 and
6F9, which also inhibited binding of Fd1-b to Fel d



Table 2. Inhibition studies with monoclonal antibodies C5/24.6 and FdR-2b

Epitope mapping of Fel d I by monoclonal antibodies

Monoclonal Sepharose-coupled Sepharose-coupled Sepharose-coupled
antibody Inhébitor Ch.1, 1-16 Ch.1, 6070 Ch.2, 1-14 Ch.2, 43-56
C5/24.6 Feld1 0.02 0.06 0.04 0.01

Fel d | R/A >10 >10 >10 =10

Ch.1, 1-16 48 63 >200 10

Ch.1, 6070 >200 >200 >200 >200

Ch.2, 1-14 95 >200 120 137

Ch.2, 43-56 3 14 L} 8

Ch ¢ peptide >200 >100 >200 > 200
Monoconal Sepharose-coupled Sepharose-coupled Sepharose-coupled Sepharose-coupled
antibody Inhibitor Ch1, 1-16 Ch.1, 60-70 Ch2, 1-14 Ch.2, 50-63
FdR-2b Feldl >10 >10 >10 >10

Fel d I RIA >10 >10 >10 =10

Ch.1, 1-16 >200 >200 >1200 > 200

Ch.1, 60-70 > 00 =200 =200 >200

Ch.2, 1-14 110 51 94 =200

Ch.2, 50-63 <05 . <05 <05 3

Chi t peptide =200 >200 >200 > 200

Both menockonal antibodies were diluted to 1 pmol/test. The amounts of nmoles of inhibitor that gave 50% inhibition are given.

I, bound to the same Sepharose-coupled peptides.
In addition, 2H4 also bound to the Sepharose-
coupled peptides 64-77 and 71-84 of chain 2 (Fig. 4).

For one Fdl-b-related monoclonal antibody
against native Fel d 1, C5/24.6 (Fig. 3B), specificity
of binding to the Sepharose-coupled peptides 1-16
and 60-70 of chain 1 and to the Sepharose-coupled
peptides 1-14 and 43-56 of chain 2 was examined
with inhibition studies and cross-inhibition experi-
ments (Fig. 5, Table 2). Binding to Sepharose-
coupled peptides 32-45 and 39-52 of chain 1 and
64-77 of chain 2 was not inhibited by native Fel d
I (data not shown).

Discussion
In epitope-mapping studies of allergenic proteins

with synthetic peptides, it is very important to es-

Table 3, Cross-inhibition studies with menoclonal antibodies to native Fel a1

l coupled Seph oupled  Sept coupled  Binding to
antivody Fdla Fdi-b 311 peptides
Fdl-a : = B -
34 + - - -
563 + t = +
Fdtb - r - 4
C5/24.6 = + - +
169 - + - +
N - - + Not tested
2H4 = + + +
669 + + + +

The monocional antibodies against native Fel df | were classified by thew ability to inhibit
binding of radiolabeled Fel o to Sep pled lonal antibodies Fd1-a, Fd1-b,
and 3F 1. All monodional antibodies that inhibited binding to Sepharose-coupled Fd1-b
bound to the Sepharose-coupled peptides.

tablish whether antibody binding to the synthetic
peptides is specific for the investigated protein. Con-
venient methods to establish this specificity are in-
hibition studies with the complete protein and re-
lated and unrelated peptides (3, 12, 13, 20, 24, 29),
and studies with unrelated antibodies. In our stud-
ies the monoclonal antibody to an unrelated allergen
Der p 11 bound, to some extent, to the same peptides
that monoclonal antibodies against reduced/
alkylated Fel d 1 or native Fel d 1 bound to (Fig. 4D).
For none of these peptides was binding of this un-
related antibody inhibited by native Feld 1. Asin our
epitope-mapping studies of Der p 1I with synthetic
peptides (29), we found a large difference in inhibi-
tory potency of complete protein and synthetic pep-
tides, showing that for investigating specificity of
antibody binding to synthetic peptides by inhibition
studies the complete protein has to be favored over
related peptides.

The epitopes found for monoclonal antibodies
FdR-1a and FdR-2a were verified by inhibition by
reduced/alkylated Fel d 1.

The two monoclonal antibodies that did not in-
hibit binding of Fd1-b to native Fe/ d I did not sig-
nificantly bind to any of the peptides, and for these
monoclonal antibodies epitopes could not be mapped
with synthetic peptides. The six monoclonal anti-
bodies that were able to inhibit binding of Fd1-b to
native Fel d 1 bound to Sepharose-coupled peptides
corresponding to four regions on the Fel d 1 mole-
cule, and inhibition studies with monoclonal anti-
body C5/24.6 and native Fel d 1 demonstrated that
binding to these peptides was specific. The results
were confirmed by inhibition studies with mono-
clonal antibody 1G9 and lead us to postulate that

259



van 't Hof et al.

Z

WIS oY BZ SL L

T

Il d J8g-e-qvw :q

oL

st

(Butpurq %870 ‘649 %S0 ‘PHT *%9°0 '6D1 1% 5°0 'a-1P %0 11 4 2g-e-qvw 1% L0
S L2080 FIE L0 C e=1pd) pasn sem audk|d [f/jow ¢ Aq payoojq asoseydag jurlq sV (FE ‘649 SE FHT [1891/0F] jowd] sjusiuod HF]) H—0) SAPOQNUE [BUODOUOW PAR[AI-T[ €
pue ‘(g ‘601 ‘6 ‘q-1p :[1521/OF] [owd] s1uaiuods OF]) -7 satpognue [euojpouow paepi-g-1pg (1sm/03] jowd 9) ( 1 ¢ 42 1suee fpogiue [puopdouOW [0NUD (¢ ‘€IS IpE PIE T
‘-1 pAA:[1591/0)F] jowd] siuswoa HF[) -V sapogqnue jruopPouow paejai-v-[pg 'sapndad pajdnoo-asoseydag ayl 01 | pja4 aAnRU 01 PAIdALIP SIPOGIIUE [RuUOPOUOW Jo Futpurg ‘p Hif

apndad jo anpisal Buiiels

Tumy

WL Cv 82 S1 )

z upy>

WL L5 EF B GL L

LUy

09 o IC 6L L

oL

8z

£14

T ey

WL 4S5 Ty BT 81 )

T ey | upys

WIS TF 82 51 4 09 W I W L

F-. . e91Hd

Zueua 4 peyga

LL LS Cv BZ SL L o9 ¥ ZC 8L L

PR

v3c a8

)

-

14

a

oL

st

oz

P

q-1p4 13

Uy | Uy

WIS Y B2 S L o9 9% IC 8L 1

B e

e-1pd 3y |

oL

i

°

-1 oL

13

(peppe jo %) punoq Wen

260



Epitope mapping of Fel d 1 by monoclonal antibodies

these antibodies are directed against a conforma-  least two other Sepharose-coupled peptides. As
tional epitope on Fel d 1 formed by these four re- there is no sequence homology between these four
gions. Cross-inhibition studies with C5/24.6 showed  peptides, we assume that this cross-inhibition should
that three of the four peptides inhibited bindingto at ~ be explained in terms of steric hindrance by free

A: C5/24.6 C: C5/24.6
_ 10 T T T T T 1o T T T T T
h=]
g §
@ 8+ - had B -
k-] ]
& &
E 6 B 6 5
3 2
3 4t A 3 af
G " (L]
2+ -1 2r —
B HARe | 1 1 1 0 1 | 1 R |
13 12 11 10 -8 -8 ¥ <13 12 11 10 9 -8 -7
log (added inhibitor <moles>) log (added inhibitor <moles>)
O—0 Feldl O—=0 Feldl
o—eo FeldIR/A o—e FeldIR/A
O—0O Ch.1 116 O—{ Ch.2 1-14
B—u Chitl pept B—E Chitl pept
B: C5/24.6 D: C5/24.6
10 T T T T T 10 T T T T T

GaM bound (% of added)
o
]
g
GaM bound (% of added)
L]
T
L

4 - 4 _
2 = 2+ -
1 | 1 ul 1 0 | - A 1 L i1
-3 12 -11 <10 9 -8 -7 13 12 .11 <10 9 -8 -7
log (added Inhibitor <moles >) log (added inhibitor <moles>)
Oo—oO Feldl O—0O Feldl
®—e FeldIR/A o —eo FeldIR/A
O—{ Ch.1 60-70 [1—{ Ch.2 43-56
m—a Chitl pept m—m Chitl pept

Fig. 5. Inhibition of binding of monoclonal antibody C5/24.6 (1 pmol IgG/test) to Sepharose-coupled peptides 1-16 (A) and 60-70 (B)
of chain 1 and to Sepharose-coupled peptides 1-14 (C) and 43-56 (D) of chain 2 by native Fel d 1, reduced and alkylated Fel d I, and
the corresponding peptide. The effect of the Chi t 1 peptide, as negadive control, was studied. The bars represent duplicate assays.
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peptides having a much greater degree of conforma-
tional freedom than the corresponding parts of the
postulated conformational epitope. In order to form
a conformational epitope, these four antigenic re-
gions have to be spatially arranged in close proxim-
ity. Such an arrangement could be effected by two
disulfide-bonds, as each of these four peptides con-
tains one cysteine residue: residues 3 and 70 of chain
1 and residues 7 and 48 of chain 2.

The most intriguing monoclonal antibody we stud-
ied has been monoclonal antibody FdR-2b. On im-
munoblot it binds almost exclusively to reduced/
alkylated chain 2; only prolonged autoradiography
shows some minor binding to reduced/alkylated
chain 1 (27). Binding of reduced/alkylated Fel d I to
this monoclonal antibody, however, is inhibited by
monoclonal antibody FdR-la against reduced/
alkylated chain 1. This behavior is reflected in the
pattern of binding to the Sepharose-coupled pep-
tides. Four antigenic regions were found (Fig. 3A),
suggesting a conformational epitope. However, spec-
ificity for reduced/alkylated Fel d I could not be
demonstrated by inhibition studies, as reduced/
alkylated Fe/ d I is not a potent inhibitor for this
monoclonal antibody. Binding to Sepharose-coupled
reduced/alkylated Fel d 1 of the same amount of
FdR-2b as used in our inhibition studies with
Sepharose-coupled peptides was reduced by 509,
by 60 pmol of reduced/alkylated Fel d 1, whereas
binding of FdR-1a and FdR-1b was reduced by 50°,
by 30 pmol and 20 pmol, respectively. There are two
reasons to consider that a conformational epitope is
formed by these four antigenic regions. Firstly, the
peptide 50-63 of chain 2 is not obviously “sticky™;
i.e., it does not tend to bind monoclonal antibodies
nonspecifically like some other peptides: of the other
12 monoclonal antibodies investigated, none bound
to this peptide, not even if their IgG content was 35
times as high as that of FdR-2b (Figs. 1, 3B, 4). A
more convincing reason is obtained by cross-
inhibition studies. Peptide 50-63 of chain 2 inhibited
binding of FdR-2b to all four peptides under study,
whereas peptide 1-14 of chain 2 inhibited binding to
three peptides. These data indicate that a conforma-
tional epitope is formed by these four antigenic re-
gions for the same reasons as for monoclonal anti-
bodies C5/24.6 and 1G9.

This leads us to the following model for Fe/ d 1 and
the effect of reduction/alkylation: the two chains of
Fel d 1 are aligned in an antiparallel topology (21).
Our studies showed that monoclonal antibody C5/
24.6 is directed against a conformational epitope
stretched out over both chains in which the four
regions around the cysteine residues 3 and 70 of
chain 1 and 7 and 48 of chain 2 are spatially close
together. After reduction/alkylation two monoclonal
antibodies were raised that bound to chain 1 (FdR-1a

262

and FdR-1b), one that bound to chain 2 (FdR-2a),
and one that bound to both chains (FdR-2b). Ra-
dioimmunoprecipitation assays with these Sepha-
rose-coupled monoclonal antibodies followed by
SDS-PAGE and immunoblotting of the precipi-
tated materials showed that FdR-la precipitated
only reduced/alkylated chain 1, FdR-2a precipitated
only reduced/alkylated chain 2, but FdR-2b precip-
itated both chains (27).

This suggests that after reduction/alkylation chains
I and 2 are dissociated and FdR-2b is directed
against a minor residue of not totally reduced/
alkylated Fel d [ in which at least one interchain
disulfide bridge is intact. The pattern of peptide
binding makes us consider a conformational epitope
for FAR-2b in which the disulfide bridge between the
cysteine residues 70 of chain 1 and 7 of chain 2 is
intact. The quaternary structure around this disul-
fide bond would be distorted in such a manner that
the recognition site of FdR-2b on chain 2 shifts from
residue 43-56 towards 50-63, as compared with the
FdR-1b-related monoclonal antibodies, and that the
FdR-1a- and FdR-1b-related monoclonal antibod-
ies no longer bind to this partially reduced/alkylated
Fel d 1. The dissociated reduced/alkylated chains 1
and 2 also have a three-dimensional form different
from what they have in native Fel d I, resulting in a
strong reduction of binding capacity for monoclonal
antibodies against native Fel d I. The suggested con-
formational epitope for FdR-2b implies that we can
assign the three disulfide bridges in native Fel d 1
as follows: “cys(1)-**cys(2), **cys(1)-"cys(2), and
™cys(1)-"cys(2). Confirmation of these assignments
by conventional physicochemical techniques is nec-
essary. The three-dimensional folding of both chains

Fig. 6. Molecular models of native Fel d 1 (A) and incompletely
reduced alkylated Fel d | (B). The antibody-binding pattern of
FdR-2b indicates that partial reduction/alkylation relieves the
conformational strain.



that would allow these three disulfide bridges is de-
picted in Fig. 6A. In the partially reduced)alkylated
Fel d 1, as deduced from the peptide-binding pattern
of FdR-2b, the conformational strain on chain 2 is
relieved, leading to a three-dimensional structure in
which chain 2 is less compact (Fig. 6B).
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