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Abstract

Experimental conditions (pH 6.5, 24 h reaction, peptide : biotin ratio ﬁ\ were defined for nreferential incorporation of
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the biotin molecule in the N-terminal a-amino group of peptides. This strategy could be helpful in numerous applications
when an entire peptide chain must remain accessible for antibody or receptor binding. We illustrate this advantage in a
solid-phase enzyme immunoassay designed to detect antibodies specific for bovine f-lactoglobulin present in rabbit or
human sera. This test involves synthetic peptides biotinylated in different positions and immobilized on a solid phase. The

nca nf hiatin /etrantavidin interactinng narmittad mare afficient detactinn of cnacific anti_n, 1 i ing -nli Q
use of biotin /streptavidin interactions permitted more efficient detection of specific anti-peptide antibodies than solid phases

prepared using conventional passive-adsorption techniques. The highest levels of antibody binding were measured when
biotinylation occurred at the N-terminal extremity of immobilized peptides.
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1. Introduction (Guesdon et al., 1979; Wilchek and Bayer, 1990;
Schvartz et al., 1991; Ahmed et al., 1992; Berghorn

Acsidio Laien 4o betnlcime | R T cread bl 1004 T.. Vo T B
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to label peptides or proteins in biochemical, im- imperative to use effective and reliable coating pro-
munocytochemical and immunoanalytical studies cedures when developing specific tests suitable for

research as well as for diagnostic purposes (Volier,
1975; Geerligs et al., 1988: Cesbron-Delauw et al.,

Abbreviations: AChE, acetylcholinesterase: Blg, bovine S- 1992; Coursaget et al.. 1994; Gruen et al., 1994; Roy
lactoglobulin; DMF. dimethyl formaldehyde: EIA, enzyme im- et al.,, 1994). Currently, coating is achieved by pas-
munoassay; HSA, human serum aibumin: NHS-LC-biotin, suifos- sive adsorption of antigens or antibodies to a solid

uccinimidyl 6-(biotinamido) hexanoate; PBS, phosphate buffered
saline; RP-HPLC. reverse-phase high-performance liquid chro-
matography: TFA. trifluoroacetic acid.

" Corresponding author. Tel.: +33.1.69.08.52.64: Fax: first competitive enzyme immunoassays (Engvall and

+33.1.69.08.59.07. Perlmann, 1971, 1972) involved the reaction of im-

phase using techniques described since the end of the
sixties (Catt and TY‘POP"H‘ 1967). For instance. the
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mune serum with passively adsorbed antigens on
polystyrene tubes. Subsequent papers dealt with the
measurement of various antigens and proposed sev-
eral modifications of the coating procedure
(Avrameas and Guilbert, 1972; Belanger et al., 1973;
Hoffman, 1973; Yorde et al., 1976; Butler et al.,
1978; Ishikawa et al., 1990; Hashida et al., 1991).
Passive coating to the plastic support takes advan-
tage of the hydrophobic interactions of the molecules
with the polymer surface. However, in some situa-
tions, problems arise from the fact that the antigen,
especially small peptides, can be released during the
immunoreaction (Engvall et al., 1971). Furthermore,
adsorbed proteins (antigens or antibodies) may un-
dergo denaturation or conformational changes (Bull,
1956; Suter and Butler, 1986; Suter et al., 1989:
Dierks et al., 1986; Butler et al.. 1992), possibly
leading to significant modifications of their immuno-
reactivity. For example, monoclonal antibodies im-
mobilized by passive adsorption were shown in one
study (Butler et al., 1992) to lose 90-95% of their
binding capacity, the remaining binding sites exhibit-
ing a reduced affinity for the antigen. These prob-
lems, inherent to passive coating procedures, may be
solved by covalent coupling to the solid phase. This
approach renders the preparation of the solid phase
much more complicated and does not always provide
the most effective coating (Boudet et al., 1991). The
use of biotinylated molecules has been described as
an interesting alternative procedure. Here, biotinyl-
ated proteins are immobilized through interactions
with coated avidin conjugates. The efficiency of the
coating is ensured by the extraordinary affinity (K,
= 10" M) of the biotin for the (strept-)avidin.
Except for synthetic peptides (Fisher and How-
den, 1990; Ivanov et al., 1992), which are easily
biotinylated selectively at the « N-terminal group
during their synthesis, it is not easy to control either
the number of biotin molecules incorporated in the
peptide or the proteins, or their positions along the
peptide chain. In fact, most of the techniques using
biotinylated peptides have involved small peptides
without any lysine residue along the peptide chain,
or only one residue located near the N-terminal
extremity (Ishikawa et al., 1990; Anumula et al.,
1990; Hashida et al., 1991). As already pointed out
by Gaudriault and Vincent (1992). in relation to the
Bolton-Hunter reagent, selective labeling of «- or

g-amino groups in peptides could be a critical factor,
especially when small peptides have to be biotinyl-
ated, because coupling the g-amino groups of vari-
ous lysine residues with a biotin molecule could
greatly alter the ability of the peptide to be recog-
nized by an antibody in an immunological test.

In the present paper, we describe experimental
conditions permitting preferential coupling of biotin
to the a-amino group of the N-terminal amino acid.
The two synthetic peptides used in this study were
derived from the sequence of bovine B-lactoglobulin
(Blg), a protein thought to be involved in milk
allergy (Goldman et al., 1963; Bleuminck and Young.
1968; Wal et al.. 1995). We show that peptides
selectively coupled to biotin via their N-terminal
amino group are particularly suited to the detection
of specific antibodies both in the serum of a rabbit
immunized with Blg and in human sera from patients
allergic to cow’s milk. We suggest that this method-
ology, which preserves most of the ¢-amino groups
on biotinylated peptides, could be of special interest
in experimental protocols for biochemical or im-
munocytochemical studies involving peptide interac-
tions with an antibody or a biological receptor.

2. Materials and methods
2.1. Peptide synthesis and characterization

Two peptides were designed for use in this study:
KGLDIQKVAGTWYSLA ((8-23) peptide), and
IQKVAGTWYSLA ((12-23) peptide). They were
synthesized using ~BOC chemistry on a solid-phase
peptide synthesizer (9050 Milligen). Characterization
was achieved using HPLC, amino acid analysis and
mass spectrometry. Peptide purity was > 95%. An-
other peptide, unrelated to Blg (LoxI1 peptide:
RKSSGFPKSVKSREQLSGY) was used in control
experiments.

2.2. Biotinylation of peptides

Using the procedure of Diamandis and
Christopoulos (1991), biotinylation was performed
using NHS-LC-biotin (Pierce) possessing an extra
spacer arm thereby rendering the biotin molecule
available for avidin or streptavidin binding.
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In a first series of experiments, (12-23) peptide
(70 nmol) was dissolved in phosphate buffer (120 ul
at 50 mM) at different pHs (6.5, 7.5, 8.5) before
addition of 700 nmol of NHS-LC-biotin dissolved in
20 ul DMF. The reaction was carried out at 4°C for
120 min and stopped by acidification with 80 ul of
1% TFA.

In a second set of experiments, different amounts
of NHS-LC-biotin (80, 200, 400 nmol in DMF (11
wl)) were allowed to react with the same amount of
(12-23) peptide (40 nmol at pH 6.5). The reaction
was carried out at 4°C for 1 to 24 h and stopped as
already described.

2.3. Peptide separation and identification

2.3.1. HPLC procedure

RP-HPLC was performed using a Waters Assoc.
chromatograph, equipped with two M 510 pumps
and a Wisp 712 automatic injector. Samples were
applied to a Nucleosil C18 RP-HPLC analytical col-
umn (C18, 5 wm, 10 nm, 4.6 X 250 mm, SFCC) and
elution was achieved with a linear gradient from 25
to 50% of solvent B (100% acetonitrile 0.04% TFA)
in solvent A (0.1% TFA) over 25 min at a 1 ml/min
flow rate. Absorbances were monitored at 280 nm
using an SPD-10A UV-VIS detector (Shimadzu).
Once collected, all fractions were dried under vac-
uum with a Speedvac SVC 200 (SAVANT) and
stored at —20°C.

2.3.2. Biotin enzyme assay

The strategy of the enzyme assay of biotin was
based on the competition between solutions of vari-
able biotin concentrations and biotinylated-HSA pre-
coated on microtiter plates for streptavidin-AChE
(acetylcholinesterase) binding. A supplementary step
to the assay described by Chang et al. (1994) was
introduced as an indispensable alteration used in
order to prevent any steric hindrance of the avidin-
biotin interaction. Biotinylated peptides were di-
gested overnight at room temperature by 1% pronase
protease (type VI from Streptomyces griseus, Sigma)
in PBS using an enzyme: substrate ratio = 1:100.
After heating at 100°C for 2 min, the solutions were
dried.

The competitive enzyme assay used to measure
free biotin involved the AChE-streptavidin conjugate
(streptavidin from Streptomyces avidinii, Sigma) as
tracer (according to Frobert and Grassi, 1992) and
microtiter plates (96F immunoplates certificate from
NUNC) passively coated with a biotin-HSA conju-
gate (150 wl/well at 5 ug/ml for 24 h at room
temperature). HSA (from Centre National de Trans-
fusion Sanguine) was biotinylated according to the
manufacturer’s standard conditions (Pierce). After
five washes with 0.1 M phosphate buffer pH 7.5
containing 0.05% Tween 20, using a microplate
washer 120 (Labsystem), the microtiter plates were
filled using an automatic dispenser (autodrop from
Labsystem) with 300 wul of 2% polyvinyl pyrolidone
(wt 40000, Sigma) in PBS buffer pH 7.2
(Biomérieux). Plates were stored at 4°C and rinsed
five times before use. Different dilutions of
protease-treated biotinylated peptides or of standard
biotin in EIA buffer (0.1 M phosphate buffer pH 7.4,
0.4 M NaCl, 1 mM EDTA, 0.01% sodium azide,
0.1% HSA) were incubated with gentle stirring for 2
h at room temperature with the streptavidin-AChE
conjugate (used at 1 Ellman’s unit/ml as defined by
Pradelles et al. (1985)). Prereacted samples were
distributed into microtiter plates coated with bio-
tinylated HSA and agitated for 2 h at room tempera-
ture. After washing, AChE activity retained on the
plate was measured by Ellman’s method (Eliman et
al.. 1961). After adding Ellman’s reagent (200
wl/well), absorbance was recorded at 414 nm with a
multiskan spectrophotometer (Labsystem). Biotin
concentration in the samples was determined by
reference to the standard curve obtained using known
concentrations of NHS-LC-biotin.

2.3.3. Trypsin hydrolvsis and RP-HPLC analysis of
biotinylated peptides

A 10 pul aliquot of a 2 ug/ml trypsin solution
(trypsin EC 3.4.21.4 TPCK-treated) in 25 mM phos-
phate buffer pH 7.5 was added to 150 ul of biotinyl-
ated peptides. This corresponds to an enzyme: sub-
strate ratio of 1:250 (w/w). After 1 h of incubation
at room temperature, the reaction was stopped by the
addition of 1% TFA (70 ul). Reaction mixtures were
applied to the C18 analytical column and analyzed
using the conditions described above.
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2.4. EIA procedures for detecting specific antibodies
in serum

2.4.1. Coating of biotinvlated and unbiotinylated
peptides

Biotinylated peptides were immobilized on mi-
crotiter plates via interactions with an HSA-biotin
conjugate using streptavidin as a linker. The biotinyl-
ated HSA was passively adsorbed on the plate using
similar conditions to those described above in the
biotin assay. After washing, streptavidin (20 ug,/ml)
was added to each well (50 wl/well) and plates
were gently agitated for 4 h at room temperature.
After washing. biotinylated peptides (50 ul/well at
0.5 nmol /ml in EIA buffer) were added and plates
were left for at least 4 h at room temperature with
gentle agitation.

Using the conventional methodology (Catt and
Tregear, 1967). non-biotinylated peptides were di-
rectly coated on the solid phase (75 wpl/well at 10
nmol/ml peptides in 50 mM carbonate buffer pH
9.0 for 24 h at room temperature). After washing,
each well was filled with the saturation buffer (HSA
buffer). Plates were kept overnight at 4°C before use.

2.4.2. EIA measurement of anti-peptide antibodies

2.4.2.1. Rabbit anti-Blg antiserum. After washing,
plates were first filled with various dilutions of a
specific rabbit anti-Blg antiserum (50 wl/well in
EIA buffer), then washed after an 18 h reaction at
4°C and finally filled with 50 ul of an anti-rabbit Ig
mouse monoclonal antibody (Metreau et al., 1987)
labeled with AChE, as described by Grassi et al.
(1989). After a further 4 h reaction at room tempera-
ture and a washing step. solid phase-bound AChE
activity was measured as previously described.

2.4.2.2. Human sera from allergic and non-allergic
patients. As for the rabbit antiserum, plates were first
filled with various dilutions of human sera (50
pl/well in EIA buffer), then washed after a 24 h
incubation at room temperature and finally filled
with 50 ul of an anti-human IgE monoclonal anti-
body (BS17 described by Grassi et al., 1986) labeled
with AChE. After a further 18 h at room tempera-
ture, AChE activity was measured as described
above.

Specific IgE to whole Blg protein present in
plasma samples A,, A, and A; was assayed as
described by Wal et al. (1995). The respective values
were 20, 229, and 26 IU/ml.

3. Results

3.1. Direct identification of biotinvlated peptides us-
ing standard biotinvlation conditions

The (12-23) synthetic peptide. whose sequence is
derived from bovine B-lactoglobulin (Blg), was cho-
sen as a model peptide since it contains only one
s-amino group (Lys'') in addition to the a-amino
terminal group.

Fig. 1 shows the HPLC elution profile of the
products obtained by reacting the (12-23) peptide
with biotin under standard conditions i.e. at pH 8.5
for 1 h. with a peptide: biotin ratio of 1:50. Four
different peaks were detected by absorption at 280
nm. Biotinylated products were identified by pre-
cisely measuring the amount of biotin present in
each peak through a competitive enzyme assay, and
by assessing the resistance of the peptide present in
each peak to trypsin endopeptidase.

3.1.1. Determination of the biotin / peptide ratio
The free biotin. released from peptides through
pronase hydrolysis (see Section 2), was quantified by
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Fig. 1. HPLC analysis of products obtained by biotinylation of the
(12-23) peptide using standard conditions (at pH 8.5. for 1 h with
a peptide : biotin ratio of 1:50). HPLC elution was carried out as
described in Section 2. Key: peak 1. non-biotinylated peptide:
peak 2. Lys'* g-amino biotinylated peptide: peak 3. a-amino
N-terminal biotinylated peptide: peak 4. di-biotinylated peptide.
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reference to a standard inhibition curve (Fig. 2). The
sensitivity of this standard biotin curve for the mea-
surement of 50% inhibition was calculated as 0.15
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were obtained using NHS-LC-biotin or Gly-LC-bio-
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Since the amount of peptide present in the sam-
ples was readily derived from the optical density
measurement at 280 nm, the biotin enzyme assay
allowed of the biotin: peptide ratio to be calculated
for the individual peptides present in each one of the
four peaks revealed by RP-HPLC analysis after bi-

» ) . . .
otinylation of the (12-23) peptide. This ratio was

found to be 0.1 £ 0.05, 1 £ 0.2, 0.9+ 0.1 and 2.1 +
0.3 (mean + SD of nine determinations) for the pep-
tides in peaks 1. 2, 3 and 4. respectively.

3.1.2. Hdentification of mono- and di-biotinviated
peptides

Biotin : peptide ratio deierminaiions indicaied that
peaks 1 and 4 corresponded to non-biotinylated and
di-biotinviated nPnhdpc rPQnP(‘I‘I\/PI\I while mono-

1y2aiCQ POpPRICGOS, TospeLtivaly, willc ol

biotinylated peptldes (elther in the N-terminal or
Lys™ position) were recovered in peaks 2 and 3.
Trypsin was not able to hydrolyze mono-biotinylated
peptides from peak 2, as deduced from the single
peak recovered in HPLC after enzymatic treatment.
Since coupling at the &-position of the Lys'" side

it wiag nelndad that

chain prevents h ysis, it was concluded that
peptides eluted in peak 2 were biotinylated exclu-
sively in that position. By contrast. peptides from

peak 3 were recovered in three peaks after trypsin

hydrolysis, corresponding to the two digestion prod-
ucts in addition to a smaill amount of non-hydroiyzed
peptide (data not shown). Thus the native peak 3

correcnondad to the nentide which had heen celec-
vuuuoyuuupu to the pepude whniCn naa oeen seiec

tively labeled by biotin in the «-amino N-terminal
position.

3.2. Optimization of the biotinylation procedures to
enhance labeling of the a-amino N-terminal group

Not surprisingly, conveniionai bioiinylation con-
ditions (basic pH and high biotin/peptide ratio)
favored extensive labeling of the peptide. with a
prominent peak 4 (di-biotinylated peptide) and a
much reduced peak 1 (non-biotinylated peptide).
Since. under these conditions, the a-biotinylated
peptide (peak 3) represented only about 11% of the
total biotinylated peptides recovered after the bi-
otinylation reaction (Fig. 1), our experimental proto-
~nle Fanmsioad A tha smaccililite, AF daaAnsnoilmo

cols focused on the pGSSibil‘ity of mucamug this
relative proportion.

3.2.1. Effect of variation in the pH

Using a biotinylation reaction time of 2 h and a
constant biotin : peptide ratio of 10:1, the relative
proportions of the different peaks were found to
differ with pH. As shown in Fig. 3. lowering the pH
of the biotinylation reaction from 8.5 to 6.5 led to a

cithgtantial incraace in the nronortione of neake 2 and
suostantia: Icrease i e proporuocns o1 peéass 2 ana

3 i.e. mono-biotinylated peptides over peak 4 (di-bio-
tinylated peptide). Peak 3, which at pH 8.5 repre-
sented about 37% of all biotinylated products,
amounted to about 58% of biotinylated peptides at
pH 6.5. However, pH values lower than 6.5 were not
tested because the recovery rate of the biotinylated
producis rapidly deciined when ihe pH was lowered,
as revealed by the dramatic increase in peak |
(non- biotinylated npnndp\ at pH 6.5,

At pH 6.5 (Flg. 3C). and under these biotinylation
conditions, the ratios of a-amino over g-amino bio-
tinylated peptide and of @-amino over di-biotinyl-
ated peptide were close to 2:1 and 3:1, respec-
tively.

270 F# af nariats 11 the Linti
ey pyas “JJ l,l J ver i i £

and the biotinvlation reaction time
At a biotinylation reaction pH of 6.5, three
biotin : peptide ratios (10: 1, 5:1, 2: 1) and 5 incuba-
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tion times (1, 2, 3, 5, and 24 h) were tested. As seen
from Tabie i, the reiative proportion of a-amino
biotinylated peptide (peak 3) was optimal for a bi-
otin : peptide ratio of 5:1, whatever the duration of
the reaction. However, the total production of this
peptide was rather slow and required a 24 h reaction.
Under these conditions, the a-amino biotinylated
peptide amounted to 63% of all biotinylated products
(Table 1), the ratios (given by the HPLC profile -not
shown-) of a-amino over e-amino biotinylated pep-
tide and over di-biotinylated peptid

de reached values
of 3:1 and 6:1, respectively i.e. 6 and 60 times

more than with standard biotinylation procedures
(Fig. 1)
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Fig. 3. HPLC analysis of products obtained by biotinylation of the
(12-23) peptide for 2h, with a peptide : biotin ratio of 1:10 and at

different pH values: 8.5 (A). 7.5 (B), and 6.5 (C). Incubation of

peptides in the presence of biotin and HPLC elution were carried
out as described in Section 2. Key: peaks 1-4 as in Fig. 1.

Table |

(12-23) peptlde at pH 6.5 usmg dltierent reaction condmons

Reaction time

Ih 2h 3h 5h 24h

Biotine : peptide

A 201 541 61,6 600 584 410
501 693 674 663 345 630
10:1 62.8 59.7 60.6 577 424
B 2:1 133 234 274 364 372
5:1 80 154 202 273 473
10:1 8.5 148 204 258 374

Products obtained by biotinylation of the Blg (12-23) peptide at

pH 65 using different reaction times (1-24 h) and various

biotin: peptide ratios (10:1, 5:1. 2:1) were analyzed by RP-
HPLC. A: values represent the percentage of a-amino biotinylated
peptides over the sum of mono- and di-biotinylated peptides. B:
values represent the percentage of a-amino biotinylated peptides
over the sum of non- and biotinylated peptides.

dures in EIA

3.3.1. Detection of specific antipeptide antibodies in
an immune anti-Blg rabbit antiserum

We used not only the (12-23) peptide but also the
(8-23) peptide, which contains one a-amino and
two g-amino groups (Lys® and Lys'*). Both peptides
were biotinylated as previously defined i.e. at pH
6.5, usine a biotin: npnndp ratio of 5:1 and a reac-

U0, USHE « DO, G0 A0 O ain

tion time of 24 h. After HPLC analysis, the number
of bound biotin molecules per peptide was measured
as explained above. No attempt was made with the
(8-23) peptide to determine the precise biotin posi-
tion for either the two g-amino mono-biotinylated or
the three di—biotinylated peptides. All biotinylated
p'c‘ptlucs were then iﬂdlvxdua'u_y’ coated on microtiter
plates through biotin/streptavidin interactions, as
described above. and used for detecting specific
antibodies in the serum of a rabbit immunized with
Blg. As seen in Fig. 4 for both the (12-23) and
(8-23) peptides, the greatest antibody binding was
observed when a-amino biotinylated peptides were
(,Ocl[e(l r‘or U]C \6 43} pcpuue nowcvcr tl?e (.Udllllg
of two other products, an g-amino mono-biotinylated
form and one of the di-biotinylated forms, led to
almost identical signals. This probably results from
the fact that a lysine residue is found in the N-termi-
nal position of the (8-23) peptide. As a conse-
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quence, the three N-terminal biotinylated peptides (in
the a-amino and/or e-amino group of Lys®) must
be very similar in terms of peptide presentation to
antibodies after the coating procedures. In contrast,
the three other biotinylated products from the (8-23)
peptide, which probably correspond to peptides in
which biotinylation occurs at the &-amino group of
Lys'™, were less efficiently recognized by the anti-
bodies.

Both the (12-23) and (8-23) peptides were more
immunoreactive when immobilized through avidin-
biotin interaction than when coated by passive ad-
sorption (Fig. 5). For serum dilutions lower than
1/60000, passive adsorption failed to produce any
significant antibody binding to either peptide. This
lack of efficiency of direct adsorption coating for
detecting antibody binding was partly compensated
by increasing the serum concentration, but even at a
dilution of 1/3000 the amount of antibodies recog-
nizing the immobilized peptides was still about 2.5
times lower than when biotinylated peptides were

coated through biotin-streptavidin interactions. Inter-
estingly, the difference in the signals between the
(8-23) and the (12-23) peptides, which was ob-
served at high serum concentrations, could corre-
spond to the detection of specific antibodies directed
to an epitope located on the (8—12) sequence.

3.3.2. Detection of specific serum antibodies from
human patients allergic to cow's milk

We first investigated the presence of antibodies
directed to the (12-23) peptide in sera from patients
allergic to milk, and especially to Blg, using differ-
ent peptide coating procedures (Fig. 6). As observed
with the rabbit anti-Blg antiserum, the immobilized
(12-23) peptide, which was best recognized by the
antibodies from the three allergic patients, was pre-
cisely the one selectively biotinylated at the N-termi-
nal position. The antibody binding signals appeared
in each case to be significantly higher (40-200%
increase) than those obtained when the unpurified
whole mixture of mono- and di-biotinylated (12-23)

1.2
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Q: 0.9 T
g .
Q
g
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L
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0
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<
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mono-biotinylated di-biotinylated
peptides

Fig. 4. Binding of anti-B-lactoglobulin rabbit antiserum to a- and/or g-amino biotinylated (12—23) (white) and (8-23) peptides (black),
immobilized on microtiter plates through biotin /streptavidin interactions. Values represent the mean absorbance values + SD of four

replicates tested at a serum dilution of 1,/10%.
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Fig. 5. Binding of anti-B-lactoglobulin rabbit antibodies to (12-23)
and (8-23) peptides immobilized on microtiter plates either
through biotin /streptavidin interactions after purification of the
peptides biotinylated at the a-amino N-terminal position (closed
symbols) or through passive adsorption (open symbols). Data
represent the mean absorbance values4+SD of four replicates
tested at ditferent serum dilutions. Using a rabbit control serum
from a non-immunized animal, no signal was observed (OD < 0.07
AU) with any immobilized peptide. or for any serum dilution {not
shown). Key: @. N-terminal biotinylated (8-23) peptide: O.
(8-23) peptide: M. N-terminal biotinylated (12-23) peptide; O.
(12-23) peptide.
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peptides recovered after biotinylation under opti-
mized conditions was used for coating. Moreover,
the amount of antibody bound to the plate was 2.5-3
times higher when the peptide selectively biotinyl-
ated at the N-terminal position was immobilized
through interactions with streptavidin than when it
was passively adsorbed. In passive adsorption, the
antibodies present in the serum of one allergic pa-
tient even failed to recognize the (12-23) peptide,
emphasizing once more the advantages of coating
techniques using biotin-streptavidin cross-linking.

4. Discussion

As a sulfosuccinimidyl ester derivative. biotin
reacts with a- and &-amino groups of peptides,
strongly interacts with streptavidin. and has become
a universal reagent for Jabeling of peptides and
proteins (antibodies and enzymes). In immunoanaly-
sis. biotinylated compounds have largely contributed
to the development of sensitive enzyme immunoas-

Al

A3 Tt T2

Human sera

Fig. 6. Binding of IgE from human sera to (12-23) peptides immobilized on microtiter plates (1) through biotin /streptavidin interactions
after purification of the peptides biotinylated at the a-amino N-terminal position (white). (2) without purification after biotinylation under
optimized conditions (hatched). and (3) through passive adsorption (black). Binding of IgE from human sera to a peptide not related to Blg
and immobilized on microtiter plates (1) through biotin /streptavidin interactions (dark grey). (2) through passive adsorption (light grey).
Human sera Al. A2, and A3 were obtained from different allergic patients and human sera T1 and T2 were obtained trom different non
allergic patients. Values represent the mean absorbance values + SD of two replicates.
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says {Guesdon et al., 1979; Plebani et al., 1986;
Grassi et al., 1989; Ishikawa et al.. 1990; Hashida et
al., 1991; Ivanov et al., 1992; Olivieri et al.. 1993).
The success of the biotin-avidin technique is linked
to the simplicity of the biotinylation reaction, but
also to the commercial availability of a lar anel
of enzymes and antibodies labeled elther with blotm
or avidin. However, a limitation of the method lies in
the fact that random biotinylation of a lysine residue.
especially in short peptides, can greatly alter the
functional properties of the molecule or its capacity
to be recognized by a binding protein, such as an
antibody. In order to enhance the potential use of the
biotinylation technique, we show in this paper that
incorporation of a biotin molecule can be directed
selectively towards the «-amino group at the N-
terminal position of a short peptide, keeping almost
the entire length of the molecule accessible to anti-
bodies, as previously demonstrated by Gaudriault
and Vincent (1992) using the Bolton-Hunter reagent.
This can essentially be achieved by working at a pH
of 6.5, i.e. significantly lower than that generally
recommended for efficient biotinylation reactions.
The nreferpnrml Iabelmo of o-amino (‘nmnared to
the g-amino groups at neutral or moderately acidic
pH is explained by the fact that the pK, of a-amine
function (pK, = 8.9) is lower than that of s-amine
function (p K, = 10.5). We have also shown that it is
possible to enhance further the preferential labeling
of the a-amino versus a—amino group by using a
moderate biotin: peptide (ie. 5:1) ratio and long
reaction times (24 h). which compensate for the low
rear_‘tlvnv of the amine function at pH 6.5.

As an illustration of the value of directing the
incorporation of biotin towards the N-terminal amino
acid in a peptide, we have shown in this study that
the use of selectively biotinylated peptides for
preparing an appropriately orientated solid phase sig-
nificantly improved the sensitivity of enzyme im-
munoassay tests ueSigned to detect anti- peptxuc anti-
bodies. When N-terminal biotinylated peptides were
immobilized through avidin-biotin interactions, the
amount of anti-peptide antibody retained on the plate
was significantly higher than when peptides biotinyl-
ated at another position were used, or when peptides
were passively adsorbed on the plate. This may be
simply explained by the fact that the directed bi-
otinylation leaves the major part of the peptide ac-

larOP n:me]

cessible to antibody binding, allowing the detection
of antibodies directed against epitopes which other-
wise would have been either partly or totally masked

b oy a random immobilization. For cxamplc our coat-

ing procedure revealed the occurrence, in an anti-Blg
rabbit antiserum, of anubodles directed at an epitope
located around the Lys'* residue in Blg, as deduced
from the difference between the signals observed
using the N-terminal biotinylated (8—23) or (12-23)
peptides in comparison with Lys'* e-amino coupled
peptides. Antibody binding may also be enhanced
because peptides undergo less pronounced conforma-
tional unanges when immobilized b Dy biotin-avidin
interactions than when simply adsorbed. In addition,
when compared with passive adsorption, this method
may (i) prevent any desorption of the peptides during
the successive washing and incubation steps (En-
gvall, 1980), and (ii) avoid any variations in the
capacity of small peptides to adhere to the solid
phase (Geerligs et al., 1988; Ball et al.. 1994).

From a quantitative point of view. the gain in
sensitivity provided by the present technique for
immobilizing peptides facilitates detection of anti-
bodies in epitope mapping, when working with antis-
era (from allergic patients) containing low levels of
specific IgE antibodies. Indeed, the signals obtained
after immobilization via biotin-streptavidin interac-
tions were always higher than those measured when
passive adsorption was used. Moreover. in one case,
a significant signal was measured by our coating
pluucuulc when no algnan could be detected USii‘lg
passive adsorption. The possibility of working with
_h_mhlv diluted antisera has two 1mnnrmm conse-
quences: first, it lowers consumption of small sam-
ples (especially sera from young children), and sec-
ond, it reduces artefactual interference due to the
matrix effect (Plebani et al., 1986) or to the presence
of heterophilic antibodies (Grassi et al., 1990: Grassi,
1994a,b).

nnnnnnnnnnnnnnnnn 14 L~ Arn cimeon tha
llUWCVCl Laic §llUulU D€ CXCY lb U SIHLC LHC PCIJ‘

tide coating method presented here might fail to
detect serum antibodies directed at the N-terminal
end of the immobilized peptide. In this case. espe-
cially for short peptides, the amount of antibody
retained on the plate is expected to be similar or
even slightly lower than when the peptide is pas-
siveiy adsorbed on the piate. This is exactly what we
observed when comparing the efficiency of both
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coating techniques for the short (15-23) peptide
(data not shown), and is in agreement with our
conclusion that the rabbit anti-Blg serum contains
antibodies recognizing an epitope around the Lys'"
residue.

Finally, and in a more general context, the
methodology described here can be used to preserve
the integrity of a functionally important g-amino
group in a biologically active peptide. Potential ap-
plications would include the purification of the re-
ceptor of a peptide. This could be achieved using
chemical cross-linking, via a homo-bifunctional
reagent, to a free g-amino group of the peptide,
previously immobilized by its a-amino N-terminal
group on a chromatographic support. through biotin-
avidin interactions (Schvartz et al.. 1991). It has
been reported that the integrity of lysine side chains
may be crucial for the binding of various neuropep-
tides to their biological receptors. For example, the
introduction of a Bolton-Hunter moiety into the &-
amino groups of neurotensin or neuromedin N com-
pletely abolished the binding properties of these
peptides (Gaudriault and Vincent, 1992), so it is
likely that the introduction of a biotin molecule at
the same position would lead to an identical effect.
In studies of receptors for such ligands, the selective
biotinylation method could therefore be essential not
only for affinity chromatography techniques using
immobilized biotinylated ligands, but also for local-
ization microscopy using biotinylated ligands and
rhodamine-labeled avidin.

In conclusion, because of the general applicability
of the avidin-biotin technique, the strategy described
here to orient the biotinylation of peptides towards
their a-amino N-terminal group could have numer-
ous potential applications in immunoanalysis, bio-
chemistry and cytochemistry, for studies of the inter-
actions between a biotinylated peptide and an anti-
body or a biological receptor.
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