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Development of a novel peptide microarray for large-scale
epitope mapping of food allergens
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Background: The peptide microarray is a novel assay that
facilitates high-throughput screening of peptides with a small
quantity of sample.

Objective: We sought to use overlapping peptides of milk
allergenic proteins as a model system to establish a reliable and
sensitive peptide microarray-based immunoassay for large-scale
epitope mapping of food allergens.

Methods: A milk peptide microarray was developed by using
commercially synthesized peptides (20-mers, 3 offset) covering
the primary sequences of oy;-casein, a,-casein, 3-casein,
k-casein, and 3-lactoglobulin. Conditions for printing and
immunolabeling were optimized using a serum pool of 5 patients
with milk allergy. Reproducibility of the milk peptide
microarray was evaluated using replicate arrays
immunolabeled with the serum pool, whereas specificity and
sensitivity were assessed by using serial dilution of the serum
pool and a peptide inhibition assay.

Results: Our results show that epitopes identified by the peptide
microarray were mostly consistent with those identified
previously by SPOT membrane technology, but with specific
binding to a few newly identified epitopes of milk allergens. Data
from replicate arrays were reproducible (r = 0.92) regardless of
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printing lots, immunolabeling, and serum pool batches. Using
the serially diluted serum pool, we confirmed that IgE antibody
binding detected in the array was specific. Peptide inhibition of
IgE binding to the same peptide and overlapping peptides
further confirmed the specificity of the array.

Conclusion: A reliable peptide microarray was established for
large-scale IgE epitope mapping of milk allergens, and this
robust technology could be applied for epitope mapping of other
food allergens. (J Allergy Clin Immunol EEEE;EEN:ENE-EEN,)

Key words: Epitope mapping, peptide microarray, allergy, milk
allergen

Food allergy has emerged as an important public health
problem in the United States.! Approximately 3.5% to 4% of
Americans and 6% to 8% of children (<3 years old) are affected
by IgE-mediated food allergy. Food allergy is currently diagnosed
by clinical history and in vivo provocation tests (eg, skin prick
test, oral food challenges) or in vitro measurement of allergen-
specific serum IgE (eg, ELISA and CAP-System FEIA; Pharma-
cia Diagnostics AB, Uppsala, Sweden).>

The double-blind, placebo-controlled oral food challenge is the
gold standard for the diagnosis of food allergy.! However, it is
time-consuming, and there is a risk of life-threatening allergic re-
actions. An in vitro test to predict accurately the outcome of oral
food challenges would be of great value. A number of studies
have documented the correlation between IgE quantity and the
likelihood of clinical allergy. Sampson and Ho,? followed by sev-
eral other groups,*® established 95% predictive decision points
(food-specific IgE antibody levels measured by the CAP-System
FEIA) and suggested that an oral food challenge may not need to
be performed in patients with suggestive histories of food allergy
and specific IgE levels exceeding these values. However, the estab-
lished levels vary widely between the patient populations studied,
and there is a large gray zone between high levels with good pos-
itive predictive values and undetectable levels that have good neg-
ative predictive values. Other variables such as the total IgE level
and the ratio of allergen-specific IgE to total IgE have been consid-
ered for improved diagnostic precision, but also gave unsatisfac-
tory results.” Another problem with current IgE testing is its
limited application in the prognosis of food allergy. For example,
the majority of pediatric patients with several forms of food allergy
(eg, milk, egg, wheat, soy) will outgrow their allergic conditions
during childhood. However, current IgE testing cannot reliably
predict whether patients will outgrow their food allergy.

Recent studies have suggested that clinical sensitivity, usually
defined as a combination of reaction severity and the dose of
allergen required to provoke a reaction to food allergens, may
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Abbreviations used
DFU: Digital fluorescent units
DMSO: Dimethyl sulfoxide
PPB: Protein Printing Buffer
MAD: Median absolute deviation
PBST: PBS containing 0.05% Tween 20
TMeV: TIGR Multiexperiment Viewer

correlate better with epitope-specific recognition. For example,
patients with persistent allergy or with a history of more severe
allergic reactions to milk, 310 peanut,“’12 and egg13 were found to
recognize a larger number of specific IgE sequential epitopes. IgE
epitope mapping may become an additional tool for allergy diag-
nosis and prediction, and further contribute to the design of safe
immunotherapeutics. Moreover, characterization of allergenic
epitopes can lead to a better understanding of the pathogenesis
and tolerance induction of food allergy.

In the past, epitope mapping was mainly performed using
SPOT membrane-based immunoassaysm’m’15 in which the pep-
tides are synthesized on the nitrocellulose membrane and then in-
cubated with the patient’s sera. However, synthesis of large
numbers of peptides is relatively error prone, time consuming,
labor-intensive, and expensive, and has limitations because of
the specific chemistry of the method. A large volume of serum
is required, and there is also a limitation for the number of tar-
geted peptides. In addition, the SPOT technique is strictly quali-
tative, with very little statistical analysis possible because of the
absence of replicates and small throughput.

With the development of microarray technology and evolu-
tion in peptide synthesis techniques,'*?° we have been applying
peptide microarray-based immunoassays for epitope mapping of
several food allergens'>*'* because of their numerous advan-
tages: it is possible to assay thousands of target peptides in parallel
by using small volumes of diluted serum, greatly reducing the bio-
logical sample cost of individual assays and allowing for more ro-
bust replication and statistical approaches for analysis and epitope
determination. Several immunoglobulin subclasses other than IgE
can be tested concurrently, allowing us to simultaneously investi-
gate potential regulatory responses (eg, IgGy, IgA, and IgG,) that
may influence clinical reactivity. However, a peptide microarray
platform that measures specific binding and gives reproducible re-
sults has to be optimized and validated before it can be widely ap-
plied for epitope mapping of food allergens. In this article, we
describe the development and validation of areliable peptide micro-
array-based immunoassay based on the peptides of milk allergens.

16-18

METHODS

Serum samples

A pool of the sera from 5 patients with diverse clinical symptoms, highly
allergic to milk and with milk-specific IgE greater than 100 kUA/L was
prepared; the milk-specific IgE level of the pool was 850 kU /L as measured
by UniCAP (Phadia, Uppsala, Sweden).

The serum of a nonatopic healthy donor was used as a negative control in all
the experiments.

Peptide preparation
Alibrary of peptides, consisting of 20 amino acids in length with an offset of
3 amino acids, corresponding to the primary sequences of ag;-casein, o

J ALLERGY CLIN IMMUNOL
mmm 2009

casein, [-casein, k-casein, and [-lactoglobulin, was commercially
synthesized (JPT Peptide Technologies GmbH, Berlin, Germany). The synthe-
sized peptides were supplied as lyophilized powder with a purity of more than
70% as analyzed by HPLC and mass spectrometry. Unless otherwise stated,
peptides were resuspended in dimethyl sulfoxide (DMSO) at 1 mg/mL, diluted
1/2 in Protein Printing Buffer ([PPB]; TeleChem International, Inc, Sunnyvale,
Calif) with 0.02% Sarkosyl to a final concentration of 0.5 mg/mL, and stored in
a 384-well assay plate with a low-volume, nonbinding, white polystyrene,
round-bottom surface (Corning Inc, Corning, NY) covered with Robolid
(Corning Inc) in a sealed plastic bag at —80°C until used.

Microarray printing

All peptide samples were printed on epoxy-derivatized glass slides
(SuperEpoxy Substrate, TeleChem International, Inc) using a NanoPrint
Microarrayer 60 (TeleChem International, Inc) equipped with 2 X 4 Arraylt
Stealth Micro Spotting Pin (SMP3B) (TeleChem International, Inc). All slides
were used within 6 months of the manufacturing date and kept in a vacuum
before printing.

Immunolabeling with Alexa-based detection

system

A rectangular incubation area around the printed grids was demarcated
using a hydrophobic Dako Cytomation Pen (Glostrup, Denmark), and the
following incubation steps were performed in a humidity chamber (Binding
Site, Birmingham, United Kingdom) in the dark on a rotating platform (Lab-
Line, Barnstead International, Dubuque, lowa) with gentle agitation. The
slides were rinsed with PBS containing 0.05% Tween 20 (PBST) and nonspe-
cific binding sites blocked with 400 pL 1% human serum albumin (HSA)
(96.99% purity; Sigma-Aldrich, St. Louis, Mo) in PBST (blocking buffer)
for 1 hour at room temperature. After removing the blocking buffer from
the slide surface by aspiration, 250 L diluted serum pool or 1/5 diluted neg-
ative control in blocking buffer was applied and incubated on a rotator. A
time course experiment in which arrays were incubated with either 1/50 or
1/500 diluted serum pool and the negative control serum for various periods
(1 hour and 4 hours at room temperature, overnight and 24 hours at 4°C) was
performed to decide the optimal serum incubation conditions. To eliminate
slide-to-slide variation, 3 arrays were run for each condition. Slides were
then washed with PBST and incubated for 1 hour at room temperature
with polyclonal goat antihuman IgE diluted 1/5000 (working concentration,
0.4 pg/mL; gift from Phadia), which was covalently conjugated with Alexa
546 (Molecular Probes; Invitrogen, Carlsbad, Calif) according to the manu-
facturer’s instructions. It has fluorochrome:Ab molar ratios of 5 to 10 and has
been validated by our group. Slides were washed with PBST and distilled wa-
ter, and spin-dried.

A peptide inhibition assay was performed in which the array was
immunolabeled as described except that the serum pool (diluted 1/20 in
blocking buffer) was preincubated with specific peptides for 1 hour with
agitation, and centrifuged before incubation with the array. Five different
peptide inhibition groups containing 4 to 5 selected peptides in each group
were tested (0.5 pg/250 pL for each peptide) with the serum pool on
5 replicate arrays. Because the peptides were at 1 mg/mL in DMSO, the same
serum pool preincubated with 2.5 nL DMSO without peptides was applied
onto a replicate array in parallel as control.

Data analysis

The processed slides were scanned by using a ScanArray Gx (PerkinElmer,
Waltham, Mass), and images were saved as TIF files. Fluorescence signal was
digitized with ScanArray Express (Perkin Elmer, Waltham, Mass) and
exported as comma-delimited text files. Data were analyzed by using either
a simple analysis in which a raw fluorescent value (expressed as digital
fluorescence units (DFU)) for each spot was calculated by subtracting local
background from the median fluorescent value of the spot, or a more complex
analysis (for immunolabeled slides) with R version 2.6.0 as follows. Briefly,
the readout (S) used for each spot, including the replicates for peptides and
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FIG 1. Time course experiment for optimization of serum incubation. Three replicate arrays were
immunolabeled with 1/500 diluted serum pool or 1/5 diluted negative control serum for each condition.
Data presented are averaged zscores of the replicates. Reactions to the pool and negative control serum are
showed as ¢ and [, respectively. The percentages of positive peptides (z score>3) are indicated.

PPB, was the log, transformation of the ratio of the median fluorescent signal
of the spot to the median fluorescent signal of the local background. A z score
was calculated for each array element (spot) by using PPB values within the
same array (>400 spots/array):

7 = Si — median (SPPB)
' MAD (Spep)

By using this equation, the readout S, for the array element was transformed
into a z score (Z;). The median (Sppg) and MAD (Sppg) were the median and the
median absolute deviation (MAD) of all the readouts of PPB spots, respec-
tively. MAD is a robust version of the SD. A detailed explanation of MAD
can be found in this article’s Online Repository (Methods section) at
www.jacionline.org.

Anindex Z value of each peptide element was generated from the median of
z scores of the 6 replicate spots. An individual peptide sample was considered
positive if its index exceeded 3, meaning that the signal was above the back-
ground with P value less than .003 (see the Methods section in the Online
Repository for detailed explanation). Further analysis and data presentation
were also performed by using Microsoft Excel, Sigmaplot (Systat Software,
Inc, San Jose, Calif), and TIGR Multiexperiment Viewer (TMeV) (http://
www.tmé4.org/).

RESULTS
Optimization of printing conditions

Printing consistency. Because the ability of the printers to
produce spots of the same samples with consistent fluorescent
intensities is a key factor for the peptide microarray, a consistency
experiment was performed (see the Methods section in the Online
Repository) to test the pin performance. As shown in this article’s
Fig El in the Online Repository at www.jacionline.org, the raw
fluorescent value was very consistent from spots 1 to 250 of

pins 1 to 8. To ensure printing quality, no more than 200 spots
of samples were printed without reloading the pins in subsequent
experiments.

Effects of humidity. The effect of humidity on printing was
also tested (see this article’s Fig E2 in the Online Repository at
www.jacionline.org). Although the Alexa 546—BSA formed spots
of similar sizes at different degrees of humidity, their fluorescent
intensities significantly increased (P < .01) as the humidity in-
creased from 55% to 62%, suggesting that either more material
was deposited on the slide or the epoxy had higher binding capac-
ity at higher humidity. Therefore, all printing for subsequent
experiments was performed at 62% humidity.

Printing buffer. When printed at 0.33 mg/mL in 33% DMSO
in PPB, many of the milk peptides formed small spots with
irregular shapes, which were much smaller than the spots of Alexa
546-BSA (1.5 pg/mL in PPB; see this article’s Fig E3, A, in the
Online Repository at www.jacionline.org). The triplicate spots
from each peptide were unevenly immobilized. Several solvents
and detergents were tested in the printing buffer to improve
spot morphology. The presence of 0.02% Sarkosyl increased
the spot size (Fig E3, B) and the peptide spots became more uni-
form when DMSO and peptide concentrations were increased to-
gether (Fig E3, C). Therefore, peptides were printed in 50%
DMSO and 0.02% Sarkosyl in PPB in subsequent experiments.

Optimization of serum incubation conditions

Four conditions—1 hour and 4 hours at room temperature, and
overnight (16 hours) and 24 hours at 4°C—were tested for the
optimal serum incubation times using 2 dilutions (1/50 and 1/500)
of the serum pool. As shown in Fig 1, when the serum was diluted
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FIG 2. Scatter plots showing the effects of different variables (printing lot, immunolabeling day, and serum
pool batch) on reproducibility of the peptide microarray. A, Data from 2 replicate arrays with the same 3
variables. B-D, Data from 2 replicate arrays differing in 1 of the 3 variables: immunolabeling day (B), serum
pool batch (C), or printing lot (D). Coefficient of correlation was calculated (P < .01) and shown in each

scatter plot.

1/500, 16 hours of incubation at 4°C seemed to be most sensitive,
with ~33% of peptides showing positive reactions to the serum
pool and only ~3% of peptides showing nonspecific positive re-
actions with the negative control serum, whereas 1 hour and 4
hours of incubation gave less than 5% of peptides with positive
reactions. Binding to peptides decreased and only ~21% peptides
showed positive reactions when the incubation time was extended
to 24 hours under the same conditions (4°C). A similar maximal
reaction (~79% positive peptides) was observed from the 1/50
diluted serum pool after 16 hours of incubation at 4°C, compared
with ~30%, ~56%, and ~70% positive peptides after 1 hour,
4 hours, and 24 hours of incubation, respectively. Therefore, all
subsequent incubations with sera were performed at 4°C over-
night to increase sensitivity.

Reproducibility

The effect of 3 variables—printing lot, immunolabeling batch,
and serum pool batch—on reproducibility of the peptide micro-
array-based immunoassay was assessed by using 5 replicate
arrays (1-5) immunolabeled with the serum pool. Among them,
arrays 1 and 2 were printed on the same day and immunolabeled
on the same day with the IgE serum pool, which was freshly

prepared from 5 patients’ sera. From arrays 3 to 5, each differed
from array 1 in 1 of the 3 variables: printing from the same
printing plate on a separate day, immunolabeled on a separate day,
or immunolabeled with the serum pool that was prepared 3 months
earlier and went through several freeze-thaw cycles. The raw
fluorescent values from the replicate arrays are presented in
4 scatter plots in Fig 2. Reproducibility was evaluated using the
Pearson correlations (P < .01).

As shown in Fig 2, the raw fluorescent values from the arrays
with the same printing lot, immunolabeling day, and serum pool
batch were very reproducible, with very high correlation coeffi-
cients (r = 0.96). Immunolabeling day and serum pool batch
did not affect the reproducibility, and both had correlation coeffi-
cients of 0.95. Although the printing lot appeared to have a com-
parably greater effect on reproducibility, it still had a correlation
coefficient of 0.92.

Specificity and sensitivity of the peptide
microarray-based immunoassay

Specificity and sensitivity of the peptide microarray-based
immunoassay were assessed by using a serial dilution of the
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serum pool, and specificity was further confirmed by peptide
inhibition assays.

Serum dilution experiment. Six replicate slides were
immunolabeled with the negative control serum (diluted 1/5) and
the serum pool at dilutions of 1/5, 1/10, 1/100, 1/1000, and
1/10,000. Data were analyzed by using R and presented by using
TMeV (Fig 3, A). When diluted 1/5, the serum pool showed
strong binding to the peptides. Most of the positive binding ob-
served was not to a single isolated peptide, but to several overlap-
ping peptides, suggesting the presence of an allergenic epitope.
Because the peptides overlapped by 17 amino acids, it is possible
to identify IgE epitopes on the basis of the overlapping amino
acid sequences. Several major epitopes in these 5 milk allergens
have been previously identified by using SPOT membrane immu-
noassays, and a detailed comparison between the results from the
peptide microarray and SPOT membrane immunoassays is
shown in Fig 4.

As shown in Fig 3, A, the IgE binding to various peptides using
the 1/5 diluted serum pool decreased and in some cases disap-
peared when the pool was further diluted. Most of the epitopes
remained detectable at a 1/100 dilution, but many of them could
not be detected at a dilution of 1/1000. Almost no peptide showed
positive binding with the serum pool diluted to 1/10,000 or with
negative control serum, indicating that most of the signal to
peptides using serum at 1/5 dilution is specific. There are a few
peptides of oy -casein and agp-casein that remained positive or
showed a greater positive signal when the pool was diluted, sug-
gesting nonspecific binding to these peptides. In total, there were
less than 10 peptides out of 289 milk peptides that showed a
nonspecific signal.

Peptide inhibition experiment. To test the specificity of
the IgE binding, a peptide inhibition assay was performed.
Preliminary experiments performed in our laboratory have shown
that peptides, either in a mixture with other peptides or as a single
peptide, exhibited similar inhibition effects on IgE binding to the
same peptide and neighboring peptides. Therefore, 5 different
peptide inhibition groups, each containing 4 to 5 separate peptides
found to bind patient IgE in the serum dilution experiment, were
selected and tested on 5 replicate arrays.

As shown in Fig 3, B, compared with the IgE reactions from the
control array, which was incubated with the serum pool without
any inhibiting peptide, all the peptides in the 5-peptide inhibition
groups inhibited 100% of the IgE binding to the same peptide (tar-
geted peptide). In addition, IgE binding to at least 1 neighboring
peptide was also inhibited. Interestingly, signal reduction from
peptides other than the targeted peptides was observed, indicating
either nonspecific inhibition or some similarity between the
peptide sequences.

DISCUSSION

Microarray technology has been widely used for studying gene
expression and regulation for almost 2 decades.** Because of its
high throughput, low cost, low sample requirement, and capacity
for simultaneous testing of many different targets, the microarray
has been applied in allergy studies, and a miniaturized allergy test
in microarray format was developed in 2002'® for quantitative
measurement of serum allergen-specific IgE levels. It has been
shown in later studies that results obtained from these microarrays
are consistent with other established methods, such as RAST,
ELISA, and immunoblot tests.>>® The microarray system was
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adapted for studying sequential allergenic epitopes in our labora-
tory by Shreffler et al.'> The importance of epitope recognition in
patients with allergy has been previously demonstrated.”'*!3 By
using a microarray format, it is possible to use overlapping pep-
tides representing putative epitopes, which greatly increases the
accuracy of the test. This technology is proving to be attractive
for a range of studies, and we have used peptide microarrays in
the mapping of IgE and/or IgG, epitopes of allergens in peanut,
milk, and egg with encouraging results. However, the peptide mi-
croarray system needs to be optimized and validated before it can
be extensively used for allergy testing and various applications.

A typical peptide microarray consists of 2 experimental steps:
printing of the peptides onto epoxide substrate (glass slide) in
which the peptides bind covalently to the epoxide groups on the
slide surface, and immunolabeling of the slides with patients’
sera. We therefore attempted to optimize the system by improving
the conditions for these 2 steps. Printing conditions including pin
printing performance, effect of humidity, and printing buffer for
peptides were first tested and optimized. With the adjusted
conditions, we are able to print identical peptide spots with
consistent signals. For optimization of immunolabeling, we have
tested 4 conditions, varying from 1 hour to 24 hours at either room
temperature or 4°C. Because the milk-specific IgE level varies
between individuals, we used 2 different dilutions of the serum
pool when investigating the serum incubation time. The greatest
binding capacity was observed with overnight incubation at 4°C
for both 1/50 and 1/500 dilutions, indicating that the binding
capacity was not affected by the milk-specific IgE level.

The ability to obtain reproducible results is a prerequisite for
any established test; we therefore determined reproducibility on
replicate arrays, and the effect of different printing lots and
immunolabeling batches. A study conducted in our laboratory
using CAP-System FEIA showed that multiple freeze-thaw cycles
had little impact on IgE values for clinical decision-making and a
modest effect for research studies (Mishoe M et al, unpublished
data, May, 2002). Here our results confirmed that the peptide-spe-
cific IgE antibodies were not affected by multiple freeze-thaw cy-
cles of the serum and that data collected from the microarray assay
were very reproducible (r > 0.92) with similar reaction levels.

Another important aspect of the peptide microarray assay is
specificity, which was confirmed in the serum dilution experiment
and peptide inhibition assay. In the peptide inhibition assay, some
nonspecific inhibition was observed. Investigation of peptides
from different inhibition groups showed that several inhibitory
reactions were likely a result of cross-inhibition by peptides with
>35% sequence identity (see this article’s Table E1 in the Online
Repository at www.jacionline.org). Although peptides with lesser
similarity—that is, in the twilight zone (15% to 35% sequence
identity)—were not considered here, they may be still cross-in-
hibiting certain peptides because structural patterns are frequently
more recognizable than sequential patterns.?’

Epitopes in milk allergens have been previously identified by
using SPOT membrane immunoassays.15 2831 Although the sera
used in our study are different from those used previously with
SPOT membrane immunoassays, results from these 2 systems
seemed quite consistent. Most of the previously reported
epitopes were recognized by our microarray system. In addition,
we observed specific positive reactions from regions with no over-
lap or less than 8 amino acids®? overlapping with previously re-
ported epitopes. On the basis of the overlapped amino acids,
several new epitopes were identified (o -casein, AAs 49-62;


http://www.jacionline.org

6 LIN ET AL

A

J ALLERGY CLIN IMMUNOL
mmm 2009

I
Pool dilution factor

Peptide# 5 10 100 1k 10k nc
01

10
20
as1 Casein

30
40

50

60
01

10
20
us2 Casein 3p
40

50

60
01

10

20

B Casein 30

3 20
Lactoglobulin -

Kk Casein

50

Control 1

t

4

+

4

-IIIHIIIF 10 [~

t
4

(T ITEEN B 0/ NN N R DN W TN

+

I
1

)

t

+

+

O0 NI N N | 1Y N —_III'I- 0T -

t
t

L0 ll.Il—l A OO (N (D

t

1 . I-I'— min

t
t

l
=
—
—
Id—
—
-
i
=
=

I*

FIG 3. Results from serum dilution experiment (A) and peptide inhibition assay (B). Data are presented as Z
scores by using TMeV. Areas showing non-specific binding are indicated with «. Targeted peptides, which
are the peptides pre-incubated with the serum pool are indicated with black arrows for each inhibition group.
Areas with possible cross-inhibition based on sequence alignment are indicated with grey arrows.

ag-casein, AAs 69-77; B-casein, AAs 16-39; B-lactoglobulin,
AAs 106-119)

There are several reasons that peptide microarray may be more
accurate and sensitive than SPOT membrane immunoassays. In
microarray technology, 10 fmol of peptide is bound to 1 mm? of
the epoxide surface, whereas in SPOT membranes, it is a hundred
times more: 1 nmol for the same area.>*** However, in the peptide

microarray, the purity of the peptides bound to the slide can be
strictly controlled with HPLC purification and mass spectrometry
analysis. At the same time, with SPOT membranes, there are
many by-products because of the limitations of this in situ peptide
synthesis technique. For example, hydrophobic amino acids may
not bind to the membrane and therefore are absent in the peptide
sequence. The more hydrophobic amino acids in the sequence, the
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lower the purity. Therefore, there may be both an excess of non-
specific binding and lack of specific binding, which greatly affects
the signal-to-noise ratio.

In conclusion, we have established a reliable peptide micro-
array for large-scale IgE epitope mapping of milk allergens.
This robust technology can be applied for epitope mapping of
other food allergens and provide information that could provide
both diagnostic and prognostic value in food allergy testing.

We thank Todd Martinsky, Telechem International, Inc, for valuable advice
and continuous technical support; Rong Wang, Mount Sinai School of
Medicine, for insights in peptide chemistry; and Shoshana Biro, CliniWorks,
for data analysis.
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METHODS
Pin printing consistency

According to the manufacturer’s recommendation, the printing pins can be
used to print as many as 500 spots without reloading. Before printing peptides,
the printing performance of the spotting pins was tested in a consistency
experiment. A total of 288 spots of 1.5 pg/mL Alexa 546-BSA in PPB were
printed from each of the 8 spotting pins in a row without reloading. The slide
was then washed with PBST, followed by brief rinse with distilled water, and
spin-dried. The fluorescent intensity of each Alexa 546-BSA spot was
measured as described in the Data Analysis section, and the maximum
number of sample spots that could be printed with a high level of consistency
without reloading was determined on the basis of this experiment.

Printing humidity

The effect of ambient humidity on printing performance was tested by
printing 80 spots of the same Alexa 546—BSA sample (1.5 pg/mL in PPB) in
various humidity conditions ranging from 35% to 62% (the highest that can be
achieved by using the humidifier of the microarray printer). The slide was then
washed, and the fluorescent intensity of each Alexa 546-BSA spot was
measured. The optimal printing humidity was determined.

Printing buffer

Several solvents and detergents, including 10% acetic acid, 10% acetoni-
trile, 0.05% to 0.1% SDS, 0.02% to 0.05% Sarkosyl, and 33% to 50% DMSO,
in various combinations were added to the printing buffer to test their effect on
the morphology of printed milk peptide spots. The printing buffer that gave the
best spot morphology and uniformity was determined.
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Data analysis (z score calculation)

The readout (S) used for each spot, including the replicates for peptides and
PPB, was the log, transformation of the ratio of the median fluorescent signal
of the spot to the median fluorescent signal of the local background. A z score
was calculated for each array element (spot) by using PPB values within the
same array (>400 spots/array):

~_ Si — median (Sepg)
' MAD (Spps)

By using this equation, the read-out S; for the array element was trans-
formed into a z score (Z;). The Median (Sppg) and MAD (Sppp) are the median
and the MAD of all the readouts of PPB spots, respectively. For a Gaussian
distribution, the median is the same as the mean, and the MAD the same as
the SD. The distribution of all the readouts of PPB spots is not necessarily
Gaussian. The median and the MAD are more robust estimates of the center
and the spread than the mean and SD. For the data consisting
of xy,x2,...,x,, the MAD is defined as

1.48 X median (|x; — m|),
where m = median (x;). The constant 1.48 is used to ensure that if the data’s
distribution is really Gaussian, then MAD is the equal to the SD.

Anindex Z value of each peptide element was generated from the median of
z scores of the 6 replicate spots. An individual peptide sample was considered
positive if its index exceeded 3, meaning that the signal is above the back-
ground noise plus 3 times the MAD. Because MAD is a robust version of
the SD, the P value that the signal is above the background is less than .003
if the data can be approximated by a Gaussian distribution.
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FIG E1. An experiment of pin printing consistency showing the fluorescent intensity (DFU, spot median-local background) of 288 spots of 1.5 ng/mL Alexa
546-BSA in PPB printed from each of the 8 spotting pins in a row without reloading.
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FIG E2. Test of variable degrees of humidity showing the fluorescent inten- BSA-Alexa 546 n
sity (DFU) of 80 spots of 1.5 wg/mL Alexa 546-BSA printed in various humid-

ity conditions ranging from 35% to 62%.
FIG E3. Triplicate spots of 5 peptide samples on slides labeled with the 1/5
diluted serum pool. The triplicate spots of Alexa 546-BSA (1.5 pg/mL in
PPB) were also shown as a comparison. Peptides were printed as 0.33
mg/mL in PPB, 33% DMSO (A); 0.33 mg/mL in PPB, 33% DMSO, 0.02% Sar-
kosyl (B); and 0.50 mg/mL in PPB, 50% DMSO, 0.02% Sarkosy! (C).
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TABLE E1. Explanation of possible cross-inhibition of the peptides from different inhibition groups in the peptide inhibition experi-
ment and the corresponding sequence alignment

Peptide Peptides cross- Amino acid Sequence
inhibited inhibiting Explanation Alignment length identity (%)
B Casein-14 B Casein-26 B Casein-26 PFAQTQSLV 9 44.44
and k casein-44 .. N
in group 2 may together
. inhibit binding to (3 casein-14 PLIQTRVVV
k Casein-44 in group 2 QTEDELQDK 9 33.33
Il
STVATLEDS
B Lactoglobulin-25 ag, Casein-27 agp casein-27 in group 2 inhibit IDALNENKV 9 44 .44
IgE binding ]
to 3 lactoglobulin
in group 2 QKALNEINQ
k Casein-36 k Casein-36 AEKTKIPAVFKI 12 41.67
in group 5 inhibit
IgE binding A
to B lactoglobulin-25 QDKTEIPTINTI
in group 5
agy Casein-22 o, Casein-22 in group 1 partially DALNENKV 8 37.5
inhibited IgE binding | ] .
to B lactoglobulin-25
in group 1 VATEEVKI
k Casein-36 agy Casein-09 asp Casein-09 in group 4 partially MAI-PPKKNQDKTEIPTIN 19 36.84
inhibited IgE binding LI |
to K casein-36 MAINPSKENLCSTFCKEVV
in group 4
B Casein-63 B Casein-14 B Casein-14 and k casein-21 IQAFLLYQEPV 11 36.36
in group 4 may together | |
inhibit IgE binding
to B casein-63 THPFAQTQSLV
k Casein-21 in group 4 YQEPVLGPVRGPFP 14 35.71

LT
YAKP- -AAVRSPAQ
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