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CHAPTER 12

Epitope Mapping of a Protein Using
the Geysen (PEPSCAN) Procedure

J. Mark Carter

1. Introduction
1.1. General

Immunity to many diseases is dependent on the ability of the host’s
antibodies to recognize foreign antigens, such as surface proteins or tox-
ins, and bind them tightly and specifically. This binding is an important
aspect of the immune response, and it is often required for subsequent
immune processes that ultimately result in re-establishment of a disease-
free state.

One of the toughest problems encountered in vaccine development is
that of delineating the antibody response to a protein antigen. Whereas the
overall response to an antigen may involve various molecular species of
antibodies, each antibody molecule can bind specifically to one unique
part of the antigen referred to as that antibody’s epitope. Often only a
subset of these epitopes is involved in blocking a protein’s function,
clearing of infectious organisms, or other steps in an effective immune
response.

The PEPSCAN procedure, developed by Mario Geysen and marketed
by Chiron Mimotopes (Victoria, Australia), is a variation of solid-phase
peptide synthesis. It comprises the synthesis and immunochemical assay
of hundreds of peptides covalently linked to plastic pins. This technol-
ogy represents a major advance in the epitope mapping of protein anti-
gens because of its ability to create the large numbers of overlapping
peptides necessary for complete epitope mapping (/).
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Fig. 1. Structure of the prederivatized polyethylene pins commercially avail-
able for peptide synthesis.

Currently, the plastic pins for attachment of peptides are commercially
available from Chiron Mimetopes. They are now prepared according to a
modification of the method originally published (1). First, the polyethyl-
ene matrix of the rods is grafted with an acrylic-like polymer. Then, the
free carboxylic acid moiety on the polymer is amidated with one end of
1,6-diaminohexane. The other end of the amine is further derivitized with
one of a number of linking moieties. Finally, the linker is acylated with
Fmoc-f-alanine, yielding the structure shown in Fig. 1.

1.2. Issue of Reproducibility

One of the limitations plaguing early application of the PEPSCAN
technique was poor reproducibility in the substitution level of these
derivatized pins. In our tests of pins from the same lot at the Walter Reed
Institute of Research (WRAIR), we found substitution levels ranging
from 6-26 nmol NH,/pin, with a mean of 12 nmol and an SD of 3 nmol.
The issue here is not that this variability might prevent accumulation of
worthwhile data. Rather, because of this limitation, all results from
PEPSCAN must usually be considered qualitative. For confirmation, such
results may be double-checked via synthesis and immunoassay of pep-
tides via classical solid-phase methods.

Recent advances in pin design incorporate increased surface area as well
as improved level and stability of pin derivitization. As the new pins
become more widely available, the peptide pin methodology itself is
expected to become more widely accepted and more generally utilized.

The pins for peptide synthesis are arranged in 8 x 12 arrays on 9-mm
centers, like commercially available microtiter plates. This geometry
allows for familiarity and simplification in subsequent enzyme-linked
immunosorbent assay (ELISA) for the detection of antibody reactivity.
Many laboratory technicians are already quite familiar with standard
ELISA assays, and only minor modifications to this procedure are neces-
sary to perform a PEPSCAN ELISA. Furthermore, automated microtiter
plate readers are widely available for rapid determination of absorbance
data in assays performed with these 96-well plates.

o
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1.3. Computer-Automated Amino Acid Indexer

Other than variable substitution level in the pins, the most significant
problem in PEPSCAN is the logistics of the simultaneous synthesis of
several hundred peptides. Clearly computer support is required, but even
a computer-generated synthesis schedule, such as the output from the
software distributed by Chiron with the pins, leaves possible a large mar-
gin of error. The person performing the synthesis must manually trans-
pose amino acid locations from the hard copy list to the microtiter wells.
In our own laboratory, this procedure takes about 4 h to fill 10 microtiter
plates, and it results in approx 3% error rate. .

In order to address this problem, we have developed a computer-driven
device that locates and identifies each of the different wells, and indi-
cates their respective amino acid derivative requirements via E:Bw.sm-
tion with LEDs. Using this computer-driven amino acid indexer, the time
in filling 10 microtiter plates, for simultaneous synthesis of 960 pep-
tides, is reduced sixfold to 40 min, and error becomes undetectable. The
device is thoroughly described in VanAlbert et al. (2), and it is commer-
cially distributed by CRACO (Vienna, VA).

1.4. Linear vs Conformational Epitopes

PEPSCAN is particularly effective in the detection of linear (continu-
ous) epitopes. Unfortunately, however, most antibodies are probably
directed against discontinuous epitopes (3—5). This ?Q.coo.oaom espe-
cially important when PEPSCAN is used to study the specificity of mono-
clonal antibodies (MAbs). In many cases, the results of such oxco:.Bo.zG
are weak and equivocal. Nonetheless, Geysen has suggested that binding
of antibodies to discontinuous epitopes (such as are reported for most
MADbs) may be detected on peptide pins, at least in some m.zmﬂmzonm. Such
binding typically involves two or three discontinuous regions of the pro-
tein sequence that fold into a discrete conformation on the mo_<w=?mooom-
sible surface of the native structure of the antigen. Theoretically, the
antibodies should bind, although much more weakly, to each of these
regions when presented separately. In fact, we have observed many sets
of data suggesting this conclusion, but the binding so mﬂmo:."a is often
not statistically significant above background (nonspecific) binding.

Excellent results are generally obtainable using 55:50. serum as a
source of antibody. It is probably true that serum raised .mmm_mmﬂ a native
protein antigen will contain only a limited subset of antibodies reactive
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to linear epitopes presented by the peptide pins (6). However, there is
usually such a large variety of reactivities represented by a polyclonal
serum that a fair number of linear epitopes can be readily demonstrated
by binding to the pins. Antisera raised against peptide antigens and pep-
tide conjugates tend to contain a greater proportion of antibodies that are
reactive to linear epitopes because of their more limited conformational
freedom. Consequently, this type of immune serum generally gives the
highest level of detected binding on PEPSCAN.

2. Materials
2.1. Synthesis

Prederivitized polyethylene pins and polyethylene microtiter plates.

N,N,-dimethylformamide (DMF).

Methanol.

PIP solution: 20% piperidine in DMF. (See Note 2).

Amino acid solution: 30 mM amino acid derivative and 30 mM 1-hydroxy-

benzotriazole (HOBt) in DMF. Derivatives used are 9-fluoreno-

methoxycarbonyl (Fmoc) amino acids as O-pentafluorophenol or

O-dihydrobenzatriazine esters.

Dichloromethane (DCM)—Note: This solvent is a suspected carcinogen.

7. Basified DCM: 5% diisopropylethylamine in DCM. Prepare fresh within
1 h of use.

8. Acetylation cocktail: 5% acetic anhydride and 1% diisopropylethylamine
(DIEA) in DMF. Prepare fresh immediately before use.

9. Deblocking cocktail: 2.5% phenol and 2.5% 1,2-dithioethane in trifluoro-
acetic acid. Prepare fresh within 1 h of use. Note: This reagent is extremely
corrosive, and it smells absolutely terrible. Wear appropriate protective
devices, and use it in a fume hood

10. Deionized water.
11. Silica gel desiccant.
12. Plastic baths and sealable bags.

Da W

o

2.2. Disruption

)

Sonicator: See Note 10 about choice of ultrasonic cleaner.

2. Disruption buffer: 1% reagent-grade sodium dodecylsulfate, 0.1% 2-mercap-
toethanol, and 0.1M sodium phosphate, pH 7.2.

Explosion-proof heating bath, filled with boiling methanol.

Silica gel.

Sealable bags, tongs.
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2.3. ELISA Analysis

—

ide pins.

2. Wﬂwﬂmwr%w-gﬁmaa saline (PBS): 150 mM .Z.mQ and 25 mM vr%mnrmﬁo.
pH 7.4. Prepare in 1-L batches, filter-sterilize, and store at .A C. Nwm
keeps for about 2 or 3 wk. For indefinite mﬁogmmw add 2 g/L sodium mnﬁo.

3. PBS/Tween 20 (PBST): Phosphate-buffered saline (PBS, as above) with
0.1% Tween 20. Prepare in 1-L batches (see Zoa.m 13 and 18).

4. Blocking solution (see Note 14): Use a commercial .mEm> blocker solu-
tion or one of the following two solutions. Prepare in 1-L batches, filter-
sterilize, and store at 4°C. Solution keeps for about 2 or 3 wk. For extended

to 8 wk), add 2 g/L sodium azide. .
Mﬁ.ommwemmwwgo moaws m_cc:mz (BSA) and 1% chicken ovalbumin (OVA)
issolved in PBST. .
b. M%ammu_mmo; in PBST: Boil 20 g casein in _o.o.:.F LN NaOH until com-
pletely dissolved. Adjust pH to 7.4 by addition of HCI. Add PBST to
make final volume 1 L. . .

5. Test antibody solution. For serum or ascites fluid, the concentration used
should be the same as that which gives a good, strong signal on a mﬁsama
ELISA. If a standard ELISA titer is not available, then use a dilution of
1/500. For a purified antibody, use 1-10 pg/mlL. .

6. Second antibody solution (see Notes 19 and 20): The working concentra-
tion of the second antibody is usually specified by the manufacturer. Make

ilution in PBST.

7. W:%cﬁm_:mﬁo solution: 0.1M diethanolamine, pH 9.8, with 0.01% MgCl, and
0.02% NaN,. This buffer may be stored at 4°C for several months. How-
ever, it should be allowed to warm to room temperature before use. Imme-
diately before use, dissolve p-nitrophenyl phosphate (the substrate) to a
final concentration of 1 mg/mL

8. Plastic boxes with tight-fitting lids (e.g., Tupperware).

3. Methods
3.1. Synthesis

Historically, Cambridge Research Biologicals AOUnmEB, GHC EM-
tributed a recipe for synthesis of peptides via Fmoc chemistry. In wr t ao
prederivatized polyethylene pins are deprotected, é.mm:oa, neutralize m
washed, and amino acylated repeatedly until peptides of Ew aommﬂn.
length are completed. These peptides are then Za-w.omﬂﬁmaa, mao..o EM
deblocked, and washed once more. Finally, the peptide pins are m_.pEoQo
to ultrasonic disruption before ELISAs are performed. All reactions are
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performed at room temperature in a fume hood. Details of the method, as

well as a few modifications we and others have suggested, are described
below.

1. Deprotection (removal of the N®-Fmoc group): Pins are first pre-equil-
ibrated in DMF baths for 5 min. Perform deprotection batchwise in poly-
ethylene boxes (see Note 1) poured to a depth of about 2.5 cm with PIP
solution for 1 h (see Note 2).

2. Wash: Deprotection is followed by washes in DMF (two washes, 5 min) and
then methanol (three washes, 3 min each) (see Note 3). Then the blocks are
allowed to air-dry in a fume hood for at least 1 h (see Note 4).

3. Coupling (amino acylation): After pre-equilibration in DMF bath 5 min,
pins are amino acylated individually with 100 KL/well in the polyethylene
microtiter plates. The plates bearing the peptide pins are carefully oriented
and lowered so that the pins are inserted into their respective wells. In
order to reduce evaporation and contamination, the reaction is allowed to
proceed overnight inside a sealed ziplock bag (see Note 5).

4. Wash: Following the amino acylation reaction, pins are again washed with
DMF (two washes, 5 min each) and methanol (four washes, 3 min each),
and then air-dried again for at least 1 h.

5. Elongation: Deprotection, washing, amino acylation, and washing are
repeated until peptides of the desired length are produced. After the last
amino acid is coupled, final deprotection, washing, and air-drying are per-
formed as above (see Notes 6 and 7).

6. N%acetylation: After pre-equilibration of the peptide pins in DMF bath
for 5 min, o amino groups on the peptides are acetylated in polyethylene
microtiter plates with 100 uL/well solution of the acetylation cocktail for
90 min.

7. Wash: Pins are then washed with DMF (two washes, 5 min each), metha-
nol (four washes, 3 min each), and air-dried again for 1 h.

8. Deblocking: Blocking groups are removed from the peptide amino acid
side chains by incubation of the pins for 4 h in 2.5-cm deep baths of
deblocking cocktail.

9. Wash: The pins are then washed in baths of DCM (two washes, 2 min
each), basified DCM (two washes, 2 min each), DCM (5 min), allowed to
air-dry (1 h), then washed in deionized water (2 min), methanol (over-
night), and air-dried. Finally, the peptide pins are dried over silica gel in
ziplock bags overnight. The finished blocks of peptide pins are stored at

—20°C over silica gel in ziplock bags.
10. Disruption: Before they will perform properly in ELISA assays, the pep-
tide pins must be disrupted, (see Section 3.2.).
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3.2. Disruption

After peptide synthesis is complete, ELISAs are typically unsuccess-
ful without prior ultrasonic :&mE@aos..: In A.uaon to make the mow:anm
on the pins accessible to antibody binding, high-power ultrasonic treat-
ment at elevated temperature is absolutely necessary.

1. The sonicator (see Notes 8 and 9) is filled with the a._m:_mao: c:wmmn m.:a
allowed to heat to 60-70°C. The polyethylene blocks bearing mom:.ao pins
are floated in the buffer, with the pins pointing downward. The sonicator is

then operated for 20 min. . . . X
2. Pins are removed from the sonicator with tongs and rinsed briefly, but

hly in 60-70°C water.

3. MMM %Mm@owur the pins may be used immediately for mEm.>. :.n they are to
be stored for more than a few minutes, they should be boiled in methanol
for 2 min, air-dried for at least an hour in the fume hood, and finally stored
in ziplock bags at —20°C over silica gel (see Notes 10 and 11).

3.3. ELISA Analysis

A typical ELISA has five main steps (plus émmroﬁn mw.nmr Eo antigen
is allowed to bind to the microtiter plate wells o<on.EmE ina .a:ca solu-
tion with PBS (see Note 13). Next, the excess antigen mo_cwos may ,c.o
removed, or even a brief rinse performed, before a :_u._onw_:m solution is
added. After an hour or two, the blocking solution _.m 850.5&. m.za the
test or “first” antibody is added (see Note 14). The first antibody is usu-
ally allowed 1 or 2 h to bind the antigen on the c,_mﬁnm. >mo.n a series OM
thorough washes, an enzyme-conjugated “second’ antibody is added an
allowed to bind to the first antibody. After an hour or two, m:.ogon thor-
ough wash is made, and then a chromogenic m:dmﬁ.nmﬁ solution m.on the
enzyme is added and allowed to develop for a few minutes to 2h. m_cm:w,
the results are read on an automated microtiter plate reader Em.: generally
stores the values for absorbance for each well E a computer file. Q.y mowu-
eral recipe for this type of basic ELISA appears in Q.SEQ 5., moom._mwm%.

The peptide pin ELISA is performed very much _.:8 a typical - 5@.
Persons experienced in the latter mnconm:u.\ have little :ocwﬁ EM.Q
technical aspects of pin ELISAs. There is, indeed, but one major di MT
ence between the two. In a typical ELISA, the .mnmﬁ.mﬁow comprises t _o
adsorption of the antigen onto the bottom of a microtiter plate. HE.m a%.o -
ecule acts as a solid-phase “capture” antigen for the .mccmoa.coa bin: ing
of antibodies. Contrarily, with peptide pins, the vowcaw antigen remains
covalently linked to the solid-phase support pin at all times.
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This means that a peptide pin ELISA has only four steps. Briefly, the
pins are “blocked” with a suitable buffer, they are subjected to binding of
a first antibody, they are probed with an enzyme-labeled second anti-
body, and they are developed with a substrate. Each of these steps, as
well as washing between them, is detailed below.

1. Blocking: Into each well of a microtiter plate, pipet 200 pL of blocking
solution. Insert the pins and incubate 1 h at room temperature.

2. Test antibody: Pipet 175-uL test antibody solution into each well of a
microtiter plate. Insert the pins and leave to incubate overnight at 4°C,
rocking gently on a platform (see Notes 15 and 16).

3. Wash: Pour PBST (see Note 17) into a clean plastic box so that the level of
liquid comes at least halfway up the pins when the blocks of pins are
inserted with their pins downward. Put the box with wash buffer and pins
on a rotating platform for 10 min. Discard the used wash buffer down the
sink. Repeat for a total of three washes.

4. Second antibody: Pipet 150 uL second antibody solution (see Notes 17, 19 and
20) into each well of a microtiter plate, insert pins, and allow 1-2 h for binding.

5. Second wash: After the second antibody, make another thorough wash to
remove excess enzyme conjugate reagent. Again, three washes of 10 min
each are sufficient.

6. Substrate: Pipet 125 uL substrate solution into each well of a good-quality
ELISA plate. Before inserting them into the plate, carefully orient the pins
so that the numbered edges of the plates correspond with the numbered
edges of the block containing the peptide pins. This will prevent confusion
when the plates are being read after development.

7. Development: Allow development to proceed until the positive reactions
are well colored, usually 30-60 min (see Note 21). Stop the development
by removing the pins. Do not allow development to proceed until the nega-
tive peptides give a strong color reaction (see Note 22). After development
is complete, remove the pins and rinse them immediately in water.

8. Plate reader: Read the plates on an automated microtiter plate reader within
an hour.

9. Disruption: Disrupt as soon as possible. If this cannot be done within a

couple of hours, store the pins overnight in a methanol bath. Do not let any
of the ELISA reagents dry onto the pins.

3.4. Data Interpretation
3.4.1. Epitope Analysis
For each plate, individually, subtract the mean of the lowest 10-25%
of absorbance readings. This is background. This is facilitated by means
of a spreadsheet program. In lieu of any officially established criterion
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for differentiating between positive and negative nomomo:.m, positive
responses are identified through the judgment of the ommoEBoEn.H. In
general, the highest responses will be scored as vom.5<.o Rmocnzm.
whereas most sequences will be unreactive. wowﬁ._%m with intermediate
reactivity are often borne out as positive or negative after a repeat of the
eriment. .
mh,_mwwﬂw Mmo several different combinations of msacoa.w mﬂ.a peptides
commonly used in the peptide pin system. Each .ooBGSm:o: 8@_ be
expected to give different results, although they will all generally allow
the same conclusions to be drawn.

3.4.2. Polyclonal Antibody Epitopes

One of the most common applications of this system is oc:oco. map-
ping of a full protein sequence of overlapping octamers, 2:0.8 the mﬁmuﬂ
nogen was the intact native protein (or even an entire onme.va. _
reactivity of such a polyclonal immune serum typically gives mo<omw
peaks, each corresponding to an epitope. Frequently there is one nM a-
tively strong immunodominant epitope that stands out among the others
(see Fig. 2).

3.4.3. Epitope Overlaps

Each of the peaks of epitope Boomzaos.éE J\Eomcx span mwﬁuhmm
pins and, therefore, several overlapping peptides. The H.EEB& region mo
recognition is the sequence contained in .m: the ao.ooma.zNoa peptides wc_m
given epitope (see Fig. 3). This <wm_ Emo.:dm:os is only accessible
through synthesis of many overlapping peptides.

3.4.4. Antipeptide Antibodies

You may wish to map the fine specificity .o», a serum raised mmm_%mﬁw M
synthetic peptide immunogen. These experiments have mo:o::oomos
strongest ELISA signals we have seen. However, the Rmczm.mﬂdoaz
complicated by strong reactivity to two Gn more _.v closely MQW i omm
epitopes. This gives a broad peak, so that it is a_Bo,c: to te mé ore one
epitope ends and another one begins. Of course, this is more of ap o
with sera raised against larger peptides (30+ amino acids) as immunogens.

3.4.5. Monoclonal Antibody Epitopes

Most MAbs are raised with an intactprotein as wa._Bcnomo:. H%o _:MM
ited reactivity of these MADbs to peptide pins emphasizes the wﬁw mﬂw” ¢
underrepresentation of linear epitopes among the general popula
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PEPTIDE PIN ELISA RESULTS

Monaclonal Antibody IMAb 6-526-12)

ABSORBANCE 410 nm

1 26 51 76 101 126
PILIN AMINO ACID RESIDUE NUMBER

Fig. 2. Typical peptide pin ELISA. ELISA was performed according to stan-
dard methods presented in the text. Immune rabbit serum was used to probe
pins bearing overlapping 8-mer peptides comprising a bacterial protein
sequence. The X-axis of the figure represents the position in the protein
sequence, and the Y-axis indicates absorbance (i.e., ELISA reactivity). Obvi-
ously, one epitope reacts much more strongly than the remainder of the protein.
This phenomenon is referred to as immunodominance.

antibodies. Only about one out of every eight of the MAbs reacts strongly
to any of the peptides on pins. Frequently, MAbs give somewhat ambigu-
ous results with two or three peaks detected. This may seem like an artifact,
since an MAb should only have one target sequence, but Geysen has
suggested that these multiple regions of recognition suggest the location
of the noncontiguous regions that would fold together in the native pro-
tein to give the conformational epitope for these MAbs. We have also
seen gross crossreactivity of MAbs to several peptides with related
sequences on pins. In our limited experiences with MAbs raised against
peptide immunogens, we have seen only linear epitopes represented.
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i ic of overlapping peptides representing a linear epitope. Pep-
mawm_m_.lww nmﬂmﬁﬂﬁ“m@?:m mwwoamvw%aom. The figure shows their reactivity
with an antibody preparation. Peptides 9, 10, and 11 are reactive. The N:EQEW
acid sequence in common to these three peptides is 11-16. This sequence rep
resents the epitope of the test antibody.

3.4.6. Human Serum Epitopes

Immunologists who regularly work with chmm sera are mocoam.:w“
familiar with its idiosyncracies. Chief among these is a remarkably Ew
background reaction in ELISAs. This is w:.wmcam_u_w the Rmcz.om the
broad sensitization of humans, owing to diversity wm exposure experiences,
as well as a large amount of low-specificity antibody in the naive state.
Monkey sera exhibit these same problems, although to a lesser ao.mnno.

A brief treatment at 56°C will kill most disease organisms and viruses,
as well as neutralizing complement and many oSo.a mom—,:s proteases.
However, heat treatment increases nonspecific “stickiness” of the serum.
We have found that an ELISA blocking solution vmmoa on 2% casein 18
very effective in reducing this background reactivity.
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3.4.7. Differential Responses

Different species of immune animals will often react to different sets
of epitopes in a given immunogen. Different individuals within a species
often react differently, especially if they are “outbred” (not genetically
homogenous). Even with inbred strains, differences will arise because of
heterogeneity in the animals’ immune history and in injection technique.

3.5. Other Applications
3.5.1. Mimetopes

One application now widely touted by Geysen is the construction of
mimetopes. These are artificial epitopes comprising peptides containing
natural and nonnatural amino acids in nonnative sequences (7,8).
Mimetopes can attain conformations in assays that have the same bind-
ing characteristics of naturally occurring conformational epitopes. It
seems probable that mimetopes may also be able to elicit antibodies with
affinity for naturally occurring conformational and even nonprotein (e.g.,
carbohydrate) epitopes (9). For this reason, they are promising candi-
dates for future vaccines.

3.5.2. Cleavable Pins

Another approach utilizes the chemical spacer built onto the peptides.
This is the nonpeptide moiety that attaches the peptides to the plastic
support pins. Incorporation of an acid-labile amino acid sequence (Asp-
Pro) at this position in the peptide facilitates acidolytic cleavage from the
pin after synthesis is completed. This results in generation of a large num-
ber of soluble peptides although in limited quantities. This technique has
proven useful in studies demonstrating T-lymphocyte epitope specificity
through mitogenesis assays (10). More recently, pins bearing a water-
cleavable chemical link have become commercially available from
Chiron (11,12). Depending on the linker and respective cleavage chem-
istry, the new pins can be used to generate peptides with C-terminal free
carboxy acids, carboxamides, or diketopiperazines.

One fairly simple variation is the use of proteins other than antibodies
to probe the peptide pin arrays. This approach is promising for structure—
function studies on biological receptor molecules. Another example takes
advantage of the reversibility of binding of antibodies to peptides in the
typical ELISA application of the pins. By eluting the bound antibodies
from the individual peptides, it is possible to affinity purify small quan-

———
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tities of antibody. The amounts of antibody protein isolated from each
pin by this technique are vanishingly small, but sufficient to be detected
by means of binding to Western blots.

4, Notes

1. Before deprotection, pins are first pre-equilibrated in DMF baths for 5 min.
This step probably reduces nonspecific attachment of the piperidine mole-
cule to the polyethylene pin matrix. Other chemists have an.mmoa the
piperidine concentration in order to shorten the time for deprotection (12).

2. At WRAIR, the original piperidine solution is reused every day (each
deprotection cycle) for the entire synthesis. This is wOmmm.Eo c.mom_.umo 5.@
reaction of piperidine with the Fmoc groups on the peptide pins is stoi-
chiometric: each mole of Fmoc removed requires only 1 mol of piperidine.
This means that very little of the piperidine is actually consumed in one
use of the reagent solution. With this in mind, and partly vmomcmn om E.o
difficulty and expense of obtaining and storing large quantities o.m piperi-
dine (which is a controlled substance), we investigated the co.mm_g:Q of
reusing the 20% piperidine solution. We found that, after 13 &:E uses for
deprotection of the peptide pins, the solution was as effective as it was
when freshly prepared. This was in spite of the observation that, after 4 ﬁ.r
it began to develop a white crystalline material. We wnnszoa that this
material was a piperidine formate salt resulting from :vd.no_w.m_.m of the DMF
solvent (by atmospheric water in the presence of the Ewﬁ.&_u.o vmmo asa
catalyst). When we repeated the experiment, storing the ?voa.aEm\_uzm
reagent over molecular sieves to keep it anhydrous, the oJGS:Gn material
did not form, and the reagent maintained its clarity as well as its mmmomo.%.

3. When washing, we found that it was necessary to rinse both sides of the pin

blocks in order to remove contamination resulting from splashes and oc:an:mm.
tion of solvents and reagent, which otherwise accumulate on their ::aan.w&n.m.

4. From the residual odor remaining on the pins, it is apparent that the piperi-

dine is not completely removed by the organic solvent Emm.rmm mjono. as
described above. Because piperidine is a base, its presence is easily con-
firmed by testing the pH of an aqueous solution of the final wash solvent.
Worried that residual piperidine will affect the peptide &SEomOm.. we now
typically add a 5-min wash in 1% acetic acid (freshly cnovm.nm& in U?nu.
This is intended to neutralize the piperidine base and reduce its affinity for
the polyethylene. After washing with this modified protocol, we vnm.vmnoa
a 50% solution of the final methanol wash in water, and mocza. :.z: its pH
was neutral, indicating essentially complete removal of Evnnaim. 2.08
that this acid-wash step is not appropriate for chemistry modification
incorporating in situ activation of the amino acid derivatives.
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5. If you elevate the concentration of amino acid derivative and HOBEt in the
amino acylation solution to 100 mM, you may reduce the time for acylation
to 4 h. This allows two or even three amino acids to be added to the grow-
ing peptides in a 24-h period. Some have suggested the use of BOP or
HBTU equimolar with the amino acid derivative, to accelerate the cou-
pling reaction (see also Chapter 1, PSP). Still others have substituted
dimethylacetamide for the DMF solvent in the coupling step, claiming that
this improves solvation efficiency of the pin matrix (/3). Finally, Geysen
himself now uses Fmoc amino acid derivatives as free carboxy acids, acti-
vating in situ with dicyclohexylcarbodiimide.

6. In order to expedite and improve the accuracy of the placement of amino

acid esters in the appropriate microtiter plate wells, an automated indexer
is used in our laboratory (2). Driven by menu software on a PC-type com-
puter, this device indicates the appropriate wells for each of the amino
acids for the synthesis (14). Chiron is expected to market a similar device.

7. The laboratory at WRAIR typically makes peptides 6—12 amino acids in

length. Shorter molecules may not have a measurable affinity for the
test antibody, whereas longer molecules will probably contain little of
the full-length peptide because of the limited efficiency of the non-
sequence-optimized coupling chemistry.

8. We used an ultrasonic cleaner instrument manufactured by Blackstone and

rated for 500 W at 25 kHz. This sonicator has an electrical heater and a
thermostat that we operate at 70°C. Our several attempts using less-power-
ful sonicators were ineffective, resulting in high-background signals in the
ELISA and residual protein on the pins, as detected via amino acid analy-

sis. Similarly, poor results were obtained when the bath temperature was
allowed to drop below 60°C.

9. Our sonicator has a vol of 20 L, so it can fit eight blocks of peptide pins at

10.

11.

12.

once, floating in a single layer on the top. Although we add fresh 2-mercap-
toethanol every day, we routinely reuse the disruption buffer 10 or 12
times, until it begins to darken.

To keep the silica gel from intimate contact with the pins, pouches may be
made from paper towels, filled with a generous handful of indicator-grade
silica, and then stapled shut. These silica pouches may be regenerated when
necessary by baking overnight at 120°C.,

To keep the silica gel from intimate contact with the pins during storage,
pouches may be made from paper towels, filled with a generous handful of
indicator-grade silica, and then stapled shut. These silica pouches may be
regenerated when necessary by baking overnight in an oven at 120°C,

It is critical to avoid microbial contamination of the peptide pins. Amino
acid analysis indicates that the peptides are rapidly destroyed by microbial
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action. Indeed, pins left overnight in PBS at room temperature are thereby

=_ completely ruined. It is also probably best to prevent any of the ELISA
, ions from drying onto the pins.

__— ,,— 13. NM_M”_ buffers mnm« Rmmmoa solutions used ?.:. the mmz mEm? 0.1% Tween

w 20 is typically added. Tween 20 is a very mild nonionic amanm.oa. It serves

E_ ‘ as a wetting agent, thereby improving 8@3@:99_:% and w._o_vim 8.39._8

| nonspecific binding. Because Tween No. is m.cnmmoo active, all pipeting
should be performed carefully so as to minimize aeration, since foaming
will affect reproducibility. .

14. Two percent casein gives lower background for some m.::co&. such as
human serum. Either of the blocking buffers described will keep for 2 oﬁu
wk if sterility is maintained. If desired, 0.2% NaN; may be added. This
will increase the practical storage time for the reagent to several i.mmw.m.
but 1 L is typically consumed in a few days of mEm>. work. w_o.o_cnm is

I generally performed for 1 h at room 85@2&.:8,.65 if Eo.mo_czon con-

m_ _ _ tains 0.2% sodium azide, it may be left overnight in the Bm:m.oBSn. .

15. As an alternative to a rocking platform, we have :ma_n__ a rotating (orbital)
orm for incubations. It seems to work just as well. .

_ 16. W_%MMSO overnight incubation with test antibody, put the m:& Emam into a
sealable plastic box lined witha Bowma:oa.vm@mn towel to maintain :EE_AW
ity and minimize evaporation. If this step is allowed _oamﬂ than about
h, evaporation and condensation may nonetheless begin to affect nﬂ?”-
ducibility, especially for the pins closest to H.ro mamm of the .E&o. After the
overnight incubation, the first antibody solution is usually discarded. Eoi-
ever, we have occasionally pooled and reused this :u.\wmma up to four times
without any discernible loss in signal-to-noise n.m:o. In these cases, we
have added a single wash step between the blocking and mwmﬂ w::co&.\ to

_ minimize dilution and contamination of the <m_=mcMm Mnmﬁ antibody solution.

e, we also stored the antibody solution at 4°C.

17. WMM WWMH we purchase 10X PBS in liter co:_@m,.m:a. then add Tween 20
and sodium azide. We store this 10X stock solution in a carboy at 83”

— temperature for up to 2 wk. From the mnomx. we prepare 1X PBST for eac

’s use by diluting 1/10 with deionized water. .

— 18. MN:M“_MQ M:mﬁ @8%9. reactions for control peptides, if they are used, will

S

probably require a different first antibody solution. They may also require
a different second antibody solution.

19. For second antibody (enzyme conjugates), we have successfully used ooﬂu
mercially available reagents from various mo:nomm,.mm well as our oim oHOmn
jugates. Although we have also used conjugates with alkaline E.-ommﬂ a WOH
(AP) and horseradish peroxidase (HRP), we mamo.n the AP oo:._:mmcnwamﬁ
maximum reproducibility with good sensitivity since the HRP subs

D
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20.

21.

22

I.

2.

3.
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contains peroxides that damage the peptides. We perform incubations for
second antibody binding on the laboratory benchtop, but it does not hurt to
do it in the refrigerator or to use a rocking platform. This incubation may
also be performed overnight.

In some cases, it may be necessary to prepare your own enzyme-conju-
gated second antibody. To make an AP-conjugated goat antibody to rec-
ognize Aotus monkey antibody in ELISAs, we used the following
protocol: Isolate several milligrams of nonimmune antibody from the
monkey serum by protein A affinity. Use most of this protein as an immu-
nogen to raise antibody in a goat. Isolate several milligrams of goat
immune antibody by protein A affinity. Couple a few milligrams of the
Aotus antibody immunogen to Sepharose. Use the immobilized Aotus
antibody to affinity purify the goat antibody vs Aotus antibody. Conju-
gate the purified antibody to commercial AP via glutaraldehyde. Dilute
in PBS with 0.2% NaN;. Test the second antibody conjugate at various
concentrations to determine the appropriate working concentration for
the reagent. Store frozen, avoiding refreezing. For details, refer to Lyon
and Haynes (15).

To aid in visualization of color development, place the plate containing the
substrate solution on a piece of white paper. If you are using more than one
plate for the ELISA (which is likely), number them on their outer edges.

During development, avoid thermal gradients. These may be caused, for
example, by drafts or sunlight. We cover the pins to isolate them from

environmental effects.

After development, removal of the pins stops the color generation cata-

lyzed by the enzyme conjugate on the pins, but the substrate is thermo-

labile, and the chromophore is photolabile, so avoid unnecessary delays by

setting up the reader while development s still taking place. Avoid touch-

ing the bottom of the ELISA plate before it is read. Do not discard the

plates until you are certain that you have two legible copies (either “soft”

or “hard” copies, according to your preference) of your data. If the signals

are weak, you may return the pins to the plates for further development and
read them again later.

References

Geysen, H. M., Meleon, R. H., and Barteling, S. J. (1984) Use of peptide synthesis
to probe viral antigens for epitopes to a resolution of a single amino acid. Proc.
Natl. Acad. Sci. USA 81, 3998-4002.

VanAlbert, S.,Lee, J., Lyon, J. A., and Carter, J. M. (1991) Amino acid indexer for
synthesis of Geysen peptides, application US Patent # 5,243,540.

Barlow, D. J., Edwards, M. S., and Thornton, J. M. (1986) Continuous and discon-
tinuous protein antigen determinants. Nature 322, 747748,

z ~ Epitope Mapping

I
1
1

1

R

4.

10.

11

12.

13.

14.

15.

223

Amit, A. G., Mariuzza, R. A., Phillips, S. E. V., and Poljak, R. J. C.om@ Three
dimensional structure of an antigen—antibody complex at 2.8 A resolution. Science
233, 747-753.

. Sheriff, S., Silverton, E. W., Padlan, E. A., and Cohen, G. H. (1987) Three-dimen-

sional structure of an antigen—antibody complex. Proc. Natl. Acad. Sci. USA 84,
8075-8079.

. Thomas, A. W., Carter, J. M., and Lyon, J. A. (1994) Identification of biologically

significant epitopes in Plasmodium falciparum gp195 protein and protective results
of peptide vaccine trial in monkeys, submitted.

. Geysen, H. M., Rodda, S. J., and Mason, T. J. (1986) A priori delineation of a

peptide which mimics a discontinuous antigenic determinant. Mol. Immunol. 23,
709-715.

. Geysen, H. M., Rodda, S. J., and Mason, T. J. (1986) Synthetic peptides as anti-

gens. Ciba Foundation Symposium 119, 130-149.

. Geysen, H. M., MacFarlan, R., Rodda, S. J., Tribbick, G., Mason, T. J., and

Schoofs, P. G. (1987) in Towards Better Carbohydrate Vaccines (Bell, R. and
igiani, G., eds.), Wiley, Chinchester, pp. 103-118.
MMM%W_W Mwn. R, <m=vman=, «f Meloen, R. H., Noordzij, A., and van mEEo? J.D. A.
(1989) Epitope mapping and characterisation of a T-cell epitote by the simultaneous
synthesis of multiple peptides. Eur. J. Immunol. 19, Au.. .
Bray, A., Maeji, N. J., and Geysen, H. M. (1990) The simultaneous E::G._o pro-
duction of solution phase peptides; assessment of the Geysen method of simulta-
neous peptide synthesis. Tetrahedron Lett. 31, 581 me_h.. . . .
Maeji, N. J., Bray, A. H., and Geysen, H. M. (1990) Multi-pin peptide synthesis
strategy for T cell determinant analysis. J. Immunol \S&\E&m 134, Nwlmww.
Arendt, A. and Hargrave, P. A. (1991) Optimization of %%%:ao synthesis on poly-
ins. Twelfth American Peptide Symp. Poster . .
MMM”M‘.M.W\_; <m=>\_~_uo? S., Lee, u..vrwo:, J. A., and Deal, C. D. (1992) An aid to
peptide pin syntheses. Biotechnology 10, 509-513. . . o
Lyon, J. A. and Haynes, J. D. (1986) Plasmodium falciparum w::mgm mu\::.o.m_Na
by schizonts and stabilized at the merozoite surface when schizonts rupture in the
presence of protease inhibitors. J. Immunol. 136,2245-2251.



