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Multi-pin peptide synthesis strategy for T cell

determinant analysis

N. Joe Maeji, Andrew M. Bray and H. Mario Geysen

Coselco Mimaropes Pty. Lid. (0 whofifv owned subsidiary of the Commimweairh Serum Laboratories). Crrr Duerdtrt at Martin Streets.
P. 0. Box 40, Clayton, Victoria. Australia

(Received 13 April 1990. revised received 28 June 1990, accepted 3 July 1990}

Techniques to synthesize many peptides simultaneously exist, however their individual cleavage and

.-subsequent purification constitutes a bottleneck to total throughput. Biological screening of peptides is

Di-generally carried out at physiological pH in aqueous solutions. However. peptides. unless individually
-'-‘purified are usually contaminated by residual compounds used in their preparation such as trifluoroacetic

-"acid, organic solvents. scavengers etc. In testing with cellular systems. such as T cell determinant analysis.

such contaminations must be rigorously exc1uded._ We have extended the pin synthesis technique of

synthesizing and screening large number of peptides (Geysen et al., 1984) to the analysis of T cell

sieterrnjnants. Peptides can be synthesized on polyethylene pins, the side chain protective groups removed

Fund the peptides washed free of contaminants. A linker system stable under these conditions can then be

,-triggered to cleave the peptides from the pins in an aqueous solution at neutral pH. This strategy enables

the rapid mapping of T cell determinants. It is also applicable to other systems where large numbers of
solution phase peptides are required, for example, in the study of hormone analogues.

Key words: Simultaneous multiple peptide synthesis; T cell delenninant analysis

Qlntroduction

The development of a number of different

methods for the simultaneous synthesis of many

-peptides (Geysen et a1., 1984; Houghten, 1985;

Frank and During, 1988; Hudson, 1988) empha-

fsises the need for such technologies in the fields of

Correspondence to: H.M. Geysen, Coselco Mimotopes Pty.
1.Id.. R0. Box 40. Clayton. Victoria 3168. Australia.

Abbreviations." Ac, acetyl; ,8. ,E'—alanine; Boc, t—butoxy-
enrbonyl; DCC. dicyclohexylcarbodiimide: DMAP. 4-(dime1h-

Eytaminoipyndine; DMF, dimethylformamide; DN B, 2,4-di-
liitxophenyl: Fmoc, 9-fluorenylmethoxycarbonyl; HOBT. 1-hy-
flroxybenzotriazole; Me0H, methanol; PITC. phenylisothio-
tyartate; r-Bu, t-butyl; TEA. triethylamine: TFA. trilluoracetic
-acid.

biochemistry. immunology and pharmacology.

Each of these methods has its own advantages and

disadvantages. However. in terms of the sheer

number and overall simplicity with which peptides

can be simultaneously synthesized and subse-

quently tested the method proposed by Geysen

(1984) is superior. Reservations about this method

of peptide synthesis stem from the inability to

assess directly the purity of the peptides cova-

lently bound to polyethylene pins, despite the

consistency of the results in numerous immuno-

logical studies (Geysen et al._. 1987a).

For the systematic study of T cell determinants

in cell-proliferation systems. large numbers of

solution-phase peptides are required. Individual

purification of peptides is impractical if the poten-

tial of the pin method of peptide synthesis is to be

,¢.;lJ022-1759/90/$03.50 '1‘) 1990 Elsevier Science Publishers B.V. (Biomedical Division)
{Ir._,'_
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realized. Hence. the ‘crude’ peptide product must
be of good purity as well as being free of toxic

chemicals commonly used in peptide synthesis

such as trifluoroacetic acid, organic solvents and

scavengers. This can be achieved by incorporating

an appropriate linker between the pin and the
synthesized peptide which is stable to relatively

harsh acidolysis. but is cleavable in biologically
compatible solutions. The linker design is depen~

dent on the method of peptide synthesis and the
Fmoc/t-butyl protection strategy (Atherton et al.,

1978; Chang and Meienhofer. 1978) rather than

the Boc/benzyl system of Merrifield was selected

because of its milder side chain deprotection con-
ditions.

Cleavable linkers requiring hydrogenolysis and

photolysis are not practical with the pin method.

Cleavage with cyanogen bromide on peptides con-
taining methionine (Hancock and Marshall. 1975),

or aqueous formic acid cleavage on Asp-Pro bonds

(Landen, 1977) yield peptides which require fur-

ther processing before they can be used. These

methods also obviously restrict the peptides which

can be made to sequences which do not contain

the labile bonds. Landen's approach was recently
taken to characterize T cell determinants in con-

junction with the pin synthesis method (Van der

Zee et al., 1989). Following side chain deprotec-

tion and washing to remove non—covalently bound

impurities. peptide/pin cleavage was effected by

using 70% formic acid for 20 h at 37°C. The

solutions had to be lyophilized to remove excess

formic acid before the peptides were redissolved in

phosphate buffer. Extensive post-cleavage

processing is an inherent weakness of this strategy.

which is also limited by its incompatibility with
peptides containing acid-labile peptide bonds.

Other potential linker groups include those based

on p-(hydroxymethyhbenzoic acid (Atherton et

al.. 198]) and hydroxyacetic acid (Baleux et al..

1986). Both of these linker groups are stable to

low pH and will cleave smoothly under basic

conditions. However, the resulting peptide solu-

tions are basic and require subsequent neutraliza-

tion. Since an uncharged C terminal of the peptides

was preferred to avoid potential complications
due to electrostatic effects, a well documented
‘side reaction‘ was used as the basis of a cleavable

linker group. Diketopiperazine formation has long

Page 5 of14
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Fig. 1. Peptide cleavage by diketopiperazine formation. ,_

 
 

 
 
 
 

 

 

 
 
 
 
 

 

been recognized as a problem in solid-phi
synthesis of dipeptides. especially when the 9.

terminal residue is an imino acid such as :-.-;

(Rothe and Mazanek. 1974). This reaction can a-'
used as the basis of a cleavable linker as shown ' .-

Fig. 1. The peptide is synthesized on the 5-anti

group of the protected dipeptide ester (I ). M ='

Boc deprotection and subsequent deprotonati

of (2), the Lys-Pro moiety of (3) cyclizes =

cleaves the peptide from the solid support.

though the cleaved peptide (4) has a C ter ‘ -
diketopiperazine group, this ending is uncharg

the assembly of the cleavable linker is simple . _

diketopiperazine formation proceeds under -n
mild conditions.

Materials and methods

Symhesfs of linker and peptides

Synthesis of peptides was on solid polyethyl

pins that were radiation grafted with acrylic . ‘

N-r-butoxycarbonyl-1.6-diaminohexane was

pled to this grafted polyacrylic acid matrix .-

dicyclohexylcarbodiimide mediated coupling. |"_

tailed methodology for the preparation of pins u

been described elsewhere (Geysen et al., 1987'
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