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We describe the use of random peptide sequences for the mapping of antigenic determinants. An 
oligonueleotide with a completely degenerate sequence of 17 or 23 nucleotides was inserted into a 
bacterial expression vector. This resulted in an expression library producing random hexa- or octapep- 
tides attached to a fl-galactosidase hybrid protein. Mimotopes, or antigenic sequences that mimic an 
epitope, were selected by immur.oscteening of colonies with monoclonal antibodies, which were specific 
for antigenic sites on the spike protein of the coronavirus transmissible gastroenteritis virus. We report 
one mimotope for antigenic site II, eight for site I!I and one for site IV. The site I!1 and site IV 
mimotopes were closely similar to the corresponding linear epitopes, localized previously in the amino 
acid sequence of the S protein. An alignment of the site II mimotope and the sequence of the S protein 
around Trp97, which is substituted in escape mutants, suggests that this mimotope mimics a conforma- 
tional epitope located around residues 97-103. Applications of mimotopes to epitope mapping, serodiag- 
nosis and vaccine development are discussed. 
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Introduction 

There are several methods for studying the 
antigenicity of proteins, each able to reveal a 
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different aspect of the antibody-binding site (Van 
Regenmortel, 1989). Linear or sequential epi- 
topes can be localized using synthetic peptides 
(Van Regenmortel, 1989) or prokaryotic expres- 
sion products (Stanley and Herz, 1987; Lenstra et 
al., 1990). In the case of viral surface proteins, 
residues of discontinuous epitopes may be identi- 
fied by analysing escape mutants (Page et al., 
1988). 

An alternative approach has been proposed by 
Geysen et al. (1986): the construction of 
oligopeptides that mimic the native epitope on 
the surface of the antigen. These peptides, so- 
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called mimotopes, can be found by a systematic 
ab initio approach without using the primary 
structure of the antigen. First, the binding of all 
po~ible (400) dipeptides to the mAb is tested 
with the mAb of choice, then the most antigenic 
dipeptides are selected to synthesize tripeptides, 
and so on. This has led to the construction of a 
hexapeptide that was recognized specifically by a 
mAb against foot-and-mouth-disease virus. How- 
ever, this procedure was rather time-consuming, 
while it was not entirely clear how this mimotope 
was related to the actual antibody-binding site on 
the virus. A similar approach has been used by 
Houghten et al. (1991). 

Recently, more efficient procedures to obtain 
antigenic peptides have been described (Cwirla et 
al., 1990, Devlin et al., 1990; Scott et al., 1990). 
This approach is based on the expression of ran- 
dom oligonucleotides on the surface of filamen- 
tous phages. Antigenic phages are subsequently 
selected using biotinylated antibodies and immo- 
bilized on a streptavidin coating layer. 

in this paper, we have used a similar method 
to identify mimotopes that correspond to three 
viral epitopes. Short random sequences were ex- 
pressed in a prokaryotic plasmid expression sys- 
tem. Mimotopes were then selected by filter im- 
munoscreening of colonies with monoclonal anti- 
bodies against the spike protein of the porcine 
coronavirus TGEV (Correa et al., 1988). The 
epitopes recognized by these antibodies had been 
mapped previously using bacterial fusion pro- 
teins, PEPSCAN analysis and escape mutants 
(Correa et al., 1989; Posthumus et al., 1990a,b; 
Gebauer et al., 1991). We obtained ten mimo- 
topes specific for the viral epitopes, one of which 
was conformational. The agreement between the 
mimotopes and the antigenic TGEV sequences 
demonstrated that random-sequence expression 
libraries may be used for the mapping of anti- 
genic determinants. 

Materials and methods 

Monoclonal antibodies 
MAbs 1D.B12, IB.Hll, 6A.A6 and 5B.H1 have 

been described previously (Correa et al., 1988, 
1989). MAbs 57.9, 57.24, 57.5t and 57.99 were 

provided by Dr. Van Nieuwstadt (Lelystad, 
Netherlands). 

Plasmids 
The expression vector pCL627 is a derivative 

of pEX627 (Stanley et al., 1987) with an EcoRl 
site just upstream of the PR promotor, a BamHl 
between the cro and lacZ gene fragments, but 
without the Hindlll site outside the polylinker 
region. As in pEX627, nucle~tides 627-3195 of 
pEX2 (Stanley et al., 1984; EMBL data bank 
accession code AREX2) have been deleted. 

Construction of random-sequence expression li- 
braries 

100 pmol of the oligonucleotide 5'-CGGGT 
(N)mGAAGCTI'C (N = A, C, G or T, m = 17 or 
23 for the hexapeptide and octapeptide libraries, 
respectively) were dissolved in 10 /.tl high-salt 
restriction enzyme buffer, heated at 70°C for 3 
min and then cooled to room temperature to 
allow annealing of the 8 bp self-complementary 3' 
end. Extension by Klenow polymerase (5 U, 1 
mM of all 4 dNTPs, 10 min at 20°C followed by 
60 min at 15°C) resulted in a double stranded 
random sequence dimer with a central Hindlll 
site (AAGCTT). This dimer was purified on a 
Qiagen tip, precipitated with ethanol and ligated 
into the blunt Smal site of pCL627 using 10 U T4 
ligase in 20 p,I at 20°C overnight. After 3 min at 
70°C and adjusting the salt concentration, the 
Hindlll sites in the dimer and at the polylinker 
were cut with 5 U of enzyme. The mixture was 
purified by phenol/chloroform extraction and 
ethanol precipitation and spun through a 1 ml 
bed of Sephacryl $400 in 1 mM Tris/HCl (pH 
8.0), 0.1 mM EDTA, to remove the excised frag- 
ments. The DNA was recircularized via the 
HindlIl sites in 30/~l with 5 U T4 ligase at 15°C 
for 1 h. Vector molecules without inserts were 
removed by cutting with 8 U SalI for 30 min, 
after which the DNA was extracted with 
phenol/chloroform and precipitated with ethanol. 
Transformation of E. coli pop 2136 (Stanley et 
al., 1987) by the Hanahan procedure or, after 
microdialysis on Millipore 0.025 /.tm filters, by 
electroporation, yielded libraries of more than 
107 clones. 



lmmunoscreening, gene expression, and Western 
blotting 

Af te r  growing colonies  on  pla tes  o f  15 × 25 cm 
(about  10 ,000/p la te )  and  t ransfer  to ni t rocelulose 
filters ( S & S  BA85) i m m u n o s c r e e n i n g  was carr ied 
out  essent ial ly  as descr ibed previously (Stanley et 
al., 1983; Lens t ra  et  al., 19891. T h e  colonies  were 
solubil ized by sa tu ra t ing  the  filters with 5% SDS 
and  baking for 5 min  at 950C. SDS was r emoved  
by e lee t rophores i s  in a W e s t e r n  blot a p p a r a t u s  
filled with 192 m M  glycine, 25 m M  Tris ,  20% 
( v / v )  m e t h a n o l  (pH 8.3), with the  solubil ized 
(glassy) colonies  facing the  negat ive  e lec t rode  and  
with a vol tage o f  50 V for 30 min.  Next,  the  filters 
were  incuba ted  as in a no rma l  W e s t e r n  blot t ing 
p rocedure  with 0 .5% gelat in,  0 .1% Tr i ton  X-100 
in PBS as  di lut ion and  wash  buffer ,  a m A b  dilu- 
t ion o f  1 /1000,  alkaline phospha t a se - con juga t ed  
secondary  ant ibodies ,  and  ni t roblue te t razol ium 
and  5-bromo-4-dichloro-3-indolyl  p h o s p h a t e  as 
s ta in ing  reagents .  Colonies  on  the  mas te rp la t e  
co r r e spond ing  to spots  on the  filter were local- 
ized af ter  s ta in ing the  filter for a few seconds  in 

0 .6% Ponceau  S in 3% tr ichloroacetic acid fol- 
lowed by des ta in ing  in t ap  water .  Positive c lones  
were purif ied by replat ing and  i m m u n o s c r e e n i n g  
with the  ant ibody saved af ter  the  pr imary .screen- 
ing. Induct ion  of  gene  express ion,  isolation o f  
express ion products  and  W e s t e r n  blot t ing were  
pe r fo rmed  as d e ~ r i b e d  previously (Lens t ra  et  al., 
1989). 

Sequencing of inserts 
D N A  of  positive pCL627 r ecombinan t s  was 

isolated by alkaline lysis (Mama t i s  et al., 19821 
and  used  as a t empla te  for d i d e o ~ s e q u e n c i n g  
with [a -32P]dATP and  T7  D N A  polymerase  
(Pharmae ia )  essent ial ly as descr ibed by the  m a n u -  
facturer .  T h e  ol igonucleot ides  5 ' - G C C A G A C G C -  
G A A ' I T A T I T I T G - 3 '  (nue leo t ides  590 -610  f rom 
pEX2)  and  5 ' - C T A G A G C C G C A T C G A T C C G G -  
A T C - 3 '  ( comp lemen ta ry  to 3243-3264  f rom 
pEX2)  were  used  as pr imers .  T h e  first nucleot ide  
incorpora ted  dur ing  the  ex tens ion  o f  t hese  
p r imers  is an  adenos ine  res idue;  labell ing with 
only  [ a - a 2 P ] d A T P  (wi thou t  any  un labe l l ed  

TABLE ! 

MONOCLONAL ANTIBODIES AGAINST THE SPIKE PROTEIN OF TGEV 

Site" mAb Linear b Neutralizing Epitope c Method of Reference 
activity localization d 

I (A) IA.FI0 + + 543 mar Gebauer, 1991 
537-547 PEPSCAN Gebauer, 1991 

ID.E7 - + 586, 591 mar Gebauer, 1991 
IG.A7 - + 538, 586 mar Gebauer, 1991 
6A.C3 - + 543 mar Gebaoer, 1991 

I1 (B) 1B.H 11 + 1-325 Expression Correa, 1989 
97, 144 manb Gebauer, 1991 

ID.BI2 - 97 manb Gebauer, 1991 
III (C) 5B.HI + 49-52, 165-168 PEPSCAN Gebauer, 1991 

6A.A6 + 49-52, 165-168 PEPSCAN Gebauer, 1991 
IV (D) 57.9 + + 38{)-387 PEPSCAN Posthumus, 19917o 

57.24 + + 3811-387 PEPSCAN Posthumus, 1990b 
57.51 + - 379-386 PEPSCAN Posthumus. 19t~lb 
57.99 + + 380-387 PEPSCAN Posthumus. 1990b 

a Antigenic sites indicated by Roman numerals (Posthumus el al., 19911a, b) or letters {Correa et al., 1988, 1989, Gebauer et al., 
1991 ). 
b An epitope of an mAb is considered to be linear (as opposed to conformational) if the antigenicity does not depend on the native 
conformation of the antigen. The most practical criterion for linearity is the reactivity of the mAb on a Western biol. This 
correlates well with the ability to bind synthetic peptides or prokaryotic expression pro.ducts that contain a segment of the sequence 
of the antigen (Lenstra et al., 19901. 
c Numbers refer to the amino acid sequence of the TGEV spike protein precursor (Jacobs et al., 1987). 
o Expression, localization by expression of gene segments in the prokaryotic pEX vector: manb, localization by sequencing 
mAb-nonbinding mutants: mar, localization by sequencing mAb resistant mutants. 
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dNTPs) prior to the termination reactions per- 
mitted the reading of the sequence starting at 
8-10 nucleotides from the primers. 

Results 

Ea'pression and selection o f  random sequences 
Fig. ! shows the insertion of the random 17- 

nucleotide sequence between the Smal and 
Hindlil  sites of pCL627. These sites are situated 
at the 3' end of a truncated cro-lacZ fusion gene. 
Gene expression leads to a random hexapeptide 
sequence n*2ar the C terminus of the hybrid cro- 
/]-galactostdase protein. In the same way, random 
octapep~.ides were produced by insertion of a 
23-nucleotide random sequence. Presumably, the 
proline and glycine residues encoded by the Smal  
site favour a surface exposure of the peptide. 

Nucleotide sequencing of 15 clones that were 
randomly selected from the hexapeptide library 
showed that 11 clones carried one oligonu- 
eleotide insert, two carried two oligonucleotides 
and two had smaller inserts. As shown below, 
most of the clones that were selected by mono- 
clonal antibodies carried shorter inserts, while 
none of the clones conformed exactly to the 
structure shown in Fig. 1. Presumably, these devi- 
ations resulted from errors during the oligonu- 
deotide synthesis or from anomalous annealing 
events during the library construction. Further- 
more, the binding requirements of a mAb may 
select clones with specific deviations, e.g., clones 
without intact Sinai sites (see below). As shown 
in Fig. 1, stop codons in all three reading frames 
end the translation irrespective of the length of 
the insert. To date, all clones isolated from the 
octapeptide bank contained single inserts (unpub- 
lished results). 

EcoRI  Sinai  FHndll l  
r - ' - - - - q  ~ ~ , , 

- - gaa t  t c cccggg t  nnnnnnnnnnnnnnnnngaagc  t t g c t  ga  t t ga  t t ga  

- N S P G X X X X x x K L A O * 

X E A C * 

X S L L I O * 

Fig. I. Design of the random hexapeptide expression library. 
The Sinai and Hindlll sites of plasmid pCL627 were used to 
inert a double-stranded oligonucleotide with a degenerate 

sequence as indicated. 

TABI,E II 
SCREENING OF THE RANDOM-SEQUENCE EXPRES- 
:aION LIBRARIES 

mAb used Site Number of Number mAbs 
fi)r colonies of recognizing 
screening ~' tested positives positives 

(A) HexapeptMe library 
IG.A7 '~ 
ID.E7 
6A.C3 | I 80,000 
IA.FI0) 

ID.BI2 ~ II 241}.11111} 
IB.HII ) 
6A.A6 III 160,000 

57.9 IV 160,000 

I 1D.BI2 

7 6A.A6 
5B.HI 

I 57.9 
57.24 
57.99 

(B) Octapeptide fibrao' 
6A.A6 Iii 300.[~)0 5 6A.A6 b 

" The screening with site 1- and site II-specific mAbs was 
performed with pooled mAbs, after the purification of the 
positive clone for site II, its specificity for the individual mAbs 
was determined by Western blotting, h Other mAbs not tested. 

We carried out immunoscreening of the 
hexapeptide library with eight different mAbs 
specific for antigenic sites on the spike protein of 
TGEV (Table I). In addition, a site I l l  mAb was 
used to select clones from the octapeptide library. 
Most epitopes recognized by the site l and site I1 
specific mAbs are conformational (Correa et al., 
1988) and have been characterized by analyzing 
nonbinding mutants (Gebauer et ai., 1991). The 
site III and site IV epitopes are linear and have 
been localized by prokaryotic expression of TGEV 
gene fragments (Correa et al., 1989). 

Three of the mAbs selected antigenic clones 
(Table I1). The recognition was quite specific as 
shown by the typical immunoscreening pattern 
(not shown; see Fig. 4 of Stanley et al., 1984), i.e., 
an unmistakable staining of positive colonies 
above the low backgroun~l signals of other 
colonies. After purification of the positive clones, 
the cro-lacZ hybrid proteins from these clones 
were analysed by Western blotting (Fig. 2). Again, 
the expression products with apparent molecular 
weights around 30,000 were recognized unam- 
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biguously by the mAbs used to select the clones. 
Similar results were obtained with antigenic oc- 
tapeptide clones (not shown). In order to corre- 
late the sequences of the antigenic clones with 
information on the respective mimotopes, the nu- 
cleotide sequences of the inserts were deter- 
mined and translated into protein sequences (Fig. 
3). 

Site ! ! !  
PEPSCAN analysis showed that site Il l  (or C) 

is specified by a short motif that occurs twice in 
the S sequence (Posthumus et al., 1990a; Gebauer  
et al., 1991). The site I11 specific mAbs cross-re- 
acted with a hi therto unidentified component of 
sera from different species (unpublished results). 

Screening of the random-hexapeptide library 
with the site I11 specific mAb 6A.A6 yielded 
seven clones. Interestingly, on Westerns blots hy- 
brid proteins of these clones were antigenic with 
both 6A.A6 and another  site I!! specific mAb 
(5B.HI, see Fig. 2). Nucleotide sequencing 
showed that  clone #5,  which produced a protein 
with a relatively low mobility (Fig. 2), contained a 
plasmid with more than one binding site for the 
sequencing primers; this clone was not analysed 

further. Two antigenic clones from the octapep- 
tide library were also purified; sequence analysis 
indicated that  these were identical clones 
(mimotope #10). 

Aligning the peptide sequences encoded by 
the nucleotide sequences of the inserts with the 
antigenic motifs ~'rom the S sequence (residues 
48-52 and 164-169, respectively) revealed a clear 
agreement between the mimotopes and the two 
epitopes (Fig. 3). in fact, the mimotope of clone 
#6 is for six consecutive residues identical to one 
of the two viral epitopes. 

The information on the sequences that are 
recognized by the site ! ! i  mAbs may prove useful 
for the idcntification of the cross-reacting ~ rum 
components. 

Site IV  
Neutralizing mAbs specific for site IV (or D) 

recognize a p E X  expression product carrying the 
TGEV S sequence 326-558 (Correa et al., 1989). 
By PEPSCAN analysis, the epitope was further 
localized within the linear sequence 380-387 
(Posthumus et ai., 1990b). Systematic and consec- 
utive replacement within the sequence 380-387 
showed that substitutions of the residues 382, 383 

ANTIGENIC SITE 

ITI I~Z I I  

MAb USED 5B.H1 57.99 57.51 1D.B12 
insert 

- 1 2 3 4 5 6 7  - 8  - 8 # 1 # 2 - 9  

KDa ~- 9 g p ~ ~ m M I g l l  ~- i B 

Fig. 2. Antigenicity of hybrid proteins from clones selected from the hexapeptide library by immunoscreening. The numbering of 
clones above the lanes corresponds with the numbering in Table I and Figure 3. - .  negative clone from the expression library: I-% 
hexapeptide clones #1 to #7, respectively. The patterns with mAbs 6A.A6 and 5B.HI were identical. 8. clone #8. The patterns 
with mAbs 57.9, 57.24 (not shown) and 57.99 were essentially identical. Insert #1, pEX clone with insert coding for TGEV spike 
residues 1-378 (Correa et al.. 1989); insert #2. insert coding for residues 326-558: 9. clone #9 selected with mAb ID.BI2. The 

broad band of clone #9 was caused by the fast and intense colour development with mAb ID.BI2. 



SITE III 

Epltopes 48-P-P-N-$-D- 52 
164-P-S-N-S.E-A-169 

: : : : : :  

Mmlotope#9 -L-L.P-S.N.S-E-A-C 
#1 -S-P-N-S-E-A-C 
#3 -P-V-T-P-I -N-S-E-A-C 
#10 -P-G-T-V-G-G-V-N-S-E-A-C 
#2 -P-V-C-C-Q-G-H-H-Q-P-A-H-S-E-A-C 
#7 .P-G-R-P-S-H-S-E-A-C 
#4 -P-S-H-S-O-H 

SITE IV 

Epltope 380.S-F-F.S.Y-G-E- 1-387 
AIowl lb le  * P F M A  

I.Jl~R~Jtlons * V S P T 
• A T V 

: :  : : : 

MIrnotope #8 -P-G-Q-P-F-S-F-G-S-L-L- I -D 

SITE II 

97 
Hypothetical I ~ R O ~  103-L-R-Q-R-H-N-W-T- i -N-94 

Mimotope #9 - A - N - S - R - P - R ~ W - M - K - L - A - D  

Fig. 3. Alignment of epitopes and mimotopes. The epitopes 
from sites Ill and IV are based on PEPSCAN analysis (Post- 
humus el al.. 1990a,b; Gebauer et al., 1991); the hypothetical 
epitope of site II is based on the analysis of escape mutants 
(Gebauer et al.. 1991). : indicates a perfect match of the 
mimotope sequence with the sequence or the epitope or a 
match with one of its allowable substitution variants (Post- 
humus et al., 1990a). * indicates that any substitution is 
tolerated. Residues of the site I1 mimotope that are encoded 

by the vector sequence are placed between parentheses. 

and 385 destroyed the antigenicity, while a lim- 
ited number  of substitutions were tolerated at 
positions 381,384, 386 and 387. The nonneutral-  
izing site IV specific mAbs 57.51 and 1D.G3 
recognized overlapping sequences in the same 
region (Posthumus et al., 1990b). 

Screening with the neutralizing mAb 57.9 
yielded one mimotope. This mimotope was also 
recognized by the neutralizing mAbs 57.24 and 
57.99, but not by the nonneutralizing mAb 57.51 
(Fig. 2). Alignment of this mimotope with the 
380-387 sequence (Fig. 3) again shows a close 
resemblance: the mimotope contains not only the 
three essential residues Phe382, Ser383 and 
Giy385, but also conforms to the allowable substi- 
tutions at positions 381 and 384. 

Site H 
mAbs directed against site 11 (or B) are capa- 

ble of discriminating between T G E V  and the 
closely related porcine respiratory coronavirus 
(PRCV) (Sfinchez et al., 1990). Correa et al. (1989) 
localized this site within residues 1-325. The site 
I1 specific mAb ID.BI2 probably recognizes a 
conformational epitope, since it does not bind to 
SDS-treated virus (Correa et al., 1988), prokary- 
otic expression products of the 5'  end of the S 
gene (Correa et al., 1989; see Fig. 2 for inserts #1 
and #2)  or PEPSCAN nonapeptides (not shown). 
However, by analyzing three 1D.BI2 nonbinding 
mutants  (Gebauer  et al., 1991), it was found that 
T:'797 of the wild-type sequence was critical for 
the binding of the mAb. 

The same antibody selected a mimotope se- 
quence from the random expression library. The 
relatively rapid intense staining of the expression 
product (Fig. 3) suggests that  the mimotope is 
highly antigenic. Strikingly, the sequence of the 
mimotope (-Arg-Pro-Arg-Trp-Met-Lys-Leu-Ala- 
Asp) contains not only a tryptophan, but also a 
basic motif (Arg-Pro-Arg) that is very similar to 
the Arg-GIn-Arg sequence at positions 100-102. 
We hypothesize that residues 97, 100 and 102 of 
S protein are part of site I1 and that  the spacing 
of these residues in the mimotope sequence mim- 
ics the configuration of the authentic 1D.BI2 
epitope. 

The proposed location of site II, which is not 
conserved in TGEV strains (Delmas et al., 1986; 
Sfinchez et al., 1990) indicates that  the N termi- 
nal region of the S protein is relatively variable. 
This is in agreement with a comparison of the 
sequences of T G E V  and the closely related feline 
infectious peritonitis virus (Jacobs et al., 1987). 

Discussion 

Mimotopes and the mapping of epitopes 
Recently, random-expression libraries have 

been used to identify sequences recognized by 
streptavidin (Devlin et al., 1990) or by mAbs 
raised against a synthetic peptide (Scott et al., 
1990) or against a peptide hormone (Cwirla et al., 
1990). A related approach is the use of a 
random-sequence synthetic peptide library (Lam 



et al., 1991). In this study, we used mAbs specific 
for a more complex antigen, the spike protein of 
the coronavirus transmissible gastroenteritis virus. 
The antigenic structure of this protein has been 
investigated previously with PEPSCAN peptides, 
prokaryotic expression products and/or escape 
mutants (Table I). 

We wished to answer two questions: (1) Can 
we identify mimotopes by immunoscreening of a 
bacterial random-sequence expression library with 
antiviral mAbs? (2) If so, are these mimotopes 
useful for the mapping of the corresponding epi- 
topes on the surface of the virus? 

We have indeed demonstrated that sequences 
~,hich mimic a viral epitope can be identified by 
immunoscreening of a hexa- or octapeptide li- 
brary. Not surprisingly the number of antigenic 
clones in the library depended on the antibody 
used for immunoscreening. However, the figures 
in Table lI are probably not the true frequencies 
of antigenic hexapeptides, since several clones 
deviate from the ideal structure shown in Fig. 1. 
Moreover, the proline (P) on the N terminal side 
and on E-A at the C terminal side of the site IIl 
mimotopes are encoded by the polylinker of pEX. 
This probably explains the relatively high fie- 
quency of random bexapeptides selected by the 
site Ill specific mAb. In the octamer library the 
selection of colonies by mAb 6A.A6 was less 
frequent. 

We have also demonstrated that mimotopes 
are able to provide clues on the location of epi- 
topes. Scanning the 1447 residues of the TGEV 
spike protein with a consensus sequence of the 
site III mimotopes, G/P/S-X-N/H-S-E/D,  pro- 
duces matches at positions 48-PPNSD-52, 164- 
PSNSE-168 and 754-S1NSE-758. In fact, this 
faithfully reproduces the PEPSCAN pattern 
(Gebauer et al., 1991), although mere were quan- 
titative differences in antigenicity (48-52 > 164- 
168 >>> 754-758; this latter peak was observed 
only at high concentrations of antibody). In addi- 
tion, the mimotopes provide information on sub- 
stitutions that are allowed within the antigenic 
sequence. 

The mimotope of the conformational site II 
can be aligned tentatively with the antigenic se- 
quence localized by analysing escape mutants. 

This suggests that mimotopes can also be useful 
for the localization of conformational epitopes. 

Our data indicate that the present expression 
library is most successful if only a few residues in 
close proximity are essential for antigenicity. 
Consequently, a strategy to obtain mimotopes 
that simulate more complex epitopes may be 
based on (a) the screening of more recombinants 
and (b) the use of longer degenerate sequences. 
Immunoscreening on filters permits the simulta- 
neous test of up to a million colonies, depending 
on the availability of the antibody. With phage 
libraries even more transformants can be screened 
(Cwirla et al., 1990; Devlin et al., 1990; Scott et 
al., 1990). 

The libraries of Cwifla et al. (1990) and Scott 
et al. 0990) contained, in common with the first 
pEX library used in this study, random pcptides 
of six residues. Preliminary results with the pEX 
octapeptide library (Siddle and Stanley, unpub- 
lished) indicated a higher frequency of positive 
clones and a less frequent selection of aberrant 
structures, suggesting that most epitopes span 
more than six residues. In order to cover all 
possibilities, an octapcptide library should con- 
tain 208 (= 2.56 × 10 ~°) different clones. How- 
ever, the required number of clones is reduced 
considerably by the allowable substitutions within 
the antigenic sequence. Furthermore, residues es- 
sential for antigcnicity could be identified by se- 
quencing a number of weakly antigenic octapep- 
tide clones (Siddle and Stanley, unpublished). 
Longer pcptides, such as the pentadodecapep- 
tides used by Devlin et aL (1990) would not only 
be useful for extended mimotopes, but also would 
reduce further the number of clones required for 
shorter mimotopes. 

We conclude that screening of random-se- 
quence expression libraries (Cwirla et al., 1990; 
Devlin et al., 1990; Scott et ai., 1990; this work) is 
a general and efficient approach to the mapping 
of B cell epitopes. In principle, it obviates the 
synthesis of peptides and the cloning of gene 
fragments in an expression plasmid. Several mAbs 
can be combined during the primary screen and 
can be tested separately at a later stage. Like- 
wise, positives selected by polyclonai antisera can 
be grouped by the immune-selection procedure 
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(Stanley et al., 1987). Fu r the rmore ,  it may  be o f  
f undam en ta l  interest  that  this me thod  provides  
an  e legant  approach  to measu r ing  the selectivity 
of  a given antibody.  

Other applications of mhnotopes 
Sequences  that  b ind specifically to an t ibodies  

may have several  useful  applicat ions,  e.g., as pep-  
tide ligand~ for affinity purif icat ion or  as specific 
d rugs  di rected against  an t ibodies  involved in 
pathological  processes .  

From the  ou tse t  it was sugges ted  tha t  mimo-  
topes  may also be used  to fo rmula te  pept ide  
i m m u n o g e n s  for vaccine deve lopmen t  (Geysen  et 
al., 1986). Scientifically cha l leng ing  as this  may  be 
the re  are  a few caveats.  Firstly, one  should  dis- 
c r iminate  be tween  s t ructura l  and  an t igenic  equiv-  
alence.  Mimo topes  are  cons t ruc ted  or  se lected by 
satisfying the  b inding  r e q u i r e m e n t s  o f  one  partic- 
ular  ant ibody.  Consequen t ly ,  a m i m o t o p e  may  be 
a recons t ruc t ion  o f  the  an t igenic  surface  tha t  is 
b iased  by only one  ant ibody ra the r  than  a realis- 
tic represen ta t ion .  In fact, we have observed  tha t  
the  m i m o t o p e s  o f  sites II and  1V f rom T G E V  are  
not  recognized  by m A b s  specific for o the r  epi- 
topes  within the  same  site. 

Secondly,  if none  of  the  ant ibodies  in the  
reper to i re  o f  the  infected an imal  has  the  s ame  
cross-react ion with the  m i m o t o p e  as the  ant ibody 
used  for the  screening ,  this  m i m o t o p e  would be  
o f  no  use  at all for e i ther  serodiagnos is  or  vacci- 
nat ion.  Thirdly,  ant igenic  equivalence  (recogni-  
t ion by the  s ame  ant ibody or  ant ibodies)  does  not  
necessari ly imply i m m u n o g e n i c  equiva lence  (in- 
duc t ion  o f  the  s ame  ant ibodies) .  P o s t h u m u s  et  al. 
(1991) showed  that  the  p re sen ta t ion  of  a pept ide  
derived f rom the  T G E V  site 1V had  a drast ic  
effect  on the  induct ion  o f  ant ibodies  and  thei r  
cross-react ion with the  T G E V  spike protein .  
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