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SUMMARY 

We generated six hybridoma cell lines that secrete monoclonal antibodies (mAb) which specifically bind filamentous 

phage coat proteins. Two of these mAb recognise epitopes that include the N terminus of the coat protein III (~111) 

while two others are specific for the N terminus of the major coat protein VIII (pVII1). These mAb are valuable tools 

to study phage assembly and structure. Furthermore, we describe two examples of how these mAb can be exploited in 

the construction and screening of peptide libraries displayed by the filamentous phage major coat protein. We have 

used one of these mAb to develop a sensitive ELISA with crude phage supernatants. This assay allows rapid screening 

of large numbers of clones from random peptide phage libraries. Some of the anti-phage mAb described here can 

interfere with wild-type phage propagation, while phage carrying modifications in their coat proteins are insensitive to 

growth inhibition. We have exploited this observation as a tool to favour the growth of phage displaying peptides fused 

to pVII1, with respect to vector phage. 

INTRODUCTION 

Display of peptides on the surface of filamentous phage 

by fusion to the N terminus of pII1 or pVII1 is a powerful 

tool for the identification and/or characterisation of li- 

gands for many different target molecules (Ab, receptors 

or other proteins; for reviews, see Cesareni, 1992; Smith 

and Scott, 1993). Using a variety of display methods, vast 

libraries of short peptides of random sequences have also 

been constructed (Scott and Smith, 1990; Cwirla et al., 
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1990; Devlin et al., 1990; Felici et al., 1991; Luzzago et al., 

1993). Affinity selection of such libraries, using monoclo- 

nal and polyclonal antibodies, has revealed novel ligands 

(mimotopes) which mimic the binding properties of the 

natural ligand. 

Several different techniques for the identification 

and/or characterisation of positive clones have been de- 

scribed (Smith and Scott, 1993). However, none of these 

procedures is suitable for rapid and sensitive analysis of 

large numbers of clones. Here we describe the generation 

of filamentous phage; pVII1, major coat protein of filamentous 

phage; PBS, phosphate-buffered saline (2 mM NaH,P0,/16 mM 

Na,HPO,/lSO mM NaCI, pH 7.5); PEG, poly(ethylene glycol); pfa, 

plaque-forming ability: pfu, plaque-forming unit(s); TB, terrific broth 

[(per liter) 12 g Bacto-tryptone/24 g Bacto-yeast extract/4ml 

glycerol/l 7 mM KH,P0,/72 mM K,HPO,]; TBS. tris-buffered saline 

(50 mM TrisHCl pH 7.51150 mM NaCl); TU. transducing unit(s); [] 

denotes plasmid-carrier state; wt, wild type. 
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and the characterization of a set of rat mAb that recognise 

phage coat proteins. These Ab represent useful tools fol 

investigating phage assembly and structure. In addition, 

WC show that these mAb can be used for improving selec- 

tion and screening of positive clones from peptide librar- 

ies displayed on phage. 

RESULTS AND DISCUSSION 

(a) Generation and characterization of anti-phage mAb 

To generate mAb against filamentous phage proteins, 

a suspension of Ml 3 phage was used to immunize rats 

and to identify the hybridoma cell lines producing anti- 

phage antibodies. Six hybridoma supernatants were iden- 

tified and further characterized by class determination 

(Table 1). Since the anti-Ml3 Ab secreted by the selected 

TABLE I 

Characterization of anti-filamentous phage rat mAb 

Rat mAb YOPHl” ldiotypeb pIII-test 

ELISA’ 

51.F9 lgGy2B _ ++ 

57-Dl IgGy I + + 
4X-El087 IgM 
44-F2 IgG + 

47-H 12 IgG +++ 

7-c4 IgM _ 

a Rats (A0 and Lou female, 5 weeks old) were immunized intraperitone- 

ally 3 times at three-week intervals with CsCl-purified M 13 wt phage 

and they were killed at the 10th day post-injection. Rat myeloma YO. 

growing in roller, were used as parent line in somatic cell fusions. 

Primary screening of the hybrids growing wells was performed using 

indirect ELISA assay. Microtitre plates (Immune plate maxisort, Nunc) 

were coated overnight at room temperature with the same phage prepa- 

ration as used for the immunization (5 x 10’” pfu.:well). 

b Class determination was done by Ouchterlony double-immuno- 

diffusion assay (Ouchterlony et al.. 1986) and also by 0. I 0% SDS- IO’><) 

polyacrylamide gel electrophoresis analysis of the [‘JC] lysine meta- 

bolically-labelled mAb. 

’ ELISA: Microtitre plates (lmmuno plate maxisorp, Nunc) were coated 

for 12 h at room temperature with purified recombinant pII1 ( 1 p&/well) 

produced by plasmid pB360-2A (kindly supphed by Dr P. Keller, 

Merck. West Point, PA. USA). blocked with 10% fetal calf serum in 

PBS for at least 2 h at room temperature. Ab binding to the antigen 

was performed for 2 h at room temperature and after hevera washes 

with the same buffer, the antigenlAb complex was evidentiated with a 

peroxidase coniugated rabbit anti-rat Ig (Dako, Denmark). and the 

substrate used was TMB (Tctramethylbenzidine. Sigma TX768) (Martin 

et al.. 19X4). 

’ Ab inhibition of phage growth was tested bq titration of phage suspcn- 

sions with and without Ab. Methods: Aliquots of 4 ~tl of serial dilutions 

of fl suspension were applied onto a solid growth medium containing 

4 x 10” bacteria/ml and 20 ~1 of supernatant of each hybridoma culture. 

After 12 h of incubation at 37 C the phage titre was compared to that 

obtained onto a control plate without Ah. Number of (+) indicates the 

cflicacy of inhibition. 

hybridomas bound the related phagc f I with comparable 

strength. either of thcsc phagc was LISC~ it1 hubscqucnt 

experiments. 

Two of the selected mAb (44-W and S7-Dl ) rccognised 

a purified recombinant plII in ELISA (Table I ). In order 

to identify the target of the other Ab. WC cased gold- 

conjugated anti-rat IgG secondary Ab to decorate 

phage./mA b complexes for electron microscope ( E. M _) 

observation. In Fig. I. the decoration patterns obtained 

with the four Ab of the IgG class are shown: 47-H 12 and 

51-F9 Ab are detected along the entire surface of the 

phage capsid (Fig. la,b), suggesting that their target is 

the major coat protein. 57-DI is always dctcctcd at one 

extremity of the phage (Fig. Ic). thus confirming the 

ELISA results (Table I), which indicated that this Ab rec- 

ognizes the pII1 protein. By contrast. a very low signal, 

if any. is detected on the grid that contains 44-F? 

(Fig. Id). 

(b) Inhibition of phage propagation 

Some antiviral Ab interfere with the virus life cycle. 

Since this could provide a tool to map the aa on the 

capsid proteins that are responsible for the interaction 

with the Ab, we decided to explore the effect of our mAb 

on phage propagation. This was done by a simple inhibi- 

tion assay, where hybridoma supernatants were tested for 

their capacity to inhibit the plaque-forming ability (pfa) 

of serial dilutions of a phage suspension. This analysis 

indicated that 57-Dl. 51-F9 and 47-H12 inhibit phagc 

propagation. In contrast, the presence of 44-F2. 

4X-ElOB7 and 7-C4 in the plating mixture did not aflect 

phage titre (Table I). To better quantitate the extent of 

inhibition, as a function of Ab concentration, we used 

partially purified mAb. obtained by 50% (NH&SO, prc- 

cipitation of the hybridoma supernatants. In Fig. 2 the 

results of the inhibition assay performed with different 

amounts of ( NH,),SO,-precipitated 44-F2. 5 I -F9. 57-D I 

and 47-H 12 mAb are shown. The results of this experi- 

ment confirmed the data obtained with culture superna- 

tants: mAb 51-F9, 57-Dl and 47-H12 interfered with 

phage growth. while mAb 44-F2 did not, even at high 

concentration (40 pgiml). This is in agreement with the 

E.M. observations and suggests that mAb 44-F2 has a 

very low affinity for pII1 on phage. MAb 47-H12 is the 

most effective of our inactivating Ab: it completely abol- 

ished phagc growth at a concentration of X pg,:ml. 

Finally, mAb 51-F9 and 57-Dl displayed intermediate 

inhibition abilities. 

(c) Epitope mapping 

To identify specific aa residues involved in mAb rc- 

cognition, we selected mutants that are insensitive to the 

inactivating Ab and can form plaques in the presence of 



Fig. 1. Electron micrographs of fl/Ab complexes: 47-H12 (a); 51-F9 (b); 57-Dl (c); 44-F2 (d). Bar represents 0.5 pm. Methods: fl phage particles were 

purified by CsCl gradient and subjected to reduction with NaBH,, as described by Lopez and Webster (1983). Samples were incubated at 70°C for 

10 min and then adsorbed at room temperature onto carbon-coated 400 mesh nickel grids for 10 min. All successive steps were carried out at room 

temperature. After a brief rinse in TBS/O.l% BSA, the grids were floated for 30 min on 10 t&drops of (NH,),SO, purified mAb preparations, diluted 

in TBS/O.l% BSA to 1.6 mg per ml (51-F9); 1 mg per ml (44-F2); 0.8 mg per ml (57-Dl); 1.25 mg per ml (47-H12). After washing for 10 min in 

TBS/O.l%BSA and washing three times for 5 min in TBS, the grids were floated for 30 min on lo-y1 drops of the secondary Ab (Anti-Rat IgG gold- 

conjugate, 10 nm, Sigma) diluted 1:25 in TBS/O.l% BSA. After washing as described above, the grids were negatively stained with 2% many1 

acetate/2.5% DMSO. 
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Fig. 2. Plaque-forming ability of phagc fl at dilkrent concentrations 

of mAb. Inhibition assay was perrormed as dewibrd in Tahlc I. foot- 

note d. using different amounts of ( NH,)zSO,-puriticd mAb. 

inhibitory concentrations of mAb. One mutant from each 

selection was plaque purified in the presence of the Ab. 

Guided by the results of the E.M. experiments, WC se- 

quenced gene I/III in the mutants selected with mAb 

51-F9 and 47-H12 and gene III in the mutant selected 

with mAb 57-Dl. In Table II the aa sequences of the 

N-termini of the pII1 and pVIll proteins in the 

Ab-resistant mutant phage are listed. The aa substitutions 

observed in the coat proteins of the mutant phage con- 

firmed the E.M. observations and allowed 11s to localize 

the epitope recognized by the mAb in the N-terminal 

portion of the proteins. In mutant 11.1. selected for its 

ability to form plaques in the presence of mAb 57-DI, 

the Glu5 of pII1 is changed into a Gly: in mutant 7.7. 

resistant to mAb 51-F9, the Asp’ of pVlll is substituted 

by a Gly: finally, in mutant 12.1. insensitive to mAb 

47-H12, the Asp” of pVII1 is converted into Ala. This last 

mutation confers resistance not only to the Ab used in 

the sclcction (47-H 12). but al>o to Ihc other r\h spcc~li, 

to pVlll (51-F(2). By contrasl. the AspJ to (ill suhstittl- 

tion in mutant 7.7 confers resistance only to one of the 

two mAb. 

In conclusion. mAb 57-DI recognizes an epitopc that 

includes the N terminus of pIIt, while mAb 47-H 12 and 

51-F9 both recognize the N tcrminux of pVII1. although 

with somewhat different specificities. Marc cxtcnbive 

mutagenesis cxpcriments are in progress lo cvaluatc the 

extension and the exact borders of the t~\o epitopes. 

(d) mAb 47-H12 can discriminate between a peptide 

displaying phage and its parent vector 

Peptide libraries that exploit fusion to the major coat 

protein pVllI have been constructed bq utilizing a 

phagemid system that permits the display of few copies 

of hybrid coat protein dispersed in ;I otherwise wt phagc 

capsid ( Felici et al.. I99 1 ). In fact. it was initially observed 

that at least some pcptides that are longer than 6 ;I;I arc 

hardly tolerated since they probably interfcrc with phagc 

assembly (Greenwood et al., IWO: Fclici ct a1.. I99 I ). 

However, WC have recently found that this linding is not 

general and that man) peptides as long as IO XI arc 

tolerated by the N torminus of pVII1 (G. Iannolo. 0. 

Mincnkova and G.C’.. unpublished). This has permitted 

the construction of relatively large collections of phage 

where the entire phagc filament ih made of hybrid coat 

protcins. 

In these libraries however, as in most phagc libraries, 

scvcral phage carrying a peptidc insertion grow Icss lig- 

orously than the contaminating parent vector. This is ;I 

common problem encountcrcd in panning cxpcriments 

where the enrichment facto1 gained by ;I good ‘binder’ 

TABLE II 

Single point mutants. sclccted ror the ahlllty to gro~b 1n the prexxe of mAh 

Phage” mAbh Growth inhibition’ pVlll aeqtwnccd pill acqucnce” 

l-l none i- + t GCT GAG GGT GAC GAT GCT GAA ACT GTT GAA 

A’ EL <;z DJ Di 

I I.1 57.DI + t GCT GAG GGT GAC GAT 

;iT :;A ‘y, :;I ;:A 

:\ ’ 1~’ <J’ II’ D’ 

7.7 Sl-F9 + + GCT GAG GGT GGC GAT 

G\LT ;iA TLT \G;T (GiA 

A’ I‘2 c;’ (;’ I>’ .A ’ [:2 ‘T’ y, l . 

12.1 47H12 + GCT GAG GGT GAC GCT GCT GAA ACT GTT GAA 

A ’ EJ <i’ D’ ~\’ ,\’ E2 -T“ \, , . 
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can be partly or completely lost in the amplification step. 

To alleviate this difficulty we have explored the possibility 

of using anti-phage mAb to favour the growth of recom- 

binant over vector phage. 

While testing several phage mutants for their sensitivity 

to the anti-phage mAb, we observed that pM30, a phage 

vector that we generally utilize for the construction of 

pVIII-displayed libraries (G. Iannolo, unpublished), is 

much more sensitive to inhibition by 47-H12 than most 

of its insertion derivatives. Fig. 3 illustrates a typical ex- 

periment, where we have compared the plaque-forming 

ability of vector pM30 and of a recombinant derivative 

(Bl) at varying concentrations of mAb 47-H12. 

At an Ab concentration of 5 ug/ml, pM30 shows a 

reduction of pfa that is at least 100-fold higher than any 

of the insertion mutants that we have tested (Table III). 

However, the clones shown in Table III are inhibited to 

[pfu/ml] 
I 

104-t 

1 OL 

1 OL 

lo- 

1 I I I I T 
0 1 2 3 4 5 h/ml1 

Fig. 3. Plaque forming ability of vector pM30 and of clone Bl at 

varying concentrations of mAb 47.H12. 

TABLE III 

Inhibition of pfa by incubatton of pM30 and its insertion derivatives 

with mAb 47-H12 

Phage” pVII1 N-terminal sequence Reduction of pfa 

(-fold) 

pM30 AEGEF Q DPA 10000 

5 AEGES RYFLNSAAP DPA 100 

7 AEGEF HNRSTVDIP DPA 50 

8 AEGEF RTGYGSAPT DPA 50 

12 AEGEF YGGGRSSAT DPA 50 

14 AEGEF TPLHFDSGA DPA 100 

23 AEGEF THYQGRAGA DPA 50 

Bl AEGEF AQMIARTAS DPA 50 

B2 AEGEF AQMSARTAS DPA 50 

a The vector pM30 derives from f 1 phage: it carries a mutagenized gene 

VIII, containing an EcoRI and a BarnHI restriction site in the region 

encoding the amino-terminus of the protein. Random oligodeoxy- 

nucleotides, inserted between these two sites, generate hybrid pVIII 

that display the corresponding peptides on the phage surface. 

different degrees. Inspection of the aa sequences of the 

peptide inserts does not permit a straightforward inter- 

pretation of the different sensitivities observed. We have 

observed however that a joudiciuos choice of the Ab con- 

centration permits to decrease substantially the plaque 

forming ability of the vector, without interfering with the 

majority of the insertion clones. 

(e) mAb 57.Dl can be exploited to perform rapid ELISA 

with crude phage supernatants 

Construction and screening of peptide libraries based 

on the highly multivalent pVII1 display system has been 

previously described. The published methods for the iden- 

tification of positive clones from affinity selected phage 

pools require multiple experimental steps (phage purifi- 

cation for dot blot and ELISA, or phage titration after 

micro-panning experiments) which render the screening 

of large number of clones very cumbersome if not impos- 

sible. To overcome this limitation we explored the possi- 

bility of using anti-phage mAb to tether phage particles 

onto the surface of multiwell plates directly from crude 

supernatants of infected bacteria, without any previous 

purification step. We reasoned that anti-p111 mAb should 

link the phage to the plate, leaving peptides displayed as 

fusion to the major coat protein free to interact with the 

target Ab. For our experiments we selected mAb 57-Dl 

for its high affinity to pII1 as shown by the infection 

inhibition assay and by E.M. analysis (Table I, Fig. 1). 

The mouse mAb RFHBS-6 which recognises the 

human hepatitis B surface antigen (HbSAg) was chosen 

as primary Ab. Phage supernatant of a positive clone 

(phage 35) previously identified by affinity selection of 

the pVIII9aa-cys library (Luzzago et al., 1993) with mAb 

RFHBS-6 (Folgori et al., 1994) was prepared. Phage 

supernatants of two non related clones and wt-phage 

(phage 1, phage 2 and pC88) were used as negative con- 

trols. Equal amounts of phage particles from each super- 

natant were added to mAb 57-Dl coated wells. After 

binding of phage particles, primary Ab was added and 

its reaction with the phage was revealed by an enzyme- 

linked anti-mouse secondary Ab. As shown in Fig. 4 the 

signal observed with phage 35 is 50-fold higher than that 

obtained with wt-phage. Both non related phage show 

background levels of reactivity (Fig. 4). These results 

indicate that phage 35 is specifically recognised by mAb 

RFHBS-6 in this assay. 

Optimal mAb coating conditions, amount of super- 

natant, time and temperature of each incubation step 

were determined and are reported in the legend of Fig. 4. 

The anti-p111 mAb 57-Dl can also be successfully used 

in similar ELISA experiments with human mAb as pri- 

mary Ab (R. Bandi, unpublished). Until now, specific 

epitope recognition by polyclonal Ab using crude phage 
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E-ig. 4. Reactivity of different phage clones with the mouse mAb 

RFHBS-6 on ELISA plates coated with mAh 57-D I. Avcragc values 

(A .,05 ““,) from three independent experiments have been determined. 

Methods: Multiwell plates were coated with I pg,ml of (NH,)?SO,- 

precipitated mAb 57.DI in 50 mM NaHC’O,. pH 9.6. for I2 h at 3 (‘. 

(The highest signal and the highest signal to noise ratio were obscr\cd 

with mAb coating conditions between 0.5 and I ps’rnl). Aftcl- hashing 

several times with washing buficr (PBS;O.O5’Y,, Tneen 20). 750 111 well 

of blocking bulfer (5%) noll-fat dry milk;O.O5’! o Tueen 20 0.02% NaN, 

in PBS) wcrc added and plates were incubated at 37 C‘ for I h. The 

blocking solution was then discarded and 21 mixture of 50 1.11 of phagc 

supernatant (containing IO I” ampicillin tl-ansducing umts (TU ) 01 
phagc) and 50~1 of blocking butler was added to each ucll. Phagc 

particles were allowed to bind for I h at 37 C. Aftcl- washing. 100 111 well 

of mouse mAb. at a conccntratlon of I p g 1111 111 blochlng bull’er. ~a\ 

added. Blocking buffer contains I x IO ” PEG-purified M I3 phagc par- 

ticles. I x IO” PEG-purified pCXX phage partlclca and 10 111 of crude 

supernatant from unrelated rat hybrldoma cells. The mAb mixture was 

prc-incubated fat- 2 h at room temperature prior to addition to phase- 

coated plales. Incubation was performed at 4 C for I2 I6 h. Shortet 

times (3 and 4 h) and higher temperatures (25 C‘ and 37 C) of mAb 

incubation were also tested, resulting in lower signals (data not shown). 

Plates were washed several times with washing buffcl- and 100 ~1 well 

of anti-mouse (Fc-specific) alkaline-phosph~~t~ls~ conjupatcd Ah 

(Sigma). diluted I:5000 in blocking bulTer. were added. After incubation 

for 4 h at 4 C. plates were washed scvctxl timcs with washing buffer. 

one more time with substrate bufl‘er ( IO’!;) diethanolamine~O.5 mM 

MgC12,0.05’/0 NaN + adjusted to pH 9.X with HCll and daeloped with 

100 pI.\\cll of a 1 mg per ml solution of p-nitrophcnql phosphntc in 

substrate bufTer for I h at 37 C. The results were recorded as the di(fer- 

ence between the absorbance at 405 nm and 655 nm b> an automated 

ELlSA reader ( Bio-Rad 350). 

preparations has been hampered by the high background 

signal interference, presumably produced by the inter- 

action of serum Ab with bacterial proteins and other 

contaminants present in the medium. In fact, specific sig- 

nals from phage coated plates using human sera could 

be obtained only upon CsCl purification of the phage 

particles (F.F., unpublished). We therefore tested whether 

our ELISA system could be used with human sera as 

primary Ab. To this end WC prepared phagc s~~pcrn;~tan(~ 

from six clones (phagc 4, phagc X, phagc IO. phagc 20. 

phagc 24 and phage 4 1 ) previously selected for their rcac- 

tion with Ab present in the serum of an individual im- 

munised against H BsAg (CT +). One of these clones ( phagc 

41 ) was shown to bc specific for anti-HBsAg Ah prcscnt 

in the scra of many different immuniscd individuals 

(( Folgori et al.. 1994). The other five clones wcrc recog- 

nised by Ab not related to the HBsAg immunisation. All 

supernatants were tested for their reactivity with the 

immune (CT+) and the pre-immune (o-) w-a from the 

same individual. The wt-phage containing supcrnatant 

was used as a negative control. As shown in Fig. 5, clone\ 

phage 4. phage 8. phage 19. phage 20 and phage 34 

showed equivalent reactivity with both pre-immune and 

immune scra. while phage 41 displayed a specific signal 

only with the immune serum. Both sera displayed a low 

background signal with wt-phage supernatant. Further 

analysis with a larger number of sera indicated that the 

background signal obscrvcd with wt-phage is lower than 

0.7 A,,, Ilrn for 95% of the tested samples in the conditions 

described in the legend to Fig. 3 (data not shown). 

Thcsc results suggest that the described ELISA is a 

sensitive and reliable system that can bc gcncrally used 

phc. I I 

Fig. 5. Reactivity ofdi@erent phage clones with human xxx on ELISA 

plates coated with mAb 57-DI. Avet-ape \alueh (cl,,,i.,,,) from three 

Independent experlmenth have been determined. Methods: El-ISA tia 

performed as described in the legend to Fig. 4, with the following mod- 

fications. Human bera were diluted I:100 in blocking buf‘er contalninp 

I x IO” PEG-puritied Ml3 phagc particla, I x IO” PEGpurified p(‘XX 

phage particles. IO yl of crude supernntnnt from unrelated rat hlbrl- 

domn cells and 5 p1 of XLI-blue extract. The serum miytut-c was prc- 

incubated for 2 h at room tempcraturc prior to addition to phage coated 

plates. Anti-human (Fc-specific) Hlkaline-phosphatasc cori~ugated Ah 

(Sigma). diluted I:5000 in blocking butler. wa used as hecondary Ab. 

XL-blue (/YY,~ I cnrl.4 I gv.496 tlri li.srlRl7 (rl ItI; ) \u/1E34 rv/ 1 I 

/r/c, [ F’/~ro,-tB /trqlq lx% AM I5 Tn IO]) CXWKI was prepared from an 

overnight colturc in TB with 20 pg ml of tetraqcline. Buctcria wcrc 

centrifuged. resuspended in I I00 of the original volume of PBS, hrokcn 

by French Press lysis or sonuxtion and htored in aliquots at 70 c‘. 

Open and filled bars refer to EL-ISA experiments with prc-immune and 

immune bcra. rcspcctlvely. 
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to screen large numbers of pVIII-displayed peptides with lished results. We also thank J. Clench for proof-reading 

many different homogeneous or heterogeneous ligates. of the manuscript. 

(f ) Conclusions 

(I ) We have selected six rat hybridoma lines producing 

Ab that recognise filamentous phage coat proteins. Four 

of them are of the IgG class and have been characterized 

in more detail. ELISA with purified pII1 protein, electron 

microscopy and selection of Ab-insensitive mutants indi- 

cate that two of these four Ab recognise ~111, while the 

remaining two specifically bind the N terminus of pVII1. 

These mAb represent a valuable tool to study virus as- 

sembly and structure. 

(2) Anti-phage mAb 47-H12 discriminates between 

vector PM30 and its insertion derivatives. This observa- 

tion has been exploited to alleviate the background prob- 

lems that arise in library construction when a vector 

grows better than its recombinant derivatives. 

(3) mAb 57-Dl can be exploited to perform rapid and 

sensitive ELISA using crude phage supernatants without 

any intermediate purification steps being necessary. 

ACKNOWLEDGEMENTS 

The work in Tor Vergata was supported by CNR 

Target Project Ingegneria Genetica and by the EC 

BRIDGE program. The work performed at the 

University ‘La Sapienza’ was supported by progetto fi- 

nalizzato CNR Biotecnologie and Fondazione Istituto 

Pasteur-Cenci Bolognetti. We thank G. Iannolo for pro- 

viding the PM30 derivatives containing the nonapeptide 

inserts, G. Esposito for the generous gift of purified pII1 

recombinant protein and R. Ellis and P. Keller for pro- 

viding the mAb RFHBS-6 and the pB360-2A vector. We 

are grateful to G. Roscilli and L. Bartholomew for skillful 

technical help, and R. Bandi for communicating unpub- 

REFERENCES 

Cesareni, G.: Peptide display on filamentous phage capsids; a new pow- 

erful tool to study protein-ligand interaction. FEBS Lett. 307 

( 1992) 66670. 

Cwirla, SE., Peters, E.A., Barret, R.W. and Dower, W.J.: Peptides on 

phage: a vast library of peptides for identifying ligands. Proc. Natl. 

Acad. Sci. USA 87 ( 1990) 637886382. 

Devlin, J.J., Panganiban, L.C. and Devlin, P.E.: Random peptide librar- 

ies: a source of specific protein binding molecules. Science 249 

( 1990) 4044406. 

Felici, F., Castagnoli, L., Musacchio, A., Jappelli, R. and Cesareni, G.: 

Selection of antibody hgdnds from a large library of oligopeptides 

expressed on a multivalent exposition vector. J. Mol. Biol. 222 

(1991) 301~310. 

Folgori, A., Tafi, R., Meola. A., Fehci, F.. Galfre G., Cortese, R., Monaci, 

P. and Nicosia, A.: A general strategy to identify mimotopes of 

pathological antigens using only random peptide libraries and 

human sera. EMBO J. 13 ( 1994) in press. 

Greenwood, J., Willis, A.E. and Perham, R.N.: Multiple display of for- 

eign peptides on a tilamentous bacteriophage. Peptides from 

Plusmodium~irlcipur~/fl circumsporozoite protein as antigens. J. Mol. 

Biol 220 (1991) Q-827. 

Lopez, J. and Webster, R.E.: Morphogenesis of tilamentous bacterio- 

phage fl: orientation of extrusion and production of polyphage. 

Virology 127 (1983) 177- 193. 

Luzzago, A., Felici, F., Tramontano. A., Pessi, A. and Cortese, R.: 

Mimicking of discontinuous epitopes by phage-displayed peptides, 

1. Epitope mapping of human H ferritin using a phage library of 

constrained peptides. Gene 128 (1993) 51-57. 

Martin, T.L., Mufson, E.J. and Mesulam. M.M.,: The light side of horse- 

radish peroxidase histochemistry. J. Histochem. Cytochem. 32 

(1984) 793. 

Messing. J., Gronenborn. B., Mtiller-Hill, B. and Hofschneider, P.H.: 

Filamentous coliphage Ml3 as a cloning vehicle: insertion of a 

Hind111 fragment of the lac regulatory region in M 13 replicative 

form in vitro. Proc. Nat]. Acad. Sci. USA 74 (1977) 364223646. 

Ouchterlony, 0. and Nilsson, L.-A.: Handbook of Experimental 

Immunology. Vol. I: Immunochemistry. Blackwell, Oxford. 1986, 

pp. 32. I-32.50. 

Scott, J.K. and Smith, G.P.: Searching for peptide ligands with an epi- 

tope library. Science 249 (1990) 386 -390. 

Smith, G.P. and Scott, J.K.: Libraries of peptides and proteins displayed 

on filamentous phage. Methods Enzymol. 217 ( 1993) 228 257. 


