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A hexapeptide phage library was used to select peptides with affinity for the tumor-associated TAG72 antigen.
Twenty-one phage clones were selected after the third round of biopanning. Three phage clones with the same
DNA insert of ARTLRF were found to bind more strongly to the TAG72 antigen than other phage clones and
the wild-type phage. A synthetic decapeptide GAARTLRFGA with two conjunctive amino acid residues of the
phage coat protein Il on each side of the selected peptide was found to bind more strongly to the TAG72 antigen
than to other antigens such as the mouse metallothionein. Furthermore, immunohistochemical studies reveale
that this peptide displayed preferential binding to colonic adenocarcinomatous cells expressing the TAG72
antigen. Therefore, this anti-TAG72 peptide may be useful in serving as the starting point with regard to further
designing peptidomimetics as potential pharmaceuticals1996 Academic Press, Inc.

The concept of phage displays was first documented by Smith (1) with the demonstration o
expression of an antigenic peptide on the surface of the filamentous bacteriophage fd. This co
subsequently led to experiments which set the stage for construction of libraries of random pep
(2,3) and protein domains (4,5) displayed on the phage surface. More and more evidence has ¢
that peptide libraries of phage display appear to be powerful tools for isolating peptide seque
that bind to target molecules. They can be used to identify epitopes and mimotopes recogniz
antibodies (6,7). Furthermore, phage display technology has been used for the isolation of pr
antagonists and inhibitors (8—10). In this study, the human tumor-associated TAG72 antigen
used as a target for screening a hexapeptide library of phage display. We demonstrated the
possible to select small hexameric peptides with affinity for the TAG72 antigen.

MATERIALS AND METHODS

Materials. The hexapeptide library (11) and Escherichia coli K91kan were obtained from Dr. George Smith (Univer
of Missouri, Columbia, MO). The human tumor-associated TAG72 antigen recognized by the B72.3 antibody was pur
from LS174T xenografts in nude mice by B72.3 antibody-affinity chromatography (12). The mouse metallothionein
bovine serum albumin were purchased from SIGMA (St. Louis, MO). The B72.3 antibody was biotinylated accordin
the method as previously described (13). The biotinylated peptide GAARTLRFGA as well as the irrelevant biotinyl:
peptide WTWDQY were synthesized by the Research Genetics, Inc. (Huntsville, AL).

Biopanning.A 35mm petri dish was coated with 1ml of purified TAG72 antigen (1:300) by shaking in a cold roo
overnight; it was then blocked with bovine serum albumin (BSA, 5mg/ml). One milliliter of the hexapeptide librz
containing 16 phage particles was added to the petri dish. The dish was incubated by shaking in the cold room over
and then washed 10 times with TBS (50mM Tris-HCI, pH 7.5, 150mMM NacCl), 0.5% Tween 20. The bound phages v
eluted from the dish with 4Q4 of elution buffer (0.1N glycine-HCI, pH 2.2, 1mg/ml BSA). The eluates were neutralizes
and adjusted to pH 8.0 by adding 40ul of 1N Tris-HCI (pH 9.1), and then concentrated td M an Amicon
Centricon-10 concentrator (Amicon Inc., Beverly, MA). Eluted phages were amplified as described (2). Briefly, the elu
were mixed with an equal volume of starved K91kan cells. The cells were added to 20ml Luria-Bertani (LB) med
containing 40ug/ml tetracycline and grown by shaking at 300rpm at 37°C overnight. Phages from liquid cultures w
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obtained by clearing the supernatant twice by centrifugation at 8000rpm for 10 min at 4°C, and precipitated with
polyethylene glycol (PEG) 8000 (SIGMA, St. Louis, MO), 0.5N NaCl. Phage pellets were resuspended in TBS and
for second biopanning. This panning protocol was repeated twice. After three rounds of biopanning, the final eluates
titered and used for transfection of starved K91kan cells and plated onto LB plates containimgribDRanamycin and
40ug/ml tetracycline. The plates were incubated at 37°C overnight. The individual clones were then subjected to a
fication and purification.

Amplification and purification of eluateIhe selected clones were used for amplification. Briefly, each of the selecte
clones was inoculated into 5ml of LB medium containingu8@ml tetracycline and grown by shaking at 300rpm at 37°C
overnight. Phages in supernatant were obtained by centrifugation and precipitation with PEG/NaCl solution as dest
above. These purified phages were then subjected to DNA sequencing and enzyme-linked immunosorbent assay (E

DNA sequencing of insert®hage pellets were dissolved inB0f TBS, extracted with phenol/chloroform and pre-
cipitated with ethanol. Pellets of phage DNA were then dissolved jml B® TE (10mM Tris-HCI, 1mM EDTA) for
sequencing. The DNA sequence of the insert in each phage clone was verified using a Pharmacia T7 sequencing
(Pharmacia Biotech., Milwaukee, Wisconsin) and a sequencing primec¢bc atagt tagcg taacd)3complementary to
positions 1717-1736 of the wild-type gene Il sequence by the dideoxy nucleotide sequencing method (14).

Enzyme-linked immunosorbent assayie TAG72-binding ELISA (12) was performed in order to characterize the
binding reactivity of phage clones and peptides. Brieflyub0f purified TAG72 antigen and mouse metallothionein
(1pg/ml) were coated to each well of microtiter plates respectively. The plates were blocked with 5% BSA. In
TAG72-binding ELISA for characterization of phage clones, fifty microliters of phage clones contairfiptatile forming
units (PFUs) and their two-fold dilutions were added to each well and incubated at 37°C for 1 hour. After 3 washes,
were incubated with biotinylated rabbit anti-phage antibody aigt@l for another 1 hour. In the TAG72-binding ELISA
for examination of peptides, fifty microliters of the biotinylated decapeptide GAARTLRFGA a6 and their two-fold
dilutions were added to each well, and incubated at 37°C for 1 hour. An irrelevant biotinylated hexapeptide WTWDQ
16.7QuM and the biotinylated B72.3 antibody at 0.QiN, and their 2-fold dilutions were used as negative and positive
controls, respectively. After 3 washes, plates were incubated with horseradish peroxidase conjugated avidin (1:
(Pierce, Rockford, IL) for 1 hour at 37°C. After another 3 washes, substrates (peroxidase substrate kit, BioRad Lat
Mississauga, Ontario, Canada) were added for the generation of color reaction. The optical density of each wel
determined at 405nm in a Bio-Rad Model 3550 microplate reader.

Immunohistochemical studyrhe reactivity of peptide GAARTLRFGA on formalin-fixed tumor tissue sections wa:s
determined using a modification of the avidin-biotin-peroxidase complex (ABC) method as described previously (
Briefly, human colon adenocarcinoma tissue sections were deparaffinized in xylene and rehydrated in graded alc
Endogenous peroxidase activity was quenched by incubating the slides with 0.3% hydrogen peroxide in methanol 1
min followed by three PBS rinses. The slides were incubated for 20 min in 10% normal rabbit serum to reduce
nonspecific staining and then incubated with the biotinylated decapeptide GAARTLRFGANDESr the biotinylated
WTWDQY (167uM) as a control overnight at 4°C. All slides were washed 3 times in PBS and then incubated with the A
reagent for 30 min. The peroxidase activity was developed with freshly prepared 0:08%l&minobenzidine containing
0.1% hydrogen peroxide. Hematoxylin was used as the counterstain.

RESULTS

Screening of a hexapeptide library for peptides with affinity for the TAG72 antigen

In order to identify peptides with affinity for the tumor-associated TAG72 antigen, a hexapept
library of phage display was screened using the biopanning technique with the TAG72 ant
immobilized on a petri dish. The DNA samples from 21 individual phage clones recovered fr
the third panning were sequenced, and their deduced amino-acid sequences are shown in T:
Among them, there were 11 types of different hexapeptides. There was 3 phage clones (clon
Table 1) with the DNA insert of ARTLRF at the N-terminus of phage coat protein Il showir
stronger binding for the TAG72 antigen than the other phage clones and the wild-type phage (T
1, Figure 1A). Therefore, ARTLRF may confer the TAG72-binding properties to this phage clo
In order to confirm this, we purchased a biotinylated decapeptide GAARTLRFGA. The lat
includes two conjunctive amino acid residues of the phage coat protein Il on each side of
selected peptide ARTLRF such that the conformation of ARTLRF may be maintained.

Characterization of the GAARTLRFGA peptide

The binding reactivity of peptide GAARTLRFGA for the TAG72 antigen was evaluated in tl
415



Vol. 218, No. 1, 1996

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

TABLE 1
Deduced Amino-Acid Sequences of the Insert in Phages
Isolated after Biopanning

Clone ELISA
number Sequenge Frequency (OD405§
1 ARTLRF 3/21 1.34
2 ERDLLR 3/21 0.77
3 WSWLSA 3/21 0.41
4 QERFPA 3/21 0.59
5 AQWENE 2/21 0.53
6 QAILTV 2/21 0.64
7 VTLVID 1/21 0.46
8 RIGTLD 1/21 0.43
9 YFVVNA 1/21 0.32
10 RRRFRA 1/21 0.38
11 SDGLSR 1/21 0.41

2 Deduced amino-acid sequences of the insert at the N-
terminus of phage coat protein Il in different phage clones.
The single letter codes for amino-acids are: A, Ala; W, Trp;
Y, Tyr; F, Phe; V, Val; G, Gly; R, Arg; S, Ser; L, Leu; |, lle;

E, Glu; T, Thr; D, Asp; N, Asp; P, Pro; Q, Gin.

® Number of times each sequence was independently iso-
lated.

®The average reading at OD405 represents the binding
reactivity of each phage clone at®1BFU to the TAG72
antigen in the TAG72-binding ELISA assay. The average
readings at OD405 for the wild-type phage and for the PBS
control are 0.25 and 0.19, respectively.

TAG72-binding ELISA. As depicted in Figure 1B, the GAARTLRFGA at 18M showed the
binding reactivity for the TAG72 antigen as did the biotinylated B72.3 antibody at QM1 8®ut
not for the mouse metallothionein (Figure 1C). This indicates that the GAARTLRFGA peptide n
have binding specificity for the TAG72 antigen. In order to confirm the TAG72 binding specificit
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FIG. 1. TAG72-binding ELISA. (A) Titration curves of phage clones in the TAG72-binding ELISA. The phage clor
#1 with the DNA insert of ARTLRF Q) and the phage clone #3 with the DNA insert of WSWLS®)((10® PFUs) and
their twofold dilutions were added to the TAG72-coated plates. (B) Titration curves of peptides in the TAG72-binc
ELISA. Fifty microliters of the biotinylated peptides GAARTLRFGA)( 16.7uM), WTWDQY (A, 16.7 uM) and the
biotinylated B72.3 @, 0.013.M), and their twofold dilutions were added to the TAG72-coated microtiter plates. (C) Tt
biotinylated peptide GAARTLRFGA (16M) and its twofold dilutions were added to the microtiter plates coated with th
TAG72 antigen @) and the mouse metallothionei}. The SD of each determination is less than 5%.
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FIG. 2. Immunohistochemical studies of formalin-fixed, paraffin-embedded human colon adenocarcinoma by
ing the biotinylated peptide GAARTLRFGA. The adenocarcinomatous cells were positive for the biotinylated pep
GAARTRFGA (A), whereas normal colonic mucosa was negative (B); the positive control, biotinylated B72.3 reac
similarly. The irrelevant peptide WTWDQY was uniformly negative in both normal and carcinomatous cells (C). Mag
fication is X280 for A—C.

the biotinylated peptide GAARTLRFGA was further studied using immunohistochemistry
colonic adenocarcinoma tissue sections. As shown in Figure 2, the peptide GAARTLRF
showed preferential binding for human colonic cancers which express the TAG72 antigen (Fi
2A) compared to the negative staining in normal colon mucosa (Figure 2B). The positive stait
was seen on both surface as well as in the cytoplasm of the colon adenocarcinomatous cell
contrary, the irrelevant peptide WTWDQY did not show any binding for the colonic adenocat
nomatous cells (Figure 2C).

DISCUSSION

The human tumor-associated TAG72 antigen is a polymorphic epithelial mucin originally
fined by the B72.3 antibody (15). The TAG72 antigen has been found in more than 85% colore
gastric, breast and ovarian adenocarcinomas especially in their differentiated forms and only
amounts of TAG72 were detected in normal tissues (16,17). The B72.3 antibody has thus
extensively used for immunodetection of malignancy in more than 1,500 patients, showing an
positive rate including 20% occult lesions (18,19). In general, however, one of the major limitati
in the clinical application of antibodies as tumor imaging reagents is the inadequate uptake an
poor distribution of labelled antibodies in tumors (20,21). This is primarily due to physiologic
factors such as the heterogenous blood supply and interstitial hypertension, and also partiall
to the large size (150KD) of antibody molecules (22). One approach to overcome this proble
the use of engineered antibody fragments of small size, since the small molecules often have t
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values of permeability and interstitial diffusion coefficients, and are able to penetrate deeper
tumors. Comparative pharmacokinetic studies have demonstrated that engineered FV ant
molecules (25KD) showed increased uptake in tumors, and higher ratios of tumor/normal tis
than the intact antibody molecule (23). In order to further reduce the size of binding molecules
concept of small binding peptides, so-called the molecular recognition unit was proposec
Rodwell (24). Recently, it has been demonstrated that small synthetic linear peptides (<1
derived from the sequence of the antibody complementarity-determining region were able to
to the antigen in a manner similar to that of the parental antibody (25,26).

In this study, we used the biopanning technique to screen a hexapeptide library of phage di
in order to identify novel peptides with affinity for the human tumor-associated TAG72 antige
We demonstrated that a phage clone with the peptide ARTLRF in the N-terminus of phage
protein Il was able to bind to the TAG72 antigen. In order to confirm that this peptide conferi
the TAG72-binding property onto the selected phage clone, we synthesized the decape
GAARTLRFGA, the latter has two conjunctive amino acid residues of the phage coat protein
on each side of the selected peptide. Our data showed that this decapeptidewgtribwas able
to significantly bind to the TAG72 antigen as did the B72.3 antibody at QugA8I. This peptide
showed a significant binding for the TAG72 antigen, but not for the mouse metallothione
Furthermore, GAARTLRFGA showed staining positivity for human colonic cancer which expre
the TAG72 antigen and negativity for normal colonic mucosa. Although the binding reactivity
decapeptide GAARTLRFGA for the TAG72 antigen is relatively low, it should still be useful |
serving as the starting point in further designing peptidomimetics as potential anti-TAG72 pl
maceuticals.
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