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We have characterized a phage library displaying random 22mer peptides which were pro-
duced as N-terminal fusions to the pIII coat protein of M13 filamentous phages. Among the sixty
phages randomly picked from the library, 25 phages had the 22mer peptide inserts. The DNA se-
quence analysis of the 25 inserts showed the following results: first, each nucleotide was
represented almost equally at each codon position except that there were some biases toward G
bases at the first position of the codons. Secondly, the expected 47 sense codons were represent-
ed. The deduced amino acid sequences of the 25 inserts were analyzed to examine its diversity.
Glycine and glutamate were the two most overrepresented residues above the expected value,
whereas cysteine and threonine residues were underrepresented. The range of diversity in di-
peptide sequences showed that the amino acid residues were randomly distributed along the
peptide insert. Acidic, basic, polar, and nonpolar amino acid residues were represented to the
extent expected at most positions of the peptide inserts. The predicted isoelectric points and hy-
dropathy indices of the 25 peptides showed that a variety of the peptides were represented in
the library. These results indicate that this phage display library could be useful in fiuding li-

gands for a broad spectrum of receptors by affinity screening.
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The filamentous bacteriophages such as M13, fd,
and fl consist of five different coat proteins and one
molecule of single-stranded (ss), circular viral DNA.
They are rod-shaped coliphages and can specifically
infect male Escherichia coli by binding to F pili of
host cells. The filamentous bacteriophage does not
lyse the host cell but decreases its growth rate. Four
of the five different coat proteins are the minor coat
proteins, the products of genes III, VI, VII, IX, and
each type is present at 3~5 copies per mature viral
particle. The other type is the major coat protein,
the product of gene VIII, and is present at ap-
proximately 2,700 copies per virus particle. The ma-
jor coat protein is responsible for packaging the viral
ss DNA. The plII coat protein (product of gene III)
at one end of the virus particle is responsible for
proper phage assembly and infection by attachment
to the pili protein of E. coli (9).
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In a phage display technology, foreign DNA frag-
ments cloned into the phage coat protein genes are
expressed as a part of a fusion protein on the sur-
face of the viral particles, thereby having two sig-
nificant merits. First, since these phages could be ap-
plied to affinity matrices at high concentrations,
large numbers of phages could be screened at one
time. Second, if a particular phage is recovered from
an affinity matrix in low yield, the phages could be
amplified by infection (1, 2, 4, 10, 11, 12, 15). Smith
and colleagues (15) constructed a hexapeptide li-
brary in which random hexapeptides were expressed
as function proteins with the pIII proteins of fd
phages. They screened the library with two different
monoclonal antibodies (A2, M33) generated against
the protein myohemerythrin (MHr) using the
method of affinity enrichment, called panning. They
found that phages displaying the specific antigenic
inserts could be selected. Devlin and his colleagues
(4) constructed a 15mer library expressed at the N-
terminus of the pIIl and screened the phage library
with streptavidin, a non-peptide molecule, to isolate
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binding phages. This result demonstrated that the
recombinant phages could mimic the shape of non-
peptide molecules. The octapeptide and 38mer pep-
tide phage display libraries were also shown to be
useful for selecting the phages that could bind the
plant lectin concanavalin A and streptavidin, respec-
tively (7, 12). The decapeptide phage display library
was characterized for the biochemical diversity of its
insert peptides, but not tested for its usefulness
such as those of the phage display libraries des-
cribed above (3).

The usefulness of the peptide phage display li-
brary depends on how rich a spectrum of biochem-
ical structures the insert peptides represent. There-
fore, we have examined the biochemical diversity
in a sampling of clones in a phage library dis-
playing random 22mer peptides prior to test for its
usefulness.

Materials and Methods

Bacterial strains and a phage display library

The following E. coli strains were used as host
cells for phages:

DH50F" F'®80dlacZAM15AUacZYA-argF)U169
deoR recAl endAl hsdR17(r,”, m,')
supE44) thi-1 gyrA96 relAl

MV1190 A(ac-proAB), thi, supE, (Asri-recA)306
=Tnl0¢et)[F"traD36, proAB, lacI’ZAM15]

A phage library displaying random 22mer pep-
tides was constructed in Dr. Brian Kay's laboratory
and named the TSAR-12 library. The construction
strategy of the TSAR-12 library is shown in Fig. 1.
The method for constructing the library was the
same as that had been described previously (7). To
summarize two degenerate oligonucleotides were an-
nealed and extended with Taq DNA polymerase.
Through sixty round of annealing and chain ex-
tension in the presence of dNTPs and Taq DNA po-
lymerase, the two single-stranded oligonucleotides
were converted into double-stranded DNA fragments.
The DNA fragments were digested with restriction
enzymes Sall and Spel. The digested DNA frag-
ments were then ligated to the vector m666 cleaved
with Xbal and Xhol restriction enzymes (5). The li-
gated DNA was ethanol-precipitated and elec-
troporated into E. coli DH5a F' cells. Approximately
1x10° phage clones were generated. The recovered
phages were concentrated to 4x10” pfu/ml in 5%
glycerol-containing LB medium and kept at -20°C.

Phage growth and its genomic DNA isolation
For phage growth and its genomic DNA isolation,
Vierra and Messing's procedure (17) was followed

J. Microbiol.

Gly
tt.ttg.tcg.acN, (NNB)xo,Ngc‘gst.g

cg.cca.cNV.(NNV)ptgatcattt.t

N=AG.TC
B=G,T.C

V=GAC

lFil] in with Tag polymerase

Sall

tt‘ttg.tcg.acN.gNNBz g.Ngc.ggt.g

cg.cca.cNV.(NNV)ptgatcatit.t
Spel

1 cleave with Sall+Spel

tcg.acN.(NNB)wo.Ngc.ggt.g

e
cg.cca.cNV.{NNV).tga.tc

ligate to Xhol+Xbal- cleaved m666 vector
electroporate into E.coli DHS e F’

TSAR-12 library of pIII-random sequence fusion proteins
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1
signal peptidase cleavage site

Fig. 1. The construction of a phage library displaying ran-
dom 22mer peptides. Degenerate DNA inserts were pre-
pared and cloned as described briefly in the Materials and
Methods section. The arrow indicates the signal peptidase
cleavage site at the N-terminus of M13 phage plIII coat pro-
tein. Amino acid sequences are shown in single letter sym-
bols. The symbol ® stands for any amino acid among Ser,
Arg, Gly, Cys, or Trp. The symbol & stands for any amino
acid among Val, Ala, Asp, Glu, or Gly. Boxed residues,
which include the random 22mer peptides, are absent from
wildtype plIIl. The symbol X10 indicates ten random amino
acid residues.

with the following modification. In order to get
phage plaques, E. coli DH50F' cells were infected
with the library phages and plated on LB top agar.
Following overnight incubation at 37°C, individual
plaques were picked to isolate phage genomic DNAs.
To isolate the phage genomic DNA from the phage
particles, E. coli MV1190 cells were used as hosts be-
cause they gave better DNA yield than the DH50F'
cells. A picked plaque was mixed with the MV1190
cells and incubated for 6hr in 5 ml of 2X YT media.
Phage-containing supernatant was PEG-precipitated
and the pellet was resuspended in 0.2 ml TE buffer.

DNA sequence analysis
DNA sequencing was performed according to
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Sanger's method using Sequenase version 2.0 kit
(USB) (14). In order to determine the nucleotide se-
quences of the 22mer inserts, an oligonucleotide
primer (5-TCCGTATGGGGTTTTGC-3") was used.
It is located 35nt downstream of the Xbal cloning
site of the vector m666.

Results and Discussion

As shown in Fig. 1, a phage library displaying
random 22mer peptides was constructed. This
phage library does not display random 22mer pep-
tides in a strict sense, because two random 10mer
peptides were connected through the ®-G-§ tri-
peptides, in which ® and 3 stand for one of five dif-
ferent amino acid residues, respectively. Therefore,
nucleotide and amino acid sequence diversities
were determined for the two random 10mer pep-
tides. However, we may say that this phage library
displays random 22mer peptides in a general sense.
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Each variable amino acid in the random peptide se-
quence is encoded by a degenerate codon, either
NNB or NNV, which includes any of the four
nucleotides(N) in the first and second positions,
and G, T, and CB) or G, A, and C(V) in the third,
respectively. Therefore, all 20 amino acids and one
stop codon(UAG) are encoded by the 48 different co-
dons represented by NNB or NNV.

Nucleotide sequence diversity of the library
clones

Sixty phage clones were picked randomly from
the phage library to examine for nucleotide se-
quence diversity. Initial attempts to sequence the
library phage clones showed that some phage
clones did not have the inserts. This led us to ex-
amine the restriction enzyme digestion profile of
the sixty phage clones, which allowed us to dis-
tinguish the insert-containing phages from the oth-
er phages easily. It turned out that only 25 out of
the sixty clones had the inserts (data not shown).

W O =T O T & W D

I I I T T S B B v S B S o S '
[ 7 R R~ TN - B e - B B - > S S B - 7 S e ]

Fig. 2. The nucleotide sequences of the inserts of the 25 phage clones that were randomly selected from the phage display li-
brary. Only the nucleotide sequences of the X,,AG8X,, region are shown. The sequences of the 3G region are indicated in

small letters.

. GAT TGG GAG AAT GGC GGG CGA GGC AGT GGT tgc ggt gtc AAG GGG CCG CAT GAT TAC CCT ATT TGC CCC
. GGG GCG TTT CAG GGG TTT GAC CCC ACG AGT ggc ggt gcc CTG GCT GGG TTT CTT CCG TCC ACT GCC TCC
. AGG GAG GGG ATT CGC AAT CTC GAT TGG ATG cgc ggt gtt CCC CAG TAC GGG TCA TAT GCT AAG CCC GAT
. AAC GGG TGG TTT CAG AAG AGT GAG GTG TGG ggc ggt gga GCG ATC TTG GGC GAG CGC GAC TCC AAG CTC
. CTG GGT TTT AAT CAG CCC AGT GCT GCG GGG agc ggt gtt GCG AGT ATC CAG CAC AAT CAT ATC TCC GTG
. GGT GCG GGG CGG GGG GGT TTC GAG TTG TTT ggc ggt gat TAT AAC AGC AGT GCT GCC CTT CCG AAT GAG
. GTC GGT GGC GTT CGG CAG ACC GGT GTG GCT agc ggt gac CAG GCC CTG ACC ATC CCT CGG ATC CCG GGT
. ATG CAG AGG GGG GTC CAT GGT CTT ACT GTG cgc ggt gac AGT AAC TAC GAT AGT ATC TCT CAT CGT TAC
. ATT GTG ACG GAG ATG GAT ACC TTG TTG GTC ggc ggt gat GAT CGT AAT TTC CAC TTT GGC CCC TCC ACG
. AGT GGG GGC GTT TTC GTT GGT GAT GAA GGG ggc ggt gtg GTC CAC GAT AGC TCC AGT CTG CGC CGC GCC
. GGT AAG GAT TTT TGC GGT CTT GTT CAT GGG ggc ggt gtt TCG TGT AAC TCC AAG GTC CCT AAG ATC TCC
. GAC GCG ATG ATT TTT AGT AGG TCG GGC GTG ggc ggt gtt TAC AAC TCC CTC GAC GTG AGG ACT CGG AAT
. GCG ACG GTG CTG GCT TCG GAG TGG TTC GAG ggc ggt ggt CCC AGC TCT AGC ACG GCG CCT CCG TCC TAT
. GGT TCG GTC TGG TCG TCT CCG TAT CCT AAT cgc ggt gac TTT GGC ATC GAT AAC GCG CTT CAG TAC TCT
. TGT ACG ACT CAT GGC CAT GAG GTT TTT ATG tgc ggt gac TAT CAT ATG CGG CTG TAC CCG CAT GCC GCG
. CCC TGG GGC ATG CGG GGC GTT TGT TGG AAG tgc ggt gcc GAC CGC AGT GCG CGT ACC ACG CTC TCC AGC
. TTG GGG GGG CAG GGG CAC GGC GAT AAG CAT ggc gegt ggt TGG CCC AGG TAC TTT TCG AAT GCC CAG CCT
. GCC TAT GCC GAC ATC GGG TTT GGT TTT CGT agc ggt gga AAT GAG TCG CAC ATC GCT CCC TCC CGC GGG
. GGC TCC GTG GGG ACG GAG CAG GGT GGT CTG agc ggt gga GCT CTC GGT CTT GAC ATG CCC GAT CGG AAC
. CIT GTG GGC AGG TGT ACG GAG ATC CTT GGG tgc ggt gat CTG AGT TTC CCG CAT AGC CAG TCC ATG CAC
. GTC CAT AGG ACG GTT AAT TCT GAT AGG ACT agc ggt gca GAG GGC AGC AGG GAT ACT CAC AAT TTT AAC
. AAG GAG AAT CGC CTT GAG TTC CTG TAC GCG agc ggt gat ATT CTG GTC TCT TCA CGA TAT CGC AAT ACT
. AAG ATG GAC GAT CCG TGG TGC GCC GGG TGG ggc ggt gtt CGC GAT AAG TCT GCC TCC TCC ATG CGC CCC
. AGT ATT GGG AGC AGG GAT TCT AAC TTC GTG ggc ggt gta CTT GCT AAT CTT GCG TTG CAT AAC TTC CTC
25.

GGT CTT GAG GAG GAG GTG TAT TGT GTG GCC ggc ggt gag TTA GCG TCG GCG CCT TCG ATG TAT AAG GGT
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Table 1. Nucleotide distribution in the inserts of the 25
phage clones randomly selected from the library. The fre-
quency (percentage) of the individual nucleotide was cal-
culated at each nucleotide position of the 500 codons of the
X10 regions shown in Fig. 2

Codon position

Nucleotide
1st 2nd 3rd
T 20 23 33
C 22 24 30
A 24 27 1
G 34 26 36

The inserts of the twenty-five clones were sequenc-
ed and their sequences are shown in Fig. 2. The fre-
quency of the individual nucleotide was det-
ermined at each codon position of the 500 codons of
the twenty five insert sequences and shown in
Table 1. In general, nucleotides were represented
with the expected frequency at the respective po-
sitions except that there was a bias toward G at
the first position. The bias toward G may be due to
the low fidelity of Taq DNA polymerase used for
constructing the library; the Taq DNA polymerase
prefers to misincorporate G opposite a template T
rather than other nucleotides (13, 16). The bias to-
ward G may also be introduced by the biology of
the phage (2). Adenine bases were detected at the
third codon position despite the fact that the de-
generate oligonucleotide inserts were designed not
to have A bases at that position. This is also
presumably due to the low fidelity of Tag DNA po-
lymerase for DNA synthesis. All forty seven sense
codons were represented (Table 2). Since a host
strain for a phage display library is a supE mutant,
about two UAG stop codons among the 500 codons
examined were expected. However, no UAG stop co-
don was detected. A bigger sample size than the
500 codons would show UAG stop codons.

Amino acid sequence diversity of the library
clones

The amino acid sequences deduced from the nu-
cleotide sequences (Fig. 2) of the 25 phage clones
are shown in Fig. 3. The tripeptides (®GJ) were
represented in all clones. While there were biases
toward glycine and trytophan residues for the @
residues and glutamate residues for the 8 residues,
most of the expected residues were represented
with the expected frequency. Fig. 4 shows the fre-
quency of the individual amino acid residues of the
25 peptide inserts, in which the frequency of the
tripeptides were omitted. In most cases, the ob-
served frequency for each amino acid residue was
well correlated with the expected frequency. Howev-

J. Microbiol.

Table 2. Codon usage in the 25 random samples. The numb-
ers indicate the frequency of each codon in the samples

Second Position

T C A G
15 8 9 5 T
T 9 16 9 3 C
1 2 0 0 A
5 9 0 11 G
23 7 13 4 T
6 12 7 10 C
. C o o o 2 A
position position
6 7 15 14 T
A 11 4 10 8 C
0 0 0 0 A
12 10 13 10 G
7 9 18 18 T
8 11 8 16 C
G 9o o 1 0o a
13 15 19 23 G

er, cysteine residues were underrepresented. This
could be partly because the cysteine residues may
form disulfide bonds with other cysteine residues,
causing the malfunction of the pIIl protein, result-
ing in the low infectivity of the phage containing
the cysteine residues. Indeed, the N-terminal re-
gion of the mature plIIl protein contains a few cys-
teine residues which could form disulfide bonds
with the cysteine residues of the inserts (9).
Meanwhile, glycine and glutamate residues were
overrepresented. This bias may be due to the biol-
ogy of the phage (2).

In order to examine if individual amino acid resi-
dues were distributed in random along the inserts,
the range of diversity in dipeptide sequence was ex-
amined. If distributed in random, the population of
amino acid residues in the random sample should
represent more than half of the 400 possible di-
peptide pairs (20x 20=400) (7). As shown in Table 3,
256 different dipeptide pairs were identified, in-
dicating that individual amino acid residues were
distributed in random along the inserts of the
phage library. It has been known that a peptide mi-
motope with apparently unrelated primary amino
acid sequences could mimic a discontinuous an-
tigenic determinant (7). This shows that the spec-
ificity and strength of antigen-antibody recognition
is mediated not only by the linear amino acid se-
quence, but alsoby the amino acid size, charge,
structure, and hydrophobicity. Therefore, we have
examined the frequency and positional distribution
of amino acid types in the inserts (Fig. 5) as well
as the distribution of isoelectric points and hy-
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1.Asp—Trp—Glu—Asn—Gly—Gly—Arg—Gly—Ser—Gly—C-G—V-Lys—Gly-Pro—His—Asp—Tyr—Pro—Ile—Cys—Pro
2.Gly-Ala—Phe—Gln—Gly—Phe—Asp—Pro-Thr-Ser-G-G-A—Leu-Ala-Gly—Phe-Leu—Pro—Ser—Thr-Ala—Ser
3.Arg—Glu—Gly—I1e—Arg—Asn-Leu-Asp-Trp-Het-R-G—V-Pro—Gln—Tyr—Gly—Ser—Tyr—Ala—Lys-Pro—Asp
.Asn-Gly—Trp—Phe—Gln—Lys-Ser—Glu-Val—Trp—G-G—G-Ala—Ile-Phe-Gly—Glu—Arg—Asp-Ser-Lys—Leu
. Leu-Gly-Phe-Asn Gln-Pro-Ser-Ala-Ala-Gly-S-G-V-Ala-Ser-Ile-Gln-His-Asn-His-Ile-Ser-Val
.Gly—Ala-Gly—Arg—Gly-Gly—Phe—Glu-Leu—Phe—G-G—D—Tyr-Asn—Ser-Ser—Ala—Ala—Leu-Pro—Asn—Glu
. Val-Gly-Gly-Val-Arg-Gln-Thr-Gly-Val-Ala-S-G-D-Gln-Ala-Leu-Thr-Ile-Pro-Arg-Ile-Pro-Gly
. Met-Gln-Arg-Gly-Val-His-Gly-Leu-Thr-Val-R-G-D-Ser-Asn-Tyr-Asp-Ser-Ile-Ser-His-Arg-Tyr

© o N ;e

. I1le-Val-Thr-Glu-Met-Asp-Thr-Leu-Leu-Val-G-G-D-Asp-Arg-Asn-Phe-His-Phe-Gly-Pro-Phe-Thr
10.Ser—Gly—Gly—Val—Phe—Val—Gly—Asp—Glu—Gly—G—G-v—Val—His—Asp-Ser—Ser—Ser—Leu—Arg—Arg—Ala
11.Gly—Lys-Asp-Phe-Cys—Gly—Leu—Val—His—Gly-G—G—V-Ser—Cys-Asn—Ser-Lys—Val—Pro-Lys—Ile—Ser
12. Asp-Ala—Het—Ile—Phe-Ser—Arg-Ser—Gly—Val-G—G—V—Tyr—Asn—Ser—Leu—Asp—Val—Arg-Thr-Arg—Asn
13. Ala-Thr-Val-Leu-Ala-Ser-Glu-Trp-Phe-Glu-G-G-G-Pro-Ser-Ser-Ser-Thr-Ala-Pro-Pro-Ser-Tyr
14. Gly—Ser—Val—Trp-Ser—Ser—Pro—Tyr—Pro~Asn—R—G—D—Phe—G1y-I1e—Asp—Asn—Ala—Leu-Gln—Tyr—Ser
15‘Cys—Tht—Thr-Bis—Gly-His—Glu—Val—Phe—Het-C-G—D—Tyr—His—Het—Arg—Leu—Tyr—Pro—His—A1a~A1a
16.Pro—Trp—Gly—Het—Arg—Gly—Va1—Cys—Trp—Lys—C—G—A—Asp—Arg—Ser-Ala—Arg—Thr—Thr—Leu—Ser-ser
17.Leu—Gly—Gly—Gln—Gly—His—Gly—Asp—Lys—His—G—G—G—Trp—Pro—Arg—Tyr—Phe—Ser—Asn—ala-Gln—Pro
18.Ala—Tyr—Ala-Asp—I1e-G1y—Phe—Gly-Phe—Arg—s-G—G—Asn-Glu—Ser-His—Ile—Ala—Pro—Ser—Arg—Gly
19.Gly—Ser—Val—Gly—Thr—Glu-Gln—Gly—Gly—Leu-s—G—G—A1a-Leu—G1y-Leu—Asp—Het-Pro—Asp—Arg—Asn
20. Leu-Val-Gly-Arg-Cys-Thr-Glu-Ile-Leu-Gly-C-G-D-Leu-Ser-Phe-pro-His-Ser-Gln-Ser-Met-His
21.Val—His—Arg—Thr—Val—Asn—Ser-Asp—Arg—Thr-S—G—A-G1u—G1y—Ser—Arg—Asp—Thr~His—Asn—Phe—Asn
22, Lys-Glu—Asn-Arg—Leu-Glu—Phe—Leu—Tyr—Ala-S—G-D—Ile—Leu-Val—Ser—Ser—Arg—Tyr—Arg—Asn—Thr
23. Lys—let—Asp-Asp—Pro—Trp—Cys—Ala-Gly-Trp-G—G-v-Arg—Asp—Lys—ser—Ala—Ser—Ser—uet—Arg—Pro
24. Ser-Ile-Gly-Ser-Arg-Asp-Ser-Asn-Phe-Val-G-G-V-Leu-Ala-Asn-Leu-Ala-Leu-Bis-Asn-Phe-Leu
25. Gly—Leu-Glu—Glu-Glu-Val-Tyr-Cys-Val—Ala—G-G—E—Leu—Ala—Ser-Ala—Pro—Ser—net—Tyr—Lys—Gly

Fig. 3. The deduced amino acid sequences from the nucleotide sequences shown in Fig. 2. The amino acid sequences of the

@GS region are indicated in single letter symbols.
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Fig. 4. Frequency of individual amino acid species in the 25 samples. The frequency of each amino acid residue in the sam-
ple was calculated by multiplying the fraction (n/48, n=no. of codons) of codons which encode each amino acid residue by the
total number (500) of amino acid residue present in the samples. The expected or observed frequency of each amino acid resi-

due in the samples is indicated by the open bar or hatched bar, respectively. The amino acid residues are indicated in single
letter symbols.
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Table 3. The presence of independent dipeptide within the samples. The amino acid sequences were divided into individual
overlapping dipeptides. The single amino acid at each end was not paired. Each dipeptide was indicated by frequency numb-
er at the intersection of the labeled rows (first amino acid) and columns (second amino acid)

Ala Cys Asp Glu Phe Gly His Ile Lys Leu Met Asn Pro Gln Arg Ser Thr Val Trp Tyr
Ala 3 1 1 4 1 1 5 1 1 3 1 1 5 1 1
Cys 1 1 1 1 2 1 1
Asp 1 1 1 1 1 2 1 1 2 4 4 2 1 2 1
Glu 1 1 3 1 1 2 1 1 1 3 1
Phe 1 1 2 4 1 3 1 2 1 2 1 2 1 2
Gly 2 2 1 6 6 2 2 1 5 1 2 1 3 6 1 6 2
His 1 2 1 1 4 2 1 3 2 1
Ile 1 1 1 2 2 2 2 1 1 3 1
Lys 11 2 1 1 11 1 2 1
Leu 5 3 2 1 4 1 1 2 1 1 2 2 4 2
Met 2 1 1 1 1 3 1
Asn 2 2 4 2 1 2 1 1 4 1
Pro 2 1 1 3 1 1 2 1 1 2 6 1 2 1
Gln 1 3 1 1 2 1 1 1 2
Arg 1 1 4 1 5 1 2 5 1 1 1 2 4 3
Ser 5 1 1 2 3 2 3 2 2 3 3 1 1 5 7 2 3 2
Thr 2 3 1 2 1 2 1 1 2 3
Val 2 1 2 4 4 1 1 2 1 1 2 1
Trp 1 1 2 1 1 1 1 1
Tyr 3 1 1 1 1 1 1 2 3 1 1

dropathic indices for the inserts (Fig. 6) (9). As
shown in Fig. 5, acidic, basic, polar, and nonpolar
amino acids were distributed mostly in proportion
to their presence in the genetic code except that
there seemed to be some bias against basic or a-
cidic amino acids at the 8th, 19th, and 22th amino
acid positions in the inserts. The data in Fig. 6
show that there is some bias for hydropathic in-

dices, but no significant bias for isoelectric points
for the 25 insert peptides.

The data in Fig. 6 show that the combined dis-
tribution of hydropathic indices and isoelectric
points for the 25 insert peptides covers a relatively
broad field. In sum, the 25 insert peptides of the
phage display library examined in this study
shows a broad spectrum of biochemical properties.
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Amino Acid Position

Fig. 5. Frequency and positional distribution of amino acid types in the 25 samples. The amino acid residues were divided
into acidic (Asp, Glu), basic (Lys, Arg, His), nonpolar (Ala, Val, Leu, Ile, Pro, Phe, Trp, Met), and polar (Gly, Ser, Thr, Cys,
Tyr, Asn, Gln) types. The total number of each amino acid type at each residue position in the samples is indicated by the
specific bars. The amino acid position is numbered as follows : X, - - X,y ®G8Xys - Xs.
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Fig. 6. Profiles of the combined isoelectric and hydropathic diversity in the 25 samples. The isoelectric point and hydropathic
index(8) for each sample were determined using the DNA star program. The asterisk indicates two samples which have the

similar combined scores.

Therefore, this library will be useful for mapping
antibody epitopes and finding ligands for other
binding proteins such as receptors and enzymes.
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