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Identification of protective determinants from microbial proteins is a necessary step in the rational design of subunit

vaccines. We have previously used a synthetic peptide scan (Pepscan) assay to map a panel of eight neutralizing
monoclonal antibodies (mAb; designated as C1.1 to C1.8) to a common motif sequence from Chlamydia trachomatis .
In the present study, five of the eight mAbs were used to screen phage random peptide libraries. mAbs C1.1 and

C1.3 selected a motif sequence of G-L-X-N-D from a plll-based phage random peptide library and a motif sequence

of G-X-X-N-D from a pVllI-based random peptide library while mAbs C1.6 to C1.8 failed to select recognizable motifs

from either of the phage libraries. However, C1.6 to C1.8 bound to the same motif sequence displayed on phage

when the appropriate conformational constraints were imposed onto the motif sequence. Thus the specificity of the

mAbs identified on Pepscan assays correlates with the mAbs’ dependence on local epitope constraints displayed

on the phage surface.
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Introduction Chlamydia trachomatismajor outer membrane protein
[1,11] and it has been considered as a component in subunit
vaccines againgt. trachomatig11]. Antibodies recogniz-
ing the same epitope sequence display different binding
characteristics with some mAbs (designated as C1.6 to

Analysis of microbial protein antigenicity is essential to
rational construction of subunit vaccines for preventing
microbial infections. The Pepscan technology [2], allowing
multiple peptides to be chemically synthesized simul-

taneously onto plastic pins and to be assayed repeated| ei'isgtgt'ir;ﬂngstfatge t?Stlar?(q))t/dilr?l \?Vtggrnnogllgtmag;ngnzﬁhs
has provided a convenient way to analyze protein anti- P Y Y

genicity and topology of microbial proteins [8,9]. More termed as conformation-dependent mAbs) and others

recently phage display technology has provided an alternat@es'gnated as C1.1to C1.5) binding to the chlamydial anti-

. ' . . - gen in both assays (non-conformation-dependent) [7]. Rep-
approach for mapping protein antigen epitopes [5]. Th'S?esentatives of these mAbs were utilized to select binding

technology is based on the surface display of Seledablﬁ]otifs from phage display random peptide libraries. Three

random peptides on filamentous phage [4]. The biggeséifferent libraries presenting peptides of different lengths

advantage of the phage display approach is that no MO nd density were used. The specificities of the motif

knowledge of the target protein is required since a known . : .
receptor or antibody can be used to capture the desiregfquences selected from these libraries were compared with

. R : ose previously mapped with the Pepscan assay [7].
ligands from random peptide libraries displayed by phage Bothpthe non-%onfc?rrr)nation— and con?ormation—dggeLdent
ﬁl' Althoughb.bc&t.h tedchnolo_gles h?ve begn dl.Jsed sduccrt]e S¥hAbs can bind to pin peptide with the non-conformation-
ully to map binding determinants for antibodies and ot ery > X .

L : ependent mAbs requiring fewer contacting residues and
receptors, it Is not known whether the determinant ep conformation-de%endgnt mMAbS requirigg more. Con-
sequences identified by the two approaches are comparab g'cting residues [7]. However only the non-conformation-

Since the two approaches are based on different presef- X
tation mechanisms, and the density of peptide displayed i ependent mAbs were able to select motif sequences from

P ; i e various phage display random peptide libraries. There-
the two approaches is different, the detection sensitivity an -
fine specificity of the determinants identified may also be O'e the Pepscan approach appeared to be more sensitive

; ) . ; .~ -in detecting antibody-binding sequences. Although the con-
\(Ii\;ngr]er&téi\r/]vhlir: ec?éjé?]tﬁ?: dCtJZtee?riiSrI]%rr]]tofs:uH:x gsacfr']n?ﬁformation-dependent mAbs failed to select linear binding
9 9 y otifs from the unconstrained peptide libraries, they can

resent study, we used a model epitope sequence recog- X |
ﬁized by a pgnel of monoclonal antit?odigs (mg\bs) to com- nd to the same motif sequence displayed on phage surface

pare the e specifcites obianed by using the twotP" RO e sppropriae conlormationa) consyants
approaches.  The model epitope sequence is from th onformation-dependent mAb requires the local epitope
conformation instead of the entire antigen conformation for
Correspondence: G Zhong, Department of Medical Microbiology, Univer. binding. Together with the fine specificity analysis obtained
sity of Manitoba,.508 BMSE, 730 William Avenue, Winnipeg, Ménitoba from Pepscan assay.’ we conclude t.hat the depend'ence of
R3E OW3, Canada the mAbs on local epitope conformation correlates with the
Received 12 August 1996; accepted 3 November 1996 number of critical residues required.
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Since antibodies raised with a linear peptide usually have  for 2 h at room temperature, and was terminated by adding
very limited cross-reactivities with the native organisms20 ul 1 M ethanolamine (pH adjusted to 9.0 with HCI) and
[11], it is therefore necessary to identify the appropriate incubating for 2 additional h at room temperature. Carrier
structural constraints for the motif sequence. Phage disprotein (20ul 50 mg mi? dialyzed BSA; A-3912, Sigma
played peptide libraries may be more appropriate for the Company, St Louis, MO, USA) was added and the reaction
selection of conformational constraints by using the conformixture was diluted with 1 ml TBS (50 mM Tris-HCI,
mation-dependent mAbs [10] since the conformation- pH 7.5, 150 mM NacCl) and concentrated and washed three
dependent mAbs bind only to the motif sequence displayetimes with TBS on a 30-kDa centricon filter (Amicon,
on the phage surface in a conformationally constrained Beverly, MA, USA). The concentration of the biotinylated

form. antibody (bio-mAb) was calculated from the final volume
(usually less than 10fl), assuming no loss during biotin-

Materials and methods ylation.

Random peptide libraries displayed by filamentous Affinity selection

phage The biotinylated mAbs were used to affinity-select target

Three different libraries presenting peptides of different  clones from the various phage display random peptide
lengths and density (number of the same peptide displayelibraries essentially as described [5,10]. Since the peptides
on each phage particle) were used. All three libraries were  from both plll 6-mer and plll 15-mer libraries are presented
provided by George Smith (University of Missouri, by plll at similar density, we mixed the two libraries in
Columbia). The first library displays 6-mer random pep-  equal proportions and the mixed library (designated as plll
tides which are presented on the filamentous phage mind-mer/15-mer) was treated as a single library and subjected
coat protein plll and it is designated as plll 6-mer library  to antibody selection. For the first round of selection, about
[5]. The plll protein is normally expressed at five copies per40 pmol of biotinylated IgG in 40@l was reacted at€C
phage particle. The second library displays 15-mer random  overnight with a 35-mm polystyrene petri dish (Falcon) that
peptides also presented by plll protein and it is designatetiad previously been coated with streptavidin [6]. Unbound
as plll 15-mer. The third library displays 15-mer random  1gG was washed away, and approximéategtra@ycline
peptides but is presented on a recombinant pVIIl proteirresistance transducing units of library phage were reacted
(S Choukri and GP Smith, manuscript in preparation) and with the dish for 4 RCat Alfter washing out unbound
it is designated as pVIII 15-mer. pVIIl is the major coat of phage, bound phage was eluted in 400elution buffer
protein of filamentous phage and is normally expressed at (0.1 N HCI adjusted to pH 2.2 with glycine, T'mg ml
about 3000 copies per particle. However in the pVIIl 15-BSA). Half of the first eluate was amplified and'i@hage
mer library, the peptide-coding region is fused to an units of the amplified first eluate were served as the input
additional synthetic copy of pVIIl, and both the wild type phage for the second round of the affinity selection. The
pVIll and the recombinant pVIII are co-expressed in the second round of selection procedure was identical to the
same phage. Therefore each phage in the library will carryirst round of selection. For the third round of selection,
two types of pVIII proteins. We have previously found that 20 fmol of biotinylated IgG was mixed withHalge units
about 10% of the total pVIIl are recombinant pVIIl [10]. of amplified phage from the second-round eluate in a total
Therefore about 300 copies of peptide are expected on each  volumeubBR@°C overnight. Each IgG-phage mixture
phage particle in the pVIIl 15-mer library. All phage was then reacted for 30 min at room temperature with a
libraries were stored at°€. streptavidin-coated dish, which was washed and eluted as

Two phage clones previously selected from a phagéefore. Ten to twenty clones from each third eluate were
library with random constraints imposed onto the model  sequenced as described [3]. Motif-containing clones were
motif sequence [10] were used. One clone expresses ttamplified in K91 bacterial cells in 20 ml NZY with 20g
18-mer motif sequence with a disulfide bond constraint ~*rdtracycline and 1 mM IPTG. Phage were precipitated
(DCLSDVAGLQNDPTTWCW) and the other expressestwice with polyethyleneglycol and the final pellets were
the 18-mer linear motif sequence (WSESDVAGLQNDPTT  resuspended innRUBS-NaN; and stored at AC until
IYN) [10]. The two 18-mer peptides differ only in the three used.
amino acids at each end.

Direct ELISA and competition ELISA

Biotinylation of mAbs For direct ELISA, antigens were coated onto an ELISA
The non-conformation-dependent mAbs C1.1 and C1.3 and plate (modified flat bottom, Corning Glass Works, NY,
the conformation-dependent mAbs C1.6 to C1.8 were usetdSA) in 50 ul of 0.1 M NaHCQ, (unadjusted pH approxi-
for selecting motifs from the three phage libraries. The anti- mately 8.5y@todernight. Each well was coated with
bodies were purified from ascites fluid and were biotinyl-5 x 10° physical particles of peptide-phage; then blocked
ated as we described earlier [10]. Briefly, @00f the pur-  with 100ul of blocking solution (40 mg mf BSA in TBS)
ified protein (2 mg mi*) was adjusted to pH 8-9 in a at 37C for 2 h. Appropriately diluted biotinylated mAbs
siliconized 1.5-ml tube by adding 414 1 M NaHCQ,. Sul- (50wl well™ in incubation buffer; 29 mg mt of BSA in
fosuccinimidyl-6-(biotinamido) hexanoate (Pierce, Rock-TBS) were added to each well and incubated £tC37or
ford, IL, USA) was dissolved at 0.5 mg mlin 2 mM 1 h. Antibody binding was detected by using avidin conju-
sodium acetate buffer and 20 was immediately added to gated with horseradish peroxidase (Pierce, Rockford, IL,
the antibody solution. Coupling was allowed to progress USA). The results were expressed as OD at 405 nm using
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2, 2Z-azino-bis(3-ethylbenz-thiazoline-6-sulfonic acid) as Table 1 Sequences of the peptides selected from the plll 6-mer and 15- 73

substrate (Sigma). mer libraries
For competition ELISA, ELISA plates were coated with

phage as described above for direct ELISA. After incu-"AS Peptide sequence Frequency
bfatl_on vt\)nth blockllng solut!ohn, well_sr\]/vere filled \;\/lt?} 24 o1t GLPNDWSGROASGTR 17
of incubation solution with or without one of the two GLPNDWPCROASGTR 1
inhibitors: C. trachomatisorganisms (19 per well) and GLKND SAVLVLVGS 1
1 ug 30-mer peptide H1 (SAETIFDVTTLNPTIAGSDVA PGLKND 1
GLQNDPTTN; [11]), which contains the model motif c1.3 GLKND SAVLVYLVGS 16
sequence fromC. trachomatis The biotinylated mAbs GLLND Y 1
(25 ul well™) were added immediately to each well. After GLLND S 1
the plates were incubated for 1 h and thoroughly washed, gtgug\'j 11
the binding was assayed as described above for direct
ELISA C1.8 RSDVVGLQSLFCCEI 8
' FVRFYNLETLQQRYF 3
SEELLVESSAIRSRE 1
SPLVLIGGLDTLWSR 1
Results WRRWFYQFPTRAWAS 1
Affinity selection of mAb binding sequences from the S\S/éiég 11
plll 6-mer/15-mer library RLELHV 1
All five mAbs (C1.1, C1.3 and C1.6 to C1.8) were able to DQHGWD 1
bind to the model motif sequence synthesized on pins in PLAHNS 1

Pepscan assay [7]. However it was not known whether they
could select the same motif sequence from the random pefFhe first column lists the mAbs used. The second column shows the
tide lraries displayed by flamentous phage. Five of heiins e seciess e miameed ons sovarng Soer 2o,
eight mAbs were ,then used to select their bmdm,gThe third column Iisis the nt?mber of times individual clones appear in '
sequences from filamentous phage random peptid@e third eluate.
libraries. We first used the libraries in which the random
peptide are presented by the minor coat protein lll. To elim-
inate the effect of peptide length on motif selection, two  to the linear motif sequence synthesized onto pins in the
libraries were used with one displaying 6-mer random pepPepscan assay [7]. This discrepancy may be due to one of
tide and the other 15-mer. The 6-mer and 15-mer peptide  the following: the phage particles may preferentially inter-
libraries were mixed at equal ratio and then subjected tdere with the binding of the conformation-dependent mAbs;
selection. After three rounds of selection with the mAbs, although the phage libraries can provide the linear motif
19 or 20 individual clones were picked up from each sam-sequence (selected by the non-conformation-dependent
ple for sequencing. The amino acid sequences of the ran- mADbs), the linear sequence is displayed at much lower den-
dom peptide region from the selected clones are summassity than that in Pepscan assay. Therefore the low affinity
ized in Table 1. The non-conformation-dependent mAbs interaction between the linear sequence and the confor-
(C1.1 and C1.3 selected phage clones displaying a motifhation-dependent mAbs detected in Pepscan assay is no
sequence from both the 6-mer and 15-mer plll libraries. longer detectable in phage assays.
This motif sequence G-L-X-N-D can be found in the
C. trachomatismajor outer membrane protein and also con-Affinity selection of mAb binding sequences from the
tains the critical residue region required by the same set 0pVIll 15-mer library
mADbs for binding to pin peptide in Pepscan assay, suggest-  To increase the chance for the conformation-dependent
ing that the motif sequence selected from random peptidenAbs to bind to the linear motif sequence on phage, we
libraries is specific to the mAbs. It is noticeable that the  used the pVIIlI 15-mer library for mAb selection since hun-
motif is always located at the N-terminus of the randomdreds of copies of peptide can be expressed on the surface
peptide coding region, which may suggest that the N-ter-  of a single phage particle. In addition, itis known that pVIlII
minal residues provide more flexibility for antibody bind- clones can be used to coat plates for direct ELISA measure-
ing. In addition, although the same motif sequence was  ments while it is very difficult to measure plll clones by
selected from both the 6-mer and 15-mer libraries, multipledirect coating. After three rounds of selection with mAbs
identical clones are only selected from the 15-mer library, C1.1, C1.3 and C1.6 to C1.8, 12 to 20 individual clones
which may suggest that the 15-mer library is less diversifiedvere picked up from each sample for sequencing. The
than the 6-mer library or the single 15-mer peptide from sequences selected from the pVIII 15-mer library by the
the entire plll 15-mer library has the highest affinity to mAbs C1.1, C1.3 and C1.8 are summarized in Table 2.
the mAbs. Since C1.6 to C1.8 all selected clones without recognizable

On the contrary, the conformation-dependent mAbs C1.6notifs, the data for C1.6 and C1.7 are not shown. Both
to C1.8 did not select phage clones displaying sequences mAb C1.1 and C1.3 selected phage clones mostly contain-
that can fit into any recognizable motif (Table 1; only ing the motif sequence (G-X-X-N-D) although not every
clones selected with C1.8 are shown since all three mAbs  clone sequenced in the third eluate displayed the same
failed to select any recognizable motifs). This is unexpectednotif sequence. Although the motif sequence represents the
since the conformation-dependent mAbs are known to bind  same region as the motif sequence from the pllil library, it
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Table 2 Amino acid sequences of peptides selected from the pVIIl 15- \JAp binding to phage clones expressing motif
mer library sequences
We then measured the binding of the mAbs to the selected

MADbs Peptide sequence Frequency phage clones and also to a clone expressing the motif
o1t LOLISGLLND TSSSN 4 sequence with an optimized disulfide. bond cons_traint: This
SHLVGGLEND ASWSE 5 clone was selected from a conformation-constrained library
DFPAGYLND STLFPP 3 by the conformation-dependent mAb C1.6 but it can be
DFLIRYLND STPFPF 1 recognized by both C1.6 and C1.8 [10]. Since it is very
?i@ﬁiﬁ&ﬁ?ﬁv{%p i difficult to measure binding to phage clones from plll
Q libraries due to low copy numbers of peptide on each
€13 TRGYKND ALSHFHLT 5 phage, only the clones from the pVIll library were
GPGMKND LVPPPSLT 3 measured.
S['Eé‘ék,,{'ﬁ%"{{fgm 33 As shown in Table 3, only the ODs above 0.4 indicate
EAGVLND GPRFTDAF 1 significant binding in the ELISA assays. THe non-confor-
QSSDSPPGLQNDFP 1 mation-dependent mAb C1.3 was able to bind to all clones
X;QSSE\‘IEB%LSL\;\‘A%'EF 11 expressing the motif sequence (with OD above 0.4) but not
TSPMESETTPSYTLR 1 the background glones (with oD less than 0.05). Furthgr—
GPRPSPVPQSVAVGS 1 more, such binding was specifically blocked by a motif
c1s VMRQECWWWPCNDLY 2 sequence conta?ning peptide (Hl). and the chlamydial
HPWWTWVSDPNATQP 1 organisms to which the mAb was raised (data not shown)
RFPYWFVLPPIATVD 1 with the ODs decreased to 0.07 or less. These observations
VPKLIAGSSSLAPLG 1 suggest that the clones expressing the motif sequence were

VCFARPPRPLQVNALKRRIMLRI- PSR
RRLAADATPAPAIAKLYGILAK 15 selegted by the mAbs as a result of specific bmgimg of the
peptides to the mAbs. However the conformation-depen-
“The data are displayed in the same format as described for Table 1. Ee”t mA_‘b Cl1.8 fqlled to bind to_any of the clones express-
45-mer was selected by C1.8. This may be due to either of the followindnd the linear motif sequence (with an OD of 0.046 or less),
two reasons: the clone with the triple insertion may have superior growtiwhich confirms that the peptide density from pVIlII librar
pep y p Yy
advantages; the 45-mer peptide may be able to fold into a conformatiog|ones is still too low to allow binding by the conformation-
allowing C1.8 binding. However C1.8 failed to bind to the 45-mer phagedependem mAb. Since there is nothing to inhibit with, the
clone in direct binding assay (data not shown), which minimized the . ’ P T
second possibility. OD readings for the inhibition of C1.8 mAb binding to
the non-constrained phage clones with either inhibitor are
below 0.06.
We then compared the binding of the mAbs to two phage
clones, one expressing the motif sequence without con-
. . straints, and the other with a disulfide bond conformational
is much less restricted and more replacements are allowed)ctraint. As shown at the bottom of Table 3. C1.3
in the motif from the pVIll library. In addition, the motif  ¢haifically bound to both clones but the conformation-
was not restricted to the N-terminus and it was distribute ependent mAb C1.8 only bound to the clone expressing
across most of the 15-mer. These observations together Sugge gisuifide bond constrained motif sequence. The binding
gest that the multiple display of peptide in the pVIll library ¢hecificity of C1.8 to the constrained motif sequence
decreased the stringency of the selection, allowing peptidgynressed on phage was further confirmed by the inhibition
failed to allow the conformation-dependent mAbs C1.6 tOhe jinear peptide H1 since C1.8 has been shown to bind
C1.8 to select the linear motif (only the clones selected with chjamydial organisms but not to the H1 peptide [7]. The
C1.8 are shown in Table 2). A clone expressing a peptidgpecific binding of the conformation-dependent mAb to the
three times as long as the normal 15-mer peptide was selegjone expressing the conformationally constrained peptide
ted at high frequency (15 times) with C1.8 but not with a5 further observed under electron microscope (data not
C1.6 and C1.7 (data not shown). This may be due to eithegshown). Both wild type phage and the phage clone express-
of the following: the clone with the triple insertion may ing the linear motif sequence failed to bind to the bead
have superior growth advantages; the 45-mer peptide mayoated with C1.8. However the phage clone expressing the
be able to fold into a conformation allowing C1.8 binding. motif sequence with a conformation constraint was able to
However C1.8 failed to bind to the 45-mer phage clone inpind to the beads, confirming that the conformation-depen-
a direct binding assay (data not shown), which minimizedjent mAb C1.8 can bind only to the motif sequence dis-
the second possibility. The failure of the conformation-played on phage when the appropriate conformation con-
dependent mAbs C1.6 to C1.8 to select the linear motiktraint is imposed.
sequence from the pVIIl 15-mer library does not answer
the questions we previously raised: it is still not clear iscussion
whether the phage particle interference or the low densit)P' ussl
display of the peptide (even in the pVIIl library) failed to Both Pepscan and phage display random peptide library
allow selection of the linear motif by the conformation-  approaches have been extensively used to identify binding
dependent mAb. sites of antibodies. A panel of neutralizing mAbs against
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Table 3 mAb binding to phage clones in ELISA (QR)? 7
MADbs inhibitors ELISA with immobilized phage
C1.3 C1.8
None H1 EBs None H1 EBs
EAGVLND GPRFTDAF 0.537 0.034 0.042 0.037 0.039 0.056
TPGYKND ALSHFHLT 0.785 0.032 0.045 0.040 0.034 0.027
GPGMKND LVPPPSLT 0.438 0.068 0.073 0.032 0.057 0.049
FPAGVAND PSVAGPF 0.754 0.035 0.063 0.034 0.033 0.050
SHPGGLYND PPRSTL 0.680 0.070 0.034 0.045 0.047 0.052
DLPGGMLND KVRGML 0.707 0.056 0.056 0.043 0.058 0.053
QSSDSPPGLQNDFP 0.503 0.054 0.054 0.042 0.049 0.046
VYASPNTTGLLND IL 0.498 0.039 0.067 0.046 0.060 0.035
TSPMFSFTTPSYTLR 0.032 0.035 0.069 0.043 0.054 0.056
GPRPSPVPQSVAVGS 0.043 0.034 0.037 0.046 0.056 0.048
DCLSDVAGLQNDPTTWCW 1.201 0.059 0.065 1.109 1.081 0.067
WSESDVAGLQNDPTTIYN 1.125 0.075 0.053 0.078 0.067 0.058

®The binding of mAbs to phage clones was measured in ELISA and competition ELISA as described in Materials and Methods. The first column lists
the amino acid sequences of the random peptide coding regions of each phage clone pre-coated onto the ELISA plates. The sequences that can fit into
a motif are in bold. The last two phage clones were selected previously [10]. The second column showsgthreddihgs of the direct binding of

C1.3 to the plate bound phage. The third and fourth columns list the ODs of C1.3 binding to the plate-bound phages in the presence of inhibitor H1
peptide (see Materials and Methods) abldlamydiaorganisms (EBs) respectively. The binding of C1.8 is similarly listed in columns 5 to 7. The data

shown comes from one of the three separate experiments with each in duplicate wells. The variation between the three experiments is less than 20%.

an epitope from the&. trachomatismajor outer membrane peptide library was selected while a motif sequence of G-
protein was analyzed previously for its fine specificities inX-X-N-D was selected from a pVllI-based phage random
Pepscan assay [7]. The Pepscan assay was very sensitive peptide library. PVIII library is known to display 60 times
in detecting antibody-binding sequences, and all mAbsnore peptide on each phage particle than plll libraries do.
were able to bind to the pin peptide with some requiring Therefore the clones expressing low affinity motif
two critical residues covering a distance of three residuesequences are also selected from the pVIll library because
and the other requiring five critical residues. The mAbs of the high copy number of peptide on each phage. Com-
requiring fewer critical residues appeared to be less depempared to the pin peptides used in Pepscan assay, phage dis-
dent on antigen conformation and thus they were desig- plays peptide at much lower density. The low density pep-
nated as non-conformation-dependent while the mAbgide display, although being less sensitive in detecting
requiring more critical residues appeared to be more depen- epitope sequence, may provide better differentiation of
dent on antigen conformation and thus were designated dsnding with different requirements for epitope confor-
conformation-dependent [7]. In the present study, we have mation. The failure of the conformation-dependent mAb to
used the same panel of mAbs to select binding motitbind to a linear motif sequence displayed by phage may
sequences from random peptide libraries displayed by  provide an opportunity for using phage display to select
filamentous phage. We found that in contrast to the Pepscatonformational constraints.

assay, the phage random peptide library approach seems to The fine specificity analysis of the mAb binding by Pep-
be less sensitive since only the non-conformation-depenscan assays revealed that the non-conformation-dependent
dent mAbs were able to select a motif consisting of five mAbs seemed to require less critical residues while the con-
critical residues while the conformation-dependent mAbsformation-dependent mAbs required more critical residues
failed to select conserved motifs and were not able to bind  for binding to pin peptide. However at this point, it was
to the phage clones expressing the linear motifs (Table 3ot clear whether and how the conformation depedence of
The difference in sensitivity between the two approaches the mAbs is related to the number of critical residues
is not due to the interference of the phage particles on theequired by the mAbs since the conformation dependence
binding by the conformation-dependent mAbs but is likely ~ was determined at the protein level [7]. In this study, we
due to the fact that the Pepscan pins display peptide diave demonstrated that the conformation required by the
much higher density (even higher than hundreds of copies mADbs is the local epitope conformation since imposing the
per phage particle). High density display of ligands canappropriate local constraints onto the same motif sequence
allow rare events of correct folding of the ligands to be  can enhance the binding of the conformation-dependent
detected and therefore appears to be more sensitive. ThisAbs to the motif sequence. Thus the present observation

is not only true when comparing the two approaches but  confirms that the multiple critical residues required for
also true when comparing different phage libraries. Thebinding of the mAbs as identified in Pepscan assay are
motif clones selected from the plll libraries are more needed to maintain a local conformation to better fit the
restricted than those from the pVIIl library. A motif mAb binding. More native epitope residues may be
sequence of G-L-X-N-D from a plll-based phage random required to maintain a more complicated local confor-
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mation. Therefore antibodies more dependent on local epi- trachom.atismajor outer membrane protein genes. Proc Natl Acad Sci

tope conformation appear to require more native reSidueSZ léi?sgrsl.hﬁog?g%aa JT Mason, G Tribbick and GP Schoofs. 1987

fOI’_ blndlng Q”d are _|ESS toI_erant to EpltOpe_reSIdue substi- Strategies fc‘>r epitope ‘analysis uéing peptide synthesis. J Immunol

tution. This is consistent with the observation that MAbS  yeth 102: 250-274.

only binding to the constrained motif sequence but not to 3 Haas SJ and GP Smith. 1993. Rapid sequencing of viral DNA from

the linear motif sequence on phage require more critical filamentous bacteriophage. Biotechniques 15: 422-431.

residues for binding in the Pepscan assay. However the fre4 Parmley SF and GP Smith. 1988. Antibody-selectable filamentous fd
‘ s : ; phage vectors: affinity purification of target genes. Gene 73: 305-318.
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Yy a given (ecep or) Impose Yy native epitope resiaues Iin epitope library. Science 249: 386-390.
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of the short peptides. Therefore such rare frequency can played on filamentous phages. Meth Enzymol 217: 228-257.

only be detected in a high peptide density display assay? Zhong 'G, J Berry and RC Brunhgm. 1994. Antibody recogpltlon of a

such as Pepscan. In the case of low density display of pep- neutralization epitope on the major outer membrane proteiGhié-
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