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Figure L. IVV selection of Jun-associated proteins. (A) Principle of [VV formation on the ribosome in a cell-free translation system (8). Puromycin ligated to the
¥'-terininal end of mRNA through the polyethyleneglycol (PEG) spacer (16) can enter the ribosomal A site to bind covalently to the C-terminal end of (he protein
that itencodes. (B) Schematic representation of itcralive selection for protein-protein interactions using IVV. | 1] A cDNA library encoding various proteins is PCR-
amplificd, transcribed and ligated with a PEG spacer having puromycin, [2] The IVV template RNA library and bail template RNA are co-translated in a ccll-free
translation system. [3] The complex of bait protcin and TVV library are subjected to affinity sclection. [4] The RNA portion of the bound 1VVs is reverse-transcribed
and PCR-amplified. [5] The RT-PCR product is subjecied to the next round of selection or (6] identified by cloning and sequencing, (C) Construction of the bait Jun
for the sclection. Jun protein has three conserved domains, delta domnain, transactivation domain and bZI1P domain. As a bait, the fragment containing the bZIP domain
of Jun was fused with a T7-tag for confirmation of expression of the bait protein and with the TAP affinity selection tag, which contains the IgG binding domain of

protein A, TEV prolease cleavage site and calimodulin binding peptide (1).

proteins. Of the 143 clones, 7 were further removed, because
these clones corresponded to 5’-untranslated region (5-UTR)
or 3-UTR in mRNA sequences. Consequently, a total of
81 clones (37% of total clones) were eliminated from the
obtained 217 clones as false positives. Surviving clones
from the above examinations were further characterized.
The remaining 136 clones were clustered into 20 distinct
sequence groups by the CLUSTALW algorithm (Table 1).
Ten of the clusters consist of siblings, and the others consist
of single clones (Table 1). BLASTN search revealed that 16 of
the clusters involved known proteins. The other four proteins,

4732436F15Rik, 9130229H14Rik, 1200008A14Rik and
B130050123Rik, are hypothetical proteins, which have been
reported in the full-length ¢cDNA sequencing and functional
annotation project ‘FANTOM?2’ (23). Characterization of the
amino acid sequences revealed that 14 of the 20 proteins con-
tain leucine heptad repeats, which have the potential to form a
leucine zipper motif. Four of the 20 proteins, Fos, Jun, Atf4 and
Jdp2, have already been reported to interact with Jun directly
(24), but the other 16 have not. Thus, we further examined
thetr specific interactions with Jun by means of real-time PCR,
in vitro pull-down assays and co-immunoprecipitation assays.
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Table 1. A total of 20 sclected proteins from 1VV selection and sequence analyses

Gene symbol Accession no. Number Locus Previcus Leucine In vitro
of clones on mRNA report heptad pull-down
sequence (base) repeats assay*
SNAPI9 NM_183316.1 78 F...285 Unknown Y +
Kif5C (region C) NM_008449.1 17 2473 .,.2672 Unknown Y +
Kif5A (region C) NM_008447.2 5 2654 ,,,2851 Unknown Y +
Eefld NM_023240.) 5 149...522 Unknown Y ND®
Jdp2 NM_030887.2 5 481...717 Known Y +H+
Kif5C (region N) NM_008449.1 4 907...1115 Unknown N —
Nef3 NM_008691.1 4 1086...1251 Unknown N —
4732436F15Rik XM_1434183 3 2087...2287 Unknown Y ++
Fos NM_010234.2 3 493,740 Known Y +H+
9120229H14Rik XM_135706.3 2 96...267 Unknown Y +
Alfd NM_(X9716.1 1 1091...1305 Known Y +
Mapre3 NM_133350.1 1 724 ...980 Unknown N +
Cspgb NM_007790.2 1 2474 .. .2689 Unknown Y ++
Mapk8ip3 NM_013931.1 1 1413...1624 Unknown Y +
Jun NM_010591.1 1 904 ... 1036 Known Y ++
1200008A 14Rik NM_028915.1 1 1522...1677 Unknown Y +
GFAP K01347.1 1 892...1025 Unknown N —
B130050123Rik NM_153536.2 1 1151...1424 Unknown Y +
Kif5A (region N} NM_008447.2 1 1427 ...1463 Unknown N —
Kif5B (region N) NM_008448.1 1 1229...1362 Unknown N —_

“Interaction level of selected proteins with bait Jun based on the result of pull-down assay: —, none; +, weak ++, strong; ++, very strong; and ND, no data.
"Ecfld contains leucine heptad repeats, and significant interaction was observed in the presence of bait prolein, but similar behavior was also observed in the absence

of bail prolcin,

Quantitative analysis of selected protein clones using
real-time PCR

The finally selected clones may merely contain RNA that is
abundant in the initial library, such as B-actin. Such negative
clones can be distinguished from positive clones that are
expected to be enriched in the bait (+) selection, but not
enriched in the bait (—) selection. Thus, we used real-time
PCR analysis to determine the amounts of the DNA molecules
encoding the selected proteins in the DNA libraries from each
round of the selection. Of the 20 candidates, 19 selected pro-
teins were enriched in each round in the presence of Jun bait.
The enrichment rates were between 80- and 2.0 x 10%fold,
while B-actin (negative ¢ontrol) was not enriched. In contrast,
none of the selected proteins, nor B-actin, was enriched in the
bait (=) selection. These results support the conclusion that the
19 selected proteins were specifically enriched by interacting
directly or indirectly with Jun bait protein. In the initial library
and in the 5th bait (), library the 19 proteins accounted for
less than 0.1% and over 50% of the total, respectively. The
region N of Kif5A with a chain length of 38 bp was not
analyzed, because the clone was too short to perform real-
time PCR analysis.

Verification of protein-protein interactions in vitro
by pull-down assay

To determine whether the selected proteins have the ability
to interact directly with Jun, in vitro pull-down assay was
performed. A C-terminal-specific fluorescence labeling tech-
nique, which is a simple and convenient method (25), was
employed for the pull-down assay. As shown in Table 1, 14
proteins including 4 known positives, Jun, Fos, Atf4 and
Jdp2, exhibited direct interactions with Jun bait protein
in vitro. All of the 14 proteins, except for Mapre3, contain

leucine heptad repeats. The other proteins, KifSA (region N),
Kif5B (region N), Kif5C (region N), Nef3 and GFAP, except
for Eefld (see Table 1) neither interacted nor contained
leucine heptad repeats. We considered that these proteing
might interact with Jun indirectly via other Jun-associated
proteins, because there are some findings indicating interac-
tions between selected proteins. For example, regions C and
N of Kif5 family (Kif3s) proteins (Table 1) are known to
interact in a single molecule, generating a compact structure
to ‘control the motor activity of the Kif5s (26-28). The region
C clones have leucine heptad repeats and interacted directly
with Jun in vitro; thus, region N fragments of KifSs might
interact with bait Jun via region C fragments of Kif3s in this
selection. Also, Nef3 are known to interact with Kif5A (29),
and selected regions of Nef3 are highly homologous to parts
of GFAP, Consequently, all five proteins for which direct
interactions with Jun were not confirmed by pull-down assay,
in spite of the specific enrichment confirmed by real-time
PCR, may interact indirectly with Jun through other positive
clones.

Verification of protein-protein interactions in
cultured cells

Transfected Jun protein was assayed by co-immunoprecipita-
tion with 10 GFP- and FLAG-tagged selected proteins which
exhibited interaction with Jun in vitre (Figure 2). All
10 selected proteins were immunoprecipitated (Figure 2B,
upper panels), while Jun was co-immunoprecipitated with only
6 of the 10 proteins, SNAP19, Cspegé, 9130229H14Rik,
1200008A14Rik, BI30050I123Rik and 4732436F15Rik
(Figure 2B, lower panels). The other four proteins, Kif5A
{region C), Kif5C (region C}), Mapk8ip3 and Mapre3, appar-
ently did not interact with Jun,
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Figure 2, Co-immunoprecipitation assay between Jun and sclected Jun-associated protein candidates. (A) Western-blot analysis, showing the expression levels of
Jun afier co-transfection with Jun and each of 10 selecled proteins. *Mock® was co-transfected with Jun and GFP-HIA-FLAG. (B) Extracts of CO$7 cells which were
transfected with Jun and each of the ten selected proteins were immunoprecipitated with anti-FLAG antibody. This was followed by western-blol analysis using the
anti-Jun antibody to detect co-immunoprecipitated Jun protein (top) and anti-GFP antibody to detect GFP-fused selected profeins (arowhead on the boitom).

Determination of subcellular localization of
selected protein fragments

To elucidate why the interaction of some proteins that
interacted with Jun in vitro could not be confirmed by
co-immunoprecipitation assay, we observed the subcellular
localization of 10 GFP-tagged selected protein fragments in
COS7 cells (Figure 3). As a control, a GFP-tagged selected Fos
protein fragment and GFP-HL4-FLAG protein alone {mock)
were also transfected. All of the protein fragments that were
co-immunoprecipitated with Jun, SNAP19, 4732436F15Rik,
913022H14Rik, Cspg6b and B130050123Rik, except for
1200008 A14Rik, were located mostly in the nucleus, like
Fos. On the other hand, the proteins that did not co-immuno-
precipitate Jun, Kif3C (region C), Kif5A (region C), Mapre3
and Mapk8ip3, were located mostly in cytoplasm. Mock
protein was located ubiquitously in the cells. These results
imply that differences in the subcellular localization of the
transfected protein fragments could explain the result of the
co-immunoprecipitation assay.

Prediction of cellular function

In order to elucidate the cellular roles of the selected proteins,
functional annotations of these proteins in public databases
were searched from the entries in GO and Refseq. As shown in
Figure 4, the 13 unreported proteins and 4 known positives
were clustered into five functional groups, microtubule asso-
ciation (Kif5A, Kif5B, Kif5C and Mapre3), kinesin complex
(GFAP, Nef3, Kif5A, KifSB, Kif5C, Mapk8ip3 and Cspgb6),
chromosome  segregation (Cspgb, 9130229HI4Rik and
1200008A14Rik), DNA repair (Mapk8ip3, Cspgé and
9130229H14Rik), and transcriptional regutation (SNAP19,
Fos, Jdp2, Atf4 and Jun). Two hypothetical proteins,
B130050123Rik and 4732436F15Rik, have no clear functional
annotations (black-bordered boxes in Figure 4).

DISCUSSION

Jun protein is a eukaryotic transcription factor, which plays an
important role in a variety of cellular functions, including
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Figure 3. Subcellular localization of the 10 selected protein [ragments, COS7 cells were transfected with GFP-1agged sclected protein fragments that interacted with
Jun in vitro, GFP-lagged selected Fos fragment, and GFP-HL4-FLAG alone (negative control). The Fos fragment was used as a posilive control of co-localization
with Jun, because it was efficiently co-immunoprecipitated with Jun. Upper pancls show GFP-tagged proteins, Middle pancls show the nucleus stained with
Hocchst33342. Lower panels show merged images. GFP and Hoechst33342 appear as green and blue, respectively.

proliferation, differentiation and tumorigenesis (30). The
cellular functions of Jun vary according to the interacting
partners (24). So far, over 50 Jun-associated proteins have
been found in various tissues by using biochemical methods,
Y2H assay, and other techniques (24). Jun forms a2 homodimer
and heterodimers with Fos/Jun family proteins such as Fos,
Fral, Fra2, FosB, Jun, JunB and JunD (31-34), and with other
bZIP family proteins (24). Jun also interacts directly with
many proteins, such as transcriptional co-activators, struc-
turally unrelated DNA binding proteins and nuclear structural
components (24). Most of the known Jun-associated proteins
are transcriptional regulators.

In this study, we were able to select 20 candidate Jun-
associated proteins from a mouse brain ¢DNA library
by using the IVV selection system. Of the 20 candidates,
16 are previously unreported interactions. Of the 16 selected
proteins, 10 proteins were confirmed to interact directly with
Jun bait protein ir vitro (Table 1). All 10 proteins, except for
Mapre3, contain leucine heptad repeats. This result seems
reasonable, because almost all Jun-associated proteins that
interact with the bZIP domain of Jun have a leucine zipper
motif, which is essential to form heterodimers with Jun (24).
Furthermore, 6 of the 10 candidates, SNAP19, Cspg6,
9130229H14Rik, 1200008A14Rik, B130050123Rik and
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Figure 4. Profcin-protein interaction mapping of the selected proteins with functional annotations. Prolcin-protcin interactions confimmed by
co-immunoprecipitation and pull-down assay are rcpresented as magenta and blue lines, respectively. Black lines indicale previously reported intcractions.
Color-bordered boxes represent the functional annotations of the proteins as indicated in the lower pancls. Two hypothetical proteins (black-bordered boxes)
have no clear functional annotations. Broken-lined squares represent highly homologous protein fragment pairs.

4732436F15Rik, were confirmed to interact with Jun in
a cultured cell line by using co-immunoprecipitation assay
(Figure 2). We predicted the cellular functions of these pro-
teins by means of functional clustering using annotations.

SNAPI9, the most abundant protein {Table 1; 57% of the
positives) in this selection, was clustered into the functional
group of transcriptional regulation (Figure 4). SNAP19 is
known as a 19 kDa subunit of a small nuclear RNA-activating
protein complex (35). Previous reports indicate that SNAP19
works in the nucleus as a subunit of the transcriptional
regulator protein complex (35). Although no functional or
physical relationship between SNAP19 and Jun has been
reported previously, our present findings strongly suggest
an interaction between SNAP19 and Jun in living cells.

Cspg6, 9130229H14Rik and 1200008A14Rik were clus-
tered into two functional groups, DNA repair and chromosome
segregation. This suggests that Jun plays unreported roles
in these functions (Figure 4). There are some examples of
transcription factors with other non-transcriptional cellular
functions; for example, a bZIP transcription factor controls
the cell cycle by interacting directly with Cdk2 protein without
the involvement of any transcriptional event (36), and an
unexpected interaction of Jun with cytoskeletal materials
has been reported recently (37). Otherwise our selected
proteins may work cooperatively with Jun as transcriptional
regulators. For example, Mmip] protein, an isoform of Cspgb,
was reported as a transcriptional suppressor interacting with
Mad proteins, a bHLH-ZIP transcriptional regulator family
(38,39), implying that Cspg6 protein may also suppress the
transcriptional activity of Jun.

Although B130050123Rik and 4732436F15Rik have no
clear annotation, their nuclear localization predicted by the
PSORTII program ¢http://psort.nibb.ac.jp) implies interaction
with Jun in the nucleus in vivo, and possible functions related
to transcriptional regulation. Further in vivo experiments are
necessary to clarify these proteins’ cellular functions.

We could not confirm the interactions between Jun and the
other four candidates, Kif3A (region C), Kif5C {region C),
Mapk8ip3 and Mapre3, by means of co-immunoprecipitation
assay (Figure 2), in spite of the in vitro interactions. A possible
reason for this would be a difference of subcellular localization
between these proteins and Jun. Indeed, all of the proteins that
were confirmed to interact with Jun in cultured cells, except
for 1200008A14Rik, were located mostly in the nucleus, like
Fos protein, a well-known Jun-interactor, while the above-
mentioned four proteins were located mostly in cytoplasm
(Figure 3), and are known to interact with the cytoskeleton
in living cells (40—42). Although the in vitro interactions of
these four proteins may be biological false positives, bio-
logically significant interaction with Jun cannot be ruled
out, because subcellular localizations of some proteins are
known to be tightly restricted to a specific phase in vivo.
For example, Kifl7, a closely related paralogous protein of
Kif5 family proteins, is located in the nucleus and interacts
with ACT protein, a transcriptional co-activator, only at the
specific stage of spermatogenesis iz vivo, and the interaction
was only confirmed by immunostaining analysis of mouse
testis tissue (43).

So far, genome-wide analyses of protein—protein inter-
actions have been performed by only Y2H and biochemical
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metheds using MS. The IVV selection system exemplified in
this study has several advantages over previous techniques, for
example, convenient removability of false positives arising
from the selection system itself, availability of a wider
range of interacting conditions and availability for analysis
of the interactions of toxic proteins. Every current technique
for screening of protein—protein interactions has some dis-
advantages as well as advantages, and therefore the use of a
range of different techniques is important to obtain as
complete & map as possible of protein—protein interactions
in various organisms.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at NAR Online.
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In vitro selection of proteins from ¢DNA libraries using display technologies, such as
the in vitro virus method, is a powerful means for the discovery of novel protein inter-
actions. After iterative screening, selected proteins are usually identified and evalu-
ated by cloning and sequencing analysis. Previously we applied real-time PCR for
evaluation of the sequences obtained on in vifro virus screening. Here, we have pre-
sented additional data regarding monitoring of the process of enrichment of selected
clones in each round of selection and elimination of false positives by real-time PCR,
and have also discussed the utility of the novel method. This approach should also be
applicable to other display technologies.

Key Words: display technology, false positive, in vitro virus, mENA display, real-time
PCR.

Abbreviations: IVV, in vifro virus; Nrbf2, nuclear receptor binding factor 2; Aes, amino-terminal enhancer of split;

Gas5, growth arrest-specific 5.

Display technologies (I-3) that link genotype (DNA or
RNA) and phenotype (protein) molecules are powerful
tools for the discovery of interaction partner proteins
for various targets (e.g., proteins, nucleic acids, small-
molecular compounds, and drug candidates), using ¢cDNA
libraries or artificial random-sequence libraries. Phage
display (4-8) is the most widely used display technology,
and has uncovered many novel functional proteins, pro-
tein-protein interactions, and DNA—protein interactions.
Furthermore, totally ir vifro display technologies in-
volving cell-free translation systems, such as ribosome
display (9—11), mRNA display (12, 13), and DNA display
(14-18), have also been applied for the discovery of novel
functional proteins, screening of drug targets (17), and
protein—protein interaction analysis (18).

Figure 1 is a schematic representation of a typical
sereening procedure involving totally in vitre display
technologies. Initial libraries of genotype-phenoctype link-
ing molecules are affinity-screened and amplified itera-
tively. The resulting DNA library is cloned into some kind
of cloning vector and then sequences are determined by
commonly used methods. However, we cannot easily
determine much about the abundance ratio or the proc-
ess of enrichment of the selected clones in each round
from only the cloned numbers of the sequences, although
such information would be quite useful for evaluating the
clones and for optimizing the selection conditions. In
addition, the resulting clones often include false positives
that are merely abundant in the initial library or that are
accidentally picked up in spite of having no binding
activity. Therefore, we planned to apply a quantitative
real-time PCR technique to monitoring of the process of
entrichment of clones on in vitro protein selection and

*To whom correspondence should be addressed. Tel: +81 45 566
1775, Fax: +81 45 566 1440, E-mail: hyana@bio.keio.ac jp
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elimination of false positives easily by accurately deter-
mining the numbers of molecules of each selected DNA in
the resulting libraries to confirm the specific enrichment
of the sequences.

We recently performed affinity s¢reening of Jun-associ-
ated proteins from a mouse brain ¢DNA library (19)
using our in vitro virus (IVV) method (12, 13), one of the
mRNA display technologies. In this study, we further
analyzed 451 clones including 217 previously analyzed
clones which had been picked up from the library on five
rounds of iterative screening (19). Of the 451 clones, 271
(about 60% of the total analyzed clones) were confirmed
to represent intact RNA-protein conjugated molecules
without any frame-shift or stop codon on sequence analy-
sis, These 271 clones were clustered into 22 independent
sequence groups that were considered to be credible
candidates for Jun-associated proteins (Table 1); they
included three unreported candidates, nuclear receptor
binding factor 2 (Nrbf2) (20), amine-terminal enhancer of
split (Aes) (21), and growth arrest—specific 5 (Gas5) (22),
together with 19 that we had previously reported (19).

‘We performed real-time PCR analysis to determine the
numbers of DNA molecules of the 22 selected sequences
(Table 1} in the initial ¢<DNA library, and the libraries
obtained on each round of IVV screening in the presence
[bait (+)] and absence [bait (=)} of the Jun bait protein
(Fig. 2). We found that all of the selected sequences
except for those of Aes and Gas5 were enriched in each
round of bait (+) selection (Fig. 2A), whereas B-actin (neg-
ative control) in the bait (+) selection (Fig. 2A), and all
sequences in the bait (-) selection (Fig. 2B) were found
not to be enriched. These results indicate that 20 of the
22 sequences had been selected specifically on the basis
of affinity for the Jun bait protein, whereas Aes and Gas5
are false positives. Thus, of the three new candidates
discovered here, only Nrbf2 was concluded to be a true
positive. The interaction between Jun and Nrbf2 was

© 2005 The Japanese Biochemical Society.
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clone encoding each selected sequence, Real-time PCR was performed with a Lighteycler FastStart DNA master SYBR green I kit (Roche)
and protein-specific primer sets (the amplicon size was 56 to 200 bp) with a LightCycler {Roche). The standard template DNA was PCR-
amplified from each selected sequence on a pDrive vector (Qiagen) using primers 5M13F (5-GTTTTCCCAGTCACGACGTTG-3" and
3'M13R (5-GAAACAGCTATGACCATCGATTACG -3'). The numbers of DNA molecules of the selected sequences in 5 ng aliquots (~10° mol-
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confirmed by in vitro pull-down assays (data not shown),
as had been done with other previously confirmed
sequences (19). Interestingly, the process of enrichment
of each selected clone varied. The highest and lowest
enrichment ratios in this selection were about 2.0 x 10¢
and 80-fold, respectively. Furthermore, the process of
enrichment of the clones based on the results of real-time
PCR is informative for refining the selection protocol, in
particular, the selection conditions.

Figure 3 shows the correlation between the abundance
ratio of the 22 selected sequences analyzed by real-time
PCR, and that found on cloning and sequencing analysis
of the library after the fifth round of screening. The two
abundance ratios were well correlated in most cases, but
not for the Gasb and Aes sequences (arrows in Fig, 3).
Considering that the two sequences were each discov-
ered as a single clone (Table 1), they are certainly false
positives.

A B o

Real-time PCR is a PCR application that allows accu-
rate quantification of DNA molecules. This technique is
based on the PCR kinetics (23); the quantification of
amplified DNA molecules is performed during the ampli-
fication by using intercalators such as a SYBR Green rea-
gent, and the absolute number of DNA molecules is cal-
culated from the results obtained with standards that are
observed at the same time. The real-time PCR technique
has been used for gene expression analysis and the detec-
tion of mutations. In our previous study, we introduced
real-time PCR analysis to evaluate the results of in vitro
selection. In this paper, we have presented additional
data regarding monitoring of the process of enrichment of
the selected sequences and elimination of false positives
by means of real-time PCR. The use of real-time PCR for
this purpose has several advantages over previous meth-
ods. For example, binding assays, such as in vitro pull-
down assays and coimmunoprecipitation, are relatively

—m—SNAP19 t

101

—»—Kil5C {region C) t
—ie—KGI5C {ragion N) |
~w— Kit5A (region C} 4

-
2
-
=4

—a—~Eelld
—Jdp2

Att4

3
2

Number of clones
=
2

Number of clones
-
Q
]

ey
Q

™
—
2

)
1
(
* 1

- - 4732436F15Rik 1
sv—Nof3 '
-4 Fog 1
—»—Mapre3 1
$130229H14Rik :

+ Cspgb 1
Mapk8p3 1

1 ——Nrbf2 .

102

3

: —Jun |
| *—4+—1200008A14AK 1
1 —e—Kil5B (region N} !

10

102

: —m—GFAP
) =%~ B130050(23Rik
| - x-Ass

i

2nd 3rd 5th

Round

1 L
Initial 1st 4th
Fig. 2. Quantitative real-time PCR analysis of the selected
sequences in the library obtained on each round. The numbers
of DNA molecules of the 22 specifically selected clones in 5 ng alig-

t 1 1
2nd 3rd 4th 5th

Round
uots (~101 molecules) of the libraries, (A) bait (+) and (B) bait (-,

obtained on each round were plotted logarithmically, B-Actin was
chesen as a negative control.

1st

1
Initial | —=—Gas5

J. Biochem.



Application of Real-Time PCR to In Vitro Protein Selection

10° g
10'f +
10 -* *
10"t .

107 s

Abundance ratio on
cloning analysis (%)
*

10°L o

107 1 1 ) ] !
10 10° 10° 10" 10° 10" 1O°
Abundance ratic on
real-time PCR analysis (%)

Fig. 3. Correlation of the abundance ratio on cloning analy-
sig and that on quantitative real-time PCR analysis. On a log-
arithmic scale, the vertical axis indicates the abundance ratio on
cloning analysis [(number of obtained clones/total number of ana-
lyzed clones) x 100 {%}], and the horizontal axis indicates the abun-
dance ratio on real-time PCR analysis [(number of DNA molecules
in 5 ng of a DNA library/1.0 x 10'9 molecules) x 100 (%)1. The broken
line indicates complete correspondence of the two abundance ratios.
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tedious to perform. In addition, binding assays involving
binary interaction analysis cannot detect indirect inter-
actions, while in vitre display technologies can, in princi-
ple, detect indirect interactors that form complexes with
the bait via direet interactors (19),

In summary, we applied real-time PCR to evaluate
the sequences of 22 candidate Jun-associated proteins,
including three novel candidates picked up on IVV
screening, The results show that real-time PCR analysis
is a useful tool for monitoring the process of enrichment
of specifically selected sequences and for eliminating
false positives. This approach should be useful not only
for IVV screening, but also for other display technologies,
such as ribosome display, DNA display, and phage
display.
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