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ABSTRACT: Peripherinfds (P/ds) is a disk rim protein that assembles into homo and hetero complexes
with its nonglycosylated homologue, Rom-1, to maintain the integrity of the photoreceptor outer segment.
Mutations in therds gene have been identified in a variety of human retinal degenerative diseases. More
than 70% of these mutations are located in the second intradiscal (D2) loop, highlighting the functional
importance of this region. This study examines the involvement of different regions of the D2 loop in
protein associations using a GST pull-down assay and a heterologous coexpression system. The pull-
down assay suggests an association of the N-terminal portioA?PPRin€®?) of the D2 loop with Rom-1

as well as with other Pds molecules. Through peptide competition experiments, the region between
Cys!® and Asi®2 of the D2 loop has been identified as the domain for these associations. In a COS-1
cell heterologous expression system, coexpression of the D2 loop along with the intisciril Rom-1
hindered the association of the two full-length proteins. In contrast to the homo associatiaof P/
molecules, it seems that the hetero association aisRiéith Rom-1 has a more stringent structural
requirement. This work defines the crucial domain of the D2 loop, which mediates homo and hetero
associations, specifically the regions that lay between'‘©wsnd Asid®2 Elucidation of the molecular
mechanisms behind the proteiprotein associations of s and its partners may reveal the pathogenic
defects arising from the most common mutations in this gene.

Peripherinds (Pfds)t is a membrane-bound glycoprotein  (D2) loop containing seven highly conserved cysteines, and
localized along the rim region of disks found in rod and cone a highly charged cytosolic C-terminal segmeft 15, 16).
outer segments (0Ss),(2). The importance of this protein  Over 70% of the disease-causing mutations ird&are
was established by a naturally occurring null mutation in located in the D2 loop, providing evidence of the importance
therds gene, identified asetinal degeneration sloyrds). that this region plays in proper protein function. Early
Mice homozygous for this mutation fail to develop OS hydrodynamic studies have shown thatdd/assembles
structures 3, 4), while heterozygousds mice form highly noncovalently with itself to form homotetramers and with
disorganized OSs( 6). The role of Prds in photoreceptor  its nonglycosylated homologue, Rom-1, to form hetero-
integrity has been demonstrated through the link betweentetramers 11, 17).

mutations in therds gene and human retinal degenerative  pfds and Rom-1 share several characteristics including
diseases such as autosomal dominant retinitis pigmentosaequence homology, predicted membrane topology, and OS
(ADRP) and several forms of macular dystrophy (MD) |ocalization (7—19). The noncovalently associated hetero-
(7—10). Although Prds possesses a clear role in maintaining tetramers of Rfls and Rom-1 can join via disulfide bonds
the structure of rods and cones, insights into its molecular to generate higher order molecular complexes of undefined
mechanism through protein interactions are quite limited. sizes p0). Indeed, tetramerization and oligomerization are
Currently, Pfds is conjectured to play a significant role in  vital mechanisms in the maintenance of the disk rim
disk morphogenesis and stabilityt, (11), disk shedding  structure, when considering that any impairment of this
(1, 12), and membrane fusiori§, 14). process has been observed to result in photoreceptor degra-

Cloning and identification of Pds orthologs suggests that  dation and visual los2(—24). Although the nature of homo
these proteins share several distinctive features, includingand hetero complexes of s and Rom-1 has been well-
four hydrophobic transmembrane domains, a large intradiscaldocumented, the sites of their interactions have yet to be
determined.
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Table 1: Primers Used in the Construction of the GSiti$Fusion after induction. Bacteria were recovered through centrifuga-

Proteing tion at 600@ for 15 min, and the pellets were washed twice
primer name  regions amplified sequence \k,)wtfrf] P{?g C;/T[:_S_Wire;%eg I;I.eSSOuspl\jnl\?egl ”1 'C;?IldeASTE
uffer mM Tris at pH 8.0, m aCl,1m ,
Pikds-D2 (F Phé?0—Asr?®¢  5'-ggatcctttctgttge ctcc-3
PhdsD2 ER)) 5_%%961@92&323299%_3 100ug/mL of lysozyme, and 1.0 mM phenylmethylsulfonyl

Phé20—phes? fluoride (PMSF)] and lysed by sonication at moderate
intensity for 30 s. The lysates were solubilized in 1% Triton

X-100 for 10 min at 4°C, and the cellular debris was

Pkds-D2-N (F)
Phds-D2-N (R)
Pids-D2-C (F)
Pids-D2-C (R)

5'-ggatcctttctgttgcggggetec-3

5-ctcgaggaagtccaggtagcgatt-3
5'-ggatcctcctccaaggaggtcada-3
5-ctcgagattcagcagagcggcecct-3

Phés7—Asr?ss

Prds-CT (F) TrP7*-Gly*®  5-ggatcetggetctitgaggtgage-3 removed by centrifugation at 160§@r 30 min. The fusion
Pkds-CT (R) 5-ctcgagccatcagecagectetgy-3 — protein was affinity-purified using glutathione-Sepharose

resin (Amersham Biosciences, Piscataway, NJ) per the
protocol of the manufacturer. Purified proteins were separated
by 10% SDS-PAGE and stained with Coomassie Brilliant

interfered with the interactions between the two proteins. Blue. Specific expression of the fusion proteins were
Identification of this domain on Ris contributes to our ~ €xamined via Western blot analysis using an anti-GST

understanding of the molecular basis of homo and hetero@ntibody (Amersham Biosciences, Piscataway, NJ) as well

underlying mechanisms behind the pathogenic defects as-concentration was quantified with the Bradford assay (Bio-
sociated with mutations in this gene. Rad, Hercules, CA) using bovine serum albumin as the

standard.
Cell Culture and TransfectionrCOS-1 cells were plated

Plasmids cDNA sequences encoding the full-lengthgg/ 0N 100-mm tissue culture dishes atd 10° cells/dish in
and Rom-1 were obtained by polymerase chain reaction Modified Eagle’s medium (Invitrogen Inc., Rockville, MD)
(PCR) amplification of the mouse retinal expression library supplemented with 10% fetal bovine serum for 20 h before
(A ZAP I1) using the appropriate primers. The PCR fragment transfection using the Lipofectamine 2000 transfection kit
was then inserted into thBanH | and Xba | sites of the  (Invitrogen Inc., Rockville, MD). Coexpression of r&,
expression vector pcDNA3.1 (Invitrogen Inc., Rockville, Rom-1, and the Pds D2 loop in COS-1 cells was ac-
MD). In addition, a minigene encoding ther& D2 loop complished by cotransfection of the respective cDNAs into
(Phé?°—Asre%6, Pkds-D2) was constructed by inserting a the cells. A constant amount (&) of cDNA for Pkds and
D2 loop PCR product into the multiple-cloning sites of the Rom-1 and varying amounts<{3 xg) of cDNA for the D2
pcDNA3.1 expression vector. The D2 loop cDNA was loop constructs were used for transfection. COS-1 cells
amplified by PCR using mousels cDNA as a template.  transfected with the empty plasmid were used as a negative
The amplification product was designed to contain a restric- control. Cells were harvested 48 h post-transfection, and
tion site BanH 1) at the 5 end for subcloning, a consensus protein extracts were prepared for Western blot and immuno-

aRestriction enzyme sitesBanmH | and Xho I) are underlined.
Forward (F) and reverse (R) primers are indicated.

EXPERIMENTAL PROCEDURES

sequence for the initiation of translation (GCCGCCACCQC),
and codons for methionine and glycine upstream of the D2
loop sequence. At the' &nd of the amplification product
was a stop codon and another restriction site for subcloning
(Xho I). Authenticity of all constructs was confirmed by
sequence analysis.

The GST fusion protein constructs included thedBfull-
length D2 loop, (PhB°—Asr?6 GST-Pfds-D2), the
N-terminal portion of the D2 loop (PAR&—Phée?
GST-Pfds-D2-N), the C-terminal portion of the D2 loop
(Phé®— Asr?®6, GST-Prfds-D2-C), and the C-terminal tail
of Pids (Trp?73—Gly3*6, GST-Pfds-CT) (Figure 2A). These
constructs were generated from the full-lengtls cDNA
clone by PCR amplification using the appropriate primers
(Table 1). The PCR fragments were inserted intoBaeH
I and Xho | sites of the pGEX-4T-2 vector (Amersham
Biosciences, Piscataway, NJ).

Expression and Purification of the GST Fusion Proteins.
Expression and purification of the fusion proteins were
carried out as previously described by Frangioni et28) (
Briefly, Escherichia coliBL21 (DE3) cells possessing the
pGEX-4T-2 vector harboring the GST¥B$ fusion protein
constructs were grown in Luria broth (LB) medium contain-
ing ampicillin (50 ug/mL). Expression was induced by
adding isopropy3-p-thiogalactopyranoside (IPTG) to a final
concentration of 0.1 mM when the culture reached an optical
density of 0.6 at 600 nm. The culture was harvested 2 h

precipitation (IP) analyses.

Preparation of Retinal Protein Extractd®ketinas from
wild-type (C57BL/6XFVB) and rom-1~ mice were used
in this study as positive and negative controls, respectively.
Procedures were approved by the Institutional Animal Care
and Use Committee. Animals were maintained on a 12-h
light/dark cycle. After the sacrifice, dissected retinas were
homogenized on ice in solubilization buffer (50 mM Tris-
HCIl at pH 7.5, 100 mM NaCl, 5 mM EDTA, 1% Triton
X-100, 0.05% SDS, 2.5% glycerol, and 1.0 mM PMSF).
After solubilization at 4°C for 1 h, the homogenates were
centrifuged at 1000@Pfor 30 min, and supernatants were
collected for the determination of protein concentration and
subsequently used in the GST pull-down experiments.

GST Pull-Down Binding Assay and Peptide Competition.
GST pull-down assays were performed as described by
Wu et al. 6). Purified fusion proteins were used for the
pull-down assay within 24 h after preparation. Mouse retinal
extracts (5Qtg) were incubated with-5 ug of fusion protein
bound to the glutathione resin in 20 of binding buffer
(20 mM Tris-HCl at pH 7.5, 100 mM NaCl, 1 mM EDTA,
and 1 mM PMSF) at 4C for 2 h. The resin was washed 3
times with 0.5 mL of the binding buffer and eluted with the
Laemmli sample buffer. Proteins retained on the resin were
analyzed by Western blot analysis using anti-GST, anti-Rom-
1, and anti-Rds antibodies.



Peripherinfds and Rom-1 Interactions

Three peptides corresponding to distinct regions of the
N-terminal portion of the D2 loop, named peptide 1
(P1, Led?*—Lys'®®, LRGSLESTLAYGLKNGMK), peptide
2 (P2, Tyt0—Met'%8 YRDTDTPGRCFMKKTIDM), and
peptide 3 (P3, Cy&—Asn'82 CCGNNGFRDWFEIQWISN)
were synthesized (Biosources, Camarillo, CA) and used in
the competition binding assay. Mouse retinal extracts were
incubated with the GST-RIs-D2 fusion protein in the
absence or presence of the peptides@ for 2 h. A peptide
corresponding to the region between 3tand Asp® in
the carboxyl terminus of the rod cyclic nucleotide-gated
(CNG) channela subunit, named peptide 4 (P4, SPD-
RENSEDASKTD), was included in the competition assay
as an unrelated sequence peptide control.

Western Blot and IP AnalyseBhe polyclonal antibodies
against residues Glt#—Gly2*¢ from the carboxyl terminus
and residues Ly8°—Arg?® in the D2 loop of Pids were
used to detect Ris and the GST fusion proteins. A
polyclonal antibody against residues #fs-Glu®5! from the
carboxyl terminus of Rom-1 was used to detect Rom-1. A
polyclonal antibody against GST was used to detect GST
and the GST fusion proteins. Western blotting was performed
as previously described®). Protein extracts were solubilized
with Laemmli sample buffer (50 mM Tris-HCI, 2% SDS,
100 mM dithiothreitol (DTT), and 10% glycerol), separated
on 10 or 15% SDSPAGE, and transferred onto a PVDF
membrane in transfer buffer (25 mM Tris-base, 190 mM
glycine, 20% methanol, and 0.03% SDS). The blots were
preblocked with 5% nonfat dry milk in Tris-buffered saline
containing 0.1% Tween 20 (TBST) at°€ overnight and
incubated with the primary antibodies (antird® or anti-
Rom-1 at a 1:1000 dilution and anti-GST at a 1:2000
dilution) for 2 h atroom temperature. Blots were then washed
3 times with TBST and incubated with the secondary
antibody at a dilution ratio of 1:25 000 ifdl h atroom

temperature. Super Signal chemiluminescent substrate (Pierce,

Rockford, IL) was used for signal detection.

For IP 27), 200 ug of retinal protein or cellular protein
extract prepared from COS-1 cells cotransfected witdd?/
Rom-1, and the D2 loop were incubated with either anti-
Pkds or anti-Rom-1 antibodies (1:100 dilution) along with
protein A-sepharose beads (Siga#drich, St. Louis, MO)
at 4°C for 4 h insolubilization buffer. After adsorption, the
beads were washed with the solubilization buffer 3 times
(500uL for each wash) and bound proteins were eluted with
2x Laemmli sample buffer, followed by gel electrophoresis
and immunoblotting with the respective antibodies.

RESULTS

Interactions between P/rds and Rom#rotein extracts
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Ficure 1: Interactions between el and Rom-1. Reciprocal co-

IP was performed using protein extracts from mouse retinas and
from COS-1 cells cotransfected with cDNAs encoding the two
proteins. The anti-Pds C-terminus and anti-Rom-1 C-terminus
antibodies were used in the IP, and the products were detected by
Western blotting with the respective antibodies.
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Ficure 2: Construction and expression of GSTd fusion
proteins. (A) Diagram showing the structure of GSTdB/D2,
GST-Ptds-D2-N, GST-Pfds-D2-C, and GST-Rds-CT. (B) Coo-
massie blue gel staining showing expression of the fusion proteins
in E. coli BL21 cells. (C) Western blot analysis of the fusion
proteins using anti-GST and antir®% D2 loop and C-terminus
antibodies.

regions of Pids were generated (Figure 2A). Figure 2 shows
the expression of the GST fusion proteins by Coomassie Blue
staining (Figure 2B) and Western blot analysis using an
antibody against GST and different antibodies against the
D2 loop and the C-terminal region ofr@s (Figure 2C). The
GST control migrated to a position corresponding to 29 kDa,
while the GST-Rfs-D2 fusion protein migrated to 45 kDa,

prepared from mouse retinas and from COS-1 cells cotrans-which is comparable to its predicted size (3629 kDa).

fected with cDNAs encoding Ris and Rom-1 were sub-
jected to reciprocal co-IP using antirB$ and anti-Rom-1
antibodies, respectively. As shown in Figure 1rdB/and

The GST-Pids-D2-N, GST-P/ds-D2-C, and GST-Rs-CT
fragments all migrated to 37 kDa, also comparable to their
predicted sizes (& 29 kDa). A small amount of free GST

Rom-1 from retinal extract (lanes 1 and 2) and from was detected in the fusion protein preparations, which may
transfected COS-1 cells (lanes 3 and 4) were coprecipitatedreflect partial degradation during the purification procedure
by both antibodies, which confirms the direct association or an early termination. The D2 loop antibody does not detect

between these two proteins.

Expression of the GST Fusion Proteii® identify the
domain(s) of RMs that is involved in homo and hetero

GST-Prds-D2-N because of the site of antigenicity (lane
3 of Figure 2C). The D2 loop antibody recognizes 1¥s
Arg?%3in Pkds, while the GST-Rls-D2-N construct covers

associations, a series of GST fusion proteins encoding distinctPhe?°—Phé?®” (Figure 2A).
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Ficure 3: Ptds D2 loop interaction with Rom-1. (A) Interaction

of Rom-1 to GST-RHs-D2 and GST-RHs-D2-N detected in the
pull-down assay. The GST fusion proteins attached to the gluta-
thione resin were incubated with mouse retinal extractsu®of
protein) at 4°C for 2 h. Interactions of Rom-1 and presence of the
fusion proteins were verified by Western blotting with the respective
antibodies. (B) Absence of Rom-1 in the pull-down assay using
GST-Prds-D2-N incubated with retinal extracts prepared from rom-
17~ mice. (C). Rom-1 association to GSTr®-D2 in a concentra-
tion-dependent pattern.

Role of the P/rds D2 Loop in Hetero AssociatioRarified
fusion proteins were subjected to a pull-down assay with
mouse retinal extract, which allowed for identification of
important regions of Pdsinvolved in hetero association with
Rom-1. As seen in Figure 3, Rom-1 was pulled down by
GST-Pfds-D2 and GST-RHs-D2-N (lanes 2 and 3 of Figure
3A) but not by GST-RHs-D2-C (lane 4 of Figure 3A). A
faint signal of Rom-1 interacting with GST+#8&-CT was

Ding et al.

and GST-Rds-D2-N (lanes 2 and 3 of Figure 4A), while
no Ptds was detected with GST-RIs-CT using the anti-
Pids D2 antibody (lane 2 in the top panel of Figure 4B).
Lane 5 in Figure 4B shows the detection ofdd/by both
Pkds antibodies in retinal extracts that were used in the pull-
down assay. As shown in Figure 4C, the amount ati®/
that is pulled down by GST-RIs-D2-N increases as the
amount of retinal extracts used in the binding assay increases.
To verify whether this interaction occurs through the
association of the fusion protein with rB%, Rom-1, or
components of the complexes, a pull-down assay was
performed using rom-1- retinas (Figure 4D). Both
GST-Pfds-D2 and GST-RHs-D2-N show direct association
with Pkds from the Rom-1-deficient retinal extracts (lanes
2 and 3 in the top panel of Figure 4D). However, there was
no Ptds detected with GST-ds-D2-C (lane 4 in the top
panel of Figure 4D). These data demonstrate the direct
involvement of the N-terminal portion of the D2 loop inré
homo association and further indicate the importance of this
region to form proper complex formation.

Identification of the Domain in the P/rds D2 Loop
Required for Protein Associationgo further map the regions
in the D2 loop necessary for protein association, a competi-
tive pull-down assay was performed in the presence of
peptides corresponding to different regions of the N-terminal
portion of the D2 loop (Figure 5A). Retinal extracts were
incubated with GST-Pds-D2 or GST-P/ds-D2-N in the
absence or presence of the peptides at varying concentrations
(from 0.01 to 0.3 mM). As a negative control, a peptide (P4)
of unrelated sequence was included in the competition pull-
down assay. At the concentration of 0.3 mM, interaction of
Rom-1 to the fusion protein was abolished by P3, a peptide
corresponding to the region between &yand Asri? (lane
5 in the top panel of Figure 5B). Significant inhibition of
this interaction was also detected by P2, a peptide corre-
sponding to the region between H#and Met>® (lane 4 in
the top panel of Figure 5B). However, the pull-down of
Rom-1 with GST-Rtds-D2 was not affected by P1 when
compared to the control peptide (P4) (lanes 3 and 6 in the

also detected (lane 5 of Figure 3A), which may suggest a top panel of Figure 5B). Thus, the region between &ys

weak binding affinity of the C terminus of R¥s to Rom-1

and Asr®2 on the Pfds D2 loop appears to be critical for

or the presence of an intermediate protein that serves as &Rom-1 interaction. Similar experiments were conducted to
link. However, there was no Rom-1 interaction with the GST map the region for Pds interaction with other Rds
controls incubated with wild-type mouse retinal extracts (lane molecules. In these assays, rd¥ interactions with

1 of Figure 3A) or in the D2 loop fusion proteins incubated GST-Prfds-D2 were abolished by P3 at a concentration of
with retinal extract prepared from rom“1 mice (lane 3 of 0.3 mM (lane 5 in the middle panel of Figure 5B), while P1
Figure 3B). Furthermore, Rom-1 was pulled down by the and P2 at this concentration showed no significant interfer-
GST-Ptds-D2 loop in a concentration-dependent manner as ence with the interaction (lanes 3 and 4 in the middle panel
shown in the pull-down assay with increasing amounts of of Figure 5B). These data demonstrate the importance of

retinal extracts (lanes-14 of Figure 3C). Thus, these data

the region between C¥8 and Asi®2in P/dsfor homo and

have provided experimental evidence suggesting that thehetero associations. The region between'¥yand Met>®

N-terminal portion of the Pds D2 loop is necessary for
proper hetero complex association with Rom-1.

was also shown to be significant for the hetero association
with Rom-1, suggesting that these types of hetero complexes

Role of the P/rds D2 Loop in Homo Associations. may require a larger domain to form a stable complex.
Analogous experiments were performed to define the regions Involvement of the P/rds D2 Loop in Protein Associations
in Pkds involved in homo complex formation. Taking in COS-1 Cells.A COS-1 cell heterologous expression
advantage of different recognition epitopes of two different system was used to determine the direct association of the
Pkds antibodies, the interaction of fés with GST- D2 loop with Pfds and Rom-1. The minigene encoding the
Pkds-D2 was probed with the RiIs C-terminus antibody, = Pkds D2 loop (Figure 6A) was constructed by PCR
while the interaction of Pdswith GST-Prds-CT was probed  amplification using the wild-type RiscDNA as a template.
with the Prds D2 loop antibody. As shown in Figure 4,reté The PCR product was subcloned into a pcDNA3.1 expression
was detected in the pull-down assay using GSTO$D2 vector and transfected into COS-1 cells. Figure 6B shows
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Ficure 4: Pkds D2 loop interaction with other Rds molecules. (A) GST pull-down assay showing binding ofiBfo GST-Pfds-D2 and
GST-Ptds-D2-N. The D2 loop fusion proteins were incubated with mouse retinal extract, and bindingdsfvitis detected with the
anti-Pfds C-terminus antibody. Presence of the fusion proteins in these assays was verified with anti-GST amdssb#-Bbp antibodies.

(B) C terminus of Rdsis not involved in associations with other® molecules. GST-Pds-CT was incubated with mouse retinal extract
and Prds binding was detected with an antir®$ D2 loop specific antibody. Lane 5 shows thed?/signal detected in &g of retinal
extract, which is only 10% of the total amount of retinal extract used in the pull-down assay. (C) Concentration-dependent bimdisag of P/
to GST-Pfds-D2-N. (D) GST pull-down assay showing binding ofrd® to GST-Pfds-D2 and GST-RHs-D2-N using rom-1/~ retinal
extracts.

Western blot detection (15% SB®AGE) of the D2 loop
alone or with Prds and/or Rom-1 in COS-1 cells. Protein
extracts prepared from cells expressing the D2 loop showed
a band at 16 kDa, as predicted. The samples prepared fronPISCUSSION
cells coexpressing the D2 loop and the relevant recombinant  The nature of the association betweerdBand Rom-1
proteins all migrated to their respective sizes (Figure 6B). 15 form homo and hetero complexes has been previously
In this heterologous expression system, coexpression of theygcumented with botin zitro andin zizo systems 17, 20,
D2 loop did not interfere with the expression levels of the 2o 28). The impairment of complex formations ofré% has
intact proteins, although the expression levels of all three pyeen Jinked to several disease-causing mutations imdbe
constructs varied between different transfections (data notgene p1-23): however, insight into the precise molecular
shown). Interestingly, the D2 loop forms homodimers as pasis underlying these associations is primitive. This study
detected under nonreducing gel conditions (lane 2 of Figure yemonstrates the important role of the N-terminal portion
6C). of the Pfds D2 loop and identifies the region between €§s
Co-IP was performed to determine if the coexpression of and Asri®? as the domain for lPds and Rom-1 association.
the D2 loop interferes with the association betweerd$/ In the retina, Rbds and Rom-1 are believed to exist as
and Rom-1 (Figure 6D). COS-1 cells were transfected with hetero and homo complexes; however, there seems to be
varying amounts of the D2 loop cDNA along with a constant monomeric forms of both proteins as well as lower order
amount of the cDNAs encoding the intactd®and Rom-1. complexes which may undergo dynamic movement between
The results in Figure 6D show that coexpression of the D2 the different statesThese free forms of Rlsand Rom-1 in
loop interferes with the association betweerd®4and Rom-1 retinal extracts should preferentially bind the fusion proteins
(lanes 1 and 3 in the second panel of Figure 6D). Further- because the binding interface is normally occupied in the
more, the D2 loop coprecipitated with the intactd3/(lanes complexes; therefore, the signal detected with retinal extracts
1 and 3 in the third panel of Figure 6D), suggesting a direct should indicate direct binding of the fusion protein tod2/
association between the two. IP of the D2 loop was more or Rom-1 rather than the components of the complexes. The
abundant in cells transfected withug of the D2 loop cDNA likely direct association of the D2 loop fusion protein tod3/
(lane 3 compared to lane 1 in the third panel of Figure 6D). was further demonstrated by the use of romi-Iretinal
This mammalian expression system shows a direct involve- extracts in the pull-down assay. Surprisingly, D2 loop binding
ment of the D2 loop in homo associations ofrd&/ In to Rom-1 was not detected in the pull-down assay using
contrast, there was no detection of the D2 loop when the COS-1 cell extracts expressingd®and Rom-1. Possibilities
anti-Rom-1 antibody was used for the IP (data not shown), for this phenomenon may include subtle differences between

which may suggest a more stringent structural requirement
for Rom-1 binding.
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Ficure 5: Identification of the domain in the féls D2 loop required
for the protein associations. (A) Peptides used in the competitive 0G| e — —
binding assay. (B) Peptide competition assay identifying the domain

for Rom-1 and Rts association. GST-RIs-D2 was incubated with 1 2 3

retinal extracts (5@ig of protein) in the presence and absence of £ rc6: Involvement of the Pds D2 loop i ; ot

" . N X : p in protein associations
the competition peptides (0.3 mM)rf@ h at 4°C. A peptide (P4) ~ j; cOs-1 cells. (A) Diagram of the minigene encoding the D2 loop
with nonrelated sequence was included as a negative control. sequence with a translation initiation site and stop codon.

. . . (B) Coexpression of the D2 loop with intactré$ and Rom-1 in

the endogenous and recombinant proteins or the existence(0s.1 cells detected by Western blot analysis with the respective
of another protein yet to be characterized, present only in antibodies. (C) Nonreducing gel analysis showing formation of
the retina, which mediates the association betwestsBhd disulfide-linked homodimers Of_ the D2 loop expressed in COS_—l
Rom-L. Athoughthe pariipation of a tird protin n the %4 €) Efct o cooxreseon o e B2 oo o i proter,
complex formation is possible, it seems less l'kely, because expressing the D2 loop, and the intact proteins were subjected to
researchers over the past decade have yet to discover afp analysis with anti-Pds C-terminus antibody. The immunopre-
intermediate protein in the RIs—Rom-1 complex during  cipitants were analyzed with the respective antibodies.
their respective course of studies. Peptide competition
experiments confirmed an association between the fusion(11, 17). We hypothesized that coexpression of the D2 loop
proteins with Pids and Rom-1 and have identified the region in COS-1 cells along with the intactféds and Rom-1 would
between Cy¥®and Asri®? as the domain for these associa- interfere with this association. The underlying rationale was
tions. Again, the signal detected by the pull-down assay to explore the ability of an individual structural domain to
should reflect the competitive binding at the sites of the compete for a functionally important process. Precedent for
fusion protein with Rils or Rom-1 on an individual basis this experimental design came from studies in which co-
because the binding site is most likely masked in the expression of the intracellular loops gfadrenergic, mus-
complex. carinic Ms, and CCK receptors with their respective intact

Sequence alignment of the N-terminal portion of the D2 proteins were shown to interfere with ligand-stimulated
loop indicates that the region identified in this study (€%s signaling and trafficking 30, 31). On the basis of the
Asn'®?) is highly conserved in all known Ris sequences aforementioned experimental design, coexpression of the D2
(Figure 7). This region is also the site of many disease- loop along with the two intact proteins in COS-1 cells was
causing mutations7-9, 29) (enlarged and bolded residues established and optimized. In this system, coexpression of
of Figure 7). Because RIs homo and hetero complex the D2 loop diminished the association betweer$and
formation is vital for maintaining the integrity of the Rom-1. The association of the D2 loop with the intactB/
photoreceptor disk rim, mutations in this region most likely was confirmed by co-IP.
cause structural abnormalities that disrupt protein interactions In comparison with Rs homo association, the data
necessary for proper photoreceptor function resulting in the suggest that the hetero association betwests@hd Rom-1
onset of disease. must meet a more stringent structural requirement. In the

Previous studies have shownrd® and Rom-1 to form peptide competition experiments, a larger domain between
similar patterns of homo and hetero complexes in photo- Tyr*® and Asri®? of the Pfds D2 loop was shown to
receptors compared to those in transfected COS-1 cellsparticipate in Rom-1 association. Furthermore, in COS-1
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i PhelQO N Tyr“o n Cy5165 n Asn182
FLMRGSLESTLAHGLKNGMKY YRDTDTPGRCFMKKTIDMLOIEFRCCGNNGFRDWFEIQWISNRYLDF

Cat FLMRGSLESTLAQGLKNGMKY YRDTDTPGRCFMKKTIDLLOIEFKCCGNNGFRDWFEIQWISNRYLDF
Human FLLRGSLENTLGQGLKNGMKY YRDTDTPGRCFMKKTIDMLQIEFKCCGNNGFRDWFEIQWISNRYLDFE
FLLRGSLESTLAYGLKNGMKY YRDTDTPGRCFMKKTIDMLOIEFKCCGNNGFRDWFEIQWISNRYLDF
Rat FLLRGSLESTLAYGLKNGMKY YRDTDTPGRCFMKKTIDMLQIEFKCCGNNGFRDWFEIQWISNRYLDF
FLLRGSLESTLAHGLKNGMKEYRDTDTPGRCFMKKTIDMLOIEFKCCGNNGFRDWFEIQWISNRYLDF
FLMRGSLESTLAQGLKNSMKEYRDTDTPGRCFMKKTIDMLOIEFKCCGNNGFKDWFEIQWISNRYLDF
FLMRIDLEDTLAKGLKNGMKEYRDTDTPGRCFMKKTIDOLOIEFRCCGNNGFRDWFEIQWISNRYLDF

FLTRGSLESTLAHGLKNGMRY YKDTDI PGRCFLKKTIDLLQIEFKCCGNNGFRDWFELQWVSNRY LGG
Kaxkx ek X ok x kK.

Dog

Mouse

Cow
Chick
Skate
Frog
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Ficure 7: Sequence alignment of the N-terminal portion (PhePhé?®") of the Pfds D2 loop. Sequences of the N-terminal portion of the

D2 loop from all known Rtdls homologues are aligned. The region between'®yand Asr®? is identified as the domain for Rs and

Rom-1 binding and is marked on the top with a solid line. The residues in which mutations cause human retinal degenerations are bold and
enlarged. An asterisk refers to identical residues, and a colon refers to residues with high similarity ridsdtioRiologues.

cells, while the D2 loop co-immunoprecipitated withrd® the fusogenic activity and membrane targeting, the C
by the anti-Pids antibody, it did not co-immunoprecipitate terminus of Pids may be involved in anchoring the protein
with Rom-1 by the anti-Rom-1 antibody. This suggests that or connecting the disk rim to the plasma membrane through
the D2 loop alone in a non-native cellular environment is associations with auxiliary proteins, cytoskeleton proteins,
unable to interact with Rom-1. This finding is consistent with or plasma-membrane proteins. An example of such an
another study conducted by Kedzierski et 8B)( where a interaction has been shown to occur betwead$4nd the
chimeric protein of Rom-1 containing ther&$ D2 loop S subunit of the rod CNG channeBg).
displayed a more stable interaction withrd® when com- This study is the first to define the essential domain of
pared to authentic Rom-1. the Pfds D2 loop required for homo and hetero associations
The importance of the Ris D2 loop was first recognized  with Rom-1. This domain may represent a crucial structural
by the identification of a large number of disease-causing element required for protein interactions and homo and hetero
mutations in this region and later with vitro andin vivo complex assembly, especially considering that the majority
studies showing the involvement of this loop in complex of the disease-causing mutations imd®/are found in this
formations 28, 32, 33). Mutations in the conserved cysteines region. Knowledge of the importance of this specific region
of the D2 loop perturbed dimer formation, association with of Pfdsin complex formation contributes to our understand-
Rom-1, and subunit assembl§4), indicating the important  ing of the mechanisms underlying retinal disease and aids

role of these cysteines in maintaining the proper structure in the development of therapeutic strategies.

of the protein and preserving complex formation. Three of
these cysteines, CY, Cys'®5, and Cy&%6, are located within
the N-terminal portion of the D2 loop. The importance of
the D2 loop in complex assembly was examined recently
by Goldberg et al.33), in which a highly charged hende-
capeptide was inserted into specific regions afd®/No
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