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rpose: Previous studies suggest hat salyar retinaldshyde-binding protein (CRALBE) functions
in the rod visual cycle as a component of a RPE retinoid- processing profein complex
spectrometric methods are under for th and relative
CRALBP-protein interactions.
Methods. CRALBP-protein interactions were sought in bovine RPE microsomes b
mmunoprecipiation with CRALBP antibady covalertly bound to Protein A agarose boads,
immunoprecipitated proteins were digested with trypsin, peptides labeled with TRAQ amine-specific
iS0baic tags and identiied and quanited by LG MIMS. 1B products were fractionated efiner
SDS-PAGE prior to ryplic digestion of by SCX fon exchange chromalography afer protsolysis
Quantification was obtained relative to control samples of RPE microsomes.
Results, CRALBP, RPESS, LRAT, RDHS, and RGR opsin co-precipiate fom RPE microsomes with
ant-CRALBP antiSodies aiong with a variable number o other pefeins. Other profeins include
Bhotoreceplor and biood comaonents as well as other potenial RPE visual cycle componer
Quantification of experimental and control samples is in progress to provide discrimination Deiween
background contaminants and authentic, CRALBP interaction partners.
Conclusions. Visual cycle proteins CRALBP, RPE65, LRAT, RDHS, and RGR opsin may interact
ina RPE protein complex; however, urher analyses are ret\uvsd to confirm this possibility. Toward
ihis end, comparative quantication'of vsual oycl recirocal mmunopreciptation producis and of
ncnspecm: interactions with the affinity support may be
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INTRODUCTION

The visual cycle is the complex enzymatic retinoid-processing involved in regenerating bleached rod
and cone visual pigments. A simplified version of the rod visual cycle is shown in Figure 1 along with a
few of the retinal pathologies that have been associated with abnormal visual cycle proteins.
Preliminary proteomic results suggest the existence of a retinoid processing protein complex in the
RPE. Direct protein interactions have been reported between CRALBP and RDHS (11-cis-retinol
dehydrogenase), between CRALBP and EBPS0 [ERM (ezrin, radixin, moesin)-binding phosphoprotein
50] and between RDHS5 and RGR (retinal G protein coupled receptor). Functional interactions appear
to exist between CRALBP and RPESS (the isomerohydrolase), and between RPEG5 and LRAT
(lecithin:retinol acyltransferase). Other RPE proteins may also be involved. We are using reciprocal
immunoprecipitation and iTRAQ quantitative mass spectrometric methods to probe for visual cycle
protein interactions in bovine RPE microsomes. The iTRAQ technology utilizes amine-specific tags and
yields diagnostic reporter ions (m/z 114, 115, 116, 117) during MS/MS analysis of the labeled peptides.
The intensity of these ions provides relative peptide quantitation. This is an emerging quantitative
technology that has now been utilized for comparing protein expression in yeast and E coli, quantifying
tyrosine phosphorylation, measuring circadian changes parotid peptides, assessing premature
senescence in vitro, and cancer biomarker discovery. This poster presents initial efforts in applying
ITRAQ technology to characterize protein interactions involving both cytosolic and membrane
associated retinoid processing proteins.

METHODS
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Figure 1. The Rod Visual Cycle.

‘Schematic showing reactions involved in regeneration of rhodopsin (Rho) and some
retinal dystrophies associated with visual cycle proteins. The tip of a rod photoreceptor
and one disk membrane are shown with the adjacent retinal pigment epithelium (RPE)
above. The enzymes of RPE are shown associated with a continuous, internal
membrane in the absence of evidence of their localization. CRALBP is as an acoeptor
of 11-cis-retinol or 1 or 11-
ROH, respaciivly. LRAT, R

1-RDH, 11 (RDHS); RGR, retinal G
Protein coupled Recoplo CRP. ollir rene binding protein 1; IREP,
interphotoreceptor matrx retinoid-binding protein.
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Preparation of RPE Microsomes. Bovine eyes were obtained from a local slaughter house and
processed within 6 h of death. Following dissection of the globe behind the imbus, the anterior
segment and vitreous were discarded and the retina removed. RPE cells were rapidly but gently
brushed from the eyecup using an artists 7 mm angular paintbrush and Ca+2 and Mg+2 free 1x PBS
containing protease inhibitors and 1 mM PMSF (2-3x 500 ). The RPE cells were washed 2-3x by
centrifugation in PBS and the microsomal fractions prepared according to Saari and Bredberg (1988 J
Biol Cher 263, 8084).

Immunoprecipitation. Visual cycle specific antibodies routinely utilized were rabbit polyclonal anti-
CRALBP UWS55, mouse monoclonal anti-RPES5, and mouse monoclonal anti-RDHS (anti-RDH5 mAb
was a gift from Dr K Palczewski). Non-specific control antibodies include anti-MOPC. Antibody (200
g) was covalently coupled to Sepharose Protein A beads using dimethylpimelimidate. Prior to use,
antibody couple beads were incubated with ovalbumin (5% solution, 1h) to reduce nonspecific

binding. In a typical immunoprecipitation experiment, 500 g of RPE microsomal protein was
incubated with 200 g antibody coupled to beads in 200 pl of solubilization buffer for 1-2 hour at 4°C
in the dark with gentle rocking. Another control was incubation of the microsomes with ovalbumin
treated beads without antibody. Two detergent solubilization solutions that maintain visual cycle
activity were used: (1) 0.1% Genapol, 10 mM phosphate buffered saline (PBS) pH 7.5, 30% glycerol,
and (2) 6 mM sodium cholate, 25 mM Hepes pH 7.5, 100 mM NaCl, 2 mM CaCl,, 2 mM MgCl,, 20 uM
leupeptin. Prior to the addition of antibody beads, purified rCRALBP (1-5% wiw) was added to the
RPE microsomes. Following incubations, the beads were collected by centrifugation, washed with
solubilization buffer and bound proteins extracted with solublization buffer (20 pl x 3) containing 2%
SDS.

iTRAQ Labeling. iTRAQ labeling was performed according to the iTRAQ Kit from Applied
Biosystems. IP and control reaction products and microsomal reference samples were digested with
trypsin and peptides labeled with one of four diagnostic ITRAQ tags (ie, m/z 114, 115, 116 or 117).
Usually the labeled experimental digest was mixed with 5 ug microsomal reference digest and the
mixture separated by strong cation exchange (SCX) chromatography and fractions collected. This
approach employed acetone precipitation prior to tryptic digestion to lower the SDS concentration.
Alternatively, IP and control samples were separated by SDS-PAGE in adjacent lanes, gel bands
excised, reduced and alkylated with iodoacetamide, in gel tryptic digested, peptides extracted, iTRAQ
labeled, then digests corresponding in apparent mass mixed. Gel samples were then subjected to
SCX cartridge clean-up followed by LC MS/MS analysis. Routine thresholds for quantitation were a
minimum of two peptides per identified protein with iTRAQ tag ion intensites > 7 and Mascot ion
scores 2 25. Relative TRAQ quantitation was normalized to the amount of RPE microsome used in
the reference sample.

Protein Identification. Proteins were identified by LC MS/MS using a CapLC system and a QTOF2
mass spectrometer (Waters). Peptides were separated on a 75 um x 5 cm Biobasic C18 column (New
Objective, Cambridge, MA) using aqueous formic acid/acetonitrile solvents, a flow rate of ~250 nimin
and an acetonitrile gradient. Bioinformatics included ProteinLynx TM Global Server (Waters
Corporation) and Mascot (Matrix Science) search engines and the Swiss-Protein and NCBI protein
sequence databases. Analysis of iTRAQ labeling utiized a macro written in visual basic.

are obtained from the
MS/MS mass analyzer.

B. Protein Quantification using iTRAQ Tags
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Figure 2. Protein Identification and iTRAQ Quantitation.

(A) Protein identification was by MS/MS peptide sequence analysis using a QTOF2 mass
spectrometer. (B) ITRAQ Protein Quantitation. The isobaric iTRAQ tagging chemistry is shown
below a peptide precursor MS spectra and MS/MS spectra. The masses of ITRAQ reporter
groups (114-117) and balance group are varied by the number of ““C, 5N and 'O within the
structures. Quantitation is derived from the intensity of the reporter groups which are detected in
an uncluttered region of the MS/MS spectra. Examples are shown of ITRAQ tag intensities from
a six-protein digest mixed in two different stoichiometries (from 2004 Mol Cell Proteomics 3.12,
154).
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Figure 4. Subcellular
localization of RPE proteins.

For orientation, the upper left panel shows
immunohistochemical analysis of the albino

CRALBP in the RPE apical processes (orange)
Al other panels represent enlargements of the
region around the RPE. CRALBP and CRBP are
distributed throughtout the RPE; RDHS, LRAT

5 are immuno detected only in the RPE
cell body. Ezrin and EBP50 are seen only in the
RPE apical processes; and actin is localized to
the basal side of the RPE cell and to the apical
processes. The co-localization of retinoid
processing proteins in the RPE cell body
Supports their possible interaction in a protein
complex. However, based on these localization
results, we expect the composition of such a
protein complex to be different n the RPE apical
process. (Immunohistochemistry was performed
as in Nawrot et al,, 2004 IOVS 45, 393)
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Table 2
ITRAQ Validation - RPE Microsomes Mixed 1:1
N . Ratio
Accession Protein (115/116) Std Dev  Peptides
Q28175  RPE65 1.02 020 11
Q27979 RDHS 0.86 0.34 9
P12661 IRBP 0.83 0.26 5
P10123 CRALBP  1.02 052 4
P47803 RGR 1.18 0.21 3
Q9BGL2 __LRAT 1.01 2
T shiquol of s i bovine RPE microsoms were abeled Wi
115 or 116 ITRAQ fag 1:1, fractionat

bned Y
chromatography and analyzed by LC MSMS. Quanitaton of etnoid
processing proteins yielded ratios of ~1

Table 4
RAQ Quantification
anti-CRALBP IP Products after SCX Fractionation
ITRAQ Ratios

Accession ant-
Protein CRALBP Background # peptides
Pi0723  CRALBP 515 0% 70
QSBGL2  LRAT 163 055 2
Q27978 11.cis ROH (ROH 5) 12 027 8
RGR 106 03 4
amirs o6 036 7
PHO2 78 (0a ghcose apatd o procuror 216 096 3
PIses7  Praan didsamarasa A3y T8t 039 7
s5250 s sssoiend propesrne oopt” compared 1.28 018 3
Pazr®  Aciuna s o) 128 034 3
P52183  Calreloui precursor 103 027 2
QO5M18 Endoplasmin precursor 096 D 2
PAS8T9  Vollage-dependent anion-slectie chamne potein 1 o048 o 3
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P04 Transducin alpha-1 chain 270 o 2
Backaround rom mitochondria
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Piodss  ATP synhas 0o 026 10
PO0G2 AT synthas 080 023 5
Other background
P13645  Keratn, type | cyloskeletal 10 152 162 4
Q4695 Keratin, type | cyloskeletal 17 109 N 3
PO4Z64___Keratin, type Il cyloskeletal 1 o1 146 3

Table 3

iTRAQ Quantification

anti-CRALBP IP Products after SDS-PAGE Fractionation
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i 1Ps
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CONCLUSIONS

Tables 3-5)

methodology because multiple iTRAQ labeling and clean-up steps are require

> ITRAQ quantitative analysis of anti-CRALBP IP products from RPE microsomes supports a possible retinoid processing protein complex composed of CRALBP, RPESS5, LRAT, RDHS, and RGR. These visual
cycle proteins are recovered in greater relative amounts in anti-CRALBP IPs than in control reactions (Tables 3 & 4).

> ITRAQ relative quantification technology has significantly reduced the number of background proteins identified from IPs (by 10x or more) compared with non-quantitative methodology (compare Table 1 with

> Sample preparation and IP conditions are critical for meaningful results. Care in the isolation of RPE cells can reduce z:orwammants from blood and reduce variability in microsome preparations. An IP reaction
time of 2h appears optimum, yielding more visual cycle proteins and than a 1h IP and less background than an overnight

> SDS-PAGE fractionation of IP products yielded comparable iTRAQ results with those obtained with SCX fractionation. However the SDS-PAGE approach is much more labor intensive than the SCX

> Reciprocal IPs in Table 5 contained CRALBP, RPES5, RDH5 and RGR. Why LRAT was not detected is not clear but this may be associated with the short IP time (1h), the presence of 1% CRALBP bait
instead of 5%, and/or losses incurred during preparation of the microsomes. Inconsistent detection of most other proteins in the reciprocal IPs suggests that they are background
> Background proteins willlikely always be present in IP reactions involving membrane-associated proteins. For the purpose of studying the visual cycle, much of the background may be ignored because it
originates from irrelevant cell types or organelles. Additional reciprocal IPs should help define consistent components that may function in the visual cycle.
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