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Overview

Methods

Purpose

Tt E e e
ing pocket in the cellular retinaldehyde-
bmdlng protein (CRALBP)

Methods
* Photaainy lbslng wih 3 dzo-4-e(o11-

et spectroscopy
Chemical reduction of protein bound retinal
with NaB[3H],
Alkylation of cysteine with iodoacetamide
Protein quantfication by amino acid ana\ysls
Radioactivity quantification by scintilatin
counting

- RP HPLC

- Peplide characterization by MALDI TOF MS
and LC MS/MS.

Results

Eight photoaffinity modified amino acid
residues have been identified in CRALBP
M208, K221, M222, and M225 were modified
and are previously established CRALBP
retinoid binding pocket residues

- Y179, F197, C198 and V223 were also
‘modified and may represent newly identified
CRALBP ligand binding pocket components

Introduction

‘The visual cycle is the enzymatic pathway by
which all-trans-etinal from photoreceptor
bleaching is isomerized to 11-cis-retinal in the.
retinal pigment epithelium (RPE) for visual
pigment regeneration. In the RPE, CRALBP
(B 2 T e e
n 11-cis-retinol acceptor and as a
e A dehydrogenase in
the mammalian rod visual cycle (Saari et a.,

proteins in a visual cycle protein complex
(Bhattacharya et al., 2002). Mutations in the
CRALBP gene can cause progressive retinal
degenerations that lead to biindness. In the
AL G i
retinal and 11-cis-retinol as endogen

noncovalent ligands. Structure- finction studies
in our laboratory have identified several
reclieen the GRALBP etioicindng pooet
using chem\cal modification, site-direct

mutagenesis, UV-visible spectroscopy,
uoroscent iraton and NWIR (Crabe, ot .,
1998a; Wu et al, 2001). To further characterize
the structure of the CRALBP retinoid-binding
pocket and better understand CRALBP ligand
interactions, we have utilized photoaffinity
Iabeling with the retinoid analogue 3-diazo-4-
keto-11-cis-retinal (Borhan et al,, 2000).

Preparation of rCRALBP. Human recombinant CRALBP was
expressed in E. col strain BL21 (DE3) LysS with the pET 19b vector and
the apoprotein purified to apparent homogeneity by nickel affinity
chromatography (Grabb et al., 1998b).

Retinoid Labeling of rCRALBP. Purified apo CRALBP (in 50 mM Tris-
HCI, pH 7.0, 1mM DTT-EDTA) was incubated with 3-diazo-4-keto-11-cis-
retinal (DK-11-cis-retinal) (Borhan et al., 2000) or 11-cis-retinal (1.5 fold
excess relative to rCRALBP) at 4°C in the dark for an hour. Unbound
retinoid was removed by Sephadex G25 spin column chromatography.
Spectra of holo-rGRALBP were measured by scanning UV-visible
spectroscopy (HP 8453 A diode array UV visible from 250

11-cis-retinal

3-diazo-4-keto-11-cis-retinal

Figure 1. Photoaffinity Labeling with a Light Sensitive Retinoid
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Figure 4. RPHPLC of 3H-Photoaffinity Labeled-rCRALBP

The RP-HPLC absorbance and radioactivity profiles are shown for photoaffinity
labeled rCRALBP (1 jig, 25.6 pmol) following treatment with tritiated NaB{H],
RP HPLG was performed with a 51 Vydac C18 column (1 x 150 mm), aqueous
solvents, gradient elution, a flow rate of 50 plimin and 1 min

nm to 500 nm. Bleaching (photoisomerization of 11-cis- to all-trans-
retinal) was by exposure of holo CRALBP to ambient ight for 20
minutes.

Photolysis Conditions. rCRALBP complexed with DK-11-cis-retinal was
exposed to UV irradiation at 254 nm at -80°C in the dark from 55 to 20
min in 50 mM Tris-HCL, pH 7.0, 1mM DTT-EDTA containing 67%
glycerol. The distance between the UV lamp and sample was 2 cm and
the output of the lamp was 18.4W. Following photolysis, unreacted DK-
11-cis-retinal was extracted with hexane (2:1, v/v). Glycerol was
removed by Gentricon buffer exchange into 50 mM Tris-HCL, pH 7.0,
1mM DTT-EDTA and the sample dried in a speedvac.

Radioactive Labeling of rCRALBP. Photoatlinity modified rCRALBP
was resuspended in ultrapure, deionized 8M urea and the covalently
attached retinal reduced to refinol by incubating with trtiated NaB[PH]a
(5:1 molar ratio) at room temperature for 15 minutes followed by addition
of cold NaBH (10mg) in 0.1 M NaOH (1p). The °H labeled rCRALBP
was dialyzed exhaustively against 0.1% TFA to desalt and remove
unbound tritium.

Quentiicston of Modifed ICRALBP, Trlated photoafiny modifed

[CRALBP was quantified by PTC amino acid analysis using an Applied

plosr-Eehncet) BOrI130920 amoaiod analysis system (Crabb et
., 1997). Radioactivity was quantified by scintillation counting.

ARG Ry Gy iRy
abeled was incubated in 8 M urea, M Tris-HCL, pH 8.0,
ot DI under argon for 10 minutes at e tempeva e.
Todosoetamida 1.2 okt over toal SH oontent) was sckied an nousated
at room temperature for another 15 minutes, then 1/3 more IAN w:
N s
was stopped by addition of a 2 fold molar excess of DTT o

fodoacetamide.

Tryptic Digestion and RP HPLC. Carboxyamidomethyl, tritiated,
o= eied el s e mihiale goi
sequence grade trypsin (20:1, WtWt, Promega). Tryptic digests were
sspavaled by RP-HPLC using Applied Biosystems model 120A HPLG
system, a 5 i Vydac C18 column (2.1 x 150 mm), aqueous trifluoroacetic.
acid/acetonitrile solvents and a flow rate of 100 pimin. Fractions were
collected for mass spectrometric analysis and scintillation counting

Mass Spectrometry. All RP HPLC fractions of the tryptic digest were
analyzed by MALDI-TOF MS using a Voyager DE Pro instrument
(Applied Biosystems) (West et al., 2001) and by LC MSIMS (Miyagi et al.,
2002) using a QTOF2 instrument equipped with a CapLC (Micromass).

C MS/MS was performed with a New Objective C18 column (75 i x 5
cm), aqueous formic acid/acetonitrle solvents and using a pump rate of 8
ulimin and a precolumn splitter (30:1), yielding a flow rate of 250 nlimin at
the column. The electrospray mass spectrometric analyses were
performed in the positive ion mode with a source temperature of 100°C
and 2.5 kV potential. The cone voltage was 35 V and collision energy
was 30 V. The MS/MS data were analyzed with Masslynx 3.5 software
(Micromass).

(A) The structures of 11-cis-retinal and all-trans-refinal. Light isomerizes the 11-cis
bond to the all-trans configuration, dislodging the ligand from the rCRALBP
retinoid-binding 3

(B) Photoaffinity labeling with DK-11-cis-retinal. UV light replaces the diazo group
in with a free radical which can then move freely throughout the conjugated double
bond structure and insert iself in vicinal polypeptide for stabilization. Since
photoisomerization of the 11-cis bond will destroy rCRALBP binding specificity,
photolysis conditions were sought that minimized nonspecific insertion.
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Figure 2. rCRALBP Binds DK-11-cis-retinal

UV-visible spectra are shown for GCRALBP complexed with DK-11-cis-retinal and
11-cis-retinal. rCRALBP with bound 11-cis-retinal exhibits a characteristic
chromophore maximum at 425 nm and bound with DK-11-cis-retinal a maximum at
408 nm. Upon bleaching, these maxima shift to ~380 nm due to the production of
free all-trans retinoids.
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Figure 3. SDS-PAGE of Photoaffinity Labeled rCRALBP

fractions were collected. These results support the presence of a covalent
radioactive label on rCRALBP.
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Figure 5. Optimization of Photoatfinity Labeling

Photolysis of rCRALBP with bound DK-11-cis-retinal was performed for 55 to 20
min and the amount of covalent incorporation determined following reduction with
NaB[®H], by scintillation counting and amino acid analysis. Long (20 min)
irradiation times yielded about 4% incorporation but modifications were detected
throughout the protein structure by LG MS/MS. Short (5-40s) irradiation times
yielded relatively constant incorporation levels (~19%) therefore 5s photolysis times
were chosen to minimize nonspecific protein modfications.
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Figure 6. RPHPLC of *H-Photoaffinity Labeled-rCRALBP Tryptic

The RP-HPLC absorbance and radioactivity profiles are shown for °H:

Modified residue M208.
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Figure 7. MS/MS Spectra of Photoaffinity Modified Peptides
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MS/MS spectra from two photoaffinity modified peptides are shown as examples. Radioactive

fraction A was found to contain rCRALBP'

residues 205-215 and M208 was identified with a

mass addition of 43 Dalton. Radioactive fraction D was found to contain rCRALBP residues
186-204 and C198 was identified with a mass addition of 209 Daltons. A total of eight

photoaffinity modified residues were identified as summarized in Table 1, all with different

mass

additions. Variability in the observed modification mass may be due to free radical migration
throughout the conjugated double bonds of the retinoid ligand.

Table I. Photoaffinity Mo

ied rCRALBP Residues Identified by LC MS/MS

Fraction _Modified Residue _Sequence Mass of Modification
YCFILEK
B Fi97 FCIENFK 62
D ci98 LLENEETQINGFGIENFK 209
A M208 GFTMQQAASLR 43
c K221 KMVDMLQDSFPAR 74
BC Me22 MVDMLQDSFPAR 110,43
c V223 VDMLQDSFPAR 99,115
c Me25 KMVDMLQDSFPAR 32
Photoaffinity modified residues are indicated in bold and ialics.
EGVGT 50
R 100

IEAGYPGVLSSR 150

165
DKYGRVVMLENI]

179
TFDETLQAYCFI]

197
NGEGFT 200
i5d

208210 221203225 253 24
ENFKGFTVQOASLRTSDLRK/DMLODSFPAR FKATHFIHQEAYFTTTY 250

AEQLFGPQAQAENTAF

GFYQEIDENT 300

Figure 8. rCRALBP retinoid-binding pocket components

labeled-rCRALBP (195 g, 5 nmol) following digestion with trypsin. RP HPLC wi
performed with a 5y Vydac C18 column (2.1 x 150 mm), aqueous TFA/acetonitrile
solvents, gradient elution, a flow rate of 100 pl/min and 1 min fractions were

CGoomassie blue stained SDS-PAGE of rCRALBP (1 g) is shown before and after
photoaftinity labeling with DK-11-cis-retinal.

collected sty e e et
designated A, B, C, D, The total recovery of y
of the amount applied.

The sequence of human GRALBP is shown with photoatfinity labeled residues
identified in this study shown in blue and green. Residues in blue and red have
previously been established s retinoid binding components (Crabb et al., 1998;
Wau etal., 2001). Residues in green are newly identified possible components of

the ligand binding pocket.
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Table Il. Summary of Unmodified rCRALBP Peptides Identified by LC MS/MS®

Resdues _Wass calo__Vass obs._Mass Enor_ HPLG Fracion _Sequence.
wese  esa 002 3540 GHHHHHHHHHHSSGHIDDDDKHISEGVGTFR.
Mes  nms oot %% AMSEGVGTFR.

2565 12850 000 Tet6  MVPEEEGELR
102049 104 000 s PEEEGELR
005 iow0sr 000 2w AGLEGLTTK

P05 000 3 aleats
675 se7s 001 941 DHOPURGPCPSOLPR
wou &m0z B H
ez ez 006 9 AKDELNEREETR
a73ge  07a0s 007 T AKDELNEREETREEAVA
igs  tamer 005 ii4o  DELNEREETR
iarag  1o73 007 T DELNEREETREEAVA
2 2wz 002 @257 ELOENVOAGAASGEELAVAVAER
i206 1220 00 %32 EELAVAVAE
s e ood EELAVAVAER
iga73  sesr 008 W AGAASGEELAVAVAER
T4 tazase 001 i VGEKDSGFFLS
Bos 041 001 847
sz asn 003 il i
37325 ssa  oor 7
R a7 ver
om0 w001 AVELLRGYVNFS
1295 1seeed 001 VPLEDSISPEAVR
2260 123260 000 6265 LFDSLSPEAVR
o7 2 00 81 DSLSPEAVR
b e o0l W4 ChriEAcveavissR
gz sz 000 i4s  CoTIEAGYPGVLSSR
id672  1aess 003 o TIEAGYPGVLS:

Gra 007 o1 GR

m gm0 E MLFNIENWOSOEITFDEILOAYCYFILEK

251011 2si016 008 S LENCETaNGRoIN
Tasel  taBs1 004 % Grnsaon
i1 ia8s2 001 83 GFMIGGASLR
Taal  7ma0 001 1213 K
iS5 sB7e 001 e lLaDSFPAR
ia7s  ispez 007 85 KMVDMLODSFPAR
1 1i66s 001 88 MVDMLODSFPAR
142460 it 002 i wowoosk
is0ss 0T 004 i mvomohsTan
igsis  fesass 003 5
3aaee  3i2eer 001 7 mmnowwrmmwwm
2500 21003 005 oo IHaPW
2ugst 2o 000 S AMFmoPwEITY
0660 33088 000 6575 umsnmwmanmwsn;ww
azs e 003 7
g2 ipa0s oot G5 AVAEoLFoPoAGAENTA

photosfini mooifed rssues ae isted n tae |
bCatvomyamdometyi cystene

Conclusions

+ Following photoatfinity labeling with DK-11-cis-retinal, peptides accounting for 100%
of the rCRALBP sequence were recovered and eight modified amino acids identified.

+ CRALBP residues M208, K221, M222, and M225 were identified as photoaffinity
modified and are part of the retinoid binding pocket based upon previous site-directed
mutagenesis studies.

* Y179, F197, C198 and V223 were also photoaffinity modified and likely are part of the

CRALBP ligand binding pocket. The functional significance of these residues is
under investigation,
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