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Fig. 1. Separation of monkey retina proteins on 2D gels. Proteins extracted from the peripheral retina and macula (300 y g each) were

- wisoeléctric focused at four different pH ranges; pH 3-10 (A), 4-7 (B), 5-8 (C), 7-10 (D). Then the IPG strips were separated

on 12% SDS-page gels and, stained by SYPRO Ruby. Forty spots marked by spot IDs were unique to the macula gel images

k and xdentlﬁed by LC- MS/MS Boxed areas (a-f, Peripheral-SYPRO Ruby; a’~f’, Macula-SYPRO Ruby) correspond to the

“enlarged images in Fig. 2. Two' dimensional gels of peripheral retina were also stamed by Bio-safe Coomassie. Forty-qx spots
marked by spot number were identified by LC-MS/MS.
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salted prior to the IEF separatlon by Ready Prep 2D
cleanup kit using TCA (trlchloroacetlc acid) acetone 2 '
cipitation which resulted m ‘successful separatlons Te

obtain a further separatlon the pH range of the 2D gel

electrophore31s was narrowed to three ranges; 4-7,5-8,  PRO Ruby) identified the peptide sequence CAEL-

and 7-10 (Fig. 1B-D). Among gel images for both the‘

macula and peripheral retina, fluorescence from spots of

abundant proteins were saturated and showed indistinct .
spot boundaries. Excess proteins contained in the samples

were not concentrated at one spot by 2D gel erectropho—
resis and showed streak1
proteins. whi ch we

ed from seemmgly
specific spots ‘abund :
clarify the outhne 0
retina were stamed w1th BIO safe Coomassie. Forty-mne
proteins were identified from forty-six spots in the Coo-
massie stained gel image of the pH 3-10 range (Fig. 1A,
Peripheral Coomassie). The proteins are listed in Table
1. Forty-eight known proteins from earlier proteomic
studies of the retina were identified [1, 5, 15, 49, 50].
The neurofilament tnplet L protein identified in our study
‘ 1dentr d_by the proteorm a
a SAGE analysrs [35].

has not been prevmusl
proach but it has been reported

The 49 protems were expr' sed m both the macula and’ :
penpheral retma ‘while 26 protems were 1dent1ﬁed from .
40 spots in macula gel i nnages (Tab]e 2) Twenty ~three

of these were also reported in previous proteormc studies
of theretina [1,5,10,15,22,50]. The ‘other three proteins

are known to be ubiquitously expressed in cells {8, 11]..

"Therefore, these proteins were not macula specific but
widely expressed in the retmaf b

Validation of macula enrzched, protems

To obtain the relauve expressmn levels of the 1dent1-’ ;
fied protems ‘western blot analys1s was performed on.

the following five proteins 1dent1ﬁed by mass spectrom-

etry: tropomyosin 1 o chain (Fig. 2A and 2E), y-synu- -
clein (Fig. 2B), E-FABP (Fig. 2C), arrestm -C (Flg 2D),
and hnRNPs A2/B1 (Fig. 2F). Arrestm C has been iden-
tified as a cone photoreceptor~spe01ﬁc protein [33] and -
thus served as a positive control for this study. y-Synu-
clem is a protein known to be up—regulated in cancer-
-cells [20]. hnRNPs A2/B1 is also known to be up- reg-'
”ulated in carcmoma cells [42]. E- FABP is a reacuve_

" 11p1d scavenger [2]. Four protems 1ncludmg arrestin-C,

and outliers. To exclud hese .

t protems were 1dent1ﬁed1 To
turated spots, gels of | penp ‘ral h

 were conﬁrmed to have hlgher expression in the macula
?by western blottmg Tropomyosm 1 a chain has been
; reported to have many_lsoforms by alternative splicing

[34]. MS/MS data from spot M2 (Fig.1A, Macula SY-

EEELK, which corresponded to isoform 1 (skeletal
muscle type) or isoform 5 (brain type, TMB1-3) of tro-

- pomyosin 1 a chain in the UniProtKB/Swiss-Prot data-
base. Based on these data, western blotting was per-

formed using two antibodies for tropomyosin 1 ¢ chain.
The anti-tropomyosin antibody TM311 detects 19 amino
acids in exon 1a of the tropomyosin gene family in mam-
malian tissues, viz{,>fa1pha—, beta-, gamma-, delta- tropo-
myosin, including the skeletal muscle type but it does
not detect the brain type (TMBr-3), because TMBr-3
doesn’t contain exon 1a in transcription sequence. The
other antibodies used were specific to the brain isoforms
TMBr-1 and TMBr-3 [34]. Signals of TMBr-1 were not
detected in samples from the two retinal regions by west-
ern blotting (data not shown). The signals of TMBr-3
were not significantly different, and the signals to TM311
ere found to be different between the two regions.

Tszue localization of macula enriched proteins
To determine the location of the 5 proteins in the

macula immunohistochemistry was performed using
~ antibodies against each protein (Fig. 3). Arrestin-C was

detected in photoreceptor outer segments and the outer
plexiform layer (Fig. 3B) as previously reported [33].
y-Synuclein was detected in RGCs in the nerve fiber

e layer (Fig. 3D), which confirms the result of a previous

y [43]. E-FABP was predominantly detected in the

. ourer plexiform layer and external limiting membrane,
Wthh exists between the outer nuclear layer and the
~ photoreceptor layer (Fig. 3G). Our observation is con-
 sistent with that of an earlier study by Kingma et al. re-
pdrting the localization of E-FABP to Miiller cells [21],
”F;:f'vkvhickh are dense in the parafovea [7]. hnRNPs A2/B1
é;,‘was located in the nucleus of cells in the retinal ganglion

cell layer, the inner nuclear layer, the outer nuclear layer,

_ and the RPE with different intensities (Fig. 3E). TM311

was detected in the choroidal layer (Fig. 3F), while tro-

o pomyosin Br-3: was located in photoreceptor inner seg-
‘ments and the outer plexrform layer (Flg 3C) To deter-

mine the localization of tropomyosin detected by TM311
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Table 1. Proteins identified in 46 spots of Coomassie-stained gel
 Database = ~:Sequence %
Spot accession MW coverage No.
No.» Protein name No.» (kDa)® pl® (%) of peptide
1 Heat shock protein HSP 90-alpha PO7900 84.5 4.94 10.53 7
1 Heat shock protein HSP 90-beta P08238 83.1 497 6.09 4
2 Heat shock cognate 71 kDa protein Piii142 70.9 5.37 2941 17
2 Vacuolar ATP synthase catalytic subunit A, ubiquitous isoform P38606 68.3 5.35 2075 10
2 LaminB2 Q03252 677 5.29 17.67 9
2 Heat shock 70 kDa protein 1 P08107 70.1 548 16.54 9
2 Stress-70 protein, mitochondrial P38646 73.7 587 9.57 5
3 Stress-70 protein, mitochondrial P38646 737 5.87 8.25 4
3 Serum albumin P02768 69.4 592 6.9 4.
4 Serum albumin P02768 694 592 6.9 3
5 Serum albumin P02768 . 694 ... 592 7.39. 4 .
6  Serum albumin P02768 694 592 3.94 2
7  Serotransferrin P02787 . 77.1 6.81 372 2
8  Neurofilament triplet L protein P07196 614 4.64 23.99 13
9 Calreticulin-  P27797 48.1 429 15.59 6
10 Protein disulfide-isomerase P07237 571 476 512 2
11 60 kDa heat shock protein, mitochondrial P10809 61.1 5.7 1536 - 8
11 Pyruvate kinase, isozymes M1/M2 P14618 57.8 795 3.58 2
12 Vimentin P08670 535 5.06 3957 15
13 Vacuolar ATP synthase subunit B, brain isoform P21281 56.5 5.57 5.09 2
14 Vacuolar ATP synthase subunit B, brain xsoform P21281 56.5 5.57 7.24 3
15 Tubulin alpha-3 chain Q71U36 50.1 494 1729 - 7
15  Tubulin alpha-1 chain P68366 499 495 14.96 6
16  S-amrestin P10523 451 6.14 3.7 1
17  S-arrestin P10523 45.1 6.14 19.01 7
18  S-arrestin P10523 451 6.14 22.96 8
19  Tubulin beta-2C chain P68371 498 479 1955 8
19 Tubulin beta-2 chain P07437 497 - 4.8 18.92 . 8
19 Tubulin beta-3 chain Q13509 504 483 16.89 7
19 Tubulin beta-6 chain Q9BUFS . 499 4,77 11.88 5
20  ATP synthase beta chain, mitochondrial P06576 56.6 526 259 8
21  Gamma-enolase P09104 47.1 491 1247 5
22  Eukaryotic initiation factor 4A-11 Q14240 464 533 16.22 5
22 Eukaryotic initiation factor 4A-1 P60842 462 532 12.56 4
23  Alpha-enolase P06733 47 699 3141 9
24  Alpha-enolase P06733 47 6.99 2471 9
25  Alpha-enolase P06733 47 699 14.32 6
26  Alpha-enolase PO6733 . 47 . 6.99 $22.86 8
27  Actin, cytoplasmic 1 P60709 41.7 5.29 16.53 5
27  Actin, cytoplasmic 2 P63261 41.8 5.31 16.53 5
27  Actin, gamma-enteric smooth muscle P63267 419 531 11.7 4
27  Actin,aortic smooth muscle P62736 42 ‘524 1167 4
28  Creatine kinase B-type P12277 42.6 534 14.17 4
29  Glutamine synthetase P15104 419 642 6.45. 3
30  Glutamine synthetase P15104 419 642 . 24.73. .8
31  Glutamine synthetase P15104 419 642 645 2
32  L-lactate dehydrogenase B chain P07195 36.5 572 751 2
33  L-lactate dehydrogenase B chain P07195 . 365 572 27.03 7
34  L-lactate dehydrogenase B chain P07195 365 572 3904 11
35  Cellular retinaldehyde-binding protein P12271 363 498 22.15 6
36 Inorganic pyrophosphatase Q15181 327 5.54 11.76 3
36  Guanine nucleotide-binding protein G(I)/G(S)/G(T) beta subunit 1 P62873 372 5.6 649 2
37 = Inorganic pyrophosphatase Q15181 327 - 5.54 1488 . 4
37 Guanine nucleotide-binding protein G(I)/G(S)/G(T) beta subunit 1 P62873 372 56 11.5 4
38  Malate dehydrogenase, mitochondrial o “P40926 355 892 19.82 )
38  Glyceraldehyde-3-phosphate dehydrogenase P04406 359 8.58 ~10.78 23
39  14-3-3 protein epsilon P62258 292 4.63 14.51 3
40  14-3-3 protein zeta/delta P63104 2117 4.73 14.69 3
40  14-3-3 protein theta P27348 278 4.68 14.69 3
40  14-3-3 protein gamma P61981 1282 48 13.82 3
41  Recoverin . P35243 23 5.06 10.05 2
.42 ATP synthase delta chain, mltochondnai - P30049: 17.5 1538 5360 L
43" Alpha crystallin A chain P02489. 199 507 16.76 3
44 - - Hemoglobin beta subunit P68871° 159 0 681 226 3
45  Hemoglobin beta subunit - P68871 . 159 . 681.... 226 3
46 Hemoglobin alpha subunit . P69905. 15.1 8.73 234 3

‘®Spot numbers correspond. to-the numbers on gel.i images in Fig. 1 (Penpheral Cooma331e)

Swiss-prot database. “MW and pl are theorencal scores.

M Accession No. corresponds to UniProtK B/
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Table 2. Proteins identified in 40 spots detected only in macular gefé e

L Database Sequence }
Spot accession MW coverage ~ No.
No.?  Protein name ; No.» (kDa)?- .. pI? . (%) of peptide
Mi Pyruvate kinase, isozymes M1/M2 P14618 327 469 18.11 8
M2 Tropomyosin 1 alpha chain -P09493 3279 469 ) 13.73 5
M2 Heterogeneous nuclear ribonucleoptoteins cuc2 P07910 33.7 495 16.67 4
M3 Transaldolase P37837 375 6.36. .. . 1662 5
M3 3°(2°),5’-bisphosphate nucleotidase 1 095861 334 00546 1006 . 3
M4  Poly(xC)-binding protein 1 : Q15365 375 666, 1685 5
M5 Crk-like protein ; : P46109 33.8 6.26 7.59 2.
M6 Heterogeneous nuclear nbonucleoprotems A2/B1 P22626 374 8.97 - 4.53 1
M7 Heterogeneous nuclear ribonucleoproteins A2/B1 P22626 374 8.97 “118 3
M8 Voltage-dependent anion-selective channel protein 2 P45880 38.1 6.32 9.8 3
M9  Voltage-dependent anion-selective channel protein 1 P21796 30.6 863 . 718 2
M10  Voltage-dependent anion-selective channel protein 1 P21796 30.6 8.63 15.6 3
Mil  Endoplasmic reticulum protein ERp29 P30040 29 2 6.77. . 27.59 . 6
M12  Guanylate kinase Q16774 216 6410 o 13.27 2
M13  Guanylate kinase - Q16774 216 611 19.39 3
M14  Gamma-synuclein 076070 133~ 497 126 1
M15  Fatty acid-binding protein, epxdermal Q01469, 15 . 68 . 2164 3
M16  Arrestin-C P36575 428 553. . 1495 4
M17  Arrestin-C . ) P36575 42.8 553 . 4.64 1
Mi18  Isocitrate dehydrogenase [NAD] subunit alpha P50213 39.6 6.46 224 7
M18  Transaldolase P37837 37.5 6.36 15.73 5
M19  Tropomyosin 1 alpha chain P09493 327 © 4.69 14.79 3
M19  Heterogeneous nuclear ribonucleoproteins C1/C2 P07910 337 4957 1275 3
M20 Pyruvate dehydrogenase E1 component beta subunit P11177 392 62 31.75 8
M21  Glucose-6-phosphate 1-dehydrogenase Pi1413 59.1 644 5.84 3
M22  Glucose-6-phosphate 1-dehydrogenase P11413 59.1. 644 973 5
M23  Glucose-6-phosphate 1-dehydrogenase . P11413 59.1 6.44 12.65 . 6
M24 268 proteasome non-ATPase regulatory subumt 11 000231 47.3 609 . 23.04 8
M25  Elongation factor Tn P49411 495 2726000 1062 4
M26  Elongation factor Tu P49411 495 7.26 4.87 2
M27  Alpha-centractin ~ P61163 42.6 6.19 878 ¢ 2
M28  Heterogeneous nuclear ribonucleoproteins C1/C2 P0O7910 337 4.95 1601 4
M29  Heterogeneous nuclear ribonucleoproteins C1/C2 P07910 33.7 495 2255 6
M30  Heterogeneous nuclear ribonucleoprotein H3 P31942 36.9 637 ... 1127 3
M31  Voltage-dependent anion-selective channel protein 1 P21796 30.6 863 . 19.5 4
M31  Esterase D P10768 315 6.54 . 461 1
M32  Pyruvate kinase, isozymes M1/M2 P14618 57.8 795 3321 14
M33  Pyruvate kinase, isozymes M1/M2 P14618 57.8 7.95 © 2943 13
M34  Aspartate aminotransferase P17174 46.1 657 874 3
M35  Heterogeneous nuclear ribonucleoproteins A2/B1 P22626 374 . 897 9.92 3
M36  Heterogeneous nuclear ribonucleoproteins A2/B1 P22626 374, . 897 .. 992 B 3
M37  Heterogeneous nuclear ribonucleoproteins A2/B1 P22626 374 - .897.. . 137 2
M38  Heterogeneous nuclear ribonucleoproteins A2/B1 P22626 374 0 897 .. 7137 2
M39  Phosphoglycerate mutase 1 : P18669 287 - 675 83 .0 2
M40  Superoxide dismutase [Mn] PO4179 247 U835 1036 2

9Spot ID corresponds to the numbers on gel i unages in Fig. 1 (Macula-SYPRO Ruby). b’Accessnon No corresponds to UmProtKB/SW1ss—prot

- database. “MW and pl are theoretlcal scores.

in the choroidal layer more specifically, sections were
labeled with anti-PECAM1 antibody (Fig. 3H). PECAM1
is an adhesion molecule expressed at intercellular junc-
tions between vascular endothelial cells t24] (Fig.3J and

3K, green). Tropomyosm detccted by TM311 (red) was.

expressed adjacent to PECAMI (Fig. 31 and 3K)."

Discussion’

In this study, we ideritiﬁéd éﬁdrvalidatedﬂof proteins
expressed in the macula and perxpheral retina. The
method, 2D gel electrophoresxs limits detection to pro-

" teins'i in aqueous soluble form. Nevertheless, a number
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of proteins highly expressed in the macula were found.

One of the identified proteins was arrestin-C, which

tropomyosin Br-1,Br-3 is known to be highly expressed in cone photoreceptors,
' ‘ which are densely located in the primate macula [6].

v-synuclein Previous SAGE analyses of the retina by Bowes Rick-
: man et al. [3] have shown 1.4-fold higher transcription

of arrestin-C in the macula compared to the peripheral

Fig. 2. Western blot of 5 proteins. Five micrograms of each

arrestin-C sample from the peripheral retina and macula were loaded
v onto SDS-page gel (for y-synuclein, 15 j«g loading). After

_ . transferring to a PVDF membrane, the proteins were de-
TM311 to tropomyosin tected with antibodies specific to tropomyosin Br-1, Br-3
o o ) (A), y-synuclein (B), E-FABP (C), arrestin-C (D), TM311

images (a—f, a’—f’) correspond with the boxed areas.in -
Fig. 1 (Peripheral-SYPRO Ruby and Macula-SYPRO
Ruby). Lane P, peripheral retina; Lane M, macula.

hnRNPs A2/B1

Fig. 3. Tissue localization of macula:enriched proteins. :Four-micrometer paraffin sections of monkey retina were stained with

hematoxylin and eosin (A), other sections were labeled with antibodies specific to arrestin-C (B), tropomyosin Br-1, Br-3

(C), y-synuclein (D), hnRNPs A2/B1 (E), TM311 to tropomyoesin (F), and E-FABP (G). Tropomyosin was detected by

TM311 in the choroidal layer:(H). Boxed area in (H) is enlarged; labeled with antibodies specific to TM311 (zed) (1),

PECAMI (green) (J), and merged (K). GCL, ganglion cell layer; INL, inner nuclear layer; OPL, outer plexiform layer;*

ONL, outer nuclear layer; PIS, photoreceptor inner segment; POS, photoreceptor outer segment; RPE, retinal pigment
epithelial; Ch, choroid. (Bar; S0 gm)

to tropomyosin (E), hnRNPs A2/B1 (F). “Pieces of gel
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retina in humans. Another protein that was identified in
macular unique spots was 3°(2),5’-bisphosphate nucle- -

otidase 1 (Table 2, MB), which has also been identified

by SAGE as being highly expressed in cone photorecep- .

tors [3]. Identification of these cone photoreceptor rich
proteins indicates that the present proteomic analysis
was methodologically effective for identifying proteins
richly expressed in the macula. It also suggests the
higher protem level in the macula may beduetoa hlgh-
er density of spec1ﬁc cell types expressing spemﬁc pro-
teins. Previous studies have shown arrestin-C expression
in conés [33] , y-synuclein expression in RGCs [43], and
E—FABP eXpresSion in Miiller cells [21]. Although these
proteins have been identified in not only specific cell
types or compartments in the retina [1, 10,15, 22, 50},
the majority'Wefe localized in pértiéular cell layers in
the retina (Fig. 3B, 3D, and 3G). In a comparative tran-

scription study of and peri heral‘RPE,ex res-

A2/B1 has been shown to beessenual for the mye
of the axon-glia connectlon 51]. ‘r‘nllar myehnatxo
role is expected for hnRNPs A2/B1 in the RGCs.

In this study, two types of antibodies for tropomyosin

isoforms were used. The brain-type isoform of tropo-

myosin detected by TMBr-3 antibody was not differen-
tially expressed between the macula and peripheral
retina (Fig. 2A), however tropomyosin detected by
TM311 antibody showed remarkably higher expression

progression of macular diseases in humans.

in the macula (Fig. 2E). The difference in the expression

level of the TM311-detected isoforms of tropomyosin
resulted in an additional spot in the macula 2D gel which
did not react with the TMBr-3 antibody. The TMBr-3-

detected isoform is expressed in all regions of the brain

[12, 41] and also in the outer plexiform layer and pho-
toreceptor inner segments of the retina (Fig. 3C). This
is in contrast to arrestin-C expressmn which is limited

to the photoreceptor outer segment (Fig. 3B) Thisis

the first report to localize the brain-type 1soform of tro-
pomyosin in photoreceptors. —_—
TM311 detected isoforms were localized to Vascular
endothelial cells compared to the localization of PE-
CAM1 in choroid layer (Fig. 3H) Abundant expressmn\
of tropomyosin 1 a chain in the macula may arise from

the higher capillary density in the choroidal layer of the
fovea [30]. An earlier study, using human umbilical vein
endothehal cells exposed to hydrogen per0x1de showedf

should provide valuable information about the onset and

5\@
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