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Abstract

Introduction
Quantitative proteomic analysis of rat retinal ganglion cells (RGCs) was pursued for insights into 
the molecular mechanisms of glaucoma.  Laser-induced experimental glaucoma was used to 
generate ocular hypertension in one eye and the contra lateral eye was used as a control.  
RGCs were isolated by immunopanning.  iTRAQ quantitative mass spectrometric analyses have 
yielded preliminary proteomic results from a very small amount of protein.

Methods

Preliminary Findings

References

Results
Purpose: We seek to quantify proteome changes in retinal ganglion cells (RGCs) associated with elevated intraocular pressure for insights into the molecular mechanisms of glaucoma pathology.

Methods: Experimental glaucoma was laser-induced unilaterally in rats. Retinas were isolated after elevated intraocular pressure was demonstrated for 4-6 weeks and RGCs were rapidly isolated by panning. Proteins 
were extracted from RGCs in SDS, digested with trypsin, peptides were labeled with iTRAQ tags, glaucomatous and control digests combined in equal amounts and fractionated by strong cation exchange 
chromatography. Proteins were identified by LC MS/MS using a Mascot search engine and the Swiss-Protein sequence database. Relative protein quantification from iTRAQ labeling utilized code written in the statistical 
program R. Bioinformatic analysis was performed with GeneGo Metacore and Ingenuity Pathways Analysis 5.0.

Results: Relative protein quantitation has been obtained from RGCs pooled from 22 glaucomatous and 22 contra lateral control rat eyes. The LC MS/MS analyses yielded quantification of 273 proteins from two or more 
unique peptides per protein. Proteins with ratios ≥ 2 SD above the mean included aconitase hydratase, endoplasmic reticulum protein ERp29 and ploy(U)-binding-splicing factor PUF60. Proteins with ratios ≥ 2 SD below 
the mean included scaffold attachment factor B1, prothymosin alpha, and calnexin. Pathway analysis suggest alterations in several networks including those involving cell death, immune response, RNA post-tanslational
modification, gene expression and cellular assembly and organization.

Conclusions: These preliminary results demonstrate the feasiblity of quantitative proteomic analysis of rapidly isolated RGCs. More proteins were detected in glaucomatous RGCs as decreased rather than increased 
relative to control RGCs, suggesting suppressed biosynthetic activity and downregulation of select functional networks in challenged neurons. Further studies with multiple analyses are required to identify disease 
mechanisms. 
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Glaucoma Animal Model. Experimental glaucoma due to chronic ocular hypertension was 
induced in Wistar rats (9 months old, 250-300 g) by unilateral laser photocoagulation of anterior 
angle tissue (1).  Contralateral eyes were used as controls. IOP was monitored in both eyes using 
a TONOLAB retractable tonometer.  A second laser treatment was performed 1-2 weeks after the 
initial treatment if IOP elevation was not sustained. Retinas were harvested 4-6 weeks post initial 
treatment from animals (n = 22) with integral IOP in the range of 300-350 mm Hg-days.  

Isolation of Retinal Ganglion Cells (RGCs).  RGCs were isolated from rat retina by 
immunopanning using a modification of published methodology (2).  Briefly, whole retinas were 
incubated in the digestion solution containing papain (0.7 U/ml; Worthington, Lakewood, NJ) and 
L-cysteine (0.3 mg/ml; Sigma, St. Louis, MO) in Neurobasal-A medium (Invitrogen, CA) for 30 min 
(37°C; CO2 incubator), rinsed twice in 5 ml of medium, triturated in 4 ml of the medium containing 
1:50 B27 supplement (Invitrogen, CA).  Macrophage and endothelial cells were removed from the 
cell suspension by panning with anti-macrophage antiserum (Axell Accurate Chemical Corp, 
Westbury, NY). RGCs were specifically bound to the panning plates containing anti-Thy1.1 
antibody, and unbound retinal cells were removed by washing with BSS media. RGCs were then 
released by trypsin incubation.  Approximately 22 x 103 RGCs/retina  were obtained from laser-
treated eyes and 28 x 103 RGCs/retina from control eyes.  

Sample Preparation for Proteomic Analysis.  All isolated cells from n = 22 animals were 
combined into two pooled samples, yielding one glaucomatous and one control preparation. 
RGCs were homogenized in 100 mM triethylammonium bicarbonate (TEAB) containing 2% SDS 
and soluble protein was precipitated with four volumes of acetone and redissolved in 500 mM
TEAB containing 0.1% SDS. Protein was quantified by phenylthiocarbamyl amino acid analysis (3) 
and each pool found to contain ~4 µg protein.  Protein was reduced with tris-(2-carboxyethyl) 
phosphine (TCEP), cysteines alkylated with methyl methanethiosulfonate and the protein was 
digested with trypsin (4).

iTRAQ labeling and SCX Chromatography. Glaucomatous RGC tryptic peptides were labeled 
with iTRAQ tag 117 and mixed with an equal amount of control peptides labeled with iTRAQ tag 
115.  The peptide mixture was fractionated by strong cation exchange (SCX) chromatography and 
fractions were collected at 1 min intervals and vacuum dried. 

Protein Identification. SCX fractions were further fractionated on a 75 µm x 15 cm PepMap100 
C18 column (3 µm particle size, 100 Å pore size, Dionex) using a Ultimate 3000 LC system (LC 
Packings), aqueous trifluoroacetic acid/acetonitrile solvents (5). The eluted peptides were mixed 
1:2 (v/v) with matrix [4.5 mg/ml a-cyano-4-hydroxycinnamic acid (CHCA) in 0.56 mM ammonium 
citrate] and were spotted with a Probot target spotter (LC Packings) on a MALDI target at 30s 
interval for 36 min.  Samples were analyzed with a model 4800 MALDI TOF TOF mass 
spectrometer (Applied Biosytems) and identified using GPS Explorer 3.6 software (Applied 
Biosystems), Mascot 2.1, and the Swiss Protein database version 56.2. Database searches were 
restricted to tryptic peptides of rat sequences (7180 sequence entries) and mouse sequences 
(15980 sequence entries) with 2 missed tryptic cleavage sites allowed, precursor ion mass 
tolerance = 0.8 Da, and fragment ion mass tolerance = 0.8 Da.  Fixed modifications were selected 
for iTRAQ N-terminal and e-Lys modifications and S-methyl Cys from SCX fractions. Met oxidation 
was selected as a variable modification.

Protein Quantitation.  Quantitation required a minimum of two unique peptides per identified 
protein, a minimum 95% confidence interval for the Mascot protein score and peptide Mascot ion 
scores ≥ 25. After deleting outliers and multiple copies of the same peptide, peptide ratios were 
normalized and SD and p values were determined. Protein ratios were determined in log space 
and transformed for reporting.

Bioinformatic Analyses.  Functional classification of quantified proteins in rat ganglion cell was 
performed with The Protein ANalysis THrough Evolutionary Relationships (PANTHER) 
Classification System (available at www.pantherdb.org). For PANTHER analysis, SwissProt
accession numbers were converted to Entrez gene identification numbers using UniProt (available 
at http://www.uniprot.org).  Analysis of possible pathway networks involving the quantified proteins 
in ganglion cells was performed with Ingenuity Pathways Analysis 7.0 (Ingenuity® Systems).  

Figure 1. RGCs in Glaucomatous vs. Control Rat Retinas.
Unilateral laser photocoagulation of anterior angle tissue was used to induce 
elevated IOP in one eye and the contralateral eye was used as a control.  A, 
Representative microphotographs are shown of control and glaucomatous rat 
retinas taken at the same eccentricity from the optic nerve. Neurons in the 
ganglion cell layer (GCL) are labeled with anti-NeuN antibodies (green). Bar, 50 
mm. B, RGC loss approximated 40% in experimental relative to control retinas 
(n=17) based on quantification of the NeuN-positive cells in the ganglion cell layer.  
Mean IOP for the experimental animals is shown in Table 1.

Figure 2.  iTRAQ Quantitative Proteomics Technology.
iTRAQ = isobaric tags for relative and absolute quantitation
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Figure 3. Distribution of Glaucomatous/Control 
Protein Ratios from Rat RGCs. 
Quantitative proteomic analysis of glaucomatous rat RGCs was performed
using iTRAQ technology, two dimensional chromatography, and MALDI TOF 
TOF tandem mass spectrometry.  A total of 268 proteins were quantified with 
two or more peptides from a small amount of RGC protein (~8 µg total). The 
distribution of protein ratios for the 268 quantified proteins is shown, along 
with the median and mean values and the standard deviation (SD). The 
relative abundance of all proteins quantified with two or more peptides is 
presented in Table 2.

The above distribution of protein ratios is near-to-normal but with some 
spread below 1.0, suggesting reduced abundancy of several proteins in 
glaucomatous relative to control RGCs. 

Table 1
Mean IOP per Experimental Glaucoma Group

Glaucomatous Number Mean IOP
Group Animals Integral Hg-days

1 6 382 ± 43

2 6 387 ± 49

3 6 369 ± 59

4 4 338 ± 41

Table 3
Abundant Proteins in Glaucomatous Rat Retinal Ganglion Cells 

SwissProtein Protein Ratio Unique Sequence
Accession Protein Glaucoma/Control SD P value Peptides Coverage

Abundant in Glaucomaous RGCs
P81155 Voltage-dependent anion-selective channel protein 2 1.23 0.17 0.034 6 24.1%
P07943 Aldose reductase 1.20 0.02 0.006 3 8.5%
P62989 Ubiquitin 1.20 0.12 0.009 7 77.6%
Possibly Abundant in Glaucomaous RGCs
Q9ER34 Aconitate hydratase, mitochondrial 1.95* 0.58 - 2 3.3%
P52555 Endoplasmic reticulum protein ERp29 1.79* 0.04 - 2 9.6%
Q9WV25 Poly(U)-binding-splicing factor PUF60 1.33* 0.02 - 2 2.7%
P41516 DNA topoisomerase 2-alpha 1.28 0.24 - 2 1.2%
P11030 Acyl-CoA-binding protein 1.26 0.07 - 2 18.4%
P56376 Acylphosphatase-1 1.25 0.29 - 2 20.2%
P84089 Enhancer of rudimentary homolog 1.23 0.12 - 2 16.3%
P11232 Thioredoxin 1.21 0.02 - 2 21.0%
Q921F4 Heterogeneous nuclear ribonucleoprotein L-like 1.19 0.02 - 2 2.5%
P06685 Sodium/potassium-transporting ATPase subunit alpha-1 1.18 0.03 - 2 2.1%

Protein ratios (Glaucoma/Control), SD, p values, unique peptides and % sequence coverage  for  proteins exhibiting ratios ≥ mean + 1 SD  with p values < 0.05. Total Proteins Quantified = 268, Median protein  ratio= 1.00, 
Mean protein  ratio= 1.00, SD=0.15, Table 1).  SD = Standard deviation; p values are from two sided T tests for the null hypothesis that the peptide mean = 1.0;  Asterisks  denote ratios ≥ 2 SD above  the mean.

Table 4
Less Abundant Proteins in Glaucomatous Rat Retinal Ganglion Cells 

Less Abundant in Glaucomaous RGCs
P06302 Prothymosin alpha 0.66* 0.16 0.015 4 13.4%
Possibly Less Abundant in Glaucomaous RGCs
P21575 Dynamin-1 0.85 0.54 - 2 1.9%
Q9EPJ0 Nuclear ubiquitous casein and cyclin-dependent 0.85 0.16 - 2 8.2%
P35213 14-3-3 protein beta/alpha 0.85 0.25 - 2 10.2%
P61314 60S ribosomal protein L15 0.85 0.14 - 2 7.8%
P0C0S7 Histone H2A.Z 0.85 0.03 - 2 18.8%
B2RYG6 Ubiquitin thioesterase OTUB1 0.84 0.70 - 2 11.1%
P02401 60S acidic ribosomal protein P2 0.84 0.13 - 2 21.7%
P62083 40S ribosomal protein S7 0.84 0.14 - 2 8.8%
P85969 Beta-soluble NSF attachment protein 0.83 0.08 - 2 6.1%
P83732 60S ribosomal protein L24 0.82 0.26 - 2 9.6%
Q62376 U1 small nuclear ribonucleoprotein 70 kDa 0.81 0.34 - 2 4.7%
Q5M7V8 Thyroid hormone receptor-associated protein 3 0.81 0.19 - 2 2.4%
P62907 60S ribosomal protein L10a 0.81 0.41 - 2 9.7%
P10960 Sulfated glycoprotein 1 0.79 0.11 - 2 3.4%
P62898 Cytochrome c, somatic 0.75 0.37 - 2 14.3%
Q63610 Tropomyosin alpha-3 chain 0.74 0.10 - 2 8.9%
O54734 Dolichyl-diphosphooligosaccharide--protein 0.72 0.85 - 2 3.9%
Q62812 Myosin-9 0.71 0.80 - 2 1.1%
Q8R4E6 Purine-rich element-binding protein gamma 0.70* 0.22 - 2 3.7%
O88453 Scaffold attachment factor B1 0.69* 0.13 - 2 1.5%
P54313 Guanine nucleotide-binding protein (Transducin beta) 0.64* 0.67 - 2 5.0%
Q04462 Valyl-tRNA synthetase 0.62* 0.13 - 2 1.3%
O35331 Pyridoxal kinase 0.41* 0.76 - 2 9.3%

Protein ratios (Glaucoma/Control), SD, p values, unique peptides and % sequence coverage  for  proteins exhibiting ratios ≥ mean + 1 SD  with p values < 0.05. Total Proteins Quantified = 268, Median protein  ratio= 1.00, Mean protein  
ratio= 1.00, SD=0.15, Table 1).  SD = Standard deviation; p values are from two sided T tests for the null hypothesis that the peptide mean = 1.0;  Asterisks  denote ratios ≥ 2 SD  below the mean.

• γ-synuclein, a marker of RGCs, was among the quantified proteins. Nucleic acid and protein metabolism appear to be 
predominant biological processes in RGCs.

• Three proteins exhibited greater abundance (~20%) in glaucomatous RGCs (p < 0.034)

Voltage-dependent anion channel protein, a regulator of ion transport in the mitochondrial outer membrane 

Aldose reductase,  a cytoplasmic enzyme involved in carbohydrate metabolism

Ubiquitin, a cytoplasmic and nuclear protein that modifies other proteins with functional consequences. 

• 10 additional proteins were identified that possibly are more abundant in glaucomatous RGCs, including aconitase
hydratase, endoplasmic reticulum protein ERp29, and poly(U)-binding-splicing factor PUF60.

• Prothymosin, ~34% less abundant in glaucomatous RGCs (p value = 0.015), is a nuclear protein covalently modified 
with RNA and that may mediate immune functions. 

• 23 additional proteins were identified that possibly are less abundant in glaucomatous RGCs including purine-rich 
element-binding protein g, scaffold attachment factor B1, transducin beta, valyl-tRNA synthase, and pyridoxal kinase. 
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Table 2
Relative Abundance of Proteins in 

Glaucomatous Rat Retinal Ganglion Cells
SwissProtein

Accession Protein
Protein Ratio 

Glaucoma/Control SD P value Unique 
Peptides

Sequence  
Coverage

Q9ER34 Aconitate hydratase, mitochondrial 1.95 0.58 NA 2 3.3%
P52555 Endoplasmic reticulum protein ERp29 1.79 0.04 NA 2 9.6%
P02770 Serum albumin 1.39 0.59 0.440 3 3.6%

Q9WV25 Poly(U)-binding-splicing factor PUF60 1.33 0.02 NA 2 2.7%
P41516 DNA topoisomerase 2-alpha 1.28 0.24 NA 2 1.2%
P11030 Acyl-CoA-binding protein 1.26 0.07 NA 2 18.4%
P56376 Acylphosphatase-1-Mouse 1.25 0.29 NA 2 20.2%
P62317 Small nuclear ribonucleoprotein Sm D2-Mouse 1.25 0.69 0.57 4 27.1%
P84089 Enhancer of rudimentary homolog-Mouse 1.23 0.12 NA 2 16.3%
P81155 Voltage-dependent anion-selective channel protein 2 1.23 0.17 0.034 6 24.1%
P11232 Thioredoxin 1.21 0.02 NA 2 21.0%
P07943 Aldose reductase 1.20 0.02 0.006 3 8.5%

Q68FQ0 T-complex protein 1 subunit epsilon 1.20 0.10 0.079 3 4.3%
P62989 Ubiquitin 1.20 0.12 0.009 7 77.6%
Q8R478 WW domain-binding protein 2 1.19 0.16 0.200 3 9.9%
Q9Z2L0 Voltage-dependent anion-selective channel protein 1 1.19 0.29 0.170 7 26.5%
Q921F4 Heterogeneous nuclear ribonucleoprotein L-like-Mouse 1.19 0.02 NA 2 2.5%
Q05175 Brain acid soluble protein 1 1.19 0.24 0.140 6 35.0%
P06685 Sodium/potassium-transporting ATPase subunit alpha-1 1.18 0.03 NA 2 2.1%
P30835 6-phosphofructokinase, liver type 1.18 0.37 0.530 3 3.2%
P16036 Phosphate carrier protein, mitochondrial 1.16 0.13 0.200 3 6.7%
P09895 60S ribosomal protein L5 1.15 0.17 0.140 5 12.8%
P07150 Annexin A1 1.14 0.21 NA 2 6.4%
P10111 Peptidyl-prolyl cis-trans isomerase A 1.14 0.12 0.031 7 34.1%
O70251 Elongation factor 1-beta-Mouse 1.14 0.14 NA 2 6.7%
Q7TP98 Interleukin enhancer-binding factor 2 1.14 0.19 NA 2 3.9%
Q6P747 Heterochromatin protein 1-binding protein 3 1.14 0.18 0.040 11 17.7%
P69897 Tubulin beta-5 chain 1.14 0.15 0.060 7 15.8%
P50137 Transketolase 1.13 0.14 0.009 13 18.5%
P16638 ATP-citrate synthase 1.13 0.10 NA 2 1.5%

Q5FVM4 Non-POU domain-containing octamer-binding protein 1.12 0.14 0.140 5 8.0%
P62909 40S ribosomal protein S3 1.12 0.13 0.014 11 39.9%
P56959 RNA-binding protein FUS-Mouse 1.12 0.15 0.310 3 5.4%
P84586 Heterogeneous nuclear ribonucleoprotein G 1.12 0.22 0.320 5 14.4%
Q8R081 Heterogeneous nuclear ribonucleoprotein L-Mouse 1.12 0.14 0.160 5 7.7%
Q05962 ADP/ATP translocase 1 1.12 0.06 0.088 3 8.7%
Q8VHK7 Hepatoma-derived growth factor 1.11 0.21 0.390 4 12.7%
P10719 ATP synthase subunit beta, mitochondrial 1.11 0.08 0.071 4 6.8%
Q9JIL3 Interleukin enhancer-binding factor 3 1.11 0.21 0.48 3 3.1%
Q62951 Dihydropyrimidinase-related protein 4 (Fragment) 1.11 0.07 NA 2 2.8%
Q66H60 Coiled-coil domain-containing protein 146 1.11 0.12 NA 2 1.1%
P62632 Elongation factor 1-alpha 2 1.11 0.07 0.026 5 9.5%
P61354 60S ribosomal protein L27 1.11 0.34 0.660 3 16.2%
P59215 Guanine nucleotide-binding protein G(o) subunit alpha 1.10 0.05 NA 2 6.2%
P57722 Poly(rC)-binding protein 3-Mouse 1.10 0.2 0.330 5 15.3%
Q62826 Heterogeneous nuclear ribonucleoprotein M 1.10 0.10 0.100 5 7.0%
Q91WJ8 Far upstream element-binding protein 1-Mouse 1.10 0.14 NA 2 3.2%
P62320 Small nuclear ribonucleoprotein Sm D3-Mouse 1.10 0.02 NA 2 15.1%
P63159 High mobility group protein B1 1.10 0.09 0.120 4 16.7%
Q63633 Solute carrier family 12 member 5 1.10 0.34 NA 2 1.4%
P04906 Glutathione S-transferase P 1.10 0.20 0.400 4 14.8%
P70580 Membrane-associated progesterone receptor 1.10 0.20 NA 2 14.4%
P26284 Pyruvate dehydrogenase E1 component subunit alpha, 1.10 0.10 NA 2 5.6%
P04256 Heterogeneous nuclear ribonucleoprotein A1 1.09 0.10 0.043 8 18.8%
P84104 Splicing factor, arginine/serine-rich 3-Mouse 1.09 0.06 NA 2 10.4%
P07335 Creatine kinase B-type 1.09 0.09 0.012 10 20.7%
P13221 Aspartate aminotransferase, cytoplasmic 1.09 0.07 0.027 6 13.6%
P50398 Rab GDP dissociation inhibitor alpha 1.09 0.16 0.450 3 4.9%
P13084 Nucleophosmin 1.09 0.23 0.370 7 20.2%

Q6URK4 Heterogeneous nuclear ribonucleoprotein A3 1.09 0.14 0.190 6 14.2%
P34058 Heat shock protein HSP 90-beta 1.09 0.17 0.057 17 21.3%
Q99PF5 Far upstream element-binding protein 2 1.09 0.09 0.260 3 2.9%
P63324 40S ribosomal protein S12 1.08 0.03 NA 2 13.6%
P84245 Histone H3.3 1.08 0.10 0.082 7 29.4%
P42123 L-lactate dehydrogenase B chain 1.08 0.11 0.340 3 7.2%
Q6LBF0 Histone H3.1-Mouse 1.08 0.11 0.140 6 28.7%
Q9QX69 LanC-like protein 1 1.08 0.18 NA 2 4.8%
O88569 Heterogeneous nuclear ribonucleoproteins A2/B1-Mouse 1.08 0.09 0.031 10 20.7%
P62853 40S ribosomal protein S25 1.08 0.12 NA 2 13.6%
O70133 ATP-dependent RNA helicase A-Mouse 1.08 0.08 0.150 4 2.4%
P60868 40S ribosomal protein S20 1.07 0.06 NA 2 16.8%
P15999 ATP synthase subunit alpha, mitochondrial 1.07 0.13 0.120 10 16.8%
Q78P75 Dynein light chain 2, cytoplasmic 1.07 0.11 NA 2 14.6%
P48500 Triosephosphate isomerase 1.06 0.14 0.250 8 28.5%
Q09073 ADP/ATP translocase 2 1.06 0.20 0.440 7 22.1%
P04764 Alpha-enolase 1.06 0.16 0.200 14 22.4%
P43278 Histone H1.0 1.06 0.19 0.590 4 20.6%
Q5FVI4 Cell cycle exit and neuronal differentiation protein 1 1.06 0.23 0.710 3 29.5%
Q91V33 KH domain-containing, RNA-binding, signal 1.06 0.14 0.430 5 7.9%
P12749 60S ribosomal protein L26 1.05 0.01 NA 2 11.7%
P32551 Cytochrome b-c1 complex subunit 2, mitochondrial 1.05 0.08 0.40 3 7.1%
P47728 Calretinin 1.05 0.26 0.60 8 24.0%
P61983 14-3-3 protein gamma 1.05 0.14 0.44 6 23.1%

Q923W4 Hepatoma-derived growth factor-related protein 3 1.05 0.15 NA 2 8.4%
P38650 Cytoplasmic dynein 1 heavy chain 1 1.05 0.11 0.550 3 0.6%
P27139 Carbonic anhydrase 2 1.04 0.16 0.670 3 9.6%
P05197 Elongation factor 2 1.04 0.03 NA 2 2.3%
P69060 N-acylneuraminate cytidylyltransferase 1.04 0.18 0.580 6 11.3%
P43244 Matrin-3 1.04 0.14 0.420 9 6.7%
Q6P6V0 Glucose-6-phosphate isomerase 1.04 0.12 0.370 9 12.4%
Q9R1Z0 Voltage-dependent anion-selective channel protein 3 1.04 0.10 0.570 3 7.8%
Q99020 Heterogeneous nuclear ribonucleoprotein A/B-Mouse 1.04 0.01 NA 2 7.7%
P63102 14-3-3 protein zeta/delta 1.04 0.10 0.330 9 32.2%
P62246 40S ribosomal protein S15a 1.04 0.13 0.670 3 13.8%
Q921F2 TAR DNA-binding protein 43-Mouse 1.04 0.07 NA 2 3.6%
P49911 Acidic leucine-rich nuclear phosphoprotein 32 family 1.03 0.11 0.560 5 16.6%
P70615 Lamin-B1 1.03 0.07 0.340 7 11.2%
P54690 Branched-chain-amino-acid aminotransferase, cytosolic 1.03 0.06 NA 2 3.6%
Q9Z204 Heterogeneous nuclear ribonucleoproteins C1/C2-Mouse 1.03 0.21 0.750 6 18.2%
Q9JHU0 Dihydropyrimidinase-related protein 5 1.03 0.46 NA 2 2.5%
Q5RKI1 Eukaryotic initiation factor 4A-II 1.03 0.20 NA 2 7.1%
P05708 Hexokinase-1 1.03 0.25 0.850 4 3.3%
P11598 Protein disulfide-isomerase A3 1.03 0.39 0.860 8 16.0%
Q6P9V9 Tubulin alpha-1B chain 1.03 0.23 0.760 8 16.9%
Q00PI9 Heterogeneous nuclear ribonucleoprotein U-like protein-Mouse 1.02 0.21 0.800 6 6.2%
P11730 Calcium/calmodulin-dependent protein kinase type II 1.02 0.14 0.800 3 4.6%
P00507 Aspartate aminotransferase, mitochondrial 1.02 0.15 0.760 8 17.4%
P68182 cAMP-dependent protein kinase catalytic subunit beta 1.02 0.22 NA 2 4.6%
Q9JJ54 Heterogeneous nuclear ribonucleoprotein D0 1.01 0.17 0.830 7 15.6%
P05065 Fructose-bisphosphate aldolase A 1.01 0.12 0.680 14 25.3%
P62260 14-3-3 protein epsilon 1.01 0.13 0.810 6 17.3%
O88767 Protein DJ-1 1.01 0.07 0.680 5 24.3%
P35427 60S ribosomal protein L13a 1.01 0.20 0.920 3 8.9%
Q68FR6 Elongation factor 1-gamma 1.01 0.16 0.840 8 15.1%
Q8K585 High mobility group protein HMG-I/HMG-Y 1.01 0.06 NA 2 23.4%
P62161 Calmodulin 1.01 0.21 0.930 3 18.8%
Q99PL5 Ribosome-binding protein 1-Mouse 1.01 0.33 NA 2* 1.3-16.8%*
P62804 Histone H4 1.01 0.07 0.730 8 53.4%
Q68A21 Transcriptional activator protein Pur-beta 1.01 0.14 0.930 4 12.4%
P29314 40S ribosomal protein S9 1.01 0.22 0.950 6 30.9%
O09032 ELAV-like protein 4 1.01 0.04 0.830 3 5.6%

Q8CGP0 Histone H2B type 3-B-Mouse 1.01 0.3 0.980 3 13.5%
P05426 60S ribosomal protein L7 1.01 0.20 NA 2 7.3%
P42346 FKBP12-rapamycin complex-associated protein 1.00 0.20 NA 2 0.6%
P08009 Glutathione S-transferase Yb-3 1.00 0.09 NA 2 6.9%
P05369 Farnesyl pyrophosphate synthetase 1.00 0.14 0.970 4 9.9%
P12001 60S ribosomal protein L18 1.00 0.01 NA 2 13.8%
P04642 L-lactate dehydrogenase A chain 1.00 0.09 0.940 12 30.4%
P63018 Heat shock cognate 71 kDa protein 1.00 0.07 0.910 17 21.8%
P62752 60S ribosomal protein L23a 1.00 0.09 0.980 3 12.8%
P09117 Fructose-bisphosphate aldolase C 1.00 0.16 1.00 9 18.2%
Q8VIJ6 Splicing factor, proline- and glutamine-rich-Mouse 1.00 0.11 1.00 9 11.2%
P14408 Fumarate hydratase, mitochondrial 1.00 0.06 NA 2 3.7%

Q6PDV7 60S ribosomal protein L10 1.00 0.07 0.990 3 11.7%
P43277 Histone H1.3-Mouse 1.00 0.1 0.980 12 34.4%
Q7TP47 Heterogeneous nuclear ribonucleoprotein Q 1.00 0.32 1.00 3 4.9%
P04797 Glyceraldehyde-3-phosphate dehydrogenase 1.00 0.06 0.950 11 29.1%
P15865 Histone H1.2 1.00 0.10 0.960 13 38.8%
P11951 Cytochrome c oxidase polypeptide VIc-2 1.00 0.12 NA 2 21.1%
P16617 Phosphoglycerate kinase 1 1.00 0.12 0.930 13 21.6%
P62762 Visinin-like protein 1 1.00 0.32 NA 2 8.4%
P42932 T-complex protein 1 subunit theta-Mouse 1.00 0.17 0.970 4 7.1%
P11442 Clathrin heavy chain 1 0.99 0.22 0.960 4 1.7%
P83883 60S ribosomal protein L36a 0.99 0.09 NA 2 16.0%

Q66HD0 Endoplasmin 0.99 0.20 0.920 13 16.4%
P07632 Superoxide dismutase [Cu-Zn] 0.99 0.14 0.910 5 37.0%
Q5I0D1 Glyoxalase domain-containing protein 4 0.99 0.07 NA 2 5.7%
P62919 60S ribosomal protein L8 0.99 0.14 0.870 5 16.0%
O88989 Malate dehydrogenase, cytoplasmic 0.99 0.15 0.750 12 29.6%
P13383 Nucleolin 0.99 0.27 0.880 8 11.1%
P62966 Cellular retinoic acid-binding protein 1 0.99 0.20 0.890 4 30.7%
P35704 Peroxiredoxin-2 0.98 0.03 0.460 3 13.1%
Q09167 Splicing factor, arginine/serine-rich 5 0.98 0.13 0.840 3 8.2%
P80317 T-complex protein 1 subunit zeta-Mouse 0.98 0.25 NA 2 4.0%

Q8VHF5 Citrate synthase, mitochondrial 0.98 0.09 0.670 5 11.2%
P84082 ADP-ribosylation factor 2 0.98 0.05 0.610 3 13.3%
P25113 Phosphoglycerate mutase 1 0.98 0.06 0.620 3 12.6%
Q02874 Core histone macro-H2A.1 0.98 0.15 0.690 7 20.5%
P50878 60S ribosomal protein L4 0.98 0.27 NA 2 4.3%
P50580 Proliferation-associated protein 2G4-Mouse 0.98 0.05 NA 2 5.1%
P18418 Calreticulin 0.97 0.09 0.300 10 13.7%
P62703 40S ribosomal protein S4, X isoform 0.97 0.07 0.440 4 11.4%
P27952 40S ribosomal protein S2 0.97 0.20 0.710 6 15.0%
P68255 14-3-3 protein theta 0.97 0.07 0.500 3 10.6%
P48679 Lamin-A 0.97 0.13 0.420 10 13.1%
P63245 Guanine nucleotide-binding protein subunit beta-2-like 1 0.97 0.33 0.870 3 7.3%
P10760 Adenosylhomocysteinase 0.96 0.19 0.670 6 11.6%
P30009 Myristoylated alanine-rich C-kinase substrate 0.96 0.35 NA 2 10.7%

Q6NYB7 Ras-related protein Rab-1A 0.96 0.23 0.810 3 12.7%
Q63754 Beta-synuclein 0.96 0.10 0.460 5 30.7%
P06761 78 kDa glucose-regulated protein 0.96 0.20 0.580 8 11.5%
Q63413 Spliceosome RNA helicase Bat1 0.96 0.22 0.620 7 14.0%
Q812D1 PC4 and SFRS1-interacting protein 0.96 0.21 0.580 8 14.8%
Q63081 Protein disulfide-isomerase A6 0.96 0.26 0.790 3 5.2%
P10854 Histone H2B type 1-M-Mouse 0.95 0.05 0.060 6 35.7%
P62282 40S ribosomal protein S11 0.95 0.10 0.440 4 22.2%
P45592 Cofilin-1 0.95 0.12 NA 2 10.8%
Q68FL4 Putative adenosylhomocysteinase 3-Mouse 0.95 0.16 NA 2 1.5%
P43276 Histone H1.5-Mouse 0.95 0.03 NA 2 5.4%
P49242 40S ribosomal protein S3a 0.95 0.03 NA 2 6.4%
P46462 Transitional endoplasmic reticulum ATPase 0.95 0.10 0.230 6 6.2%
Q5U316 Ras-related protein Rab-35 0.95 0.33 NA 2 8.5%
P39069 Adenylate kinase isoenzyme 1 0.95 0.37 0.820 3 14.4%
P0C170 Histone H2A type 1-E 0.95 0.12 0.320 6 31.5%
P82995 Heat shock protein HSP 90-alpha 0.95 0.27 0.580 8 10.2%
P04636 Malate dehydrogenase, mitochondrial 0.94 0.05 0.045 6 17.2%

Q9QUL6 Vesicle-fusing ATPase 0.94 0.16 0.370 7 7.3%
O08557 N(G),N(G)-dimethylarginine dimethylaminohydrolase 1 0.94 0.12 NA 2 6.3%
P60825 Cold-inducible RNA-binding protein 0.94 0.43 NA 2 12.8%
P07323 Gamma-enolase 0.94 0.10 0.140 8 15.2%
P11980 Pyruvate kinase isozymes M1/M2 0.94 0.17 0.150 17 25.0%

Q9EQS0 Transaldolase 0.94 0.17 0.300 9 21.1%
P21533 60S ribosomal protein L6 0.94 0.05 0.045 5 15.4%
Q00981 Ubiquitin carboxyl-terminal hydrolase isozyme L1 0.93 0.09 0.310 3 9.4%
Q641Y8 ATP-dependent RNA helicase DDX1 0.93 0.07 0.240 3 4.1%
Q00566 Methyl-CpG-binding protein 2 0.93 0.31 0.740 3 5.5%
P42669 Transcriptional activator protein Pur-alpha-Mouse 0.93 0.36 0.630 7 16.8%
Q62189 U1 small nuclear ribonucleoprotein A-Mouse 0.93 0.17 NA 2 5.2%
Q9QZ81 Eukaryotic translation initiation factor 2C 2 0.93 0.44 NA 2 2.8%
Q8BL97 Splicing factor, arginine/serine-rich 7-Mouse 0.93 0.18 NA 2 6.7%
P63259 Actin, cytoplasmic 2 0.92 0.23 0.330 9 25.6%

Q4KM49 Tyrosyl-tRNA synthetase, cytoplasmic 0.92 0.10 0.210 4 6.6%
P05712 Ras-related protein Rab-2A 0.92 0.08 0.210 3 15.6%

Q9EPC6 Profilin-2 0.92 0.18 NA 2 14.3%
Q6AXS5 Plasminogen activator inhibitor 1 RNA-binding protein 0.92 0.02 NA 2 4.7%
P11240 Cytochrome c oxidase subunit 5A, mitochondrial 0.91 0.19 NA 2 8.9%
P62914 60S ribosomal protein L11 0.91 0.04 NA 2 6.7%

Q8CCK0 Core histone macro-H2A.2-Mouse 0.90 0.21 0.410 4 9.4%
Q63716 Peroxiredoxin-1 0.90 0.66 0.750 5 22.1%
P62630 Elongation factor 1-alpha 1 0.90 0.14 0.058 9 17.5%
P31044 Phosphatidylethanolamine-binding protein 1 0.90 0.28 0.520 4 25.7%
P61980 Heterogeneous nuclear ribonucleoprotein K 0.90 0.18 0.088 10 22.0%
Q00715 Histone H2B type 1 0.90 0.18 0.110 9 53.6%
P84100 60S ribosomal protein L19 0.90 0.08 0.140 3 10.7%
Q63945 Protein SET 0.90 0.14 0.320 3 9.3%
P19511 ATP synthase subunit b, mitochondrial 0.90 0.07 0.120 3 10.9%
P62250 40S ribosomal protein S16 0.90 0.37 0.660 3 19.9%
P04785 Protein disulfide-isomerase 0.89 0.25 0.360 5 7.1%
Q8C854 Myelin expression factor 2-Mouse 0.89 0.2 0.420 3 4.2%

Q3SWU3 Heterogeneous nuclear ribonucleoprotein D-like 0.89 0.13 NA 2 2.8%
P47942 Dihydropyrimidinase-related protein 2 0.88 0.16 0.110 6 10.3%
P13668 Stathmin 0.88 0.14 NA 2 13.4%
Q63544 Gamma-synuclein 0.88 0.44 0.660 3 22.8%
P62828 GTP-binding nuclear protein Ran 0.88 0.14 0.150 4 16.2%
Q501J6 Probable ATP-dependent RNA helicase DDX17-Mouse 0.87 0.07 0.031 4 7.1%
P62755 40S ribosomal protein S6 0.87 0.10 NA 2 8.8%
P62278 40S ribosomal protein S13 0.87 0.34 NA 2 10.6%

Q8CCT4 Transcription elongation factor A protein-like 5-Mouse 0.87 0.14 0.130 4 16.0%
O88600 Heat shock 70 kDa protein 4 0.86 0.51 0.610 4 4.8%

Q6PDM2 Splicing factor, arginine/serine-rich 1-Mouse 0.86 0.18 0.180 4 16.1%
Q02053 Ubiquitin-like modifier-activating enzyme 1-Mouse 0.86 0.16 NA 2 1.5%
P19945 60S acidic ribosomal protein P0 0.86 0.13 NA 2 5.4%
P21575 Dynamin-1 0.85 0.54 NA 2 1.9%
Q9EPJ0 Nuclear ubiquitous casein and cyclin-dependent 0.85 0.16 NA 2 8.2%
P35213 14-3-3 protein beta/alpha 0.85 0.25 NA 2 10.2%
Q925G1 Hepatoma-derived growth factor-related protein 2 0.85 0.32 0.480 3 5.4%
P31000 Vimentin 0.85 0.24 0.160 6 11.6%
P61314 60S ribosomal protein L15 0.85 0.14 NA 2 7.8%
P0C0S7 Histone H2A.Z 0.85 0.03 NA 2 18.8%
B2RYG6 Ubiquitin thioesterase OTUB1 0.84 0.70 NA 2 11.1%
P41123 60S ribosomal protein L13 0.84 0.22 0.210 4 15.6%
P06687 Sodium/potassium-transporting ATPase subunit alpha-3 0.84 0.27 0.072 10 9.7%
P24268 Cathepsin D 0.84 0.23 0.310 3 7.9%
P04646 60S ribosomal protein L35a 0.84 0.29 0.310 4 21.8%
P02401 60S acidic ribosomal protein P2 0.84 0.13 NA 2 21.7%
P62083 40S ribosomal protein S7 0.84 0.14 NA 2 8.8%
P85969 Beta-soluble NSF attachment protein 0.83 0.08 NA 2 6.1%
P83732 60S ribosomal protein L24 0.82 0.26 NA 2 9.6%
Q62376 U1 small nuclear ribonucleoprotein 70 kDa-Mouse 0.81 0.34 NA 2 4.7%
Q5M7V8 Thyroid hormone receptor-associated protein 3 0.81 0.19 NA 2 2.4%
P62907 60S ribosomal protein L10a 0.81 0.41 NA 2 9.7%
P04550 Parathymosin 0.80 0.23 0.150 4 28.4%
P18437 Non-histone chromosomal protein HMG-17 0.79 0.23 0.085 5 36.7%
P10960 Sulfated glycoprotein 1 0.79 0.11 NA 2 3.4%
P38656 Lupus La protein homolog 0.79 0.47 0.380 4 8.2%
P62898 Cytochrome c, somatic 0.75 0.37 NA 2 14.3%
Q6AY09 Heterogeneous nuclear ribonucleoprotein H2 0.74 0.41 0.140 6 13.6%
Q63610 Tropomyosin alpha-3 chain 0.74 0.10 NA 2 8.9%
O54734 Dolichyl-diphosphooligosaccharide--protein-Mouse 0.72 0.85 NA 2 3.9%
P62271 40S ribosomal protein S18 0.71 0.61 0.340 4 21.7%
Q62812 Myosin-9 0.71 0.80 NA 2 1.1%
Q8R4E6 Purine-rich element-binding protein gamma-Mouse 0.70 0.22 NA 2 3.7%
O88453 Scaffold attachment factor B1 0.69 0.13 NA 2 1.5%
P06302 Prothymosin alpha 0.66 0.16 0.015 4 13.4%
P54313 Guanine nucleotide-binding protein (Transducin beta) 0.64 0.67 NA 2 5.0%
P35565 Calnexin 0.62 0.53 0.170 4 5.1%
Q04462 Valyl-tRNA synthetase 0.62 0.13 NA 2 1.3%
O35331 Pyridoxal kinase 0.41 0.76 NA 2 9.3%

Total Proteins Quantified = 268, Median protein ratio= 1.00, Mean protein ratio= 1.00, SD=0.15

Proteins were quantified using iTRAQ technology, two dimensional chromatogaphy and MALDI TOF TOF mass spectrometery.  Gray 
shade denotes proteins at least ± 1 SD from the mean; yellow shade denotes proteins at least ± 2 SD from the mean. SD = Standard 
deviation; p values are from two sided T tests for the null hypothesis that the peptide mean = 1.0; NA, not applicable because of < 3 
peptides.  * denotes repetetive peptides.

SwissProtein Protein Ratio Unique Sequence
Accession Protein Glaucoma/Control SD P value Peptides Coverage

John W Crabb, Ph.D. 
CrabbJ@ccf.org

Figure 4.  Biological Processes 
Performed by the Proteins 
Quantified in rat RGCs.

The majority (~85%) of the 268 quantified 
proteins exhibited little quantitative 
difference between the glaucomatous and 
control preparations, suggesting these 
processes generally reflect RGC biology.  

Bioinformatic analysis suggests 13 possibly 
significant pathway networks, with the 
highest scoring networks concerned with 
RNA post-translational modification, 
hematological disorders, infectious disease, 
genetic disorders, neurological disease, 
protein folding, cellular assembly and 
organization, immunological and 
inflammatory processes.
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