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Burpose; To evaluate the efficacy of souton state isoslectricocusing (IEF) and 20
polyacrylamide gel (2D PAGE) for piic nerve for proteomic
analysis

Methods: Optic nerve was dissected from normal human eyes obtained through

Cleveland Eye Bank and the Eye Donor Program of the Foundaion Fighiing Elinc haness, I
Gplic nerve protein extraction efficiency was evaluated in 7M urea and 21

containing either 6% C;| % ASB-14, 3% dodecyimaltoside (DM) or a propristan
GotbrganCeolution, Solible protain was quaniied by ihe Braclord and bicinchoninic assays
Following solution state IEF using the Multicompartment Electrolyzer (MCE, Pro

Sys«emsj 310 20 PAGE, gel spots were excised, digested in Stu wi trypsin and proteins
identified by capillary LC MS/MS.

Results: Optic nerve extracts from the four detergents produced similar 1D SDS-PAGE
profiles, however, ASB-14 an

Solution state [EF in 3% DM separated optic nerve proteins in
8, and 8-11. Afler IEF, 2D PAGE demonstrated distincly ifferent patiems for each pl
fraction. A total of 153 of proteins were identified by mass spectrometric analysis of
select 20 gel spots. For most of those proteins, the sequence calcuiated pl was in good
agreement with the pH range of the trapping chamber from which it was four

Conclusions: Optic nerve contains significant lipid-rich myelin membranes and constitutes
Gne of the more difficult tissues from which to exiract and analyze soluble protein. Solution
state IEF followed by 2D gel analyses has provided a productive approach for fractionating
milligram amounts of optic nerve protein. The proteins identified in this study represent the
most extensive catalogue to-date of human optic nerve proteins.

Support: NIH grants EY06603, EY14239, EY14240, EY15638, The Foundaton Fighting Bindnsss, American Healt
Rstibance Foundaton and Cleveland Ginic Foundaton

INTRODUCTION

Progressive degeneration of the optic nerve is a common feature of ocular diseases
such as glaucoma, optic neuritis and ischemic optic neuropathy. Proteomic analysis
of diseased and/or damaged optic nerve tissue offers a promising approach to better
understanding pathogenic mechanisms in glaucoma and other optic neuropathies.
However, protein fractionation of optic nerve remains challenging because it contains
significant lipid-rich myelin membranes and constitutes one of the more difficult
tissues from which to extract soluble protein. Here, we describe the fractionation of
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Figure 1. SDS-PAGE of Optic Nerve Proteins Extracted in Different Detergents
Protein was extracted from equal amounts of optic nerve (~20 mg wet weight) using
the indicated detergents (100 yl per extraction) and 15 g protein per lane subjected
to SDS-PAGE on a 10% gel.

All four detergents produced similar 1D-PAGE profiles, however, ASB-14 and
dodecylmaltoside yield greater Coomassie blue staining intensity and slightly greater
recovery of soluble protein (Table 1).

Table 1. Solubilization of Optic Nerve Protein

human optic nerve by solution state i 1g (IEF) and t
polyacrylamide gel electrophoresis (2D PAGE) and report the identification of 149
proteins (1). The present results demonstrate the potential utility of this fractionation
methodology for differential proteomic analyses of optic nerve from diseased and
normal eye donors.

Protein (ug)

METHODS

Human Tissue Procurement. Thirty-five eyes from normal human donors (15 female and 20 male,
ages 43-89) were used i this study. Eyes were obtained through the Cleveland Eye Bank and the
Eye Donor Program of the Foundation Fighting Blindness, Inc. (Owens Mills, MD). Eyes were
enucleated within 8 hours of death and either placed in Optisol GS or frozen in liquid nitrogen.

Optic Nerve Sample Preparation. The stalk region of the optic nerve was carefully dissected
Tissues were stored at-80°C unti analyzed in 20mM Tris buffer pH7.5 containing protease
inhibitors (P2714, Sigma), 5 M dithiothrietol, 10 UM butylated hydroxytoluene and 2 mM EDTA.
Protein extraction efficacy was compared for four different detergent solutions containing 7M urea
and 2M thiourea, namely 6% C,B20, 3% ASB-14, 3% dodecylmaltoside and a proprietary detergent
formulation from Proteome Systems. Following extraction, protein was precipitated with acetone,
resuspended in Laemmeli sample buffer for 1D SDS-PAGE.

Solution State Isoelectricfocusing. Solution State IEF was performed using the Multicompartment
Electrolyzer (MCE) according to Proteome Systems (3) with 1-7.5 mg of acrylamide alkylated optic
nerve protein. IEF trapping chambers of pH 3-5, 5-6.5, 6.5-8 and 8-11 were prepared with
immobilized pH membranes supplied by the vendor. Protein extracts were loaded into the central
pH 5-6.5 chamber and diluted with the same detergent to 3.5 ml. Detergent solution was placed in
the other trapping chambers and electrode solution supplied by the vendor was placed in the
terminal MCE chambers. IEF was carried out with a 100-1500V ramp over 13 hours followed by a
constant 1500 V for an additional 5 hours. Maximum current was set at 0.8 mA. After IEF protein in
the chamber solutions was concentrated by acetone precipitation.

Acetone Precipitation. Four volumes of acetone were added to one volume of the detergent
solubilized protein solution and incubated at room temperature for 20 min with intermittent, gentle
mixing. The suspension was then centrifuged at 2500 x g for 15 min at room temperature and the
clear superatant fluid carefully removed with a pipette. The precipitate was re-centrifuged at 2500 x
g for 5 min and residual supernatant removed. For 1D-PAGE, the pellet was resuspended in
Laemmli sample buffer, and quantified by the bicinchoninic (BCA) protein assay (Pierce). For 2D-
PAGE, the pellet was resuspended in 3% dodecylmaltoside containing 7M urea and 2M thiourea and
quantified by a modified Bradford assay (2).

2D-PAGE. First dimension IEF was performed with the Pharmacia IPGphor, 11 cm precast
Proteom|Q™ immobilized linear pH gradient strips (IPG, pH 3-10) from Proteome Systems and a
programmed voltage gradient (4). For the second dimension, IPG strips were equilibrated in 50 mM
Tris acetate pH 7.0, 3 M urea, 2% SDS, and 0.0001% bromopherol blue then embedded in 0.7%
wiv agarose on the top of a 6-15% acrylamide linear gradient el containing a 4% stacking gel
(ProteomelQ™ Gelchip, Proteome Systems). Second dimension 1D-PAGE was performed for 5h at
300 mA constant current. Gels were stained with ProteomelQ™ Blue (Proteome Systems) and
scanned with a GS-710 Imaging Densitometer (BioRad).

Protein identification. Select 2D gel spots were excised, digested in-situ with trypsin, and peptides
were extracted and analyzed by LC MS/MS using a CapLC system and a quadrupole time-of-flight
mass spectrometer (QTOF2, Waters Corp.) (1, 5, 6). Protein identifications from MS/MS data
utilized ProteinLynx™ Global Server (Waters Corporation) and Mascot (Matrix Science) search
engines and the Swiss-Protein and NCBI protein sequence databases.

Detergent ~ 9 Total Protein Relative
Solution ecovered - pecovered (ug) Yield (%)
per mg Tissue
6% C/B
M Urea, rimourca 80208 1604+25 08
3% ASB-14,
M Urea, 2M thiourea &7 206 1740£1.8 09
3% Dx
7M Urea, 2M thiourea 0907 1763£1.5 09
Proprietary formulation, s 2 o 144228 07

Proteome Systems

Optic nerve explants (20 + 1.25 mg wet weight) were extracted (1x) with the indicated detergent
Solution (100 ) and soluble protein quantiied by a modified Bradford assay as described in
Methods. Average resuls (& standard deviation) are shown from four independent experiments
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Figure 2. Multiple Protein Extractions

Protein was extracted from triplicate 200 mg (wet weight) optic nerve explants
in 200 il of 3% dodecylmaltoside, 7M urea, 2M thiourea and equal volumes
(30 p) subjected to 1D-PAGE. The average recovery ( standard deviation)
for six successive extractions shown above was as follows: 793 + 22 kg, 664
+12 g, 567 £ 25 g, 327 + 14 g, 101 £ 8 g, 77 £ 11ug. The total combined
recovery from the six extractions was ~2.53 mg (1.3% relative to the tissue
wet weight)

For comparison, tissue samples from liver and muscle extracted under
identical conditions yielded 4.9% and 2.7%, respectively, relative to tissue wet
weights. Extraction of soluble protein from th rane-protein rich optic
nerve is more difficult than from many other tissues.
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