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529 Lens Biochemistry
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Room 307  Paper Session
Program #/Board # Range: 5593–5599
Organizing Section: Lens

Program Number: 5593
Presentation Time: 11:30 AM–11:45 AM
A crystallographic model for mechanisms of aggregation in 
γ-crystallins
Vatsala Sagar, Graeme Wistow. National Eye Institute, National 
Institute of Health, Gaithersburg, MD.
Purpose: Cataracts, like other disease involving protein deposition, 
are associated with age-related changes in protein structure. The 
x-ray crystallographic structure of a γS-crystallin under an oxidative 
environment was investigated to explore mechanisms for lens protein 
aggregation in cataract.
Methods: Recombinant proteins for native and variant γS-crystallins 
of chicken and mouse were purified. Proteins were crystallized 
under various conditions with limiting amounts of DTT at room 
temperature. Crystals were sent to the synchrotron for diffraction. 
Protein structures were solved by molecular replacement.
Results: Using x-ray crystallography, we have determined a 
remarkable structure for what appears to be an aggregation 
intermediate for a normally monomeric gS-crystallin. The structure 
for mouse γS-L16 reveals an octameric complex with unusual 
domain-swapping, loss of organized secondary structure and 
intra- and intermolecular disulfide bond formation that causes local 
distortions of the protein backbone. The N-domains are arranged 
as two layers of non-covalently interacting tetrameric rings. The 
C- domains extend outwards from the ring. Each N-domain of one 
tetrameric ring forms an intermolecular disulfide bond to another the 
N-domain in the tetrameric assembly directly below it. The C-domain 
of each monomer domain-swaps to interact with an N-domain of 
a monomer in other layer of the octamer, forming four domain-
swapped dimers arranged in a ring. The combination of strained 
domain-swapping and intermolecular disulfide bonds apparently 
causes stress to the protein resulting in loss of secondary structure, 
particularly in the outer ring of C-domains, potentially making them 
available for other interactions, including further disulfide formation.
Conclusions: This is the first high resolution structure to illustrate 
important features of the postulated intermediates of a crystallin 
aggregation cascade. It also shows how intermolecular disulfides, 
long implicated in formation of age-related cataract, can form in 
γ-crystallins.
Commercial Relationships: Vatsala Sagar, None; Graeme Wistow, 
None

Program Number: 5594
Presentation Time: 11:45 AM–12:00 PM
Isoaspartate in γS-crystallin is associated with protein 
insolubilization in age-related cataract
Larry L. David1, Phillip A. Wilmarth1, Kirsten J. Lampi2. 
1Biochemistry & Molecular Biology, Oregon Health Sciences Univ, 
Portland, OR; 2Integrative Biosciences, Oregon Health & Science 
Univ, Portland, OR.
Purpose: To identify isoaspartate sites in aged human lenses and 
test their association with crystallin insolubilization, a precursor to 
cataract formation.
Methods: Proteins from the nuclear region of human lenses of 
ages 82, 75, 88, and 85 years with increasing brunescence were 
trypsinized, and peptides separated by a 210 min reverse phase 
chromatography gradient. The elution times of γS peptide isoforms 

were determined, both with and without deamidation, using a 
combination of high-resolution survey scans and data-independent 
MS/MS. Peptides containing putative isoaspartate modifications were 
then targeted for electron transfer dissociation (ETD) to detect mass 
shifted c and z fragment ions characteristic of isoaspartate containing 
peptides.
Results: Targeting peptides for fragmentation using ETD resulted 
in generation of c +57 ions and z -57 ions upon fragmentation of 
peptides containing isoasp at either natural D residues, or sites of 
N deamidation. Assignment of isoasp containing peaks allowed 
the relative quantification of isoasp (as a total of each deamidated 
peptide form) for γS peptides containing sites D12, N14, N53, 
N146, as well as a non-amide peptide containing D161. The 
extent of single deamidation in peptides containing N14, N53, 
N146 increased progressively with lens brunescence. In the most 
brunescent lens, deamidation in the insoluble fraction was 62, 46, and 
55% at the three sites; and was 2.4-, 7.5-, and 9.6- fold higher than 
the percentage in the soluble fraction, respectively. Moreover, the 
insoluble fraction contained a higher proportion of isoasp containing 
peptide isoforms than the soluble fraction. The proportion of peptide 
isoforms containing a combination of both isoasp 12 and isoasp 
14 residues were 2.0-fold higher in the insoluble fraction, while 
isoforms containing isoasp at residues 53 and 143 were in 3.0- and 
1.3-fold higher proportions, respectively, than in the soluble fraction. 
While only 4% of the peptide containing Q170 was deamidated, 
21% of D161 in this peptide was converted to isoasp, and the isoasp 
containing isoforms were 13-fold more abundant in the insoluble 
fraction.
Conclusions: Isoasp formation in aged lenses can be readily 
detected by mass spectrometry by targeting peptides for ETD 
fragmentation. The association of isoasp modifications with crystallin 
insolubilization suggest that this abundant modification may be a 
major player in cataract formation.
Commercial Relationships: Larry L. David, None; 
Phillip A. Wilmarth, None; Kirsten J. Lampi, None
Support: NIH grants R01 EY027012, R01 EY007755, and P30 
EY010572

Program Number: 5595
Presentation Time: 12:00 PM–12:15 PM
Deamidation of asparagines destabilizes crystallins by promoting 
isomerization at nearby aspartic acid residues
Kirsten J. Lampi1, Phillip A. Wilmarth2, Larry L. David2. 1Integrative 
Biosciences, Oregon Health and Science University, Portland, OR; 
2Biochemistry and Molecular Biology, Oregon Health & Science 
University, Portland, OR.
Purpose: The significance of isomerization of aspartic acid residues 
in β-crystallins is largely unknown. This study examined the 
relationship between Asn deamidation and isomerization of nearby 
Asp residues and their role in insolubilization of β-crystallins in aged 
lens.
Methods: Proteins from the nuclear region of aged human lenses 
were trypsinized and analyzed by LC/MS using an Orbitrap Fusion 
mass spectrometer to detect deamidation using the 19 mDa mass 
difference of deamidated peptides compared to the isotopic peaks 
of their non-deamidated forms, and electron transfer dissociation to 
identify peptide forms containing isoasparate.
Results: Structurally homologous regions of 
βA3 (96-WDAWSGSNAYHIER-109) and βA4 
(71-GEYPSWDAWGGNTAYPAER-89) both contain single N 
residues that became 46%, and 55% deamidated in the nuclear 
insoluble protein of a cataractous lens by 85 years of age, 
respectively. These N residues are also 5-6 amino acids from 
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adjacent D residues in the same peptide. The crystal structure 
of βA4 (PDB:3LWK) predicts that the N residues are in surface 
exposed unstructured regions, while the adjacent D residues lay 
between β-strands and short α-helical regions. In the non-deamidated 
form of these peptides, there was no significant isomerization or 
racemization of βA3 D97 or βA4 D77. However, upon deamidation 
at each peptide’s N residue, 50% of the insoluble deamidated peptide 
βA3 96-109 contained isomerized D97, and 86% of the insoluble 
deamidated peptide βA4 71-89 contained isomerized D77.
Conclusions: The lack of isomerization at βA3 D97 or βA4 D77, 
unless deamidation was present at residues βA3 N103 and βA4 N82, 
suggested that deamidation is required before isomerization at the 
adjacent D residues in both crystallins can occur. This likely results 
from increased conformational flexibility caused by deamidation 
and isomerization at the N residues, which in turn frees the adjacent 
D residues to form succinimide ring intermediates that hydrolyze 
to isomerized forms. Thus, deamidation promotes additional 
modifications at nearby sites, potentially triggering a cascade of 
events that lead to insolubilization and cataract.
Commercial Relationships: Kirsten J. Lampi, None; 
Phillip A. Wilmarth, None; Larry L. David, None
Support: NIH Grant EY027012 (KL), EY007755 (LD), and 
EY010572 (LD)

Program Number: 5596
Presentation Time: 12:15 PM–12:30 PM
The glutathione biosynthesis enzyme subunit GCLC undergoes 
age- and diabetes-related fragmentation and inactivation: 
relevance to age-related cataractogenesis
Xingjun Fan, Zongbo WEI. Pathology, Case Western Reserve Univ, 
Cleveland, OH.
Purpose: Oxidation has been documented as the major risk factor in 
age-related cataract formation. Glutathione (GSH), the most abundant 
lens antioxidant, is continuously decreasing in the aging lens. The 
critical role of GSH in maintaining lens redox status and transparency 
is very well recognized. Yet, 70 years after the first report of GSH 
presence in the human lens, the underlying mechanisms of impaired 
GSH biosynthesis and profound reduction of lens GSH levels in 
aged human lens are still poorly understood. Below we report the 
unexpected discovery that GSH biosynthesis enzyme undergoes  
age-related fragmentation and inactivation.
Methods: The posttranslational processing of γ-glutamyl cysteine 
ligase, catalytic subunit (GCLC) in human and mouse lenses at 
different age was determined by immunoblot and mass spectrometry 
(MS). The cleavage site was predicted by in-silico computational 
analysis and was confirmed by MS and amino acids mutagenesis 
approach. The GCLC activity was determined by LC/MS. The 
protein interaction between GCLC and GCLM was determined by 
two-hybrid system as well as size exclusion fractionation of the 
lens protein extract. The stability and functions of truncated GCLC 
fragments were also determined in FHL124 and GCLC-/- MEF cell 
culture.
Results: We have found an age associated C-terminal 13kD 
truncation and accumulation of N-terminal 60kD fragment (GCLC60) 
in both human and mouse lenses. The GCLC60 accumulation reaches 
almost equal level relative to full length in mouse at age of 12mos 
and human at age over 65. The computational analysis and MS 
determination indicates aspartate 499 (D499) is the caspase-3 like 
cleavage site, and this was further confirmed by D499A and D499E 
mutation. Over 8-fold reduction of the enzymatic activity was found 
in truncated form (GCLC60) vs. full length GCLC. The interaction 
between truncated form (GCLC60) and GCLM is largely maintained 
based on size exclusion fractionation analysis.

Conclusions: Holoenzyme formation between GCLC and GCLM 
is essential for GSH biosynthesis in vivo. The competitive binding 
between GCLC60 and GCLC with GCLM will impair GSH 
biosynthesis. This unexpected discovery may well have been the 
most important mechanism of age-related loss of the lens GSH.  
We therefore hypothesize that truncation of GCLC is a key event in 
the pathogenesis of age-related cataractogenesis.
Commercial Relationships: Xingjun Fan; Zongbo WEI, None
Support: EY024553; P30EY-11373

Program Number: 5597
Presentation Time: 12:30 PM–12:45 PM
Quantification of irreversible thioether GSH modification in 
human and guinea pig lens proteins
Kevin L. Schey1, Zhen Wang1, Frank J. Giblin2. 1Biochemistry, 
Vanderbilt University, Nashville, TN; 2Eye Research Institute, 
Oakland University, Rochester, MI.
Purpose: Glutathione can react with dehydroamino acids, such as 
dehydroalanine (DHA) and dehydrobutyrine (DHB), resulting in 
irreversible glutathionylation through a thioether bond. The purpose 
of this study was to measure the abundance of GSH modifications 
in different regions and different fractions of human lenses to better 
understand the location and solubility effects of this irreversible 
modification. Further, the level of irreversible glutathionylation was 
also measured in a hyperbaric oxygen guinea pig model of nuclear 
cataract to quantitate its levels in a well-characterized cataract model.
Methods: Cortex, outer nucleus and inner nucleus regions from 
human lenses were isolated. Lens proteins in water-soluble fraction 
(WSF), urea-soluble fraction (USF) and urea-insoluble fraction (UIF) 
were digested by trypsin and analyzed by mass spectrometry. The 
level of GSH modification at six modification sites on six different 
proteins was quantified relative to the respective nonmodified 
peptides. The levels of glutathionylation were compared between 
different lens regions, between different lens ages, as well as 
between normal and cataract lenses. The abundance of irreversible 
glutathionylation was also measured in hyperbaric oxygen treated 
guinea pigs.
Results: The results show variability in abundances of GSH 
modifications for different lens proteins. Cys5 of βA4-crystallin 
undergoes extensive modification (>50% of total βA4 protein) 
whereas βB1-crystallin is modified to less than 1%. Generally the 
level of modification increases from cortex to outer nucleus regions. 
For proteins that undergo degradation with age, GSH abundance 
tends to decrease in the inner nucleus suggesting further modification. 
The results also suggest modification on some proteins induces 
protein solubility changes such as modification on S59 of αA- and 
αB-crystallin. Comparing the level of GSH modification on Cys5 of 
βA4-crystallin in HBO treated and control guinea pig lenses suggests 
that oxidative stress increases irreversible GSH thioether formation 
on cysteine residues.
Conclusions: Irreversible glutathionylation occurs on many lens 
proteins and modification increases with increasing age. GSH 
alters protein solubility in a protein dependent manner. The level of 
modification in cataract lenses is not significantly increased.
Commercial Relationships: Kevin L. Schey; Zhen Wang, None; 
Frank J. Giblin, None
Support: NIH Grant EY024258
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Program Number: 5598
Presentation Time: 12:45 PM–1:00 PM
Synthesis and Characterization of Cell-penetrating Peptide 
Chaperone
K Krishna Sharma1, 2, Murugesan Raju1, Puttur Santhoshkumar1. 
1Ophthalmology, University of Missouri, Columbia, MO; 
2Biochemistry, University of Missouri, Columbia, MO.
Purpose: Previous studies showed that the peptide chaperone, 
representing the chaperone site in αA-crystallin, can inhibit protein 
aggregation and offer protection to cells subjected to oxidative stress. 
The objective of the present study was to synthesize and test the 
properties of a peptide chaperone that can across the cell membrane 
more efficiently by incorporating a cell penetrating sequence to the 
peptide chaperone.
Methods: Synthetic mini-chaperone was prepared by fusing  
the VPTLK sequence to the N-terminus of mini-chaperone to  
get VPTLKFVIFLDVKHFSPEDLTVKGRD peptide  
(mini-chaperone-GRD). CD spectroscopy was used to determine 
the secondary structure and bis-ANS binding study was performed 
to determine the relative hydrophobicity of the peptide chaperone. 
The cell-penetration efficiency of mini-chaperone-GRD and αA-
mini-chaperone where compared using FITC-labeled peptides. The 
chaperone-like function of the mini-chaperone GRD was measured 
using denaturing ADH and α-lactalbumin proteins and beta amyloid 
peptide. The anti-apoptotic action of the peptide chaperone was 
evaluated using H2O2 with Cos-7 and ARPE-19 cells in apoptosis 
assays.
Results: The mini-chaperone-GRD showed β-sheet structure and 
was found to be very hydrophobic in nature. The peptide chaperone 
entered the Cos-7 cells more readily than the mini-chaperone peptide 
characterized earlier. Addition of cell penetrating sequence did  
not affect the chaperone activity of the peptide chaperone.  
There was about 20-25 percent higher chaperone activity in the  
mini-chaperone-GRD peptide. Additionally, the mini-chaperone-GRD 
was found to prevent β-amyloid fibril formation and reduce cellular 
toxicity of β-amyloid when it was used in equimolar concentration. 
The mini-chaperone-GRD chaperone also showed anti-apoptotic 
activity when the Cos-7 and ARPE-19 cells were subjected to 
oxidative stress by H2O2.
Conclusions: The present study demonstrates that  
mini-chaperone-GRD peptide protects denaturing proteins from 
aggregation and suppresses cellular apoptosis by H2O2. Therefore,  
the mini-chaperone-GRD is a novel mini-chaperone with a potential 
to become a therapeutic agent in protein aggregation diseases.
Commercial Relationships: K Krishna Sharma; Murugesan Raju, 
62/352716 (P); Puttur Santhoshkumar, 62/352716 (P)
Support: EY 023219

Program Number: 5599
Presentation Time: 1:00 PM–1:15 PM
Role of the N-terminal in tuning the chaperone activity of 
vertebrate αB crystallin
Sanjay Mishra1, Hassane S. Mchaourab2. 1Chemical & Physical 
Biology Program, Vanderbilt University, Nashville, TN; 2Molecular 
Physiology & Biophysics, Vanderbilt University, Nashville, TN.
Purpose: α-crystallins are canonical small heat shock proteins 
(sHSP) that are crucial to maintain the optical clarity of the lens. 
Mutants of αA-crystallin and αB-crystallin have been implicated in 
autosomal cataracts in humans. Zebrafish (Danio rerio) expresses 
two distinct homologs of αB crystallin – a lens predominant αB1, 
and a ubiquitous αB2. We have discovered that αB1 has order of 
magnitude higher basal chaperone activity than its mammalian 
homologs. To identify the sequence elements responsible for the 
activation of the zebrafish ortholog, we have carried out homolog 
scanning mutagenesis replacing stretches of Danio αB1 sequences 
with the corresponding sequences from human αB-crystallin.
Methods: We generated chimera by swapping N- and C-terminal 
residues flanking the alpha crystallin domain from human αB to 
Danio αB1. We purified the engineered proteins by cloning into 
bacterial systems, analyzed their molecular mass by light scattering 
gel filtration and analytical centrifugation. We assayed their 
chaperone activity against fluorescently labeled model substrate  
T4-lysozyme.
Results: In vitro expressed zebrafish αB1 assembles into higher order 
oligomers than human αB1. We can isolate two distinct oligomeric 
subpopulations: one averaging about 48 subunits and the other 
averaging about 96 subunits. Progressively swapping N-terminal 
sequence of Danio αB1 with the human sequence shifts the 
equilibrium away from the larger oligomer and reduces the chaperone 
activity of the 48-subunit oligomer. Swapping of the C-terminal 
sequences does not affect the chaperone activity and the oligomeric 
assembly.
Conclusions: Our preliminary results suggest that oligomeric 
architecture of sHsps is modulated by their N-terminal flanking 
region, which modulates differential chaperone activity. Detailed 
analyses on the observed effects are currently in progress. We surmise 
that this approach can be used to identify the role of sequence 
elements in the evolutionary tuning of the chaperone function of a 
sHsp.
Commercial Relationships: Sanjay Mishra, None; 
Hassane S. Mchaourab, None
Support: NIH Grant EY12018


