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Presentation Time: 8:30 AM–10:15 AM
Use of CRISPR/Cas9 to assess the role of αA-crystallin in 
zebrafish lens development
Mason Posner, Kelly L. Murray, Mary Brown. Biology and 
Toxicology, Ashland University, Ashland, OH.
Purpose: We previously reported that morpholino (MO) knockdown 
of αA-crystallin does not cause abnormalities in the zebrafish lens. 
However, another study found noticeable lens defects after MO 
knockdown and a more subtle lens phenotype in a TALEN induced 
mutant line. We have now used CRISPR/Cas9 to generate two αA-
crystallin zebrafish mutant lines to assess the effect of the protein’s 
loss.
Methods: We generated guide RNA (gRNA) to direct Cas9 cleavage 
within exon 1 of zebrafish αA-crystallin. Purified gRNA (455 pg) 
was coinjected with Cas9 protein (150 pg) into zebrafish zygotes 
using a total volume of 1 nl. Possible mutations at the target site 
were assessed using a T7 endonuclease assay on genomic DNA 
from pooled embryos. Individual fish from successful injections 
were genotyped by sequencing the target area from tail clip genomic 
DNA. Founder fish were crossed to ZDR strain wild-type adults to 
generate an F1 heterozygous population, which was then incrossed 
to check for potential phenotypes. Resulting embryos were PTU 
treated and examined by DIC for lens defects or fixed for histological 
examination. F1 fish were also individually genotyped to confirm the 
expected mutation and used to produce stable lines for future studies.
Results: We generated two fish with 7 and 5 basepair deletions 
that led to an early stop codon after 29 and 30 amino acids, 
respectively. Embryos from an F1 incross of the 7-basepair deletion 
founder were generated to identify possible phenotypes. Out of 36 
embryos examined at 5 days post fertilization (dpf) two had minor 
lens defects manifested as central irregularities viewed by DIC 
imaging. Of twelve embryos examined by sectioning and H&E 
staining six showed some lens shape irregularity, although fiber cell 
differentiation appeared normal.
Conclusions: We observed some possible effects of αA-crystallin 
loss on lens development at 5 dpf. The lack of any noticeable 
phenotype in our previous αA MO knockdowns through 4 dpf may 
suggest that only small amounts of this protein are required for 
normal lens development, or that lens phenotypes do not appear 
until after day 4. The prevalence, severity and time course of any 
phenotype will be quantified by examination of additional embryos 
from our two generated knockout lines. These data highlight the 
usefulness of using the CRISPR/Cas9 system to efficiently delete lens 
crystallins for the study of development and age-related cataracts.
Commercial Relationships: Mason Posner; Kelly L. Murray, 
None; Mary Brown, None
Support: NEI Grant R15EY013535
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αA-crystallin derived mini chaperone stabilizes bovine  
γ-crystallin aggregation by affecting its zeta (ζ) potential
Ashutosh Phadte1, 2, Puttur Santhoshkumar2, K Krishna Sharma2, 1. 
1Biochemistry, University of Missouri, Columbia, MO; 
2Ophthalmology, University of Missouri, Columbia, MO.

Purpose: Post-translational modifications such as oxidation on 
γ-crystallins have been implicated in the development of age related 
cataracts. Our past studies have showed that αA-crystallin–derived 
mini-chaperone (mini-αA) inhibits aggregation of bovine γ-crystallin. 
To understand the mechanisms for this effect, we investigated 
changes in the surface charge (zeta [ζ] potential) responsible for 
maintaining the solubility of γ-crystallin under oxidative conditions, 
and determined the effect of mini-αA on the ζ potential of 
aggregating γ-crystallin.
Methods: H2O2 induced aggregation of γ-crystallin (250μg) was 
monitored at 360nm in a Spectramax i3 Multimode Microplate 
detection platform (Molecular Devices, Sunnyvale, CA). For ζ 
potential measurements, 1mg bovine γ-crystallin aliquots were 
incubated in the presence of 100μM H2O2 for 3 and 6 hours at 37°C, 
either alone or with 200μg of mini-αA chaperone peptide. Zeta 
measurements were taken at different time points corresponding to 
the aggregation pattern of γ-crystallin in a Nanobrook Omni Zeta 
potential analyzer (Brookhaven Instruments, Holtsville, NY).
Results: Native bovine γ-crystallin showed an average ζ value of 
-15.96±1.1 mV. The ζ potential dropped to -13.90±2.40 mV and to 
-9.60±1.51mV respectively, after 3 and 6 hours of incubation with 
100Μm H2O2 at 37°C. Interestingly, increased light scattering at 
360nm was observed at each of these time points. Such a change 
in the ζ potential to a value approaching zero indicates sample 
instability and subsequent aggregation. With the addition of  
mini-αA (ζ=-19.64±2.15Mv), the ζ potential value of γ-crystallin 
was -18.63±0.23 mV at 3 hours and -22.30±2.70 mV at 6 hrs. These 
time points coincided with minimal light scattering of H2O2 treated 
γ-crystallin at 360nm, suggesting that the peptide prevents γ-crystallin 
aggregation by compensating its loss of surface charge.
Conclusions: Changes in γ-crystallin stability are accompanied 
by a changes in its ζ potential. Protein aggregation is known to be 
associated with a ζ value approaching zero. Stabilization of γ-
crystallin by mini-αA is through compensation of the lost surface 
charges, and the resultant γ-crystallin - mini-αA complex exhibits a 
higher ζ potential value. The data show that ζ potential measurements 
can be used to effectively monitor changes in protein stability.
Commercial Relationships: Ashutosh Phadte, None; 
Puttur Santhoshkumar, None; K Krishna Sharma, None
Support: NH EY023219
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Association of αA-N101D with Lens Membrane Leads to Cell 
Membrane Disorganization, Intracellular Ionic Imbalance and 
Cataract Development in Transgenic αAN101D Mice
Om P. Srivastava, Kiran Srivastava, Roy Joseph. Optometry and 
Vision Science, University of Alabama at Birmingham, Birmingham, 
AL.
Purpose: To determine the effects of a common PTM (deamidation 
N to D at position 101 of αA-crystallin) in a mouse model with 
the N101D transgene that exhibited age-related cataract at about 
7-months of age.
Methods: The age-related changes in lenses the of CRYAAN101D 
mice were examined with specific emphasis on protein 
insolubilization, aAN101D association with the membrane, and 
phenotypic changes at cellular and membrane organization levels to 
elucidate their roles in cataract development.
Results: Compared to the lenses of CRYAAWT, the lenses of 
CRYAAN101D exhibited an increasing age-related protein 
insolublization beginning at about 4-month of age. The immunogold-
labeling and electron microscopic studies, and determination of 
the association of the αAN101D and WTαA with lens membranes 
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showed relatively greater association of αAN101D with the 
membrane, and this was confirmed on in vitro binding assay of 
recombinant αAN101D and WTαA with purified lens membrane. 
A relatively greater outer cortical fiber cells disorganization and 
membrane swelling were also observed in CRYAAN101D lenses. 
Additionally, the higher Ca2+ levels and about 75% reduction of 
Na,K-ATPase mRNA in cultured epithelial cells of CRYAAN101D 
relative those from CRYAAWT further suggested a potential loss of 
membrane integrity and ionic imbalance.
Conclusions: The results suggested that an increased association of 
aAN101D with the membrane leads to ionic imbalance, membrane 
swelling, fiber cell disorganization and cataract development.
Commercial Relationships: Om P. Srivastava, None; 
Kiran Srivastava, None; Roy Joseph, None
Support: EY-06400
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In vitro studies on the interaction of guinea pig αA crystallin and 
αA crystallin (66-80) peptide using fluorescence polarization and 
transmission electron microscopy
Anbarasu Kumarasamy1, 2, Sivakumar Jeyarajan1, Victoria A. Kimler1, 
Anthony Premceski1, Jonathan Cheon1, Vidhi Mishra1, 
Frank J. Giblin1. 1Eye Research Institute, Oakland University, 
Rochester, MI; 2Marine Biotechnology, Bharathidasan University, 
Tiruchirappalli, India.
Purpose: Treatment of guinea pigs with hyperbaric oxygen produces 
increases in lens nuclear light scattering, crystallin aggregation 
and levels of truncated αA crystallin in the form of αA crystallin 
(66-80) peptide. This peptide is also known to be present in human 
nuclear cataracts. We hypothesize that binding of the peptide to αA 
crystallin in the oxygen-treated guinea pig lens in vivo contributes 
to crystallin aggregation, as has been proposed for the aging human 
lens by Sharma, K.K. and colleagues. Here we investigated binding 
properties of the peptide in vitro with recombinant guinea pig αA 
crystallin using fluorescence polarization (FP) and transmission 
electron microscopy (TEM).
Methods: Recombinant guinea pig αA crystallin was overexpressed 
in E. coli and purified by ion exchange and size exclusion 
chromatography. Synthetic human αA crystallin (66-80) peptide, 
fluorescently tagged with 5-FAM, was mixed with αA crystallin  
(0.05 mg/ml peptide and 0.20 mg/ml protein), and FP measured at 1, 
2, 3, 4 and 24 h at 37°C using a BioTek Cytation 3 microplate reader. 
Control experiments were conducted with peptide and bovine serum 
albumin (BSA). TEM analysis was used to visualize proteins and 
peptides at 0 and 24 h following negative staining of the samples with 
2% aqueous uranyl acetate.
Results: A gradual increase in FP for peptide plus αA crystallin was 
observed up to 4 h; however, FP values dropped dramatically at 24 hr. 
In contrast, peptide plus BSA produced a continuous increase in FP 
up to the 24 h time period. Analysis by TEM showed that incubation 
of peptide with αA crystallin for 24 h produced large aggregates in 
the form of long spherical chains that coexisted with doughnut-like 
discrete structures of αA crystallin. αA crystallin plus peptide at 0 
h, αA crystallin alone at 24 h, and BSA plus peptide at 24 h did not 
show similar aggregate formation.
Conclusions: αA crystallin (66-80) peptide was shown by FP 
and TEM analysis to bind to guinea pig αA crystallin in vitro and 
induce the formation of large protein aggregates. The results provide 
evidence that a similar mechanism may be involved in the guinea pig/
hyperbaric oxygen in vivo model for human nuclear cataract.

Commercial Relationships: Anbarasu Kumarasamy, None; 
Sivakumar Jeyarajan, None; Victoria A. Kimler, None; 
Anthony Premceski, None; Jonathan Cheon, None; Vidhi Mishra, 
None; Frank J. Giblin, None
Support: NIH Grant EY02027; UGC-Raman Post Doctoral 
Fellowship (2015-16), Bharathidasan University, Tiruchirappalli, 
India; Detroit Medical Center Foundation; Oakland University Center 
for Biomedical Research; Vision Research ROPARD Foundation.
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Towards a Mechanism of Action of VP1-001 in R120G cry 
AB-Associated Cataracts
Yevgeniy Izrayelit1, Brittney McGlasson2, Paul D. Hamilton2, 
Mingxing Qian3, Kathleen Molnar1, Douglas Covey3, 
Jason Gestwicki4, Leah Makley1, Usha P. Andley2. 1ViewPoint 
Therapeutics, San Francisco, CA; 2Ophthalmology and Visual 
Sciences, Washington University, St. Louis, MO; 3Developmental 
Biology and Biochemistry, Washington University School of 
Medicine, St. Louis, MO; 4Institute for Neurodegenerative Diseases, 
University of California at San Francisco, San Francisco, CA.
Purpose: We previously reported the identification of an oxysterol, 
VP1-001, that partially restores transparency to lenses of R120G 
cryAB knock-in mice. We proposed that VP1-001 acts via direct and 
stereospecific binding to a defined cleft in the core domain of cryAB. 
An alternative, non-stereospecific mechanism of action of VP1-001 
might involve its partitioning into lipid membranes. We set out to 
test the hypothesis that VP1-001’s anti-cataract activity is via cryAB 
binding by comparing the activity of VP1-001 with its enantiomer 
(ent-VP1-001) comprising a non-superimposable mirror-image 
structure.
Methods: We utilized differential scanning fluorimetry and  
protein-observed nuclear magnetic resonance studies to compare 
VP1-001 and ent-VP1-001’s ability to bind R120G and wild type 
(WT) cryAB in vitro. Each compound’s functional activity was 
characterized in aggregation assays using R120G cryAB. Finally, 
VP1-001 and ent-VP1-001 were administered via an ophthalmic 
eyedrop preparation to R120G cryAB knock-in mice for a period 
of two weeks. Slit lamp biomicroscopy was used to assess lens 
transparency, and gel permeation chromatography and protein 
solubility assays were used to quantify the observed effect. 
Transmission electron microscopy was used to visualize the effect of 
the drug on the ultrastructure of treated lenses.
Results: In heterozygous R120G cryAB mice, 28 of 33 mice (85%) 
exhibited improved lens transparency. Conversely, ent-VP1-001 
had no effect on lens transparency in heterozygous R120G cryAB 
animals (n=9). The solubility of α-crystallins increased by 63% in 
the VP1-001-treated relative to the vehicle-only control eyes, and 
total lens protein solubility increased by 16 ± 5% (n=7). In contrast, 
ent-VP-001-treated mice did not acquire any improvement in lens 
transparency relative to the vehicle-treated contralateral eye. As well, 
ent-VP-001-treated lenses showed no improvement in protein  
water-solubility (n=5) or molecular weight of α-crystallin in the 
soluble fraction of the treated lenses (n=5) relative to vehicle-only 
mice. Finally, there was a lack of observed binding of ent-VP1-001 to 
the core domain of cryAB.
Conclusions: Topical administration of ent-VP1-001 was not 
effective in correcting lens transparency in the R120G cryAB model 
of cataracts. These observations support the proposed mechanism of 
action of VP1-001 via cryAB protein binding and stabilization.
Commercial Relationships: Yevgeniy Izrayelit, ViewPoint 
Therapeutics (E); Brittney McGlasson, None; Paul D. Hamilton, 
None; Mingxing Qian, None; Kathleen Molnar, ViewPoint 
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Therapeutics (E); Douglas Covey, None; Jason Gestwicki, 
ViewPoint Therapeutics (P); Leah Makley, ViewPoint Therapeutics 
(E), ViewPoint Therapeutics (F); Usha P. Andley, ViewPoint 
Therapeutics (S)
Support: NIH EY05681-31, NIH Core Grant EY02687, Research to 
Prevent Blindness, and 1R43EY026474-01
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αB-crystallin: Roles in Signaling, Autophagy, and Apoptosis in 
Ocular Melanoma
Gregory Konar, Sayan Ghosh, Peng Shang, Subrata Mishra, 
Debasish Sinha. Ophthalmology, Johns Hopkins School of Medicine, 
Marlborough, MA.
Purpose: Crystallin proteins are major constituents of the vertebrate 
eye lens and are divided into two primary classes, α-crystallins and 
β,γ-crystallins. αB-crystallin (CRYAB) is a small heat shock protein 
and molecular chaperone. CRYAB has been studied extensively in 
other metastatic cancers, but less is known about its role in ocular 
melanoma. We provide the first expression patterning of CRYAB and 
other crystallins in ocular melanoma to help provide insight into its 
signaling, apoptotic, and autophagic implications in ocular melanoma 
development.
Methods: OCM3 malignant melanoma cells derived from human 
eye tissue were grown to 80% confluence. Different OCM3 cell 
cultures were treated with either 1ug/mL CRYAB siRNA, 10uM 
AKT inhibitor IV, or 10uM Rapamycin, an mTOR inhibitor. Western 
blotting was performed on these cell lysates for phospho-AKT, 
cleaved-caspase-9, and CRYAB and results were analyzed with 
ImageJ using retinal pigmented epithelial (RPE) cells as a control. 
RPE cells were grown and treated with 1ug/mL CRYAB siRNA and 
chloroquine and then assayed for LC3-II and p62 protein levels by 
western blot. All results were analyzed via a one-tailed Student’s 
T-test.
Results: CRYAB protein was present in both RPE and OCM3 cells 
with a 68 fold higher concentration observed in OCM3 cells (p<0.01). 
AKT and mTOR inhibition downregulated CRYAB expression 
sevenfold. However, phospho-AKT levels in similar experiments 
were not significantly changed. Cleaved-caspase-9 was upregulated 
when CRYAB was suppressed. Autophagy flux was downregulated 
in RPE cells in the presence of suppressed CRYAB (p<0.05) and p62 
expression was elevated when CRYAB was decreased (p<0.01).
Conclusions: The findings shed light into the role of αB-crystallin in 
ocular melanoma. The elevated concentration of CRYAB observed 
suggests that it has an effect on the cellular processes active in cancer. 
The data also suggest CRYAB is acting through the AKT/mTOR 
signaling axis and is active downstream of the proteins comprising 
the axis. The suppression of CRYAB could lead to apoptosis, and 
elevated CRYAB expression could be helping ocular melanoma 
bypass apoptosis. Also, CRYAB expression is regulating both LC3-
II and p62 proteins and thus plays an active role in maintaining 
proper cellular autophagy. These findings raise questions about how 
CRYAB could be a potential target for helping halt ocular melanoma 
metastasis.
Commercial Relationships: Gregory Konar, None; Sayan Ghosh, 
None; Peng Shang, None; Subrata Mishra, None;  
Debasish Sinha, None
Support: Johns Hopkins University Woodrow Wilson Research 
Fellowship Grant (GK) and Research to Prevent Blindness (an 
unrestricted grant to the Wilmer Eye Institute)
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Heparin sulfate mediates lens cell uptake of αB-crystallin fused 
to the gC cell penetration peptide
Niklaus H. Mueller1, 2, Mitchell E. Keener1, Steven Droho1. 
1Ophthalmology, University of Colorado School of Medicine, Aurora, 
CO; 2Linda Crnic Institute for Down Syndrome, University of 
Colorado School of Medicine, Aurora, CO.
Purpose: α-Crystallin proteins are thought to prevent protein 
aggregation in lens, while loss of it results in cataract. Previous 
studies identified a cell penetration peptide (CPP), gC, that mediates 
the uptake of additional α-crystallin which may delay the onset of 
cataract. The purpose of this study was to determine cell receptors for 
gC-tagged αB-crystallin (gC-αB).
Methods: The gC-αB protein along with four αB-crystallin fused 
mutant CPPs were purified from E. coli cultures. Proteins were 
Alexa-labeled and incubated with wildtype or heparan sulfate (HS) 
deficient Chinese hamster ovary (CHO) cells at 37oC for one hour 
to allow for protein binding and uptake. Following incubation, 
cells were imaged by confocal microscopy and quantified. To 
determine the effects of proteins uptake by lens cells, FHL-124 cells 
were incubated with Alexa-labeled proteins and quantify by flow 
cytometry.
Results: We determine that HS is required for gC-αB uptake. Using 
HS deficient CHO cells we found that almost no gC-αB bound to 
these cells as compared to wildtype controls. Most mutant CPPs with 
conserved changes had minimal changes on protein uptake. However, 
substitution of conserved arginine residues with lysine resulted 
in significantly decreased in uptake confirming their importance. 
Analysis of wildtype and mutant gC-αB uptake by FHL-124 cells by 
flow cytometry indicated similar findings.
Conclusions: gC-αB requires HS for cell efficient cell uptake. 
While some amino acid substitutions are permissible in the CPP, 
replacement of arginine residues drastically reduces protein uptake.
Commercial Relationships: Niklaus H. Mueller; 
Mitchell E. Keener, None; Steven Droho, None
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αB-Crystallin is the Major Succinylated Protein in Human 
Lenses
SANDIP K. NANDI1, Stefan Rakete1, Rooban Nahomi1, Cole Michel2, 
Alexandra Dunbar1, Kristofer S. Fritz2, Ram H. Nagaraj1, 2. 
1OPHTHALMOLOGY, UNIVERSITY OF COLORADO, SCHOOL 
OF MEDICINE, Aurora, CO; 2PHARMACEUTICAL SCIENCES, 
UNIVERSITY OF COLORADO, SCHOOL OF PHARMACY, 
AURORA, CO.
Purpose: Human lens proteins are chemically modified throughout 
life and some modifications accumulate because of the negligible 
protein turnover rate. Succinylation of lysine residues is one such 
modification. Here, we have investigated the effect of age on 
succinylation of lens proteins and the consequences of succinylation 
on the structure and chaperone activity of αB-crystallin (αB).
Methods: Water-soluble and insoluble protein fractions of human 
lenses (donor ages 20 to 73 years) were prepared and analyzed for 
Nε-succinyllysine (SuccK) by western blotting. SuccK quantification 
in enzyme digested lens samples was done using UPLC-MS/MS. 
Succinylation of recombinant αB was performed using succinyl 
CoA. Mass spectrometric studies were performed to identify SuccK 
in proteins. Chaperone activity of αB was determined using two 
client proteins, insulin and citrate synthase. Far UV-CD, tryptophan 
fluorescence and DLS studies were performed to investigate the 
effect of succinylation on the secondary, tertiary and quaternary 
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structure of αB. Surface hydrophobicity of αB was determined 
spectrofluorimetrically by probing with bis-ANS.
Results: All major crystallins of the human lens contain SuccK 
modification. However, western blotting and immunoprecipitation 
studies showed that αB to be predominantly succinylated. The 
SuccK quantification by LC-MS/MS showed a range between 1.2 
and 14.3 pmol/mg lens protein. The aged lenses (age>60 years) 
showed slightly lower levels than young lenses (age<30 years). 
Immunohistochemical analyses showed SuccK throughout the lens. 
Mass spectrometric analyses showed SuccK at K70, K90, K92, 
K166, K174 and K175 in human lens αB. In vitro succinylation 
of recombinant human αB to the level observed in human lenses 
resulted in succinylation of K72, K92, K150 and K166 and improved 
the chaperone activity without major changes in either the secondary 
or tertiary structure.
Conclusions: Our study demonstrated that succinylation of human 
lens proteins occurs early in life and continues to be present through 
old age, and αB-crystallin to be the dominant succinylated protein. 
Succinylation improved the chaperone activity of αB without altering 
its structure, which suggest that it is an adoptive gain of function 
modification to protect lens during aging.
Commercial Relationships: SANDIP K. NANDI; 
Stefan Rakete, None; Rooban Nahomi, None; Cole Michel, 
None; Alexandra Dunbar, None; Kristofer S. Fritz, None; 
Ram H. Nagaraj, None
Support: EY022061, EY023286 and a challenge grant from RPB
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Knock-out of Hsp27 in Danio rerio 
Smriti Mishra, Sanjay Mishra, Alexandra Fuller, SHUYU WU, 
Hassane S. Mchaourab. Molecular Physiology & Biophysics, 
Vanderbilt University, Nashville, TN.
Purpose: Small heat shock proteins (sHSP) including αA, αB and 
Hsp27 play important role in proteostasis although the exact role of 
sHSP in maintenance of the optical transparency of the lens is not 
completely established in vivo. Hsp27 is expressed in lens, retina 
and cornea besides heart and neurons. It is upregulated under various 
stresses including age-related macular degeneration (AMD) and 
ocular cancers. To understand the role of Hsp27 in diseases, we have 
created knock-out (KO) zebrafish (Danio rerio) lines using  
CRISPR-Cas9 system that disrupts the hspb1 (hsp27) gene. We have 
also cloned Hsp27 and studied its chaperone activity in vitro.
Methods: Zebrafish larvae (3-5 dpf) treated with 1-phenyl 
2-thiourea (PTU) were examined by bright field (BF) and differential 
interference contrast (DIC) microscopy for screening the phenotypes. 
Danio Hsp27 protein was purified from E. coli expression system and 
assayed for binding to destabilized mutants of T4 Lysozyme. We also 
used multi-angle light scattering to estimate the oligomeric size.
Results: We targeted hspb1 by co-injecting custom guide RNA and 
the zebrafish codon-optimized Streptococcus pyogenes Cas9 RNA 
into one-cell–stage AB embryos. The adult founders were screened 
for germ-line transmission of insertions and deletions (INDELS) and 
the presumptive null alleles, confirmed by sequencing are propagated 
to subsequent generations. Danio Hsp27 forms oligomers larger than 
human Hsp27 and shows chaperone-like activity against fluorescently 
labeled model substrate T4-lysozyme.
Conclusions: Although preliminary, our results suggest that Zebrafish 
can be used as a model to study the role of Hsp27 in various 
proteostatic diseases. The transparency and relatively large eye lens 
make zebrafish embryos an ideal model to visualize alterations in 
molecular interactions induced by genetic manipulations of sHSP.

Commercial Relationships: Smriti Mishra, None; Sanjay Mishra, 
None; Alexandra Fuller, None; SHUYU WU, None; 
Hassane S. Mchaourab, None
Support: NIH Grant EY12018
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Cryba1: Do its two gene products (βA3- and βA1-crystallin) have 
distinct functions?
J Samuel Zigler1, Eric F. Wawrousek2, Lixia Lu3, Guo-Tong Xu3, 
Debasish Sinha1. 1Ophthalmology, Wilmer Eye Institute, The Johns 
Hopkins University School of Medicine, Baltimore, MD; 2National 
Eye Institute, National Institutes of Health, Bethesda, MD; 3Tongji 
University School of Medicine, Shanghai, China.
Purpose: The βA3/A1-crystallin gene (Cryba1) is unique among 
crystallin genes and unusual for eukaryotic genes in that its mRNA 
produces 2 proteins through a process called leaky ribosomal 
scanning or dual translation initiation. Our goal is to determine 
whether those two proteins, βA3- and βA1-crystallin, have distinct 
functions.
Methods: CRISPR/Cas9 technology was used to modify the 
sequence of Cryba1 in ways affecting the relative translation of the 
βA3- and βA1-crystallin proteins. To eliminate expression of the 
longer βA3-crystallin protein, the first start codon was destroyed by a 
single nucleotide replacement; to reduce expression of βA1-crystallin 
without affecting the protein sequence, 5 base pairs were  
knocked-In before the first start codon to strengthen the Kozak 
consensus sequence (CCACCATGG), making the first start codon 
stronger. Mouse lines were generated (Cyagen, Inc) carrying these 
modified genes and individuals homozygous for the modified 
genes produced by selective mating. Lenses from these animals 
were analyzed for protein expression by western blotting and for 
morphological abnormalities by light microscopy.
Results: Based on densitometric quantification of western blots, wild 
type mice at 2-4 months of age had about twice as much  
βA1-crystallin as βA3-crystallin in their lenses. When the Kozak 
sequence was knocked-in before the first (βA3) start codon in both 
strands, this ratio was essentially reversed, with βA3 now being 
the predominant form present. Mice in which the first start codon 
of Cryba1 had been altered from ATG to GTG in both strands 
had no detectable βA3-crystallin in their lenses. These mice had a 
compensatory increase in the level of βA1-crystallin. Lenses from 
both groups of genetically modified mice were grossly transparent 
and normal in appearance. The age-matched lens weights were not 
significantly different in any groups. Histological analyses are in 
progress.
Conclusions: Further studies are required to determine whether 
βA3 and βA1 have distinct functions in the lens, although a normal 
appearing lens is formed in the absence of βA3-crystallin. Further 
analyses may reveal structural or functional abnormalities in the 
lenses of the genetically modified mice. It is perhaps more likely that 
differences will be found in other cell types expressing these proteins, 
such as retinal pigmented epithelium and ocular astrocytes.
Commercial Relationships: J Samuel Zigler, None; 
Eric F. Wawrousek, None; Lixia Lu, None; Guo-Tong Xu, None; 
Debasish Sinha, None
Support: Research to Prevent Blindness (an unrestricted grant to 
Wilmer Eye Institute)
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Self-interaction and stability of human lens GammaC-crystallin
Ajay Pande, Jayanti Pande. Chemistry, University at Albany-SUNY, 
Albany, NY.
Purpose: GammaC crystallin (HGC) is one of the three major 
gamma crystallins in the human lens. The other  
two – namely – GammaD (HGD) and GammaS (HGS) crystallins, 
show net attractive and repulsive self-interactions respectively. Here 
we report the self-interaction data for GammaC-crystallin.
Methods: Protein self-interaction was measured using polyethylene 
glycol (PEG)–induced liquid-liquid phase separation (LLPS). We 
compared the LLPS data for HGS and HGC solutions at identical 
protein concentrations as a function of PEG (Mol. wt. 8 KDa) 
concentrations (10-20% range). Static and Dynamic light scattering 
measurements (SLS and DLS respectively) were carried out for HGC 
in the temperature range 5-25°C. The 2nd Virial Coefficient, B22, 
was determined using SLS and the diffusion interaction parameter, 
kD, using DLS. Both parameters provide quantitative measures 
of the magnitude of net attractive or repulsive self-interactions in 
proteins. SLS and DLS were also measured as a function of NaCl 
concentrations (2-8%) to determine the effect of salt concentration on 
protein self-interaction and stability.
Results: HGC shows no LLPS at pH 7 even at high concentrations 
(~100 mg/mL), which is similar to HGS but unlike human 
GammaD-crystallin (HGD). However, HGC shows LLPS at PEG 
concentrations lower than that needed for HGS. Consistent with 
this behavior, HGC shows a negative B22 value compared to that for 
HGS: B22 (HGC) = –3.2 X10-4 mLmolg-2, whereas B22 (HGS) = +8.9 
X 10-4 mLmolg-2. Surprisingly, kD was found to increase from –0.6 
mL/g to −6.0 mL/g in the range 5°C–25°C for HGC, suggesting that 
the self-interactions in HGC become more attractive with increasing 
temperature. Similarly a 2-8% range in NaCl concentration changes 
kD from +0.9 mL/g to –2.1 mL/g, suggesting that self-interactions in 
HGC become marginally more attractive with increasing salt.
Conclusions: HGC displays stronger net attractive self-interactions 
compared to HGS in which the net interactions are repulsive. 
However the attractive interactions in HGC are weaker than 
those of HGD. Our data suggest that the self-interactions in HGC 
become more attractive with increasing temperature and marginally 
attractive with increasing salt concentration, which should help 
set the crystallization conditions for HGC. These data strengthen 
the argument that optimally-tuned protein interactions minimize 
instability in mixtures and suppress protein aggregation thus 
maintaining lens transparency.
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THE RELATIONSHIP BETWEEN OXIDATION, DISULFIDE 
FORMATION AND AGGREGATION OF HUMAN GAMMA D 
CRYSTALLIN
Ramkumar Srinivasagan1, Benlian Wang2, Xingjun Fan1, 
Vincent M. Monnier1. 1Pathology, Case Western Reserve University, 
Cleveland, OH; 2Center for Proteiomics and Bioinformatics, Case 
Western Reserve University, Cleveland, OH.
Purpose: Gamma crystallins are highly conserved sulfhydryl rich 
proteins which play a critical structural role in the lens nucleus where 
they are present as the single major protein. Recent work from our 
laboratory lead to discovery of dimers and multimers involving 
gamma C, D, S with themselves and other cystallins. Major disulfide 

formation sites were identified at C23, 42, 79/80, 109 and 154 in γC 
and C19, 33 and 42 in γD. In order to understand the role of oxidation 
on the stability of γ- crystallins we oxidized recombinant γD and 
determined molecular changes
Methods: Recombinant wild type (WT) and cysteine mutant of  
γD-crystallin were oxidized with diamide or Cu2+ and molecular 
changes were determined using Western blotting and LC-MS. The 
structural stability of cysteine mutants were determined by near- 
and far UV CD, Trp fluorescence, solubility by turbidity assay and 
unfolding by GnHCl
Results: Oxidation with the cysteine specific diamide showed WT 
protein formed dimers at C19-111, C109-111 and C111-111. Only 
C111A mutant but no other mutant (C19, 33, 42, 72) suppressed 
dimerization by diamide. Co-incubation with αB crystallin did not 
protect WT C111 oxidation. No changes in structural and stability 
properties (Far- and near UV CD, Trp fluorescence, unfolding) of 
the C111 mutant vs WT were noted. Similarly to Quintanar et al., 
(Quintanar et al (ACS Chem Biol.; 11: 263, 2016) we found Cu2+ 
induced 80% WT protein precipitation and dimerization. However 
C111A mutant suppressed precipitation. Iodoacetamide treated WT 
also suppressed oxidation and precipitation.
Conclusions: Cysteine 111 plays a major role in dictating the 
propensity of Human γD-crystallin to dimerize and precipitates. Once 
C111 is mutated, Cu2+ oxidation induces other cysteines to form 
disulfides but precipitation is subdued. More research is needed to 
understand why C111 is not oxidized in vivo and why the in vivo 
sites 19, 33, and 42 were not detected in vitro under mild oxidation.
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A Novel Inhibitor against Advanced Glycation Endproduct 
Formation in Eye Tissues
Stefan Rakete1, Mikhail Linetsky2, Alexandra Dunbar1, 
Ram H. Nagaraj1. 1Ophthalmology, UC Denver, Aurora, CO; 
2Chemistry, Case Western Reserve University, Cleveland, OH.
Purpose: Diabetes leads to elevated glucose levels and oxidative 
stress. The combined effect causes higher levels of reactive carbonyls 
such as, methylglyoxal, which are precursors for Advanced Glycation 
Endproducts (AGEs). The AGE levels are generally higher in tissue 
and plasma proteins of diabetics than non-diabetics. In addition, 
the glutathione levels are reduced in diabetes, which could further 
promote AGE formation. Therefore, we reasoned that a systemic 
reduction of reactive carbonyls and elevation of glutathione levels 
could inhibit diabetic complications.
Methods: A novel hybrid molecule consisting of glutathione diester 
and mercaptoethylguanidine, hereafter named GTG, was synthesized, 
isolated and fully characterized. The two parts of the molecule were 
connected via a disulfide bond. αB-Crystallin was incubated with 
methylglyoxal in the presence or absence of GTG and analyzed for 
covalent crosslinking and AGE levels. FHL124 cells were incubated 
with dehydroascorbic acid in the presence or absence of GTG 
and analyzed for levels of GTG and its metabolites as well as α-
dicarbonyls. GTG was tested in diabetic mice by i.p. injections. After 
8 weeks, lenses and retinas were harvested and analyzed for AGE 
levels by UPLC-MS/MS.
Results: GTG significantly reduced covalent crosslinking and 
AGE formation in αB-crystallin incubated with methylglyoxal. 
GTG was able to penetrate the plasma membrane of FHL124 cells, 
and it was immediately reduced and hydrolyzed to glutathione and 
mercaptoethylguanidine. Cells treated for 24h with dehydroascorbic 
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acid and subsequent incubation with GTG showed a significant 
reduction in reactive α-dicarbonyls derived from dehydroascorbic 
acid. When GTG was injected into diabetic animals, AGE levels in 
the lens and retina were lower when compared to untreated diabetic 
controls.
Conclusions: GTG successfully blocks crosslinking and AGE 
formation in proteins and prevents AGE formation in eye tissues in 
diabetes. Thus, our novel hybrid molecule could be a promising drug 
candidate to reduce the formation of AGEs and inhibit long-term 
complications of diabetes.
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Aβ-potentiated and Aβ-independent age-related changes in the 
lens of wild-type and Alzheimer’s Disease mice
Juliet A. Moncaster1, Mark W. Wojnarowicz3, 4, Olga Minaeva2, 
Srikant Sarangi2, Zoe Brasher4, Rebecca Zeng4, Lee E. Goldstein1, 5. 
1Psychiatry, Boston University, Boston, MA; 2Biomedical 
Engineering, Boston University, Boston, MA; 3Pathology and 
Laboratory Medicine, Boston University, Boston, MA; 4Graduate 
Medical Sciences, Boston University, Boston, MA; 5Alzheimer’s 
Disease Center, Boston University, Boston, MA.
Purpose: Crystallins comprise ~90% of lens protein in mature lens 
fiber cells and undergo various post-translational modifications 

during aging that disrupt the normal functioning of the proteins, 
facilitating aggregation, insolubilization and light scattering. 
Crystallins have been shown to interact with Aβ in particular in 
Alzheimer’s disease. Here, we expand on previous work by us and 
others and investigated the aging effect of crystallins in an Aβ-
independent and Aβ-potentiated environment and the effect on light 
scattering in lenses from aged (27 months) wild-type and Alzheimer’s 
disease transgenic mice (Tg2576).
Methods: Mice were bred, maintained and genotyped at Boston 
University. Mice were sacrificed at 27 months of age, perfused with 
phosphate buffer saline, lenses were isolated and then imaged under 
two different sources of light using a D70 digital Nikon camera and a 
custom-adapted Zeiss stereophotomicroscope.
Results: Wild-type aged mice demonstrated light scattering in two 
distinct concentric layers (cortical and outer nuclear) in the lens 
compared to young mice. Furthermore, Tg2576 aged mice showed 
increased scattering in the cortical layer compared to wild-type aged 
mice.
Conclusions: Two distinct light scattering layers of the lens are 
affected during aging involving Aβ-potentiated mechanisms in 
Tg2576 mice and Aβ-independent mechanisms in wild-type mice.
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