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leave any items blank; responses must be provided for all items.  If your response to an item is 

“None”, please specify “None” as your response. “Not applicable” is not an acceptable response 
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should be single-spaced, no smaller than 12-point type.  The report must be completed using 
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format.   Questions?  Contact Health Research Program staff at 717-783-2548. 

 

1. Grantee Institution:  Salus University 

 

2. Reporting Period (start and end date of grant award period):  01/01/11-04/30/12 

 

3.  Grant Contact Person (First Name, M.I., Last Name, Degrees): Alexander M. Dizhoor, 

PhD 

 

4. Grant Contact Person’s Telephone Number:  215-780-1468 

 

5. Grant SAP Number:  4100054870  

 

6. Project Number and Title of Research Project:  1 - Role of RD3 protein in Leber 

Congenital Amaurosis LCA12   

 

7. Start and End Date of Research Project:   01/01/11-04/30/12 

 

8. Name of Principal Investigator for the Research Project: Alexander M. Dizhoor, PhD 

 

9. Research Project Expenses.   

 

9(A) Please provide the amount of health research grant funds spent on this project for the 

entire duration of the grant, including any interest earned that was spent:  

 

$ 45,203  

 

9(B) Provide the last names (include first initial if multiple individuals with the same last 

name are listed) of all persons who worked on this research project and were supported with 

health research funds.  Include position titles (Principal Investigator, Graduate Assistant, 

Post-doctoral Fellow, etc.), percent of effort on project and total health research funds 

expended for the position.  For multiple year projects, if percent of effort varied from year to 

year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1; 

z% Yr 2-3). 
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Last Name Position Title % of Effort on Project Cost 

Savchenko, A. Research Associate 100% $36,738 

 

9(C) Provide the names of all persons who worked on this research project, but who were not 

supported with health research funds.  Include position titles (Research Assistant, 

Administrative Assistant, etc.) and percent of effort on project.  For multiple year projects, if 

percent of effort varied from year to year, report in the % of Effort column the effort by year 

1, 2, 3, etc. of the project (x% Yr 1; z% Yr 2-3). 

 

Last Name Position Title % of Effort on Project 

Dizhoor Professor 10% 

 

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short 

description of the value (benefit) derived by the institution from this equipment, and the cost 

of the equipment. 

 

Type of Scientific Equipment Value Derived Cost 

None   

 

 

10. Co-funding of Research Project during Health Research Grant Award Period.  Did this 

research project receive funding from any other source during the project period when it was 

supported by the health research grant? 

 

Yes_________ No__X_____ 

 

If yes, please indicate the source and amount of other funds: 

 

 

11. Leveraging of Additional Funds 
 

11(A) As a result of the health research funds provided for this research project, were you 

able to apply for and/or obtain funding from other sources to continue or expand the 

research?  

 

Yes_________ No_X__ 

 

If yes, please list the applications submitted (column A), the funding agency (National 

Institutes of Health—NIH, or other source in column B), the month and year when the 

application was submitted (column C), and the amount of funds requested (column D).  If 

you have received a notice that the grant will be funded, please indicate the amount of funds 

to be awarded (column E). If the grant was not funded, insert “not funded” in column E. 

 

Do not include funding from your own institution or from CURE (tobacco settlement funds). 

Do not include grants submitted prior to the start date of the grant as shown in Question 2.  If 

you list grants submitted within 1-6 months of the start date of this grant, add a statement 
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below the table indicating how the data/results from this project were used to secure that 

grant. 

 

A.  Title of research 

project on grant 

application 

B.  Funding 

agency (check 

those that apply) 

C. Month 

and Year  

Submitted 

D. Amount 

of funds 

requested: 

E. Amount 

of funds to 

be awarded: 

 

None 

NIH     

 Other federal 

(specify:_______) 

 Nonfederal 

source (specify:_) 

 $ $ 

 

11(B) Are you planning to apply for additional funding in the future to continue or expand 

the research? 

 

Yes__X___ No__________ 

 

If yes, please describe your plans: 

 

The purpose of this short-term project was to obtain preliminary data for subsequent in-depth 

study. The data has been obtained and published. The PI is going to include the in-depth 

study proposal as a part of R01 application to NIH later this year. 

 

 

12. Future of Research Project.  What are the future plans for this research project? 

 

The project will be continued for in-depth study of the role of RD3 in normal photoreceptor 

physiology and retinal disease. We plan to expand the study on localization of the 

RD3/RetGC complexes in photoreceptors, identification of the binding domain providing the 

interface for RD3/RetGC interactions and mechanism of competition with GCAP proteins. 

We will also address some of these questions using transgenic expression of the constructs 

prepared during this project. The additional importance of our finding is that previously 

reported screening data for the F100ter, Gly57V, and Arg68Trp, and K130M mutant alleles 

in people of Scandinavian/British, North American, and Indian descent were rather limited. 

Yet the altered biochemical properties of the mutated RD3 forms in our studies strongly point 

at their likely involvement and can provide a rationale for more careful and wider screening 

for these mutations in population with regard to the LCA diagnostics. 

 

 

13. New Investigator Training and Development.  Did students participate in project 

supported internships or graduate or post-graduate training for at least one semester or one 

summer? 

 

Yes_________ No__X___ 

 

If yes, how many students?  Please specify in the tables below: 
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 Undergraduate Masters Pre-doc Post-doc 

Male     

Female     

Unknown     

Total     

 

 Undergraduate Masters Pre-doc Post-doc 

Hispanic     

Non-Hispanic     

Unknown     

Total     

 

 Undergraduate Masters Pre-doc Post-doc 

White     

Black     

Asian     

Other     

Unknown     

Total     

 

 

14. Recruitment of Out-of–State Researchers.  Did you bring researchers into Pennsylvania to 

carry out this research project? 

 

Yes_________ No  _X__ 

 

If yes, please list the name and degree of each researcher and his/her previous affiliation: 

 

 

15. Impact on Research Capacity and Quality.  Did the health research project enhance the 

quality and/or capacity of research at your institution?   

 

Yes_X_ No__________ 

 

If yes, describe how improvements in infrastructure, the addition of new investigators, and 

other resources have led to more and better research.  

 

A new mouse genetic model was acquired for further continuation and enhancement of the 

new research direction conceived under this project. 

 

 

16. Collaboration, business and community involvement.  

 

16(A) Did the health research funds lead to collaboration with research partners outside of 

your institution (e.g., entire university, entire hospital system)?  
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Yes__X__ No__________ 

 

If yes, please describe the collaborations:  

 

We established close collaboration on this project with the laboratory of Dr. Robert 

Molday (University of British Columbia).  Part of the project also required retinal 

materials that were produced in preceding work conducted in collaboration with Dr. 

Wolfgang Baehr (University of Utah, Salt Lake City) and Dr. Kris Palczewski (Case 

Western Reserve, Cleveland, OH). These collaborators were co-authors on two 

publications.  

 

 

16(B) Did the research project result in commercial development of any research products?  

 

Yes_________ No_X___ 

 

If yes, please describe commercial development activities that resulted from the research 

project:  

 

16(C) Did the research lead to new involvement with the community?   

 

Yes_________ No__X__ 

 

If yes, please describe involvement with community groups that resulted from the 

research project:  

 

 

17. Progress in Achieving Research Goals, Objectives and Aims.  
List the project goals, objectives and specific aims (as contained in the grant application’s 

strategic plan).  Summarize the progress made in achieving these goals, objectives and aims 

for the period that the project was funded (i.e., from project start date through end date).  

Indicate whether or not each goal/objective/aim was achieved; if something was not 

achieved, note the reasons why.  Describe the methods used. If changes were made to the 

research goals/objectives/aims, methods, design or timeline since the original grant 

application was submitted, please describe the changes. Provide detailed results of the 

project.  Include evidence of the data that was generated and analyzed, and provide tables, 

graphs, and figures of the data.  List published abstracts, poster presentations and scientific 

meeting presentations at the end of the summary of progress; peer-reviewed publications 

should be listed under item 20. 

 

This response should be a DETAILED report of the methods and findings.  It is not sufficient 

to state that the work was completed. Insufficient information may result in an unfavorable 

performance review, which may jeopardize future funding.  If research findings are pending 

publication you must still include enough detail for the expert peer reviewers to evaluate the 

progress during the course of the project. 
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Health research grants funded under the Tobacco Settlement Act will be evaluated via a 

performance review by an expert panel of researchers and clinicians who will assess project 

work using this Final Progress Report, all project Annual Reports and the project’s strategic 

plan.  After the final performance review of each project is complete, approximately 12-16 

months after the end of the grant, this Final Progress Report, as well as the Final Performance 

Review Report containing the comments of the expert review panel, and the grantee’s written 

response to the Final Performance Review Report, will be posted on the CURE Web site.   

 

There is no limit to the length of your response. Responses must be single-spaced below, 

no smaller than 12-point type. If you cut and paste text from a publication, be sure 

symbols print properly, e.g., the Greek symbol for alpha () and beta (ß) should not 

print as boxes () and include the appropriate citation(s).  DO NOT DELETE THESE 

INSTRUCTIONS. 

 

 

The purpose of this study was to test the role the of RD3 in regulation of one of the key enzymes 

in photoreceptor signal transduction and survival – guanylyl cyclase, and the effects of mutations 

reported in patients with Leber’s congenital amaurosis (LCA) (Friedman et al., 2006).  This 

research project developed according to the original plan and all specific Aims have been 

completed. 

 

THE FIRST SPECIFIC AIM was to characterize the effects of RD3 on human RetGC activity in 

vitro.  

 

This Aim has been accomplished. We have completed characterization of RD3 effects on 

enzymatic and regulatory activities of retinal guanylyl cyclase isozymes 1 and 2 (RetGC1 and 

RetGC2, respectively). This project required isolation and characterization of individual 

isozymes of RetGC, which was accomplished during the early stages of the project (one paper 

has been published, Peshenko et al., 2011a). The RetGC1 and-2 isozymes were then tested for 

their sensitivity to regulation by RD3, at which time we published the main portion of our 

findings. We have demonstrated that RD3 inhibits both RetGC isozymes isolated from native 

mouse retinas in a complex fashion. The effect of RD3 on RetGC regulation is dual: (i) it reduces 

the catalytic activity of each isozyme as a non-competitive inhibitor, (ii) but it also competes 

away guanylyl cyclase activating proteins 1 and 2 (GCAP1 and GCAP2) from their complexes 

with the native RetGC1 and RetGC2 isozymes from mouse photoreceptor outer segment 

membranes, as well as from recombinant RetGC produced in transfected HEK293 cells 

(Peshenko et al., 2011b) (Fig. 1 and 2). Importantly, we found that the spotted localization of 

RD3 in nuclei of HEK293 cells previously reported by Friedman et al, 2006, was an artifact of 

overexpression of RD3, which tends to form agglomerates at high concentrations. Our 

experiments, such as shown in Fig 3 were conducted at very low concentrations of the expressing 

DNA construct to prevent such non-specific agglomeration. 

 

We also found that RD3 strongly associates with recombinant RetGC when both proteins are co-

expressed in transfected HEK293 cells (Fig. 3, these data are in early stage of preparation for 

publication). We have determined that when the two proteins are co-expressed in HEK293 cells, 

RD3 is able to associate with wild type RetGC1 but fails to associate with RetGC harboring 
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mutations found in patients with LCA described in our earlier publication (Peshenko et al., 2010) 

as blocking binding of RetGC activator, GCAP1.  These findings directly demonstrate that 

binding interface(s) of the cyclase with GCAP and RD3, if not identical, strongly overlap with 

each other, which explains why RD3 can effectively prevent cyclase activation by GCAPs. 

Moreover, as a rather surprising finding, we determined that the affinity of RetGC for RD3 is 

more than two orders of magnitude (see Peshenko et al 2011b and Fig. 4) higher than for its 

calcium-sensor regulators, GCAPs, who switch the regime of RetGC activity in the outer 

segment between darkness and illumination conditions. 

 

Based on our findings, we have formulated a new hypothesis, that RD3 is required for blocking 

the activity of RetGC1 in the inner segment in order to prevent premature activation of cGMP 

synthesis in a wrong compartment of the cell (see Peshenko et al., 2011b).  Evidently, this 

hypothesis also predicts that an exchange of a tightly bound RD3 for GCAPs must occur during 

transition of the RD3 complex between the inner and outer segments, which needs to be further 

verified in currently ongoing in-depth study. 

 

 

THE SECOND SPECIFIC AIM is to replicate mutations found in human genes in recombinant 

proteins and to evaluate their biochemical impact on the RetGC regulation.  

 

This Aim has also been accomplished. We expressed in E. coli BLR(DE3) strain and purified the 

following recombinant forms of RD3 protein reported in patients with congenital visual 

disorders. All these mutations -Trp6Arg/Glu23Asp, Gly35Arg, Gly57Val, Arg68Trp, Phe100ter, 

and Lys130Met, have been tested for their ability to suppress activation of retinal photoreceptor 

guanylyl cyclase (RetGC1) by GCAP1 (Fig. 4). We found that Phe100ter mutation, genetically 

co-segregated with LCA (Friedman et al., The American Journal of Human Genetics 79; 159-

2006), completely eliminated the RD3 ability to block interaction of RetGC1 with GCAP, while 

three other mutations, Arg68Trp, Gly57Val, and Lys130Met, significantly decreased that ability. 

The results have been published in (Peshenko et al., 2011b). The particular importance of this 

finding is that in reported cases the screening for the Gly57V and Arg68Trp mutant alleles in 

people of Scandinavian/British and Indian descent yield very limited statistics (Friedman et al., 

2006). Yet the biochemical properties of the mutated RD3 in our experiments strongly support 

their likely involvement in the occurrence of the disease and can provide an additional rationale 

for more careful and wider screening for these mutations in population in relations with LCA 

diagnostics. 

 

Based on our current working hypothesis summarized above, we propose that complete or partial 

inactivation of the RD3 binding capacity by those mutations can cause de-blocking of the RetGC 

activity in the inner segment and cause the cyclase basal activity or even GCAP-stimulated 

activity to accumulate cyclic GMP in a wrong compartment of the cell, thus triggering conditions 

leading eventually to the cell death.  This hypothesis is currently under investigation. 

 

THE THIRD SPECIFIC AIM is to develop gene construct for the mutant RD3 expression in 

mouse rods in order to subsequently evaluate the effect of mutant RD3 in vivo. 
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We accomplished that Aim as well. We put together constructs for expression of RD3 in vivo in 

transgenic animals: Rho-Rd3GFP-mP1 and Rho-Rd3-mP1, containing a 4.2-kb rod opsin gene 

upstream fragment containing rod-specific promoter, linked to coding sequence of human RD3, 

with or without encoded C-terminal GFP, and followed by a fragment of the last exon of a mouse 

protamine 1 gene containing a polyadenylation signal. These constructs are now ready for 

delivery as transgenes to compensate for the truncated RD3 form in rd3/rd3 mice. The rd3/rd3 

mouse line in a pigmented background has been established and maintained by the PI group in 

Salus University vivarium. 

 

 

 
 

Figure 1.  RD3 inhibits RetGC catalytic activity at submicromolar concentrations. A. Wild type 

mouse rod outer segment membranes were titrated with human recombinant RD3 in the 

presence of EGTA. Inset, Coomassie - stained gel of human RD3 isolated from E. coli (left 

lane) and molecular weight standards (right lane).  B. Human recombinant RetGC1 activated 

by 1.5 µM GCAP1 in the presence of EGTA was assayed at different concentrations of the 

human recombinant RD3 expressed and purified from E. coli.  C. Human recombinant RetGC1 

was activated by 1.5 µM bovine GCAP1 in the presence of EGTA and titrated with protein 

extracts from HEK293 cells either expressing or not expressing RD3. Inset, immunoblotting of 

HEK293 cell extracts probed with anti-RD3 antibody 497, left lane - non-transfected cells; 

right lane – RD3 plasmid-transfected cells (notice that there is no endogenous RD3 expression 

in the non-transfected cells). The data in A-D are fitted by the equation, a = (amax - 

amin)/(1+[RD3]/IC50) + amin; where amax and amin are the maximal and minimal activity of 

guanylyl cyclase in the experiment, respectively, and the IC50 is the concentration of RD3 

producing 50% inhibition.  D-F. The effect of RD3 on guanylyl cyclase catalytic activity in 

ROS fractions measured in the absence of GCAPs. The RetGC activity in ROS fraction from 

GCAP1,2-/- mouse retinas was titrated with the purified E. coli-expressed RD3 in the presence 

of EGTA. Michaelis plot of the non-stimulated RetGC catalytic activity in the absence () or 

in the presence of 30 nM () or 60 nM () purified recombinant RD3. F.  Lineweaver-Burke 
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plot for data from panel E illustrates suppression of the Vmax by RD3 without a major effect on 

KmGTP. The Ki calculated using the equation for a noncompetitive inhibition, 

Vi=Vmax(1+[RD3]/Ki)
-1, from three independent experiments was 19 nM ± 7 SD. The activity 

in assays containing retinal membranes is presented per rhodopsin content, in membranes 

expressing recombinant RetGC it is normalized by the maximal activity for each series of the 

membrane preparations (data from: Peshenko et al., 2011b). 

 

 

 

Figure 2.  RD3 inhibits RetGC activation through competition with GCAPs. A. The guanylyl 

cyclase activity in HEK293 homogenates containing RetGC1 expressed alone () or co-

expressed with human RD3 () was assayed in the presence of added recombinant GCAP1.  

The data were fitted assuming Michaelis hyperbolic function, a=amax[GCAP]/(K1/2+(GCAP)); 

equalized by RetGC1 content in both samples. B. Immunoblotting. The cells expressing RetGC1, 

either alone or co-transfected with RD3, from panel A were probed with anti-RetGC1 (left) or 

anti-RD3 polyclonal antibody 497 (right). Non-transfected HEK293 cells (leftmost in each 

panel) were used as a specificity control. C-F. Competition of RD3 with GCAP1 and GCAP2 in 

RetGC assay. C, D. RetGC1 expressed in HEK293 cells was activated by purified GCAP1 (C) or 

GCAP2 (D) in the absence () or in the presence of 3 nM RD3 () or 9 nM RD3 (). The data 

were fitted by Michaelis hyperbolic function.  Maximal RetGC1 activity (amax, mean ± SD) at 0 

nm, 3 nM or 9 nM RD3 was 4.8 ± 0.13, 4.8 ± 0.11, and 4.6 ± 0.16 nmol/min/mg protein, 

respectively, when activated by GCAP1 and 2.1 ± 0.05, 2.6 ± 0.2 and 2.7 ± 0.1 nmol/min/mg 

when activated by GCAP2. The respective concentrations of GCAP producing half-maximal 

activation (K1/2) were 1.1 ± 0.12, 4.1 ± 0.6, and 7.5 ± 0.5 µM (GCAP1) and 5.9 ± 0.6, 19 ± 2.6, 

and 36 ± 1.5 µM (GCAP2).  
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Figure 3.  RD3 expressed in HEK293 cells co-localizes with wild type RetGC1 but fails to form 

a complex with RetGC mutants affected by mutations (Peshenko et al., 2010) found in LCA 

patients. A, RD3-GFP and GCAP1-GFP in the absence of target enzyme are distributed 

uniformly throughout the HEK293 cells, both in cytoplasm and nucleus (except for nucleoli and 

vacuoles – see details of the method described in Peshenko et al, J. Biol. Chem. 283, 21747-

21757). B, In the presence of the membrane RetGC1 labeled with monomeric dsRed tag (red), 

both GCAP1-GFP and RD3-GFP (green) fluorescence co-localize with the target cyclase in ER 

and plasma membranes and is cleared from nuclei; the fluorescence profiles for both tags      

across the cells scanned along the lines in the merged images are shown in the rightmost column. 
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C, Mutations that disrupt RetGC binding with GCAP1 also prevent its binding by RD3.  The 

GFP tag fluorescence (left columns) was superimposed on DIC image of the cells (middle 

columns) and scanned across the cell thus showing similar levels of fluorescence in cytoplasm 

and nuclei. Left column, RD3-GFP was co-expressed in HEK293 cells with wild type RetGC1 

(WT) and either D639Y or R768W RetGC1 mutants (Peshenko et al., Biochemistry 49(4): 709-

717); notice that the GFP fluorescence has membrane-associated pattern in the presence of WT 

RetGC1 but spreads throughout the cell when co-expressed with the D639Y and R768W 

RetGC1; right three columns - non-tagged RD3 was co-expressed with RetGC and its mutants as 

described above, and the cells were stained with anti-RD3 (green) and anti-RetGC1 (red) 

antibody; RD3 co-localizes with the WT RetGC1, but not with the mutants. 
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Figure 4. Effect of mutations in RD3 found in human patients with retinal diseases on RetGC 

activity in vitro. A, Coomassie-stained PAAG gel containing purified RD3 and its mutants 

expressed in  E. coli.   B, Inhibition of RetGC1 activity by the E. coli - expressed RD3 mutants. 

RetGC activity in independent assays was normalized per activity measured in the absence of 

RD3. Recombinant RetGC1 expressed in HEK293 cells was reconstituted with 1.5 µM GCAP1 

at indicated concentrations of RD3 () or its mutants: W6R/E23D (), G35R (), G57V (), 

R68W (), K130M (), and F100ter (). The IC50 values  (mean ± SE, n) for the inhibition 

were 4.6 ± 1.3 nM, 5 (WT); 6.4 ± 2 nM, 3 (W6R/E23D); 7.9 ± 1 nM, 3 (G35R); 68 ± 13 nM, 3 

(G57V); 17.3 ± 3.8 nM, 3 (R68W); and 14.3 ± 2.4 nM, 3 (K130M); the IC50 for the F100ter was 

>>10 µM. The difference in the IC50 values from the wild type was significant (P in unpaired 

Student t-test assuming equal variance) for the G57V (<0.001), F100ter (<0.0001), R68W 

(0.012), and K130M (0.014) mutants (see Peshenko et al., 2011b, publication for other details) 
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PUBLICATIONS 

 

Two peer-reviewed papers were published: 

 

Peshenko IV, Olshevskaya EV, Savchenko AB, Karan S, Palczewski K, Baehr W, Dizhoor AM. 

(2011 a) Enzymatic Properties and Regulation of the Native Isozymes of Retinal Membrane 

Guanylyl Cyclase (RetGC) from Mouse Photoreceptors. Biochemistry 50: 5590-600 

 

Peshenko IV, Olshevskaya EV, Azadi S, Molday LL, Molday RS, Dizhoor AM. (2011 b) Retinal 

Degeneration 3 (RD3) Protein Inhibits Catalytic Activity of Retinal Membrane Guanylyl Cyclase 

(RetGC) and its Stimulation by Activating Proteins. Biochemistry 50, 9511-9519. 

 

 

 

18. Extent of Clinical Activities Initiated and Completed.  Items 18(A) and 18(B) should be 

completed for all research projects.   If the project was restricted to secondary analysis of 

clinical data or data analysis of clinical research, then responses to 18(A) and 18(B) should 

be “No.” 

 

18(A) Did you initiate a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects?  

______Yes  

__X_    No  

 

However, our pilot short-term biochemical study argues that the screening for certain 

mutant alleles of RD3 in people of Scandinavian/British, North American, and Indian 

descent may help establish the etiology of LCA diagnostics in previously 

uncharacterized cases. 

 

 

18(B) Did you complete a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects?  

______Yes  

__X__  No  

 

If “Yes” to either 18(A) or 18(B), items 18(C) – (F) must also be completed.  (Do NOT 

complete 18(C-F) if 18(A) and 18(B) are both “No.”) 

 

18(C) How many hospital and health care professionals were involved in the research 

project? 

______Number of hospital and health care professionals involved in the research 

project 

 

18(D) How many subjects were included in the study compared to targeted goals? 

 

______Number of subjects originally targeted to be included in the study 
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______Number of subjects enrolled in the study 

 

Note: Studies that fall dramatically short on recruitment are encouraged to 

provide the details of their recruitment efforts in Item 17, Progress in Achieving 

Research Goals, Objectives and Aims. For example, the number of eligible 

subjects approached, the number that refused to participate and the reasons for 

refusal. Without this information it is difficult to discern whether eligibility 

criteria were too restrictive or the study simply did not appeal to subjects. 

 

18(E) How many subjects were enrolled in the study by gender, ethnicity and race? 

 

Gender: 

______Males 

______Females 

______Unknown 

 

Ethnicity: 

______Latinos or Hispanics 

______Not Latinos or Hispanics 

______Unknown 

 

Race: 

______American Indian or Alaska Native  

______Asian  

______Blacks or African American 

______Native Hawaiian or Other Pacific Islander 

______White 

______Other, specify:      

______Unknown 

 

18(F) Where was the research study conducted? (List the county where the research 

study was conducted.  If the treatment, prevention and diagnostic tests were offered in 

more than one county, list all of the counties where the research study was 

conducted.) 

 

 

19. Human Embryonic Stem Cell Research.  Item 19(A) should be completed for all research 

projects.  If the research project involved human embryonic stem cells, items 19(B) and 

19(C) must also be completed. 

 

19(A) Did this project involve, in any capacity, human embryonic stem cells?  

______Yes  

__X__  No  
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19(B) Were these stem cell lines NIH-approved lines that were derived outside of 

Pennsylvania? 

______Yes  

______ No  

 

19(C) Please describe how this project involved human embryonic stem cells:  

 

 

20. Articles Submitted to Peer-Reviewed Publications.  

 

20(A) Identify all publications that resulted from the research performed during the funding 

period and that have been submitted to peer-reviewed publications.  Do not list journal 

abstracts or presentations at professional meetings; abstract and meeting presentations should 

be listed at the end of item 17.  Include only those publications that acknowledge the 

Pennsylvania Department of Health as a funding source (as required in the grant 

agreement). List the title of the journal article, the authors, the name of the peer-reviewed 

publication, the month and year when it was submitted, and the status of publication 

(submitted for publication, accepted for publication or published.).  Submit an electronic 

copy of each publication or paper submitted for publication, listed in the table, in a PDF 

version 5.0.5 (or greater) format, 1,200 dpi. Filenames for each publication should include 

the number of the research project, the last name of the PI, the number of the publication and 

an abbreviated research project title.  For example, if you submit two publications for PI 

Smith for the “Cognition and MRI in Older Adults” research project (Project 1), and two 

publications for PI Zhang for the “Lung Cancer” research project (Project 3), the filenames 

should be:  

Project 1 – Smith – Publication 1 – Cognition and MRI 

Project 1 – Smith – Publication 2 – Cognition and MRI 

Project 3 – Zhang – Publication 1 – Lung Cancer 

Project 3 – Zhang – Publication 2 – Lung Cancer 

If the publication is not available electronically, provide 5 paper copies of the publication.   

 

Note:  The grant agreement requires that recipients acknowledge the Pennsylvania 

Department of Health funding in all publications.  Please ensure that all publications listed 

acknowledge the Department of Health funding. If a publication does not acknowledge the 

funding from the Commonwealth, do not list the publication. 
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Title of Journal Article: Authors: Name of 

Peer-

reviewed 

Publication: 

Month and 

Year 

Submitted: 

Publication 

Status (check 

appropriate 

box below): 

1. Enzymatic Properties 

and Regulation of the 

Native Isozymes of 

Retinal Membrane 

Guanylyl Cyclase 

(RetGC) from Mouse 

Photoreceptors 

Peshenko IV, 

Olshevskaya EV, 

Savchenko AB, 

Karan S, Palczewski 

K, Baehr W, 

Dizhoor AM. 

Biochemistry 4/2011 Submitted 

Accepted 

Published 

2. Retinal Degeneration 

3 (RD3) Protein Inhibits 

Catalytic Activity of 

Retinal Membrane 

Guanylyl Cyclase 

(RetGC) and its 

Stimulation by 

Activating Proteins 

Peshenko IV, 

Olshevskaya EV, 

Azadi S, Molday 

LL, Molday RS, 

Dizhoor AM. 

Biochemistry 8/2011 Submitted 

Accepted 

Published 

 

20(B) Based on this project, are you planning to submit articles to peer-reviewed publications 

in the future?   

 

Yes__X___ No__________ 

 

If yes, please describe your plans: 

 

We have one more manuscript in early stage of preparation directly stemming from this 

project. 

 

 

21. Changes in Outcome, Impact and Effectiveness Attributable to the Research Project.  

Describe the outcome, impact, and effectiveness of the research project by summarizing its 

impact on the incidence of disease, death from disease, stage of disease at time of diagnosis, 

or other relevant measures of outcome, impact or effectiveness of the research project.  If 

there were no changes, insert “None”; do not use “Not applicable.”  Responses must be 

single-spaced below, and no smaller than 12-point type. DO NOT DELETE THESE 

INSTRUCTIONS.  There is no limit to the length of your response.  

 

None 

 

 

22. Major Discoveries, New Drugs, and New Approaches for Prevention Diagnosis and 

Treatment.  Describe major discoveries, new drugs, and new approaches for prevention, 

diagnosis and treatment that are attributable to the completed research project. If there were 
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no major discoveries, drugs or approaches, insert “None”; do not use “Not applicable.”  

Responses must be single-spaced below, and no smaller than 12-point type. DO NOT 

DELETE THESE INSTRUCTIONS.  There is no limit to the length of your response. 

 

We have made what we consider a major discovery for the understanding of processes that 

lead to retinal degeneration caused by deficiency in RD3 gene.  We have found that the 

product of RD3 gene is a potent regulator of activity of retinal guanylyl cyclase, an essential 

enzyme in retinal photoreceptor signaling.  We documented that RD3, which normally acts 

as a ‘silencer’ for the cyclase activity loses or severely decreases this ability when affected 

by mutations found in patients with Leber congenital amaurosis and some other retinal 

disorders. In a publication summarizing these findings, we have formulated a new 

hypothesis, that RD3 is required for quenching guanylyl cyclase activity in the inner segment 

of photoreceptor to prevent potential adverse consequences of cGMP production in a wrong 

compartment of the cell.  Once the ability of mutated RD3 to binding the guanylyl cyclase is 

compromised by some mutations found in patients with congenital retinal disorders, the 

cyclase is no longer able to maintain its normal silent status during maturation and/or 

assembly of the cyclase complex. This hypothesis now provides the guidelines for in-depth 

analysis of the biochemical role of RD3 at the molecular and cellular levels.  

 

The additional importance of our finding is that previously reported screening data for the 

F100ter, Gly57V, and Arg68Trp, and K130M mutant alleles in people of 

Scandinavian/British, North American, and Indian descent were rather limited. Yet the 

altered biochemical properties of the mutated RD3 in our studies strongly point at their likely 

involvement and can provide a rationale for more careful and wider screening for these 

mutations in population in relations with LCA diagnostics. 

 

 

23. Inventions, Patents and Commercial Development Opportunities. 
 

23(A) Were any inventions, which may be patentable or otherwise protectable under Title 35 

of the United States Code, conceived or first actually reduced to practice in the 

performance of work under this health research grant?  Yes   No _X   

 

If “Yes” to 23(A), complete items a – g below for each invention. (Do NOT complete items 

 a - g if 23(A) is “No.”) 

 

a. Title of Invention:   

 

b. Name of Inventor(s):   

 

c. Technical Description of Invention (describe nature, purpose, operation and physical, 

chemical, biological or electrical characteristics of the invention):   

 

d. Was a patent filed for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  
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If yes, indicate date patent was filed:   

 

e. Was a patent issued for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  

If yes, indicate number of patent, title and date issued:   

Patent number:   

Title of patent:   

Date issued:   

 

f. Were any licenses granted for the patent obtained as a result of work performed under 

this health research grant?  Yes   No  

 

If yes, how many licenses were granted?    

 

g. Were any commercial development activities taken to develop the invention into a 

commercial product or service for manufacture or sale?  Yes  No  

 

If yes, describe the commercial development activities:   

 

23(B) Based on the results of this project, are you planning to file for any licenses or patents, 

or undertake any commercial development opportunities in the future?  

 

Yes_________ No___X___ 

 

If yes, please describe your plans: 

 

 

24.  Key Investigator Qualifications.  Briefly describe the education, research interests and 

experience and professional commitments of the Principal Investigator and all other key 

investigators.  In place of narrative you may insert the NIH biosketch form here; however, 

please limit each biosketch to 1-2 pages.  For Nonformula grants only – include information 

for only those key investigators whose biosketches were not included in the original grant 

application. 
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Moscow University, Moscow (USSR) BS 1977 Biochemistry, Virology 
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A. Personal Statement. 

My laboratory established the molecular mechanisms underlying dominant negative retinal 

degeneration caused by mutations in GCAP1 found in human patients in vitro and in transgenic 

mouse models; we demonstrated that photoreceptor cell death caused by accumulation of cGMP 

and Ca2+ in outer segment in the dark can be averted by activation of the opposing reaction, cGMP 

hydrolysis; we identified the molecular mechanism of spontaneously elevated activity of the G90D 

rhodopsin leading to stationary night blindness in humans; in the ongoing study of molecular 

properties and functional determinants of GCAPs and retinal guanylyl cyclase in collaboration with 

Dr. J. Ames, we established three-dimensional solution structure of GCAP2 and role of fatty 

acylation in functioning of GCAPs as regulators of guanylyl cyclase; established the mechanism of 

Ca2+/Mg2+ exchange in GCAPs as an essential step in activation of retinal guanylyl cyclase; 

mapped major functional domains in GCAPs; identified the targeted RetGC isozymes for individual 

GCAPs; found in patients with LCA that disrupt interaction with GCAP1, developed a method for 

detection of GCAP/RetGC binding in living cultured cells and determined the stoichiometry of 

binding between GCAP1 and RetGC1.  We have demonstrated, by using new GCAP knockout 

mouse models that at different stages of rod recovery GCAPs activate cGMP synthesis in a relay 

mechanism.  The last but not least, in collaboration with Dr. Pan from Wayne State University we 

pioneered the use of light-sensitive microbial channel for restoration of light sensitivity in mouse 

retinas lacking photoreceptors. I have published 63 papers, many as a senior author.  As a Principal 

Investigator, I continuously maintain my R01 grant from NIH (since 1996) and Pennsylvania 

Department of Health Formula grants (since 2004) and have also administered grants from other 

state and private foundations, such as Human Frontier Science Program Organization (1991-1993) 

or Research to Prevent Blindness (1997-2001). 

 

B. Positions and Employment 

1977-1979   Junior Researcher, Biological Faculty, Moscow State University 

1979-1990   Graduate student and pre-doctoral Junior Investigator, Dept. of Virology  

   Moscow State University, Investigator and Senior Investigator, Laboratory of 

   Molecular Biology and Bioorganic Chemistry, Moscow State University 

1990-1991   Leading Investigator, Institute of Physico-Chemical Biology, Moscow,  

   USSR (Russia).  

1991-1997  Associate, Howard Hughes Medical Institute, Senior Fellow, and Research 

Assistant Professor of Biochemistry, University of Washington, Seattle, WA. 

1997-2002  Assistant Professor, then Associate Professor of Ophthalmology, 

Pharmacology, Anatomy and Cell Biology, Wayne State University, Detroit, 

Michigan.  

2002-present  Hafter Chair and Professor of Pharmacology, Pennsylvania College of  

   Optometry (since 2008 – of Salus University), Elkins Park, PA 
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Other professional experience  
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