AD

Award Number: DAMD17-00-1-0658

TITLE: Altering Cell Survival by Modulating Levels of
Mitochondrial DNA Repair Enzymes

PRINCIPAL INVESTIGATOR: Inna N. Shokolenko

CONTRACTING ORGANIZATION: University of South Alabama
Mobile, Alabama 36688-0002

REPORT DATE: May 2002
TYPE OF REPORT: Final

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

20020910 072



REPORT DOCUMENTATION PAGE i e

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed. and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

3. REPORT TYPE AND DATES COVERED
Final (18 Sep 00 - 17 Apr 02)

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE
May 2002

5. FUNDING NUMBERS
DAMD17-00-1-0658

4. TITLE AND SUBTITLE
Altering Cell Survival by Modulating Levels of Mitochondrial DNA Repair Enzymes

6. AUTHOR(S)

Inna N. Shokolenko

8. PERFORMING ORGANIZATION
REPORT NUMBER

7. PERFORMING ORGANIZATION NAME(S} AND ADDRESS(ES)

University of South Alabama
Mobile, Alabama 36688-0002

E-Mail: inna_shokolenko@hotmail.com
ishokole@bbl.usouthal.edu

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES
Report contains color

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for Public Release; Distribution Unlimited

13. Abstract (Maximum 200 Words) (abstract should contain no proprietary or confidential information)

Efficient repair of oxidative damage in mtDNA is essential for survival of the cells undergoing oxidative stress, and may
play a role in cancer cells resistance to a radiation therapy. Decreasing mtDNA repair capacity in cancer cells can make them more
vulnerable to cancer therapy. Our previous results demonstrated that stable expression of E.coli Exonucleaselll in mitochondria of
breast cancer cells diminishes mtDNA repair capacity following oxidative stress, which leads to a decrease in long-term cell survival.
Because of the temporary nature of cancer therapy, only transient introduction of proteins into cells is required. In this study we utilize
the novel method for direct delivery of purified proteins into cells via protein transduction, combined, for the first time, with targeting
of the transduced proteins to mitochondria. Recombinant EGFP and Exonucleaselll bearing the mitochondrial targeting signal from
human Manganese Superoxide Dismutase and protein transduction domain from HIV-1 Tat protein were expressed in £.coli and
purified. Our results show the high efficiency of the transduction as well as mitochondrial localization of the transduced proteins.
Current studies are under way to assess the effect of the protein transduction on Exonucleaselll activity in the mitochondria and its
consequences for mtDNA repair and cell survival.

14. Subject Terms (keywords previously assigned to proposal abstract or terms which apply to this award) 15. NUMBER OF PAGES
protein transduction, Exonuclease III, mtDNA repair, breast cancer 10
16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT Unclassified
Unclassified

18. SECURITY CLASSIFICATION
OF THIS PAGE Unclassified

19. SECURITY CLASSIFICATION
OF ABSTRACT

Unclassified Unclassified

20. LIMITATION OF ABSTRACT
Unlimited

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-18
298-102




Table of Contents

GOV it rirrces s sara s et se st ssnssnraensssansntsnronsnrararansararnns 1
SF 208......ciuiiuitnereiireiieiieiiieres st a e s e et e s s e s e s s aanenrnas 2
Introduction..........ccciiiiiiiiinic e s 4
2 7o T« R 4
Key Research Accomplishments.............cocivimiiiiiiinnnni e 9
Reportable OUtCOMES.........coivuiieiieuiiniincriincriieine s srassnasens 9
CONCIUSIONS....cceviiiiiiiiiiiiirin e aers s st st s sn e s s nenasasasnons 9

ReferenCeS.....ccuierriciiiiiiis i e e e s e e e 10




INTRODUCTION

Efficient repair of oxidative damage in mitochondrial DNA (mtDNA) is essential for
survival of the cells undergoing oxidative stress, and may play a role in cancer cells resistance to a
radiation therapy. Decreasing mtDNA repair capacity in cancer cells can make them more vulnerable
to cancer therapy, possibly even at a lower dosage. Previous results in our lab demonstrated that
stable expression of E.coli Exonuclease III in mitochondria of breast cancer cells diminishes mtDNA
repair capacity following oxidative stress, which results in decreased long-term cell survival (1).
Because of the temporary nature of cancer therapy, only transient introduction of proteins into cells
is required. In this study we attempted to utilize the novel method of direct delivery of purified
proteins into cells via protein transduction, combined, for the first time, with targeting of the
transduced proteins to mitochondria. Recombinant Green Fluorescent Protein (GFP) and
Exonuclease III (Exolll) bearing the mitochondrial targeting signal (MTS) from human Manganese
Superoxide Dismutase (MnSOD), and protein transduction domain from HIV-1 Tat protein, were
expressed and purified from E.coli. We assessed the efficiency of the transduction as well as
mitochondrial localization of the transduced proteins. Current studies are under way to assess the
effect of the protein transduction on Exolll activity in the mitochondria and its consequences for
mtDNA repair and cell survival.

BODY

We started our experiments with GFP as a test protein, mostly, because it has been an excellent
marker for monitoring expression and intracellular localization of a multitude of proteins expressed
as GFP fusions. GFP is known to be extremely stable, is not easily denatured, it maintains its
fluorescence within wide pH range (pH5.5-12) and it is easily expressed in E.coli in large amounts.
In our experiments we used a commercially available enhanced version of GFP, EGFP (Clontech).
For protein transduction we used an 11 amino acid long Protein Transduction Domain from the HIV-
1 TAT protein (TAT-PTD), which, when fused to other proteins, confers to them the ability to be
taken up by the cells (2) This process, called protein transduction, does not occur through classical
receptor-, transporter-, endosome-, or absorptive-endocytosis mediated processes (3, 4). Proteins
containing TAT-PTD, when added exogenously to culture medium, enter the cells in a concentration
dependent manner. To target proteins to
mitochondria upon entering the cells we used
the MTS from MnSOD. The construct
used for expressing and purifying recombinant
EGFP is outlined in Figl. We used —
oligonucleotides to assemble the synthetic MTS
positioned on the N-terminus of the protein,
followed by the EGFP sequence (or Exolll). For
the C-terminus of the protein we used another
synthetic construct, containing TAT-PTD , and
10  consecutive  histidine residues for
purification by immobilized metal affinity
chromatography. Also, for the detection of recombinant proteins with antibodies,
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Fig.1 Construct for expression of recombinant
proteins in E.coli.




hemagglutining tag (HA) was included. Complete fusion .

construct was made with several rounds of PCR amplification. Bacterial pellet
The PCR products then were cloned and their sequence l
verified for errors introduced by PCR. The fusion constructs

were placed under the control of the inducible /ac promoter French Press

in pET series vectors (Novagen) and introduced in E.coli l

BL21 cells for expression. The cells were grown in liquid

cultures, collected by centrifugation and used for subsequent NI-NTA column
purification. The purification steps are outlined in Fig.2. l

Since our fusion constructs contain a stretch of 10 histidines, . M

we were able to use affinity chromatography methods to Elution with imidazole
purify fusion proteins from E.coli lysates by employing a buffer
nickel-NTA agarose column. The bound protein was eluted l

from column with buffer containing imidazole. The purity of . .
the eluted protein was assessed by SDS-PAGE Add directly to the media
and Western blot. N-terminal sequencing verified that the
purified protein had intact MTS. The similar steps for the
expression, purification and identification were used for  Fig 2 Purification of recombinant proteins
both fusion constructs: EGFP and, later, Exolll. The from E.coli extracts.
proteins were purified under native conditions.

The proteins will be designated MTS-EGFP-TAT
and MTS-ExolIII-TAT in the text.

For our research we used the MDA-MB-231 human breast adenocarcinoma cell line. Cells
were maintained in Eagle’s minimal essential media, supplemented with 10% of fetal bovine serum,
non-essential amino acids, and L-glutamine. For the transduction experiments we added the purified
chimeric MTS-EGFP-TAT directly to the cell media to achieve the concentration in the media 50-80
pg/ml.

To assess the efficiency of the protein transduction process, we used Fluorescence Activated Cell
Sorting (FACS) assay (Fig.3). Cells were incubated with the protein in the media for various periods
of time (2, 6, and 12 hours), then, cells were trypsinized, collected by centrifugation, and
resuspended in PBS. Fig.3 demonstrates the results of FACS analysis. The process of protein
transduction was highly efficient: 82% of cells were fluorescent after 2 h of incubation, 92% and
93% were fluorescent after 6h and 12h of incubation respectively.
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Fig.3 A.-FACS analysis of the of the proportion of fluorescent cells; Cells were incubated with purified
recombinant MTS-EGFP-TAT at a concentration of 80 pg/ml of media for indicated periods of time: purple-
control, untreated cells; green- 2h of incubation; red- 6h of incubation; blue — 12h of incubation.

B. - Light scattering characteristics of the cells undergoing sorting. Concentration of the signal in the left
bottom quadrant indicates that the majority of the cells are intact and healthy.

To asses the intracellular localization of the transduced recombinant MTS-EGFP-TAT
protein we used fluorescent microscopy. Cells were treated as indicated in the previous paragraph.
After incubation cells were trypsinized and replated on glass coverslips. 12 h later cells were fixed
with 4% formaldehyde, mounted on glass slides and observed under fluorescent microscope.
Trypsinization and replating steps were necessary to eliminate a strong background made by the
excess MTS-EGFP-TAT and also to reassure that the protein was not “stuck” on the outside of the
plasma membrane, since trypsin treatment removes most of TAT-fused proteins that has not been
taken up by the cell. To visualize mitochondria in the cells for comparison with the fluorescent
pattern of MTS-EGFP-TAT, we stained mitochondria in live cells prior to fixation with Mito-
Tracker Red CM-H, XRos mitochondrion selective dye from Molecular Probes. Fluorescent images
were made using Magnafire digital camera and software. Image overlays were made with Image
ProPlus v4.1 software.

Fig.4 illustrates the colocalization of MTS-EGFP-TAT fluorescent signal (green) with signal
produced by Mitotracker (red) resulting in yellow overlapping areas. From our experiments using
different incubation times, we concluded that 12 h of incubation was necessary to allow time for the
protein to relocate into mitochondria.




Fig.4 Colocalization of transduced MTS-EGFP-TAT fluorescent signal (A) with Mitotracker
mitochondrion selective dye (B), which results in overlapping areas shown in yellow (C).

Our experiments with MTS-EGFP-TAT led us to conclude that we were able to purify from
E.coli an intact protein, bearing mitochondrial targeting signal and protein transduction domain in
pure form, and in large quantities. Also, we confirmed that EGFP, bearing MTS and TAT was, first,
efficiently transduced into the cell and, second, targeted to mitochondria.

The next step in our research was the expression, purification and protein transduction of
Exonuclease III (MTS-ExolII-TAT). We used the same protocols for these steps as were developed
for MTS-EGFP-TAT and described in the previous paragraphs. We also assessed the catalytic

activity of the purified MTS-ExollI-TAT (Fig.5).
[yP33]- end-labeled synthetic 21-mer double—
stranded oligonucleotide, containing abasic site at
10™ position in one strand was used as a substrate
for AP endonuclease and exonuclease activities of
Exolll. Commercially available Exonucleaselll
(Trevigen) was used as a positive control. The
products of the reaction were separated in the 20%

polyacrylamide- 8M urea gels and radioautographed.

The results indicate that we purified an active

enzyme. The purified MTS-ExoIlI-TAT was stable
and retained its catalytic activity for, at least, several

cycles of freezing- thawing.
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Fig.5 Catalytic activity of purified
MTS-ExollI-TAT;
Exolll — positive control (Trevigen).




We used the same transduction conditions for MTS-ExolII-TAT as we used for MTS-EGFP-
TAT. The purified MTS-Exolll-TAT protein was added directly to the cell media to a final
concentration of 80 pg/ml. To visualize the internalization and cellular localization of the purified
MTS-ExolII-TAT we stained the fixed and permeabilized cells with monoclonal mouse anti-HA
antibodies. FITC-conjugated anti-mouse secondary antibodies were used, and stained cells were
observed under the fluorescent microscope (Fig.6). For visualization of mitochondria we used

Mitotracker as described for Fig.4.

A. B.

Fig.6 Panels A and C: Staining for HA of the cells incubated with MTS-ExolII-TAT for 12h.
Panels B and D: the same cells stained with Mitotracker mitochondrion selective

dye.

In order to verify the mitochondrial localization of the transduced MTS-Exolll-TAT, we
performed Western analysis on mitochondrial fractions isolated from the cells incubated with MTS-

ExolIII-TAT for 12 h at a concentration of 80 pg/ml (the same
conditions, used in previous experiments). Pure mitochondrial
fractions were isolated using method of differential
centrifugation, and MTS-ExolII-TAT was detected in the
mitochondrial lysates with anti-HA antibodies (Fig.7). As a
positive control we used purified MTS-Exolll-TAT from the
same preparation, that we used for the transduction. Note,
that the control protein (Fig.3,lane 3) contains a major band
of higher molecular weight, which indicates the unprocessed
protein, still possessing the MTS. Upon translocation into
mitochondria, the MTS is cleaved off , which would lead to
the increase in the appearance of the band with lower
molecular weight, which we can see in Fig.3, lane 1.

1 2 3

Fig.7 MTS-ExollII-TAT is detected in
mitochondrial fractions of treated cells with
anti-HA antibodies. Lane 1- mitochondrial
lysates from treated cells; lane 2-
mitochondrial lysates from untreated cells;
lane 3- purified MTS-ExollI-TAT used for
the transduction experiments.




Research is continuing to evaluate the effect of the transduced Exolll on mitochondrial DNA repair
capacity and long term cell survival following oxidative stress. Preliminary results indicate that cells
preincubated with Exolll for a period of time, sufficient for translocation to mitochondria, show less efficient
mtDNA repair after treatment with the superoxide radical generator Xanthine oxidase than control cells.

KEY RESEARCH ACCOMPLISHMENTS

e We expressed and purified from E.coli recombinant EGFP and Exonuclease III containing
both the protein transduction domain from HIV-1 TAT protein and the Mitochondrial
Targeting Signal (MTS) from Manganese Superoxide Dismutase.

e Purified MTS-ExollI-TAT protein was catalytically active as evidenced by its specific
exonuclease activity.

e Both proteins were efficiently transduced into breast cancer cells in culture. The MTS,
present on the N-terminal ends of both chimeric proteins directed them to mitochondria.

e This is the first report to our knowledge of using direct protein delivery through protein
transduction to target proteins to mitochondria.

REPORTABLE OUTCOMES

These results were presented at the 93 Annual Meeting of the American Association for
Cancer Research, on April 6-10, 2002 in San Francisco, California.

Abstract #3988 “Delivery of green fluorescent protein into breast cancer cells via protein
transduction”.

Manuscript is in preparation.

CONCLUSIONS

We demonstrated the applicability of the novel method for transient direct delivery via protein
transduction of the proteins of potential therapeutic importance into the mitochondria of breast
cancer cells. In particular, we delivered purified E.coli Exonuclease III into mitochondria.

Our previous data showed that stable expression of Exonuclease III in mitochondria leads to
diminished mtDNA repair capacity after oxidative stress. Interference with the normal mtDNA
repair process results in the sensitizing cells to oxidative damage. The ability to sensitize cancer
cells to therapy involving oxidative DNA damage, such as radiation therapy, would be highly
beneficial for the successful cancer treatment. Transient direct mitochondrial delivery of specific
proteins, capable of disturbing mtDNA repair under conditions of oxidative stress represents a
potential therapeutic strategy for dealing with otherwise therapy resistant cancer cells.
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