
AFRL-AFOSR-VA-TR-2021-0033

Fundamentals and Control of Electron Transport at Cellular-Electronic
Interfaces

El-Naggar, Mohamed
UNIVERSITY OF SOUTHERN CALIFORNIA
3720 S FLOWER ST FL 3
LOS ANGELES, CA, 90007
USA

04/14/2021
Final Technical Report

DISTRIBUTION A: Distribution approved for public release.

Air Force Research Laboratory
Air Force Office of Scientific Research

Arlington, Virginia 22203
Air Force Materiel Command

DISTRIBUTION A: Distribution approved for public release



REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

The 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 the collection of information. Send comments
regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense,
Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington,
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to
comply with a collection of information if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY)
14-04-2021

2. REPORT TYPE
Final

3. DATES COVERED (From - To)
15 Sep 2014 - 14 Sep 2020

4. TITLE AND SUBTITLE
Fundamentals and Control of Electron Transport at Cellular-Electronic Interfaces

5a. CONTRACT NUMBER

5b. GRANT NUMBER
FA9550-14-1-0294

5c. PROGRAM ELEMENT NUMBER
61102F

6. AUTHOR(S)
Mohamed El-Naggar

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
UNIVERSITY OF SOUTHERN CALIFORNIA
3720 S FLOWER ST FL 3
LOS ANGELES, CA 90007
USA

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
AF Office of Scientific Research
875 N. Randolph St. Room 3112
Arlington, VA 22203

10. SPONSOR/MONITOR'S ACRONYM(S)
AFRL/AFOSR RTB2

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)
AFRL-AFOSR-VA-TR-2021-0033

12. DISTRIBUTION/AVAILABILITY STATEMENT
A Distribution Unlimited: PB Public Release

13. SUPPLEMENTARY NOTES

14. ABSTRACT
This AFOSR PECASE award led to major discoveries of the structure-function relationships and charge transport physics in metal-reducing bacteria across
length scales – from individual metalloproteinase to bacterial nanowires, single cells, and multicellular biofilms. These discoveries include (i) describing a
multistep electron hopping mechanism in cell surface cytochromes that allow biotic-abiotic electron exchange; (ii) the development of new computational and
immersive visualization strategies for understanding electron transport dynamics in large redox networks;
(iii) discovering the structural basis of bacterial nanowires in an important environmental organism; and (iv) demonstrating multi-cell redox conduction. These
discoveries were reported in 20 peer reviewed publications, fully or partially supported by this AFOSR
PECASE award.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:

a. REPORT

U

b. ABSTRACT

U

c. THIS PAGE

U

17. LIMITATION OF
ABSTRACT

UU

18. NUMBER
OF
PAGES

8

19a. NAME OF RESPONSIBLE PERSON
PATRICK BRADSHAW

19b. TELEPHONE NUMBER (Include area code)
425-8492

Standard Form 298 (Rev.8/98)
Prescribed by ANSI Std. Z39.18

DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release




