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REPPERGER RESEARCH INTERN PROGRAM 
RESEARCH PROJECT #: AFRL-RHB-22-07 

 
STUDIES ON QUANTUM DYNAMICS OF ELECTRON TRANSFER IN MITOCHONDRIA 

WITH PHOTOACTIVATED NANOMATERIALS 
 

PROJECT DESCRIPTION:  
Mitochondrial health is a critical indicator of medical attributes and is capable of measuring an 
individual’s physiological condition. Human health, performance, and endurance are dependent upon 
the health of the cell’s mitochondria. The exposure to operational stress factors is linked to critical 
medical attributes that impact Airmen performance. During intense exercise or physical activity, the 
body’s consumption of ATP rises, but the ETC and ATP synthase cannot keep up with the increasing 
demand for ATP, leading to premature fatigue. Mitochondria are a major source of oxidative stress, 
which have been correlated with weak spontaneous emission of photons (biophotons) as part of 
biochemical processes taking place inside cells during normal or pathological conditions. Biophoton 
emission may be a communication network for cells that are not in physical or chemical contact, where 
the physiological state of the cell and instructions on how to respond to a stress scenario are encoded 
within the biophoton properties. In addition, low intensities of visible, red, and infrared light have been 
used as a therapeutic method to stimulate mitochondrial activity and increase energy production. Thus, 
photons appear to play an important role in mitochondria biology but this association has not been well 
studied. We propose to examine the fundamental aspects of photon absorption and emission by 
mitochondria to explore new opportunities for a noninvasive diagnosis or treatment of mitochondrial 
dysfunction. Information from microscopic imaging, molecular biology analysis, and biophoton emission 
will be correlated to understand how photon absorption/emission is coupled to the health and 
performance of mitochondria. This project will utilize fluorescence resonance energy transfer (FRET) 
nanomaterials that can bind to the mitochondrion's electron transport chain (ETC) to understand the 
energy transfer mechanism that allows mitochondria to absorb and emit photons. 
 
Objectives: 
1) We propose to examine the fundamental aspects of photon absorption and emission by mitochondria 
to explore new opportunities for a non-invasive diagnosis of mitochondrial dysfunction. 
2) Design and program biologically-conjugated nanomaterials (NMs) that can increase the rate of 
electron transfer and ATP production in mitochondria to combat stress induced premature fatigue and 
enhance Airmen readiness. 
3) Regulate the electron transfer rate by photoexciting NMs that can donate electrons into the electron 
transport chain (ETC) thereby modulating production of ATP in mitochondria.  
 
ACADEMIC LEVEL: Bachelors, Masters, PhD  
 
DISCIPLINE NEEDED:  

• Biochemistry 
• Chemistry 
• Bioengineering 

 
RESEARCH LOCATION: Wright-Patterson AFB Dayton, OH, and AFRL Collaborative Labs at Wright State 
University 



PA Approval # AFRL-2021-4153; CLEARED on 19 Nov 2021 

 
RESEARCH ADVISER: Saber Hussain, PhD 
Biology, Indian Institute of Chemical Technology, India, 1991 
 

Saber Hussain, Senior Scientist, Biotechnology Branch, Airman Bioscience 
Division, 711HPW/RH, Wright-Patterson Air Force Base, Ohio. He is a fully 
affiliated Professor of Pharmacology and Toxicology, Wright State School of 
Medicine, Dayton, OH. Dr. Hussain began (1987) his scientific career as a 
toxicology research fellow at the highly regarded Indian Institute of 
Chemical Technology (IICT) and received his doctorate degree in 1991. 
Here, his novel exploration of heavy metal biotransfer between different 
proteins in complex biological environments led to a series of prestigious 
research fellowships in Italy, Switzerland, and the U.S. Dr. Hussain joined 
the Air Force Research Laboratory at Wright-Patterson AFB in 1999, where 
his research interests transitioned into elucidating mechanisms of 
fundamental interaction of operationally relevant stress with biological 
systems with a special emphasis on mitochondria structure and function 

within human cell/tissue models. His research resulted in author/co-authorship of 150 peer-reviewed 
publications, several book chapters, and over 200 technical abstracts. He is currently an Associate Editor 
of Toxicological Sciences and serves as an editorial member of several other toxicology journals 
including Nanotoxicology Journal. He is a Fellow of the Academy of Toxicological Sciences and Fellow of 
U.S. Air Force Research Laboratory. He serves as an expert reviewer for several government and private 
organizations. Photo courtesy the U.S. Air Force Research Laboratory. 


