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Single cells are the building blocks for all biological systems; yet they are inherently complex with intricate networks of dynamic biomolecular assemblies made up of proteins, coenzymes, ligands, DNA, RNA and lipids. In addition, these molecular assemblies are dynamically changing their sizes, conformations and intermolecular interactions in response to specific chemical, environmental or biological cues.
In Heikal laboratory, we are using fluorescence microscopy (confocal, two-photon, TIRF, and wide-field) and spectroscopy (time-resolved fluorescence, time-resolved anisotropy, FLIM, and FCS) to investigate molecular and cellular processes, both invasively and quantitatively, on multiple spatial and temporal scales.
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  Our interdisciplinary research interests are focused on understanding the molecular underpinning of cellular processes such as energy metabolism, mitochondrial dysfunction, intracellular ionic strength, and macromolecular crowding. We are also interested in studying protein & molecular dynamics, protein-protein interactions, environmental sensing, and molecular spectroscopy. In addition, we are developing fluorescence-based micro-spectroscopic tools, image processing algorithm and modeling.
Students in Heikal laboratory (both undergraduates and graduates at the MS level) are trained on a number of analytical, biophysical, and biochemical methods that include cell culture, protein purification, molecular dynamics, optical microscopy, and ultrafast laser spectroscopy. Different aspects of scientific research (e.g., experimental design, data and image analysis, critical thinking, scientific writing, communication and teamwork skills) are also emphasized. The students in Heikal laboratory also gain an appreciation of interdisciplinary research at the interface of traditional disciplines of chemistry, biochemistry, biology, physics, and mathematics.
News
A manuscript by Ahmed Heikal, his students (Sarah A. Mersch and Sarah Bergman) and his collaborators (Erin D. Sheets and Arnold J. Boersma) have just been accepted for publication in Physical Chemistry Chemical Physics (PCCP), entitled, "Two-Photon Excited-State Dynamics of mEGFP–Linker–mScarlet–I Crowding Biosensor in Controlled Environments", Phys. Chem. Chem. Phys., 2024, DOI: 10.1039/D3CP04733D.
Ahmed Heikal will be a guest speaker at the upcoming Twin Ports Teen Science Cafe meeting on December 8 at 6:30 - 8:00 PM (Room: SSB 216), where he will discuss and demonstrate laser applications in life science and medical research.
Ahmed Heikal will be an invited speaker at the upcoming 21st Annual Advanced Imaging Methods Workshop at the University of California Berkeley (CRL Molecular Imaging Center). 
Ahmed Heikal, his students (Clint McCue, Sarah Mersch, and Sarah Bergman), and his collaborator (Erin D. Sheets) have published a manuscript in the Proceedings of SPIE, entitled, "Conformational equilibrium analysis of mCerulean3–linker–mCitrine constructs using time-resolved fluorescence measurements in controlled environments," Proc. SPIE 12681, Ultrafast Nonlinear Imaging and Spectroscopy XI, 1268107 (5 October 2023); doi: 10.1117/12.2679719. 
Ahmed Heikal was an invited speaker at the international SPIE Optics and Photonics conference (August 20 - 24, 2023, San Diego, CA), Session: Ultrafast Nonlinear Imaging and Spectroscopy XI.
Congratulations to Sarah Mersch for successfully defending her MS Thesis on June 23, 2023 (9 AM to 12 PM). After recieving several offers from Ph.D. programs, Sarah has decided on the Northwestern University. We couldnt be more proud and wish her the very best moving forward.
Congratulations to Sarah Bergman, an undergraduate research in Heikal Lab since 2021, has graduated from our program at UMD Chemistry and Biochemistry in May, 2023, with BS degree in biochemistry and a minor in biology. Sarah will be attending the University of Minnesota School of Public Health to peruse an Master of Public Health (MPH) degree in environmental health sciences. Congratulations, Sarah, and we wish you the best in your future endeavors. 
Congratulations to Austin Yang, an undergraduate research in Heikal Lab since the Fall 2022, has graduated from our program at UMD Chemistry and Biochemistry in May, 2023, with BS degree in biochemistry, a BS degree in biology, and a minor in History. Austin will be attending the College of Pharmacy, University of Minnesota, Twin Cities. Congratulations, Austin, and we wish you the best in your future endeavors. 
During the Spring 2023, Ahmed Heikal was on a single-semester leave (sabbatical), where he spend more time on advancing his scientific research program, students mentoring, and manuscripts writing. Importantly, Heikal also focused on strengthening his international collaborations (Utrecht University, Bijvoet Centre for Biomolecular Research, Netherlands) and the international outreach (March: Tanta University, Egypt, and The American University in Cairo, Egypt; April: University of Amsterdam, Van’t Hoff Institute of Molecular Sciences, Netherlands; and Philipps-Universität Marburg, Department of Chemistry, Germany). Heikal is grateful for the financial support provided by the Department of Chemistry and Biochemistry, the Swenson College of Science and Engineering, and International Travel Grant from the Global Programs and Strategy Alliance at the University of Minnesota.
On March 12, 2022, Ahmed Heikal has accepted to serve as an Associate Editor on the Board of Biophysics section (Ralf Metzler, Chief Editor) of Frontiers in Physics, Frontiers in Molecular Biosciences, and Frontiers in Physiology.
Rowan Simonet, a graduate student in Sheets-Heikal Lab, has accepted an offer from the University of Chicago, Physical Sciences Division, to pursue her graduate (Ph.D.) studies. Rowan also got another offer from the University of Wisconsin-Madison for graduate (Ph.D.) studies. Congratulations Rowan and best wishes.
Anh Cong, a former graduate student in Heikal Lab, has accepted an offer from the Biochemistry and Molecular Biology, Mayo Clinic Graduate School of Biomedical Sciences to pursue her graduate studies towards a Ph.D. degree. Anh also got two other offers for her Ph.D. studies from both the Scripps Research Institute and the University of North Carolina Chapel Hill. Congratulations Anh and best wishes.
Congratulations to Sarah Bergman for her Professor Bilin Tsai SURP-2022 Award in order to continue her undergraduate research during the Summer-2022. Congratulations, Sarah.
Congratulations to Sarah Bergman for her Undergraduate Research Opportunity Program (UROP) Award in order to continue her undergraduate research during the Fall-2022. Congratulations, Sarah.
Congratulations to Cody Staydohar for his UROP Award in order to continue his undergraduate research during the spring-2022. Well deserved, Cody.
Sarah Mersch, Rowan Simonet, and Malachy Brink have presented their research at the 66th Annual Biophysical Society conference in San Francisco, CA (February 19-23, 2022).
Taryn Kay (graduate student in the UMD Department of Physics and Astronomy), Cody Aplin (graduate student in the UMD Department of Chemistry and Biochemistry), and Julie Beenken (undergraduate student in UMD Chemistry and Biochemistry) will be presenting their research projects in the upcoming Annual Biophysical Society Meeting (February 15-19, 2020, San Diego, CA). Taryn, Cody, and Julie are also the recipients for the Biophysical Society Travel Award to cover (in part) theirtravel expenses to the meeting. Congratulations!!!
Ahmed Heikal, Dr. Jon Holy (Duluth Medical School), Dr. Erin Sheets (UMD Chemistry and Biochemistry) are the recipients of the Grant-in-Aid of Research, Artistry, and Scholarship award from the Office of the Vice President for Research, the University of Minnesota, for the period of January 2020-January 2021. We are grateful for the university support of our collaborative, interdisciplinary research project.
T.M. Kay, C.P. Aplin, R. Simonet, J. Beenken, R.C. Miller, C. Libal, A.J. Boersma, E.D. Sheets and A.A. Heikal. 2021. Molecular Brightness Approach for FRET Analysis of Donor-Linker- Acceptor Constructs at the Single Molecule Level: A Concept. Frontiers in Molecular Biosciences. 8:730394. DOI: 10.3389/fmolb.2021.730394
A.T.Q. Cong, R.M.L. Pimenta, J. Holy and A.A. Heikal. 2021. Associated anisotropy of intrinsic NAD(P)H for monitoring changes in the metabolic activities of breast cancer cells (4T1) in three-dimensional collagen matrix. Phys. Chem. Chem. Phys., 2021, 23, 12692. DOI: https://doi.org/10.1039/D0CP06635D.
C.P. Aplin, R.C. Miller, T.M. Kay, A.A. Heikal, A.J. Boersma, and E.D. Sheets. 2021. Fluorescence depolarization dynamics of ionic strength sensors using time-resolved anisotropy. Biophysical J., 120, 1417–1430. https://doi.org/10.1016/j.bpj.2021.01.035. 
One of our former students in Heikal Lab, Dhanushka Wickramasinghe, has successfully defended her Ph.D. Thesis (August 17th, 2021) under the supervision of Prof. Kwok-Fan Chow, Department of Chemistry, University of Massachusetts Lowell. Dhanushka's Dissertation Title is "Electrochemical effects of depositing iridium oxide nanoparticles onto conductive flexible substrates". Congratulations Dr. Wickramasinghe on a job well done.
Ahmed A. Heikal is a Fellow of the Royal Society of Chemistry since March 2, 2021.
  [image: FRSC]

      
  Anh T. Q. Cong, Rafaela M. L. Pimenta, Jon Holy  and Ahmed A. Heikal. 2021. Associated anisotropy of intrinsic NAD(P)H for monitoring changes in the metabolic activities of breast cancer cells (4T1) in three-dimensional collagen matrix. Phys. Chem. Chem. Phys., 2021, 23, 12692. DOI: https://doi.org/10.1039/D0CP06635D
Ahmed Heikal is an invited speaker at the SPIE-2021 conference (San Diego, CA) during August 1-5, 2021.
R. C. Miller, C. P. Aplin, T. M. Kay, R. Leighton, C. Libal#, R. Simonet#, A. Cembran, A. A. Heikal, A. J. Boersma, and E. D. Sheets. 2020. FRET Analysis of Ionic Strength Sensors in the Hofmeister Series of Salt Solutions Using Fluorescence Lifetime Measurements. J. Phys. Chem. B, 124, 3447−3458. https://dx.doi.org/10.1021/acs.jpcb.9b10498. [# Undergraduate Students]
Cody Aplin and Taryn Kay have defended their M.S. thesis successfully (summer 2020) and joined Cornell University for their Ph.D. degrees. Congratulations to both Cody and Taryn, we are very proud of you and your achievements.
Julie Beenken has successfully earned her BS Degree in Biochemistry and was accepted in a PhD program at the University of Minnesota, Twin Cities campus (summer 2020). Congratulations Julie.
Ahmed Heikal was an invited speaker at the SPIE-2020 conference (San Diego, CA), Remote Participation, 2020.
Anh Cong, Rafaela Pimenta, Jon Holy, and Ahmed Heikal. 2020. Effects of tumor-like 3D culture on the metabolic activities of murine breast cancer cells using two-photon fluorescence lifetime imaging microscopy of intrinsic NAD(P)H. ACS Fall 2020 Virtual Meeting, Physical Chemistry, Addressing Chemical Complexity with Nonlinear Optical Microscopy, Applications in Biology I, August 17 -20, 2020. Platform Presentation.
Cody Aplin, Robert Miller, Taryn Kay, Erin Sheets, and Ahmed Heikal. 2020. Intrinsically fluorescent protein constructs for sensing environmental ionic strength using time-resolved fluorescence. ACS Fall 2020 Virtual Meeting, Physical Chemistry, Biophysical Chemistry in Complex Environments, August 17 -20, 2020. Platform Presentation.
Congratulations to Elsie Johnson for her UROP Award in order to continue her undergraduate research during the spring-2020. Well deserved, Elsie.
Taryn Kay (graduate student in the UMD Department of Physics and Astronomy), Cody Aplin (graduate student in the UMD Department of Chemistry and Biochemistry), and Julie Beenken (undergraduate student in UMD Chemistry and Biochemistry) will be presenting their research projects in the upcoming Annual Biophysical Society Meeting (February 15-19, 2020, San Diego, CA). Taryn, Cody, and Julie are also the recipients for the Biophysical Society Travel Award to cover (in part) theirtravel expenses to the meeting. Congratulations!!!
Ahmed Heikal, Dr. Jon Holy (Duluth Medical School), Dr. Erin Sheets (UMD Chemistry and Biochemistry) are the recipients of the Grant-in-Aid of Research, Artistry, and Scholarship award from the Office of the Vice President for Research, the University of Minnesota, for the period of January 2020-January 2021. We are grateful for the university support of our collaborative, interdisciplinary research project.
Cody P. Aplin, Taryn M. Kay, Robert C. Miller, Arnold J. Boersma, Erin D. Sheets, Ahmed A. Heikal. 2019. Integrated fluorescence approach for FRET analysis of environmental sensors, Proc. SPIE 11122, Ultrafast Nonlinear Imaging and Spectroscopy VII, 111220E (9 September 2019). DOI: 10.1117/12.2531656.
Taryn Kay, a graduate student in the Department of Physics and Astronomy, UMD, was awarded the Mylan Radulovich Graduate Fellowship for 2019-20 acamademic year. Taryn is a memeber of the Heikal Research Group and is working on single-molecules studies of genetically encoded FRET constructs for environmental ionic-strength sensing. Congratulations to Taryn.
Ahmed Heikal was an invited speaker at the 13th Annual FLIM Workshop in the Biomedical Sciences (Bethesda, MD, October 31, 2019).
Congratulations to Anh Cong for successfully defending her MS thesis on August 06, 2019. Anh has secured a job in the Department of Biochemistry and Molecular Biology at the Mayo Clinc. Congratulations, Anh.
Congratulations to Robert Miller for successfully defending his MS thesis on July 19, 2019. Robert is admitted to Graduate PhD Chemistry Program at Cornell university, Ithaca, NY.
Ahmed Heikal was an invited speaker at the SPIE-2019 conference (San Diego, CA) during August 11-15, 2019.
Jacob Schwarz, Hannah Leopold, Ryan Leighton, Robert C. Miller, Cody P. Aplin, Arnold J. Boersma, Ahmed A. Heikal, and Erin D. Sheets. “Macromolecula Crowding Effects on Energy Transfer Efficiency and Donor-Acceptor Distance of Hetero-FRET Sensors using Time-Resolved Fluorescence.” Methods and Applications in Fluorescence, 7(2): 025002(2019). DOI: 10.1088/2050-6120/ab0242.
Hannah Leopold, Ryan Leighton, Jacob Schwarz, Arnold J. Boersma, Erin D. Sheets, and Ahmed A Heikal. "Crowding Effects on Energy Transfer Efficiencies of hetero-FRET Probes as Measured using Time-Resolved Fluorescence Anisotropy". J. Phys. Chem. (B), 2019, 123, 379 - 393. DOI: 10.1021/acs.jpcb.8b09829.
Anh Cong, Rafaela M. L. Pimenta, Hong Bok Lee, Venkatram Mereddy, Jon Holy, Ahmed A. Heikal. "Two-Photon Fluorescence Lifetime Imaging of Intrinsic NAD(P)H in Three-Dimensional Tumor Models". Cytometry (Part A), 95A, 80-92, 2019. DOI: 10.1002-cyto.a.23632.
Hong Bok Lee, Anh Cong, Hannah Leopold, Megan Currie, Arnold J. Boersma, Erin D. Sheets,  and Ahmed A. Heikal. "Rotational and Translational Diffusion of Size-Dependent Fluorescent Probes in Homogeneous and Heterogeneous Environments". Phys. Chem. Chem. Phys., 2018, 20, 24045 – 24057. DOI: 10.1039/c8cp03873b.
Congratulation to Rowna Simonet for her Outstanding Poster Presentation at the Summer Undergraduate Research Program (SURP) Symposium (August 03, 2018).
Ahmed Heikal was an invited speaker at the SPIE 2018 (Session: Optical Engineering and Applications), which will be held in San Diego, CA (August 19-23, 2018).
Congratulations to Hong Bok Lee for successfully defending his M.S. Thesis (May 27, 2018). Hong Bok will attend the Graduate Ph.D. Chemistry Program at the University of Iowa.
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