
Eliminating Drug-Resistant 
bacteria and Fungal 
Infections via Photo-
Inactivation of Intrinsic 
Chromophores

Dr. Ji-Xin Cheng, Boston University

28th October 2022



Technical Group Executive Committee

2

Stephen T. C. Wong
TG Chair

Houston Methodist Neal Cancer Center and Weill 
Cornell Medical College



About Our Technical Group

3

Our technical group focuses on:
• the use of lasers in surgery or in other treatments of disease,
• optical spectroscopy and imaging as real-time diagnostic or study tools for 

therapeutic applications, and
• basic science studies of the mechanisms by which light affects tissue in 

adverse or therapeutic ways.

Our mission is to connect the 900+ members of our community through technical 
events, webinars, networking events, and social media.

Our past activities have included:
• Six previous webinars available for on-demand viewing at Therapeutic Laser 

Applications - Bio-Medical Optics (BMO) - The Optical Society (OSA) | Optica

https://www.optica.org/en-us/get_involved/technical_groups/bmo/therapeutic_laser_applications/


Connect With Our Technical Group
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Join our online community to stay up to date on our group’s activities. 
You also can share your ideas for technical group events or let us know if 
you’re interested in presenting your research.

Ways to connect with us:
• Our website at www.optica.org/BA
• On LinkedIn at www.linkedin.com/groups/8302285/
• On Facebook at www.facebook.com/groups/opticatherapeuticlaserapplications
• Email us at STWong@houstonmethodist.org or TGactivities@optica.org

http://www.optica.org/BA
http://www.linkedin.com/groups/8302285/
http://www.facebook.com/groups/opticatherapeuticlaserapplications
mailto:STWong@houstonmethodist.org
mailto:TGactivities@osa.org
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Dr. Ji-Xin-Cheng
Boston University
Ji-Xin Cheng attended the University of Science and Technology of China (USTC) from 1989 to 1994. From 
1994 to 1998, he carried out his PhD study on bond-selective chemistry at USTC. As a graduate student, he 
worked as a research assistant at Universite Paris-sud (France) on vibrational spectroscopy and the Hong 
Kong University of Science and Technology (HKUST) on quantum dynamics theory. 

After postdoctoral training on ultrafast spectroscopy at HKUST, he joined Sunney Xie’s group at Harvard 
University as a postdoc, where he spearheaded the development of CARS microscopy that allows high-speed 
vibrational imaging. 

Cheng joined Purdue University in 2003 as Assistant Professor in Weldon School of Biomedical Engineering 
and Department of Chemistry, promoted to Associate Professor in 2009 and Full Professor in 2013. He joined 
Boston University as the Inaugural Theodore Moustakas Chair Professor in Photonics and Optoelectronics in 
summer 2017. 
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Eliminating Superbugs by Photo-
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Presenter
Presentation Notes
Cells and tissues are all made of molecules, but it is very difficult see molecules. 
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https://www.disassociated.com/2013/07/17/these-bacterial-artworks-just-might-go-viral/

Presenter
Presentation Notes
The microbial world is colorful, these hallmark phenotypes not only provide easy nomenclature for the microorganisms, but continue to be important diagnostic clues in clinical laboratories for the identification of microbes.The brown-black pigment granule, hematin got the nobel prize at 1907.Alexander Fleming observed a stray growth of penicillum (greenish) could affect colonies of bacteria.

https://www.disassociated.com/2013/07/17/these-bacterial-artworks-just-might-go-viral/


Chromophore played an essential role in 
discovery of the first antibiotics in human history

http://broughttolife.sciencemuseum.org.uk/broughttolife/objects/display?id=11193

Penicillium

S. aureus

http://broughttolife.sciencemuseum.org.uk/broughttolife/objects/display?id=11193


By 2050

Figure adapted from CARBX annual report (2017).



Transient Absorption Microscopy
Imaging chromophores that do not 

fluorescence
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Unexpected, Fast Photobleaching of MRSA 
under a Transient Absorption Microscope (2017)
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Sample: Methicillin-resistant S. Aureus (MRSA)

US patent issued in 2021



The golden pigment, staphyloxanthin (STX), is responsible 
for the photobleaching
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• Naftifine: FDA-approved antifungal drug to block the synthesis of STX[1].

[1]. Nature chemical biology 12, 174 (2016);
[2]. Science 319, 1391 (2008).

MRSA
Naftifine-treated: 

𝜏𝜏2 = 0.16 ± 0.07 s

𝜏𝜏2 = 0.39 ± 0.07 s

25
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MRSA colony

• CrtM mutant: S. aureus with a mutation on dehydrosqualene
synthase which is responsible for STX biosynthesis[2]. 



Second-order Bleaching 
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𝝉𝝉𝟏𝟏 τ1 = ∞
τ2 = 0.16 s𝐭𝐭 duration of light irradiation, 

𝐲𝐲 signal intensity, 
𝒚𝒚𝟎𝟎 and A are constants, 
𝝉𝝉𝟏𝟏 constant for first-order bleaching
𝝉𝝉𝟐𝟐 constant for 2nd−order bleaching

R2=0.99

The photobleaching model



Second-order Photobleaching

S0

S1 S1

S0

T1 T1

Second order 
photobleaching

R (semi-reduced) + X (semi-oxidized)

Absorption

Intersystem crossing

Absorption

Chemistry & Biology 21, 1557-1563, 2014

• Staphyloxanthin (STX) resides in membrane via dimer structure;
• Photobleaching of STX is more efficient with pulses.



Optimal wavelength to bleach STX is around 470 nm
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Mass Spectrometry Unveils Photolysis of STX
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470-nm light degrades STX and disturbs the membrane

This finding opens a panel of new opportunities …

470 nm light irradiation

STX residing in microdomains



470-nm light eradicates MRSA incompletely
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Blue light is unable to eradicate 
MRSA completely!

MRSA recovers in 30 min after 
being exposed to 470-nm light!

** p<0.05

[2]. Guffey JS et al., Photomed Laser 
Surg. 2006 Dec;24(6):684-8.

[1]. Enwemeka et al., Photomedicine and 
Laser Surgery 27:221-226 (2009).

470 nm 
Dr. David Yens
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Presentation Notes
 Fig. 5. Synergy between STX photolysis and low-concentration of H2O2
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Presentation Notes
Fig. 6. Stationary-phase and persister cells along with biofilms



STX photolysis and ROS eradicate intracellular MRSA
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*** p<0.001

“Survival of S. aureus 
within host cells may 
provide a reservoir 
relatively protected from 
antibiotics……”

Nature 527, 323 (2015)

Advanced Science, 2019, 6: 1900030



MRSA infection
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Advanced Science, 2019, 6: 1900030



SPIE Translational Research Award, Feb 2018



Advanced Science, 2019, 6: 1900030

US 11,013,933 B2, issued 5/25/2021





Hello sir,
Your work researching blue light and MSRA may save thousands of 
lives every year.

Personally, I’ve seen the results with an MSRA skin infection that 
would not heal for 2 months. I’m young and healthy but the infection 
kept getting worse.

I know my case is not scientifically provable, but please accept my 
sincere thanks and my enthusiastic support. Keep up the good 
work. 2 photos showing my improvement over 72 hours after 3x day 
3 minute 460nm LED exposure using standard SMD5050 LED chips, 
followed by 1 wipe of 3% hydrogen peroxide. The results are 
incredible.



Before treatment After treatment 



Three new advances to further transform the accidental discovery into a 
platform for MRSA treatment 

1. Pulsed laser 
dramatically improves 

STX photolysis 
efficiency and depth

2. STX photolysis 
disassembles MRSA 

membrane micro-
domains 

3. STX photolysis 
potentiates 

conventional 
antibiotics 

Adv. Sci. 2020, 7: 1903117



Three distinctive mechanisms of remodeling MRSA membrane 

3. PBP2a detachment
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US 11,110,296 B2 issued 9/7/2021, Licensed to Pulsethera Inc, Founded 2019

Eradication of multi-drug resistant pathogens 
via photo-inactivation of a detoxifying enzyme



Life can be seen as a balance between metabolic rate and 
a cell’s ability to detoxify reactive oxygen species (ROS)[1]

[1] Science 334, 6058, 915-916.

H. pylori catalase

Most pathogens use catalase to convert excess H2O2 into water and O2 to 
maintain a H2O2 concentration below 20 nM.

Fenton reaction:
𝑭𝑭𝒆𝒆𝟐𝟐+ + 𝑯𝑯𝟐𝟐𝑶𝑶𝟐𝟐 → 𝑭𝑭𝒆𝒆𝟑𝟑++ .𝑶𝑶𝑯𝑯 + 𝑶𝑶𝑯𝑯−

𝑭𝑭𝒆𝒆𝟑𝟑+ + 𝑯𝑯𝟐𝟐𝑶𝑶𝟐𝟐 → 𝑭𝑭𝒆𝒆𝟐𝟐++ .𝑶𝑶𝑶𝑶𝑯𝑯 + 𝑯𝑯+

Presenter
Presentation Notes
The first step: forming a hydroxyl radical and hydroxide ion in this process;The second step: forming a hydroperoxyl radical and a proton.



Catalase can be inactivated by photons
Science 150(3692), 74, 1965



Photoinactivation of catalase (2.5 U/ml) solution 

Untreated
410 nm

420 nm
430 nm

440 nm
450 nm

460 nm
500 nm

20

40

60

80

100

120

Ac
tiv

e 
ca

ta
la

se
 %

Intensity: 50 mW, 5 min

• Under the same dose exposure, 410 nm demonstrated the highest percent of photoinactivation of catalase;

Data: Mean ± standard 
deviation (N=3)
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Photoinactivation of catalase inside MRSA USA300  
Data: Mean ± standard 
deviation (N=3)
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Presentation Notes
Mathematical modeling to illustrate the relationship between leftover catalase and adjuvants.
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Mechanism:  heme ring detachment 
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Nanosecond pulses are more effective than LED
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Photoinactivation of catalase sensitizes 
pathogenic bacteria to H2O2
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Catalase mutant is highly sensitive to H2O2

JCI Insight 2022 



Live/dead bacteria inside P. aeruginosa PAO-1 
biofilms after different treatments

JCI Insight 2022 



Photoinactivation of catalase assists 
macrophages to eliminate intracellular bacteria

JCI Insight 2022 



Inactivation of 
catalase reduces
P. aeruginosa 
burden in a P. 
aeruginosa-
induced skin 
abrasion model

JCI Insight 2022 





Silver Sulfadiazine (AgSD) Exhibits Improved Synergy at 
Very Low 410-nm Light Dosages

Sebastian Jusuf et al, under review 2022 



Fungi infections 

(adapted image from GraphicsRF on stock.adobe.com)

P R Health Sci J. 2010 March ; 29(1): 26–29.

http://blogs.discovermagazine.com/crux/2019/04/
23/candida-auris-albicans-fungus-infections-
resistant/#.XY4iakZKiUk

http://blogs.discovermagazine.com/crux/2019/04/23/candida-auris-albicans-fungus-infections-resistant/#.XY4iakZKiUk


Advanced Science 
2022, 9, 2104384
Collaborator: Michael 
Mansour at MGH



Catalase photoinactivation and H2O2 synergistically 
reduce C. albicans burden in a mouse skin abrasion 
model

Advanced Science 2022, 9, 2104384



Blue light deactivation of catalase suppresses 
candida hyphae development 

Photochemistry & Photobiology



Catalase inactivation suppresses lipid metabolism

Photochemistry & Photobiology



405 nm light 
alone suppresses 
fungal invasion in 
vivo

Photochemistry & Photobiology



Disrupting Antibiotic Resistance with Pulsed Light

PULSETHERA

2019, Co-founders: Cheng, Qian, Mansour



Cheng Ji-Xin Group: 
• Innovation 
• Discovery  
• Translation

Sponsors: 
• NIH 
R35GM136223, R01HL125385, 
R01CA224275, R01AI141439, 
R01NS109794,  R33CA261726, 
R42CA244844, R43GM142346, 
R44EB027018; R21EY034275, 
R01EB032391
• NSF Chemical Imaging
• DoE
• DoD
Industry:
• Hologic
• Vibronix Inc
• Daylight Solutions 
• Photothermal Spectroscopy Corp
Postdoc, PhD, visiting scholar positions  available

Industrial partners: Vibronix Inc, Photothermal Spectroscopy Corp, 
Hologic, Pendar Technologies, Pulsethera, Daylight Solutions, Bruker 
(Germany), Refined Lasers (Germany), Axorus (Paris).   

55 Faculty, $37 M grants in 2020
15 staff members
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