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Rana K Gupta

Director, Faculty Entrepreneurship
OTD, Innovate@

ResearchER on Tap
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Continuing our commercialization theme

People over ideas

4



Boston University Slideshow Title Goes Here

Don’t Go It Alone: personal journey, including others

 Who are you – how do you think of yourself
 Where are you in your career
 What’s your objective (with this idea)
 What’s the need
 What’s the idea
 Chosen pathway for commercialization and why
 Our story begins waaay back in 20XX
 Where are you now
 Resources used along the way
 What’s next, what are your milestones
 Top one or two learnings 
 Top one or two surprises
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Arturo Vegas, PhD
Assistant Professor

Department of Chemistry, College of Arts and Sciences

Small-molecule Annotation of Cytokines



>$200 Bn
Economic cost

>23M in the US suffer from Immune-Mediated Inflammatory 
Diseases (IMIDs, non-asthma)
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Rheumatoid arthritis

Systemic Lupus

Cytokine storms (infection)

Multiple sclerosis
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Cytokines drive the full spectrum of immune-mediated 
disorders
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Cytokines drive the full spectrum of immune-mediated 
disorders



Traditionally it has been challenging for small molecules 
to interfere with cytokine activity
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IL-4Rα

IL-13Rα1IL-4
?

??

small molecule
(to scale)

Can a small molecule potently
disrupt protein-protein 

interactions?
The dogma says no!

Emma Bonanomi
Cell, 132 (2): 259-272, 2008. DOI: https://doi.org/10.1016/j.cell.2007.12.030
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Using small-molecule microarrays (SMMs) to 
discover cytokine inhibitors

In collaboration with the Koehler Lab, MIT

Rapid and parallel screening
of 10,000’s of small molecules

Cheap and robust assay to
identify protein binders
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?

Preceres LLC

IL-4

Go big!
33 human 
cytokines

First IL-4 
small-molecule
(SM) inhibitor

First SM 
profile map for 

33 cytokines

B6

B5

B4
B3

B2
B1

R1

R2

B

Defining 
foundational 

IP
licensing/startup

The Path
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Don’t Go It Alone

Angela Koehler, MIT

Tom McMurry
BU OTD

Rana Gupta 
BU Ignition

Preceres LLC
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Lesson #1: Ignore Dogma

Dogma is a product of our
understanding/capabilities of a 

certain era, it needs to be 
challenged as we 

become more capable
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Lesson #2: Persistence is Rewarded

It can take years to cultivate 
interest in your inventions
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Surprises: Bench-side Contributions Matter



Curiosity… plus a dash of laziness runs the world!

Daniel Cifuentes, Ph.D.
Department of Biochemistry



I was born, raised and PhD’ed in Barcelona…

…then 
postdoced

in New Haven (Yale, 2008)…

…and then
Assistant Professor

in Boston (Nov. 2015)

Emma Bonanomi
I was born and raised and PhDed in Barcelona. 
In 2012 {click}, I moved with one suitcase to start my postdoc in New Haven, CT

{click} Another trip, this time by car and with many more suitcases landed me and my questions at Boston University, in the fall of 2015

I’m a researcher in basic science. I still like to be surprised by new insights in science!
 {click} I’m an Asst Prof hopefully on my way to secure a promotion with enough time spent as a PI to start shedding the imposter syndrome




2008 postdoc work: 

RNA’s role 
in regulating embryo blueprint

> 1500 
RNA-binding proteins

1. What is RNA/protein interactions’ role?

Revealing all the RNA-binding proteins (RBPs) left me with 2 questions…

2.- How we determine and modulate RBPs?

Presenter Notes
WAAAY back in 2012, I was a postdoc with an urge to understand how the blueprint of an embryo is regulated at the RNA level. 
I was doing a project to uncover all �{click} the RNA-binding proteins involved. 
We found the proteins but we still had the question 
{click} “what” are they were doing? �As for the second question…
The grueling work and techniques that were available at that time were so cumbersome and complicated and hard to analyze they weren’t practical for further research.






and yet

identify

> 1500 
RNA-binding proteins

20% 
of genetic disorders
from cancer to neurological disorders

mutated in 0
marketed drugs

Untapped 
targets

RBPscan
• Quantified
• Rapid
• Cost-effective

Laziness (+ postdoc Dmitry) move the world!

2.- How we determine and modulate RBPs?

Presenter Notes

And the answer is, sometimes, laziness moves the world! 

With my postdoc Dmitry, we started to explore better, faster, and cheaper methods to study RNA-protein interactions. I’m happy to report that we were successful.

As I mentioned before, there are over 1500 RNA-binding proteins. They are �{click} mutated in 20% of genetic disorders… and yet there are no marketed drugs.

Our method, called the {click} RBPscan, actually measures the interaction of the RNA-binding proteins with RNA. It’s also fast and cost-effective: Better, faster and cheaper!

This method gives us a new way to develop drugs for a new family of target proteins that were previously untapped. 





How can we make this easier???

101,017

350

42

2

1

Do any candidates interact with the protein?

Does it disrupt with high affinity?

Can we validate the results?

Does it not kill cells?

Emma Bonanomi
… it was “How can we make this easier????” 
The grueling work and techniques that were available at that time were so cumbersome and complicated and hard to analyze they weren’t practical for further research.




Laziness (+ postdoc Dmitry) move the world!

101,017

2

1

Does it not kill cells?

Does it disrupt with high affinity?Can we validate the results?Do any candidates interact with the protein?Do any candidates reliably disrupt the protein with high 
affinity?

Untapped 
targets

Emma Bonanomi

We went from “shooting in the dark” to bringing the bullet and the target together.  






OTD

Me

Come see 
us anytime!

OK! I have an 
amazing idea!!!

OTD

Great! Apply for 
an Ignition Award. 

Me

Wait, what?

Hmph. 
PIs are good 

at asking for help, 
not at doing HW!

Here is your 
homework.

Our innovation can transform an industry… Time to visit OTD

Presenter Notes
Initially my plan was to protect the idea just in case I could use it to move from basic science to translational medicine. Here in Boston we breathe innovation. I knew I had something worth protecting. 

Armed with the idea and method, we contacted OTD
It was extremely early in the process. But we realized we were on to something good and �{click} on the OTD website it says contact us at any stage… so I did.

{click} They gave me homework to understand how industry works. That was the game-changer here. The Ignition Award was homework – not the usual academic grant questions. 
{click} PIs are good at asking for help but we’re not good at doing homework.






My evolution from researcher to 

Basic 
Science

More & 
better data

Patent then 
license

Ongoing 
Basic Science

Create a 
CRO

Ignition Award

Start a Drug 
Discovery Company

Ignition Award
NO… then maybe license

YES?

Tools are 
too slow

!
Innovation

OTD

OTD was my introduction to the 
“Dark Side” aka. “Industry”

Emma Bonanomi
OTD made me think about “the other side”, the dark side. The idea has to be good for commercialization. I’ve had exposure to mentors via OTD to think about what’s valuable. Little by little, I learnt to recognize when our interests in basic research and the industry interest align…

The OTD helped us to {click} develop the patent at the same time we were developing the technology.

{click} I started thinking this might be a CRO, a service company for bigger companies. But then I realized that the competitors are founded on weaker scientific premises than mine.

I thought, “why am I going to make pennies and the bigger companies will make the dollars? Why am I solving other companies’ problems if I have the solution?”
 
So, a {click} “turn of the wheel” and now I want to create a drug company
 
I’m {click} building a startup until someone tells me no, where no means I am unable to make the startup happen. THEN {click} I may consider licensing.






So many more opportunities for surprises

Basic 
Science

Apply for 
an SBIR

Ongoing 
Basic Science

Find a CEOStartup “star factor” Rent a 
space

Scale up to HTP small 
molecule drug screening

Etc., etc., 
etc.science as utility

science as fundamental

Emma Bonanomi
My lab continues to do basic research science, to achieve new discoveries and to invite surprises.

One thing that surprised me on the company side was the {click} “star factor”: Companies are built on the credibility of the founder and the CEO. Pedigree is valuable and the science is secondary at best. And while we are searching for that person, we have {click} plenty of other work to do.

But now {click} I have a better understanding of what can be of interest to “the other side”. I now know how to think about science as utility for the other party, not just the science. I have learned how to “think like the other guy” across the table.




Making conversion of iPSC to T cells a clinical reality

Gustavo Mostoslavsky, Ph.D.
Professor of Medicine and Microbiology
Co-Director and Founder Center for Regenerative Medicine (CReM)
Department of Medicine, BU School of Medicine

Emma Bonanomi
Hi, I am Gustavo Mostoslavsky, Professor of Medicine and Microbiology. 

We have developed novel technologies to make at least one approach to immunotherapies available in clinical settings.




CAR-T: exciting approach to cancer & autoimmune disease

PROBLEM

(but expensive & slow) 

Extract
T cells

Add CAR
(Chimeric Antigen 

Receptor)

Expand 
CAR-Ts

Infuse
same patient

Emma Bonanomi
CAR-T therapies have had some remarkable successes, with a market expected to exceed $20B by 2030.

But current therapeutics are highly personalized, which makes them very expensive, and take weeks to produce, which may mean that they aren’t available until it’s too late. 



grants & collaborations

iPSC
Discoveries

CREM: 
The right tools and the right place for in-depth studies of how stem cells work

CREM
The Center for 

Regenerative Medicine
Stem Cells

Scientific
insight

Emma Bonanomi
This is just one of many conditions that stem cells can address.  

To explore this exciting are further, I have helped build the right tools and the right place, the Center for Regenerative Medicine, to study in depth how stem cells work, especially iPSC, or Induced Pluripotent Stem Cells




grants & collaborations

Discoveries

CREM: 
The right tools and the right place for bringing stem cell discoveries to patients

Stem Cells

SRAs Patients &
scientists

Products & 
services

Corporations

Licenses

Patents

Scientific
insight

CREM
The Center for 

Regenerative Medicine

Emma Bonanomi
We can now start using these cells to help human health. 

Without particularly looking for it, I was also lucky that several of my lab discoveries became patents and licenses for commercialization, which at the end of the day helps us bring our discoveries to other scientists and the patients… as well as 
{click}to bring more collaborations and grants to the CREM.




A T cell inspired therapeutic dream:
Much cheaper and more broadly applicable CAR-T therapies

Develop
iPSCs

• Renewable
• Specific
• Safe
• Off-the-shelf
• CARs/ TCRs

Study
iT cells
• Model 

disease
• Produce

• T cells
• NK cells

Cancer
immunotherapy

• CD8 T cells
• CD4 T cells 

(some)

Induce tolerance

• T regulatory cells

Reduce autoimmunity

Dar Heinze
MD PhD

Presenter Notes
Back in 2008, I had a talented Postdoc in my lab, Dar Heinze.  He had a very specific and very difficult idea:  Making T cells out of iPS cells.

I hope one day we can use {click} universal off-the-shelf iPSC derived products, as an unlimited source of purified highly characterized T and NK cells, to  make a much more affordable and safer CAR platform.

This is something that several labs and companies are pursuing as it will �{click} dramatically transform the reach and the impact of CAR technology, 



DID NOT want
• The huge effort to start a company

• I saw Moderna effort close up
• Have many more resources BUT must be 

focused

DO want
• To be a professor in academia
• Have limited resources BUT freedom to 

pursue interesting research

I needed to make a decision: Run my academic lab or start a company?

Best of both worlds!
Scientific Founder

Emma Bonanomi
My objective has always been to make a modest contribution to science. I was not looking towards a specific commercialization end-point. 
But at some point the person in the academic lab needs to make a decision: do you want to run your lab (work in academia) or start a company?

I saw close up – Moderna - what it takes to start a company – it’s a huge amount of time and effort. I did not want that
It’s a different way of thinking and operating: they can put ten people on a problem. BUT they need to be focused, where we have more freedom. 

I want to be a prof in academia. 

{click}So I enjoy the best of both worlds: I go periodically to the company to say hello and learn



Scientist  Patent  Company is not the only path!

Past 
experience

Exclusive license 
limited options

Ignition
Award

Validated our 
protocol

Sparks 
Program

Opened my eyes
to other paths to 
commercialization

No license
this time

Patents were 
problematic 
clinically

Joint 
Development

2 SRAs 
supporting 
ongoing research

Emma Bonanomi
You may think that the only path to commercialization is from scientist to patent to company. That’s not so!

A previous licensing experience left me with little say over that commercialization path. I didn’t have the flexibility to do what I would have preferred. I also learned the hard way that lawyers represent the interests of the hiring organization: BU lawyers represent the interests of the institution and corporate lawyers represent the interests of the corporation.

This time, I wanted to be more a part of what happened. 
{click} The Ignition Award was instrumental in first providing us with the resources to perform the final validations of our protocol, without which we wouldn’t have the chance to patent and publish the work. 

{click} Just as important, it allowed me to get involved with the Sparks Program which was key in preparing me (and opening my eyes) to the path to commercialization. It also catalyzed doing interviews that helped me learn to trust my instincts and not settle for what people told me. 

{click} I also learned that “There are always things you can learn that are different from how we think as scientists and researchers.” This time, there were no licenses, because the patents would not allow clinical tests to be managed as was needed.

{click} Nonetheless, I have been very happy to have been part of the commercialization process while maintaining a great relationship with the company, not least through their TWO SRAs! 



Get out there: Never be afraid to pick up the phone or send an email

BU/ OTD 
Support

Hard work by
Mike, then 
Nevena & Tom

Current & Former 
Colleagues

Incredibly 
valuable 
conversations!

Derrick Rossi
Moderna Founder

Referred me to
a CEO 
candidate

Interested in 
founding startup 
in this field NOW

Chad Cowan
CEO 65 employees

$87M Series A
No BU license 
BUT 2 SRAs

Emma Bonanomi
BU was instrumental in this process as I was not initially looking for commercialization.

A lot of hard work first by Mike and then Nevena and Tom at the OTD
They are open minded, friendly, and patient
They realize that there are different ways of helping scientists.
That helped me a great deal. 

In addition to relying on the formal paths of BU OTD programs, you should always trust your own initiatives to move forward.
{click} I consulted many of my current colleagues and reached out to former ones too. You can’t underestimate the value of these conversations!
{click} One of those former colleagues is Derrick Rossi, founder of Moderna who introduced me to 
CEO Chad Cowan who, as luck would have it, was interested in forming a company in this field at JUST that time. He welcomed my participating as Scientific Founder…
{click} I’m proud to say that Clade Therapeutics has 65 employees funded by an $87M series A investment round. 
 



Selective listening in a noisy world

Kamal Sen, Ph.D.
Associate Professor
Department of Biomedical Engineering
College of Engineering

Emma Bonanomi
Hi, I am Kamal Sen, Associate Professor, here to talk to you about hearing information in a noisy world, which means improving one’s selective listening.




Demand
• Hearing impaired

• Elderly
• Illness, genetic or injury-triggered loss

• Sound discrimination impaired
• ADHD
• Autism spectrum

• Challenging environments
• Noisy workplaces
• Noisy social spaces
• Noisy equipment
• Faint sounds

Applications
• Listening devices

• Ear pods
• Noise-cancelling headphones
• Smart glasses 
• Hearing aids

• Human-machine communications
• Smart speakers
• Digital assistants

Objective: Transform communication in an increasingly noisy world…

PROBLEM

Sorry, 
NIH!

Presenter Notes
Our objective is to transform communication in our increasingly noisy world. It is both a very interesting problem and a very big challenge that
{click} impacts most people at some point in their lives. 
And there is �{click} no shortage of devices trying to deal with different aspects of it. 
Whether you spend a few dollars or thousands, you’re unlikely to be satisfied with your device’s performance.
And yet, oddly, hearing aids {click} are not a great first market for reasons I’ll discuss later



State of the Art: Algorithms focus on processing Sounds in Isolation

CURRENT SOLUTIONS

Frequency Extraction

Location Extraction

Sound of Interest

frequency

in
te

ns
ity Background noise

Presenter Notes
Back in 2005, I was talking to grad students in a lab meeting. �We were researching literature on brain processing of sounds. Most of the studies just looked at �{click} processing sounds in isolation. 

The {click} algorithms they developed focused on Noise Suppression, reducing …





State of the Art: Noise cancellation without discrimination

CURRENT SOLUTIONS

Frequency Extraction

Location Extraction

Noise Cancellation BUT
Poor DiscriminationSound of Interest

frequency

in
te

ns
ity

Background noise

What users get:

Emma Bonanomi
… both background noise *and* the sound of interest the same amount, causing poor discrimination



Noise Cancellation BUT
Poor Discrimination

What users get:Select Sound
of Interest

Discovery at BU: Healthy brains excel at Selective Listening

OUR SOLUTION

Frequency Extraction

Location Extraction

Sound of Interest

frequency

in
te

ns
ity Background noise

Emma Bonanomi
We discovered neuromechanisms that were involved in segregating sounds from each other…





Discovery at BU: Healthy brains excel at Selective Listening

OUR SOLUTION

Frequency Extraction

Location Extraction

Select Sound
of InterestSound of Interest

in
te

ns
ity

Background noise

accurate
discrimination

frequency

Emma Bonanomi
… and enhancing the discrimination between background noise and the sound of interest.
This “selective listening” capability is the way a human can pick out A SINGLE instrument in an entire orchestra. 
It’s much different from noise cancellation.




Development at BU: Algorithms that support Selective Listening

OUR SOLUTION

Frequency Extraction

Location Extraction

Select Sound
of Interest

Existing algorithms
(beamformer, neural net)

The Natural Sounds &
Neural Coding Lab

What users want:
Accurate Discrimination

Emma Bonanomi
This helped us to realize that we needed to process *competing* sounds at the *same* time.
We took inspiration from the brain to develop new approaches.
The result was algorithms developed at the Natural Sounds & Neural Coding lab that delivered accurate discrimination between useful information and background noise, similar to what happens in the brain.

Our algorithms are able to deliver {click} what users want, Accurate Discrimination for Selective Listening.



The power of the demo

CURRENT STATUS

Presenter Notes
In fact, our initial version of the algorithm is running in real time. We will have a demo running soon and plan to showcase it at industry conferences…
�“Hey, try this on!” in a noisy conference center and then having them hear only me {click} is much more compelling than sharing a paper and pointing at a graph!

Perhaps I should have engaged in a community that lives outside of academia sooner. I should have gone to industrial shows and conferences. The nature of the products, technologies and conversations is different there. I could have learned about these market needs earlier…




I love my “day” job: The lab & research are who I am. 

COMMERCIALIZATION STRATEGY

Associate Prof The Brain

Interesting 
problems

Creative Solutions

Emma Bonanomi
… but I love my “day” job as an Associate Professor: I get to {click} identify and address interesting problems and, with my students and collaborators, come up with creative solutions.

In a way, {click} the brain is the same: It has amazing strategies for creative problem solving. And we are just scratching the surface!  
This area of understanding how brains work will bring us to many more such technologies. This field is just starting. No way am I missing out on this research to go start a company!  

But I also want this innovation to have an impact, to help real people with real problems…




Let companies worry about commercialization… but must find right company!

COMMERCIALIZATION STRATEGY

Hey, we have great 
new technology!!!

No thanks, 
we’re good.

This’ll be 
easy!

Us Hearing aid 
companies

Huh. 
May have to 
rethink this…

If we didn’t think
of it, how good

can it be?

Presenter Notes
… and that means licensing it to companies who can bring it to users quickly. 

It turns out that that is not always so easy, so we learned to change and be nimble.

For instance, we started out initially focused on hearing aids, but �{click} while doing Ignition, Catalyst and Outreach it became obvious that the first markets were elsewhere. 





People and programs have been invaluable in acquiring licensee prospects

BEST ADVICE

Collaborators

OTD

Catalyst

MAP Program

Investors

• Hard work of many graduate students
• Feedback from BU Hearing Research Center

• Expertise in licensing and IP, biz dev (Rana), pitching (Linda)
• Funding from an Ignition Award

• Revealed that hearing aid companies suffer from NIH
• Generated list of licensee prospects

• Provided additional market research
• Identified new opportunities

• Invasion of the Equity Investors! (Johannes and Russ)
• “You need a razzle-dazzle demo!”

Presenter Notes
Just as we are continuing to probe and understand more in the lab, we have put a lot effort into understanding the commercialization process, and have had a lot of support in getting there. 

To start with, {click} many graduate students are involved with our development efforts. We were also fortunate to collaborate with colleagues at the Hearing Research Center at BU who gave us valuable feedback about the idea.

The Office of Technology Development was absolutely instrumental in moving the program forward, with �{click} support in licensing, IP and business development, to say nothing of a $75,000 grant to build our first prototype.

Another key support was from the Catalyst Program, where students {click} did the market research that introduced us to the concept of NIH, or Not Invented Here… and then went on to a viable list of potential licensees. We have active discussions with a couple them.

The {click} MAP program was another valuable resource that gave us great new insights into market opportunities outside of hearing aids. 

And finally, we were on the receiving end of {click} the Invasion of the Equity Investors, who inspired the demo I mentioned earlier.







1. Collaborating with OTD to structure license agreements

2. Developing a licensing strategy as a pathway to multiple industries (Misty!)

3. Leveraging current understanding to feed into future versions and better technologies

License strategy is key

NEXT STEPS

Emma Bonanomi
We have started thinking - in collaboration with OTD - about how to structure a non-exclusive or different field of use license
I want to learn about how to think about licensing as a pathway to multiple industries
I want to engage with Misty to learn about how to do that

Most important, our current understanding will feed into future versions and better technologies




Translating post-9/11 concerns 
to life-saving rapid selection of impactful antibiotics

Lawrence Ziegler
Professor of Chemistry, CAS
Photonics Center
Boston University

Emma Bonanomi
Hi, I am Larry Ziegler, professor of chemistry and FORMER department chair. I’m a physical chemist by training and an expert on matter/light interactions, .

I’m going to take you through my journey from identifying potential biothreat bacterial strains in the post-9/11 world to developing an ultra-rapid platform for making sure patients get the right antibiotic in time to save their life.



Antibiotic Susceptibility Testing (AST): Identifying the most effective drug

© 2023 Lawrence Ziegler  |  LZiegler@BU.edu  

20% of global deaths (2017)

1.7M develop sepsis annually (US)

Can have serious 
consequences

Blood
infections

MDR Use of broad spectrum drugs 
contributes to exploding MDR 

Emma Bonanomi
Blood infections that lead to sepsis have a high level of mortality and morbidity: 
20% of global deaths in 2017 related to sepsis.
1.7 M develop sepsis annually in US

Every hour w/o appropriate treatment leads to increased mortality and morbidity.

Over reliance on broad spectrum antibiotics contributes to the exploding problem of antimicrobial resistance (MDR) – potentially the next global health crisis.





8 hrs8 hrs

Gold standard AST depends on several stages of bacterial growth (slow).

SOLUTION

8 hrs8 hrs8 hrs
Grow

blood growth 
media

1 32

4 65

7 n8

Expose to antibiotics Identify MIC*

*Minimum inhibitory 
concentration

2 – 3 DAYS

© 2023 Lawrence Ziegler  |  LZiegler@BU.edu  

Presenter Notes
We waste too much time just growing the bacteria in order to test different antibiotics.

Today, it takes 2 to 3 days to do Antibiotic Susceptibility Testing:
At least one day to grow the bacterial colonies, and �then another day to determine which antibiotics work against the bacteria.



<1 hr

Our SERS optical technology has (1) extremely high sensitivity to key 
metabolites, (2) bacterial responses to drugs rapidly alter metabolic rates

© 2023 Lawrence Ziegler  |  LZiegler@BU.edu

SOLUTION

6 hrs
Grow

blood growth 
media & enrich

1 32

4 65

7 n8

Expose to antibiotics MIC* via SERS

*Minimum inhibitory 
concentration

Via SERS sensing of rapid bacterial responses

30 min incubation

< 7 HOURS
*Surface Enhanced Raman Spectroscopy

Emma Bonanomi
We can accomplish the same result in less than seven hours! 

We got here through a ~20-year journey, funded initially to solve a completely different problem. This is often the case in innovation.





I could never have predicted our innovation from where we started

© 2023 Lawrence Ziegler  |  LZiegler@BU.edu

Fundamental Knowledge

Discovery

Commercialization

Clinical settings

Save lives
Better health outcomes

Expertise in Raman Spectroscopy 
Part 1: Post-9/11: Identify bacterial biothreats

SERS is very sensitive to bacteria metabolites
Part 2: Rapid & accurate test for antibiotic susceptibility

• DOD funding

• NIH

Expertise in Raman Spectroscopy 
Part 1: Post-9/11: Identify bacterial biothreats; UTI, STD, blood 

infection
• DOD funding
• NSF, NIH, BD

Emma Bonanomi
This is really a two-part story: Part 1 focus {click} was on identifying bacteria: first for initial biothreat detection and later we expanded to clinical applications (bacteremia, UTI, STD).

I was recruited to participate because of my expertise in Raman scattering, an optical technique that provides a unique spectral signature for every molecule.  I was asked to join a team that included Mark Klempner (BUSM/Infectious Disease specialist, PI on NEIDL), Microbiotix Don Moir – whoe tuaght us quite a lot about microbiology.

After {click} fifteen years of research and additional funding,especialy a fun effort with Fraunhofer,  we entered into Part 2 of the story in part based on a molecular understanding of these spectra: We were able to demonstrate that SERS (again, a phenomenon discovered by accident) could very quickly and easily detect the presence of one type in particular of bacteria metabolites (purines). And then that the level of these secreted  metabolites were senstive to ABexposure

In other words, we could easily tell whether even very small numbers of bacterial cells were susceptible or resistant to a specific antibiotic. 




Ultrafast AST: the most impactful application for this technology

© 2023 Lawrence Ziegler  |  LZiegler@BU.edu

Discovery • The best discoveries are things I never predicted
• The talent is in recognizing the value in front of 

you
• Fundamental understanding is crucial

MIC
Minimum 
Inhibitory 
Concentration
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30x faster than growth:  Fastest phenotypic AST  

Emma Bonanomi
This graph shows that the SERS intensities of this specific bacterial strain precipitously decreases after 30 min exposure to the drug levofloxacin in concentrations above 1 mg/L.  This is the MIC and agrees with the MIC determined by 24 hour growth measurements. MORE THAN 30X FASTER.

I have {click} come to realize that the best stuff I have discovered in my career are outcomes I did not or could not have predicted. The talent may be in being able to recognize that there’s something valuable sitting right in front of you.

The importance of fundamentally understanding what you’re doing – not just phenomenological results – is essential. I could not have made sense of the basis of ultrafast AST without having an insight into the molecular/biochemical basis for these signals – and that’s an attribute that helps sells the techplogy for commercialization .



Support from others inside BU and out
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Fundamental Knowledge

Discovery

Commercialization

Clinical settings

Save lives
Better health outcomes

Expertise in Raman Spectroscopy (SERS)
Part 1: Post-9/11: Identify bacterial biothreats; UTI, STD, blood infection

SERS is very sensitive to bacteria metabolites
Part 2: Rapid & precise test for antibiotic susceptibility

Part 1: Photonics Center leadership: other BU expertise & Microbiotix

Postdoc Ranjith Premasiri
Colleagues &  Students

Part 2 (AST): Ignition Program
Part 1 (ID): Fraunhofer/NIH  

• DOD, NIH,
• NSF, BD

• Ignition Award
• NIH (A. Sauer-Budge,

C. Klapperich, J. Lee)

Emma Bonanomi
It’s also not possible to have made this progress in a vacuum. I could not have done this without Ranjith. Not even close. 

Receiving an {click} Ignition Award in 2019 was especially useful for two reasons (1) if allowed us to demonstrate our capability for ~65 strain-drug combinations and UTI diagnostics and (3) forced us as a requirement to talk with end users as opposed to scientific colleagues – very different conversations from scientific meetings. These contacts will be invaluable as we pitch to potential “partners” going forward. To that end, I’m kind of pissed that we didn’t win an Ignition Award this year!

I do wish I had been more aggressive at developing the idea. I could have asked what resources or activities would have helped gain more funding. And there is potential for more support from OTD. 




Partner or license to get to market quickly
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Fundamental Knowledge

Discovery

Commercialization

Clinical settings

Save lives
Better health 

outcomes
Clinical settings

Save lives
Better health outcomes

• DOD

• NIH, NSF
• BD

• Ignition Award
• NIH

Part 2: Ignition Program
Part 1: FraunhoferSeeking a partner(s) to commercialize

Presenter Notes
The current plan is to bring the idea (and IP) to a current or aspiring player in the infectious disease business, rather than create a startup. 
No need to reinvent the wheel, in terms of relevant infrastructure or experience, just bring the technology to where the value is.

I may be in the final stage of my academic career, but perhaps not the final stage of my scientific career…

It would make me happy to see our invention �{click} come to life and have impact in clinical settings.
I’d measure that impact by its ability to help people: to save lives and have better health outcomes. 
Seeing fundamental knowledge and discovery translated to societal impact would bring me great satisfaction.

We’ll continue to seek funds through Sponsored Research Agreements and opportunities through partners, and reach out to OTD to help guide us. 







There has to be more that we can do…
from son 

to physical therapist 
to (wannabe) entrepreneur

Lou Awad, PT, DPT, PhD
Assistant Professor
Department of Physical Therapy
College of Health and Rehabilitation Sciences: Sargent
Boston University

Emma Bonanomi
Good afternoon everyone, my name is Lou Awad and I am an assistant professor in the dept of PT.

Thank you for this opportunity to share a little bit about my journey…From son to PT to wannabe entrepreneur



I’m a faculty member at BU where I run a research lab…

Who are you – how do you think of yourself?




Emma Bonanomi
In my initial interview with Rana, the very first question he asked me was “who are you – how do you think of yourself”. 

My answer was…….well…it depends on the context and who’s asking…

If the context is professional, I’d probably say something like, “I’m a faculty member at BU where I run a research lab that studies human movement and uses that knowledge to develop next generation wearable technologies designed to help improve walking in people with neuromotor impairment”.

…BUT I have my priorities straight…if the context is personal…




… unless I am at a Giants game
in which case I’ll talk about

how much we all 
HATE the Eagles.

I have my priorities straight

Emma Bonanomi
like I am at a Giants game and the guy next to me asks me who I am…I am not talking about my research lab…I am going to talk about how much I am a bleeding blue Giants fan that hates the eagles….



My journey begins with…
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Emma Bonanomi
…but on a more serious note, my entrepreneurial journey begins with my family…and more specifically my father.

My father came to this country in 1977 from Egypt…with $44 in his pocket. 

In Egypt, he was trained as an engineer. But in the states, he had to work at a gas station for nearly 10 years to save enough money to return to school.

After he graduated, he got a job in as a NYC Engineer…eventually working his way up to be a project manager…where he led teams involved in major projects like:
the hurricane Sandy Build It Back program
And after the twin towers fell on 9/11, for months he served on the city’s disaster recovery team leading clean-up and restoration

And he did all of this while founding and running two successful local business that were critical for his largely immigrant community…



Stroke has impacted my family…
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Dad

There has to be more
that we can do…

Emma Bonanomi
And so when he had a stroke when I was in high school, and I was confronted with his doctors saying that he may never be able to walk normally again…

…I thought they were crazy…they didn’t know who my father was, what he had gone through, and what he was able to accomplish. 

I thought … there has to be more that we can do…

…but there was no magic pill or surgery…there was just patience, and months of Physical Therapy. 

…but it paid off. 



Stroke has impacted my family…
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Dad

Uncle

…10 years later

Emma Bonanomi
Here is a picture of my dad 10 years later at a family wedding…able to stand, walk, and even dance by himself. He had fully recovered.

But for many, today’s Physical Therapy has significant limitations…

For example…sitting in front of my dad in a wheelchair---is my uncle. 

My uncle had a stroke around the same time my dad did, and, like most of the 8 million Americans currently living after a stroke…for the rest of his life, he had significant challenges with walking, and used a wheelchair as his primary mode of mobility.

Over the years, my family has turned to me for a solution. And so I’ve spent this early part of my career at BU working on solutions to the motor problems resulting from stroke.





reNeu Neurorecovery Platform will allow us to do more…
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Emma Bonanomi
Today when patients leave the hospital, they leave with the support a cane, brace, or walker—
These do an OK job restoring some degree of independence…but none provide the long-term neurorehabilitation needed to maximize recovery

With the help of a BU ignition award, we’ve been working on a specific technological solution: the reNeu neurorecovery platform. 

The reNeu aims to fill a critical care gap in how patients transition from hospital to home/community. 
Our vision is that patients and clinicians will be able use our system in the hospital to enhance and augment physical therapy, and then leave the hospital with that same system providing continued rehabilitation in the home and community. 




Don’t go it alone…lessons from the reNeu journey
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Inspiration & determinationFAMILY

Emma Bonanomi
And so, in the spirit of the motto: Don’t go it alone…

My journey begins with my family; our struggle with the consequences of stroke inspires my work on the reNeu and serves as a constant source of determination.







Don’t go it alone…lessons from the reNeu journey
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Inspiration & determinationFAMILY

Guidance & early fundingBUSINESS MENTORS

Emma Bonanomi
The reNeu project has also benefited from significant guidance and early funding support from Rana and the OTD. 
In fact, when I first learned about the Ignition program, I was really interested in the money it provided…but the guidance that came with it turned out to be what we actually needed.





Don’t go it alone…lessons from the reNeu journey
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Inspiration & determinationFAMILY

New knowledge & skillsCOLLABORATORS

Guidance & early fundingBUSINESS MENTORS

Emma Bonanomi
And beyond mentorship, I can’t emphasize enough the importance that cross-disciplinary collaboration has been to the reNeu. 
traditional approaches to translational research take a serial approach….ideas may begin in the lab, then be built by engineers, then tested by clinicians, before ultimately being shelved in a closet somewhere because devices don’t work as promised, or meet actual user needs….





NRL COLLABORATORS

Physical Therapy Engineering

Medicine Industry

Emma Bonanomi
But our work on the reNeu has benefited from the “team science” approach that our cross-disciplinary lab naturally brings to clinical problems



Don’t go it alone…lessons from the reNeu journey
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Inspiration & determinationFAMILY

Knowledge & skillsCOLLABORATORS

Boots on the groundTEAMMATES

Guidance & early fundingBUSINESS MENTORS

Emma Bonanomi
And finally, one of the most critical don’t-go-it-alone lessons that I’ve learned, is that while inspiration, determination, mentorship, knowledge, and skills are all important, they pale in comparison to having the right Boots on the ground. 

Having the right team in place doing the day-to-day work is where failure meets success
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NRL STUDENTS AND FELLOWS

Emma Bonanomi
And I wouldn’t hesitate to say that if our technology is successful, its because it was first brought to life by the hard work and passion of some the phenomenal individuals shown on this slide.

Thank you…



70

Q&A





How continuous innovation (继新, ji-xin) happens

change



Story 1: Entering a new discipline --- biomedical 
engineering 

“I had no idea what is biomedical 
engineering. I asked my postdoc 
advisor at Harvard and he told me 
that biomedical engineers make 
artificial bones.”

“I started my own career at 
Purdue. It turns out to be a very 
good decision, as I was able to 
bring my spectroscopy expertise to 
the engineering discipline.”



RLC model of cochlea BME305: Lab 9
2011 

Story 2: Innovation from teaching 
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32-channel tuned amplifier 
5-µs per Raman spectrum

Top Story in 2015, Biophotonics Magazine
US 9,222,878 B2; US 9,068,949 B2
Sci & Eng Grant from Keck Foundation 2015



TPEF

CARS
Adventitia

Media

Lumen

Barrier to Patient: Limited Imaging Depth



Story 3: new idea from hospital visits in 2009



Han-Wei Wang et al. Phys Rev Lett 2011, to be published.

PRL 106, 238106 (2011)  
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• R21 GM015901
• R01  HL125385 
• AHA National 

Innovation Award
• R01 HL125385-05A1



VibroniX Inc

Cofounders: Ji-Xin Cheng, Pu Wang, 2014



Story 4: Innovation is driven by the opposite

25
5

0

t = 0 s t = 0.2 s t = 0.5 sWild type

Transient absorption imaging of Methicillin-resistant S. Aureus (MRSA), 2017

just 0.5 seconds

Golden pigment Golden pigment

BLEACHED

Can we kill 
MRSA this 

way? 

80Advanced Science 2019; US 11,013,933 B2, issued 5/25/2021



Photobleaching the golden pigment Revives H2O2

Blue light + H2O2Antibiotics + time

month 1 month 2 month 3 3 days

Year 2019 Pulsethera Inc, co-founded by Cheng, Qian and Mansour





Story 5: Thinking out of the Raman Box
Cheng & Xie, Science, 350, 1054 (2015)

Raman scattering
~ 10−30 cm2/sr/molecule 

Mid-infrared absorption 
~ 10−22 cm2/molecule

Calculation: Dr. Zeke Piskulich in QC group

Groups Frequency
[cm^-1]

IR Absorbance
[10^3 M^-1 cm^-1]

IR X-Section
[10^-16 cm^2/molecule]

Raman Scattering Activity
[A^4/amu]

Raman X-Section
[10^-30 cm^2/sr/molec]

6-Trehalose-Azide 2127.17006 1691.24080 1.01852 43.85929 0.42108

4-C≡C 2198.17733 50.42692 0.03037 546.33668 4.97113

4-C≡N 2323.74137 100.87151 0.06075 227.73876 1.88884



Mid-infrared photothermal (MIP) imaging

• A pulsed mid-IR laser (red) 
induces a temperature 
rise, changing the local 
refractive index;

• A probe beam (green) is 
used to detect the 
photothermal effect.

Zhang D, Cheng JX. Sci. Adv. 2016 2(9):e1600521, confocal MIP 
Sci Adv 2019 5(7), eaav7127 wide-field MIP
Light S&A 2019, phase-MIP; Nat Comm 2021 lock-in free MIP 
JACS, 2021; Nat Comm 2022; Sci Adv 2023
For a Review, Bai, Cheng, Sci. Adv. 2021 7:eabg1559

US 11,280,727 B2, Mar 22, 2022 
Licensed to photothermal Spec Corp
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From Paper to Product   

Craver Award Speech, SciX Meeting, Oct 2016
Meet Dean Dawson & Roshan Shetty (CEO of Anasys)

mIRage™
Anasys Instrument Inc, April 2018 
now
Photothermal Spectroscopy Corp

mIRage™ has been delivered to ~70 
labs in 8 countries



Click-free MIP Imaging in the Silent Window 
chemical bond as GPS of molecules

The Royal Swedish Academy of Science.

Click Chemistry: Azido-sugar for glycan tracking
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MIP: Direct imaging of azide in mycobacteria
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Thank you!
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