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NATURE’S TINY CHEMISTS

Dr. Nick Oberlies’ lab searches for cancer-fighting compounds in fungi, delves into the chemistry of medicinal herbs, and explores 
how fungal chemistry could make electricity cheaper and safer.

It’s not often you get a surprise phone call from one of your 
heroes. But that’s what happened to Dr. Nicholas Oberlies in 1998. 
Oberlies, now a Sullivan Distinguished Professor of Chemistry at 
UNCG, was a professionally unfulfilled industrial chemist at the 
time.

The call was from Dr. Monroe Wall, a scientist at the Research 
Triangle Institute in North Carolina. Wall and collaborator Dr. 
Mansukh Wani discovered taxol, a widely used cancer drug, in 
the bark of the Pacific yew tree. They also isolated camptothecin, 
found in certain Asian plants, which became another cancer drug.

“They are like superheroes to me,” Oberlies says. “If you talk 

to an oncologist, they will say that taxol changed the world.”
It’s the kind of work Oberlies had long dreamed of doing. That 

call brought him to the Research Triangle of North Carolina to work 
as Wall’s protégé and eventually to UNCG.

Now, Oberlies, assisted by dozens of students and researchers 
across the state, nation, and globe, is working on potentially 
world-changing projects. These range from searching for new 
cancer medicines to discovering how fungi-based chemistry could 
transform how electricity is generated, transmitted, and stored.

“The big idea in my research group is to understand the 
chemistry of nature,” Oberlies says. “People have the conception that 
nature is static – like a tree alone in the woods. But really, nature is 
sending out and receiving chemical signals all the time.”

UNEXPLORED
SCIENTIFIC TERRITORY

The Oberlies lab collaborates with Mycosynthetix in 
Hillsborough, a company that has catalogued over 50,000 
species of fungi for use by university and industry scientists. 
Founder Cedric Pearce is an adjunct chemistry professor and 
Coleman Foundation Entrepreneurship Fellow at UNCG. 
Oberlies is on the company’s scientific advisory board.

Oberlies’ field of natural products chemistry historically focused on 
plants.

But plants come with challenges. Field expeditions to gather 
samples are time-consuming and expensive. Getting specimens back 
to a U.S. lab from other countries can be tricky. And growing plants 
takes resources – water, soil, greenhouses, and months of time as 
seeds or cuttings grow big enough for lab analysis.

Oberlies still works with plants. But he’s expanded his work 
to focus also on fungi – a scientific treasure chest full of novel, 
undiscovered chemistry that could help protect the environment 
and treat disease.

“In my lab, we are experts in isolating individual compounds 
from the mixtures of compounds that a plant or fungus produces,” 
he says. “Once we have those bioactive substances in a pure form, 
we carry out a multitude of experiments to figure out how the 
molecule is put together.”

The opportunities to discover new and potentially useful 
compounds from fungi are staggering. An estimated 90% of fungal 
species – millions – are undiscovered.

Dr. Huzefa Raja, who has worked in Oberlies’ lab since 2011 and 
leads the mycology or fungal biology side of the operation, says, 
“We discover new species all the time.” He estimates they have 
screened over 10,000 strains on their quest. “We find a new fungus. 
And it often makes new chemistry.”

Fungi are everywhere in the natural world – in the soil, in fresh 
and saltwater, in environments of every type. They play a critical role 
in breaking down organic matter, such as dead wood and leaves, and 
returning those nutrients to the environment.

“I love mycology because of the diversity of the organisms,” Raja 
says. “It’s beautiful.”

Raja’s domain is filled with Petri dishes full of fungi. Some were 
sourced nearby, such as on campus, and some far away, like one from 
a California beach.

Each species of fungus is an opportunity to discover new 
compounds with the potential to make life better for people.

Submerged wood sample from a 
freshwater habitat collecting trip.

Fungi grow on rice 
in flasks. “Each 

sample represents a 
unique opportunity 
to discover diverse 

chemical compounds,” 
says Oberlies.
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Aspergillus 
fischeri Xylaria flabelliformis
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In addition to penicillin, fungi have been the source for cholesterol-
reducing statins, antifungal drugs, a medication used to treat 
multiple sclerosis, and an immunosuppressant that transplant 
patients sometimes take to ensure their bodies don’t reject a new 
organ.

About 25 percent of all drugs are derived from nature; about 60 
percent of anti-infectious disease and anti-cancer drugs come from 
natural sources.

But, Oberlies says, “There are no anti-cancer drugs derived from 
fungal metabolites – zero.”

Not yet, anyway. In an application for a project funded by the 
National Cancer Institute that netted the lab $2.7 million in research 
funds for 15 years, Oberlies wrote, “We strive to change that.”

Drug discovery is hard.
“We discover plenty of things that will kill cancer cells,” Oberlies 

says. “If you’re a mouse and you’ve got cancer – I’ve got you. But we 
haven’t gotten beyond that.”

HERBAL SUPPLEMENTS
UNDER THE SCOPE
From supplement stores to gas stations, many herbal products are sold with the 
implication they can improve your health or address illness. There’s often little 
scientific backing for those claims.

Before scientists can assess whether an herbal remedy is effective, they must 
know what’s actually in it. That’s where Oberlies and Dr. Nadja Cech, a UNCG 
natural products chemistry professor, come in.

“Herbal remedies are a mixture. Sometimes they’re a mixture of five or six 
compounds, sometimes they’re a mixture of dozens of compounds,” Oberlies 
says. “If you’re going to study Herb X, I want to make sure that you actually 
know what the herb is.”

For the last decade, Oberlies and Cech have analyzed popular herbal 
products, including green tea, milk thistle, cinnamon, CBD, and kratom.

Kratom, for example, has been used in Southeast Asia, where the tree grows 
natively, since at least the 19th century to treat pain and other ailments. It is 
sold in many states and is legal and unregulated in North Carolina, although 
the FDA says kratom can’t be marketed as a drug, supplement, or food 
additive.

Dr.  Mary Paine, a pharmaceutics professor at Washington State University, 
worked with Oberlies and Cech to prepare for the only U.S. clinical trial of 
kratom. One finding of that study was that kratom might increase the overdose 
risk among opioid users.

Interdisciplinary, collaborative research – like the long and productive 
partnership between Oberlies, Cech and other scientists investigating herbal 
remedies – is the norm for Oberlies.

His current funded projects involve industry, government, and university 
collaborations with the likes of Attagene, Inc., the USDA, Vanderbilt University, 
Boston University, and The Ohio State University, to name only a few.

“I always tell new students that want to join my group that we are 
extremely collaborative,” he says. “Everyone has a role to play. The role may 
grow over time, but no one person’s role is greater or lesser than anyone 
else’s.”

Tyler Graf leads the lab work on kratom, preparing 
materials, evaluating the chemical complexity of the 

samples, and sharing samples and data with collaborators 
around the country.

In addition to finding something that successfully attacks cancer 
in humans, new drugs must overcome three other major barriers: 
supply, solubility, and patents.

“With any natural product, a major problem is supply. This was 
a huge problem with taxol,” Oberlies says of the yew-based cancer 
drug. “But, we can grow fungi easily, we can ferment fungi. Penicillin 
costs pennies because of that.”

The second issue: many natural products don’t dissolve in water. 
“They just don’t go into saline that you can inject in someone’s arm,” 
Oberlies says. “But there are techniques to get around that.”

The third issue is patents. To do the research and testing required 
to take a new compound from just “potentially useful” to “proven 
to safely and effectively treat disease in humans,” companies invest 
billions of dollars and years of time. They need patents that allow 
them to reap the rewards from financially risky drug development 
research.

But natural compounds can’t be patented. So, they must be 
altered in some way to make them artificial.

“Some of the development process is to make an analogue,” 
Oberlies explains. “You’ve made the natural product not natural 
– changed an atom, changed a side chain, to optimize certain 
properties, and you can suddenly patent it.”

SEARCHING
FOR NEW DRUGS

TRAINING GROUND Undergraduates April Joseph 
and Caitlyn Costello are researchers in the Oberlies lab 
under Raja’s supervision. “Maintaining all of the fungal 
strains is almost like having little babies in your lab – 
you constantly have to keep feeding them,” explains 
Raja. “April and Caitlin help the lab do that and help 
identify new strains by extracting DNA and conducting 
phylogenetic analyses.”

Joseph, a senior this spring, also worked on a project 
involving one of the unique compounds identified in the 
Oberlies lab. Forged solely in places where two fungi – 
Aspergillus fischeri and Xylaria flabelliformis – compete 
for dominance, wheldone is the product of fungal 
chemical warfare.

In collaboration with a pharmacology lab at the 
University of Illinois Chicago led by Dr. Joanna Burdette, 
the researchers have found that wheldone displays 
cytotoxic activity against breast, melanoma, and ovarian 
cancer cells in vitro.

“I’m working on producing the compound at a larger 
scale,” explains Joseph. The materials will be sent to their 
collaborators in Chicago for testing in mice.

“Research has given me the chance to think critically 
and contribute to something bigger than myself,” says 
Joseph. “It’s an experience that has truly shaped my 
future.”

The Oberlies lab has mentored nine postdocs, 22 
graduate students, and scores of undergraduates.

“This is what the beginning stages of developing a 
fungal drug to treat cancer looks like,” says Raja. “We 
offer a very strong training ground for our undergraduate 
researchers, with many going on to prestigious graduate 
programs, professional schools, and the workforce.”

Raja mentors undergraduateRaja mentors undergraduate
April Joseph in the mycology lab.April Joseph in the mycology lab.
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Penicillin changed the world. It and subsequent antibiotics remade 
medicine – extending average human lifespans by decades and turning 
once-deadly infections into, in many cases, mere medical annoyances.

“All of that started with a scientist making an observation in his lab. 
It was then picked up by chemists who isolated the molecule and figured 
out its structure. Then, teams of scientists developed ways to supply it at 
scale,” Oberlies says.

“A single observation, in a single Petri dish, followed to completion 
creates an antibiotics revolution.” That’s why he considers his work with 
students his most important contribution. “If we don’t train the next 
generation of scientists, who will do those kinds of experiments for the 
next 100 years?”

by Mark Tosczak

ENERGY FOR
THE ENVIRONMENT

THE NEXT GENERATION

The latest initiative that has grown out of Oberlies’ lab started 
with a chance question by another professor in a departmental 
meeting.

A few years ago, Oberlies’ doctoral student Zeinab Al Subeh 
made a presentation to the faculty – a part of the graduate 
student training process in the Department of Chemistry and 
Biochemistry. They nurture rich scientific discussions that can 
blossom into new discoveries.

Dr. Shabnam Hematian asked the student about the “redox 
potential” of the fungal-derived compounds she was studying. 
Al Subeh didn’t know the answer – it relates to how efficiently 
the compound moves electrons around. However, she took 
the opportunity to explore the subject with one of Hematian’s 
electrochemistry-focused graduate students.

That started a collaboration to explore the potential of fungal 
chemistry in applications related to the generation, storage, and 
transmission of electricity. The collaboration has now bloomed 
into a rich, cross-university, cross-disciplinary research initiative 
called NICER – Nature Inspired Collaborative Energy Research.

The highly collaborative effort was kickstarted by a $1.5 
million Research Opportunities Initiative – ROI – grant obtained 
by Hematian from the N.C. General Assembly to explore how 
compounds found in fungi might create greener energy systems. 
It’s now led by Oberlies and UNCG’s Dr. Minjeong Kim, 
assistant professor and associate head of computer science.

Many technologies we use to produce, store, and transmit 
electricity – everything from solar cells to electric car batteries 
– use lithium and other rare metals. Organic compounds, such 
as those produced by fungi, could potentially serve the same 
purpose.

The molecules in fungi have characteristics – such as the 
ability to dissolve in water and function in other chemical 
environments – that could make them useful in batteries and 
other electrical technologies. While new organic compounds 
are unlikely to replace materials like lithium entirely, they 
could reduce the need for them. New chemistry using organic 
compounds might also be more environmentally friendly.

The researchers say the NC ROI grant – the first ever secured 
by UNCG faculty – will help them conduct basic research, which 
could lead to federal funding. NICER collaborators include 
chemistry and engineering professors from UNC Charlotte, and 
UNC-Chapel Hill, as well as Mycosynthetix’s Pearce.

In addition to research on how fungal chemistry might be 
applied in electrical technology, the NICER funding provides 
training and educational opportunities for undergraduates, 
grad students, and postdocs, developing the state’s science and 
technology workforce.

Doctoral student Reema Al-Qiam is focused on a class 
of fungal-produced compounds called perylenequinones 
that could have energy applications.

Growing fungi in a Petri dish is one thing. Deciphering 
their unique chemistry, identifying useful substances and 
figuring out how to increase production of them is entirely 
different – that’s Al-Qiam’s job.

Since starting at Oberlies’ lab, she’s figured out how 
to ramp up production a thousand-fold – from a few 
milligrams to multiple grams that can be supplied to other 
researchers.

In addition to simplifying the process, the Jordanian 
student has discovered how to use more environmentally 
friendly chemicals to produce the perylenequinones.

Now, she’s focused on making changes to the 
molecule that affect its characteristics and behavior in 
different conditions, such as when it’s exposed to light of 
different colors. “I take the compounds from nature and 
try to improve the structures,” she says. “Right now, I’m 
adding something that increases light absorption.”

For 15 years, Oberlies and his students have hosted a For 15 years, Oberlies and his students have hosted a 
yearly Family Science Night at Lindley Park Elementary, to yearly Family Science Night at Lindley Park Elementary, to 

encourage a love of science learning in the community.encourage a love of science learning in the community.UNLOCKING 

Last year, Oberlies received UNCG’s top research award for his scholarship in natural products chemistry. 
The past president and fellow of the American Society of Pharmacognosy has published over 250 research 
articles, has been cited over 19,000 times, and has acquired over $10 million in funding for UNCG from 
sponsors like the National Institutes of Health, Department of Defense, and American Cancer Society.

The big idea “Fungus does not make penicillin for the 
benefit of humanity. It makes penicillin to fight off bacteria 
that may encroach on its source of sustenance. Similarly, 
the walnut tree secretes juglone to prevent other plants 
from growing nearby and robbing it of resources. Nature 
constantly interacts via a gemisch – a mixture – of chemicals. 
It’s our job to turn that to our advantage.”

It takes a team “Collaboration is central to our 
research. Our collaborators are diverse, from an expert in 
ovarian cancer, to a microbiologist who studies drug-resistant 
bacteria, to a parasitologist who studies drug-resistant 
malaria, to experts in metabolism who study what happens 
in the gut when an herbal remedy is combined with a 
prescription drug.

“While those all seem like disparate goals, the common 
thread is that someone noticed an extract from nature did 
‘something.’ It is my lab’s job to figure out what compound 
or compounds did that ‘something’ and then determine their 
structure or structures. When we have a very promising lead, 
we figure out a way to make the compound on a larger scale, 
to make analogues of the compounds to improve potency or 
minimize the side effects, and to determine the best way to 
deliver it.

2024 Senior Research Excellence Award Profile
NATURE’S SECRETS

“In all cases we work with teams of scientists across UNCG, the 
state, the country, and the world. Today, I just got off the phone with 
a collaborator in Chicago and emailed others in Washington and 
Ohio. Next week, I travel to Texas, next month to England.

“I’ve been playing soccer nearly my entire life, sometimes I use 
that analogy with my new students. In soccer, my role is the not-so-
glamourous left fullback position. But if no one is in that position, 
the game will quickly fall apart. Everyone needs to show up to play 
and be willing to work as a team.”

Paying it forward “I can go on and on with examples where 
mentors gave me a shot, provided encouragement, helped open a 
door. I cannot pay a single one of them back. The only thing I can do 
is try to pay it forward. Training the next generation of scientists is 
one of the key reasons I came to UNCG.

“I’m so proud of the scientists that have been part of our team 
and what they’ve gone on to do. Graduate students trained in our 
lab are now professors in Arkansas, Thailand, Jordan, Mexico, Saudi 
Arabia, and Turkey. Three of our students are now at Proctor and 
Gamble – one as a director, and we have past students at AbbVie, 
Edeniq, Integrity Pharmaceutical Advisors, KBI Biopharma, Sutro 
Biopharma, Syngenta, and Triclinic Labs. Others are research 
scientists at universities or pursuing the next step in their education 
as master’s and doctoral students at prestigious universities.”
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