
IGB Seminar (RBTE)
Multidisciplinary studies of functional  
muscle repair and regeneration:  
Opportunities for clinical transition
October 16, 2018, 12:00 p.m.
612 Carl R. Woese Institute for Genomic Biology

George J. Christ, PhD
University of Virginia, Department of  
Biomedical Engineering and Orthopedic Surgery

World of Genomics  
at the St. Louis Science Center
October 18-20, 2018
Saint Louis Science Center
5050 Oakland Avenue, St. Louis, MO 63110

One of the IGB’s most successful and compre-
hensive public engagement events, the World of 
Genomics, will be showcased at the St. Louis 
Science Center, one of America’s most visited 
museums by Forbes Traveler Magazine.

IGB Faculty Spotlight Lecture 
Paleogenomics, community engagement and 
evolutionary histories of Indigenous peoples of 
North America 
October 23, 2018, 12:00 p.m.
612 Carl R. Woese Institute for Genomic Biology

Ripan Mahli, PhD
University of Illinois; Department of Anthropology; 
IGB Faculty, Computing Genomes for  
Reproductive Health and Regenerative  
Biology & Tissue Engineering themes

Lunch with the Core
Long-term Live Cell Imaging of Endogenous Loci 
by CRISPR/Cas9-mediated Knock-in of  
an Optimized TetO Repeat
October 24, 2018, 12:00 p.m.
612 Carl R. Woese Institute for Genomic Biology

Ipek Tasan, Graduate Research Assistant, 
Department of Chemical and Biomolecular 
Engineering
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This month features an extreme close-up 
of a thin slice of human kidney stone, re-
vealing intricate patterns within the miner-
al layers. Image is courtesy of the Bruce 
Fouke lab, provided by Professor of Geol-
ogy and Microbiology Bruce Fouke, Core 
Facilities Associate Director Mayandi Siv-
aguru, and MD/PhD student Jessica Saw. 

Kidney stones have distinct  
geological histories
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tory, Fouke said.

“In geology, when you see layers, that means that 
something older is underneath something young-
er,” he said. “One layer may be deposited over the 
course of very short to very long periods of time.”

But many of the layers were disrupted, revealing 
that part of the stones – usually the interior dihy-
drate crystals – had dissolved. New crystals of a 
dehydrated form of calcium oxalate had begun to 
grow again within those voids.

“Therefore, just one rock represents a whole series 
of events over time that are critical to deciphering 
the history of kidney stone disease,” Fouke said.

Researchers and doctors who study and treat kid-
ney disease will now need to rethink their basic as-
sumptions, Saw said.

“Before this study, it was thought that a kidney 
stone is just a simple crystal that gets bigger over 
time,” she said. “What we’re seeing here is that 
it’s dynamic. The stone is growing and dissolving, 
growing and dissolving. It’s very rich with many 
components. It’s very much alive.”

Fouke, Saw and Sivaguru are IGB members; Saw is 
pursuing a PhD in molecular and integrative phys-
iology at Illinois.

The Mayo Clinic and University of Illinois Strate-
gic Alliance for Technology-Based Healthcare, the 
Mayo Clinic O’Brien Urology Research Center 
and the National Aeronautics and Space Admin-
istration Astrobiology Institute supported this re-
search.   

Written by Diana Yates. Photo by L. Brian 
Stauffer.

A geologist, a microscopist and a doctor walk into 
a lab and, with their colleagues from across the na-
tion, make a discovery that overturns centuries of 
thought about the nature and composition of kid-
ney stones. The team’s key insight, reported in the 
journal Scientific Reports, is that kidney stones are 
built up in calcium-rich layers that resemble other 
mineralizations in nature, such as those forming 
coral reefs or arising in hot springs, Roman aque-
ducts or subsurface oil fields.

Most importantly for human health, the research-
ers found, kidney stones partially dissolve and re-
grow again and again as they form.

This contradicts the widely held notion that kidney 
stones are homogenous rocks that never dissolve 
and are different from all other rocks in nature, 
said University of Illinois geology and microbiolo-
gy professor Bruce Fouke (above middle, BCXT), 
who led the new research with Jessica Saw (left), an 
M.D. student at the Mayo Clinic School of Med-
icine and Ph.D. student at Illinois; and Mayandi 
Sivaguru (right), an associate director of the Carl 
Zeiss labs@location at the IGB.

“Contrary to what doctors learn in their medical 
training, we found that kidney stones undergo a dy-
namic process of growing and dissolving, growing 
and dissolving,” Fouke said. “This means that one 
day we may be able to intervene to fully dissolve the 
stones right in the patient’s kidney, something most 
doctors today would say is impossible.

“Instead of being worthless crystalline lumps, kid-
ney stones are a minute-by-minute record of the 
health and functioning of a person’s kidney,” he 
said.

The findings were the result of looking at kidney 
stones much more closely and with a broader array 
of light and electron microscopy techniques than 
others had employed before, said Sivaguru, the lead 
author of the study who led the microscopy work. 
The methods included bright-field, phase-contrast, 
polarization, confocal, fluorescence and electron 
microscopy, with newly invented combinations of 
these tools and X-ray spectroscopy.

Many of the techniques are commonly employed 
in geology and geobiology, but have not been used 
to study mineralizations in living organisms, like 
the kidney stones and gallstones that form in the 
human body, Fouke said. In particular, the use of 
ultraviolet light, which causes some minerals and 
proteins to fluoresce at different wavelengths, of-
fered a vast new treasure trove of information.

A recently developed technology, Airyscan su-
per-resolution microscopy, allowed the team to 
view the samples at 140-nanometer resolution, a 
much higher magnification than is normally possi-
ble with light microscopy.

The effort resulted in spectacularly clear, colorful 
images of the interior growth history of the kidney 
stones, revealing that they are built up in alternat-
ing thin layers of organic matter and crystals, inter-
rupted in places with jutting interior crystals.

In the earliest stages of kidney stone development, 
the researchers found, crystals of a hydrated form 
of calcium oxalate adhere to one another, forming 
a big, irregular clump. Layers of organic matter and 
crystals build up on top of this inner core, creating 
an outer shell. The stones continue to dissolve and 
grow. Being able to see the layers clearly for the first 
time made it possible to recreate this geological his-

Kidney stones 
have distinct geological histories
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Stiff microbial films often coat medical devices, 
household items and infrastructure such as the in-
side of water supply pipes, and can lead to danger-
ous infections. Researchers have developed a sys-
tem that harnesses the power of bubbles to propel 
tiny particles through the surfaces of these tough 
films and deliver an antiseptic deathblow to the mi-
crobes living inside.

Biofilms are slimy colonies of microbes held to-
gether by internal scaffolds, clinging to anything 
they touch. About 80 percent of all medical infec-
tions originate from biofilms that invade the inner 
workings of hospital devices and implants inside 
patients. Eradication is difficult because traditional 
disinfectants and antibiotics cannot effectively pen-
etrate a biofilm’s tough surface, the researchers said.

In the journal ACS Applied Materials and Interface, a 
team led by researchers at the University of Illinois 
at Urbana-Champaign describes how they used di-
atoms – the tiny skeletons of algae – loaded with an 
oxygen-generating chemical to destroy microbes.

“Most of us get those black or yellow spots in our 
showers at home,” said co-author Hyunjoon Kong 
of the IGB’s Regenerative Biology & Tissue Engi-
neering research theme, professor of chemical and 
biomolecular engineering and a Carle Illinois Col-
lege of Medicine affiliate. “Those spots are biofilms 
and most of us know it takes a lot of energy to scrub 
them away. Imagine trying to do this inside the con-
fined space of the tubing of a medical device or im-
plant. It would be very difficult.”

Looking to nature and basic mechanics for a solu-
tion, the researchers developed a system that uses 
naturally abundant diatoms along with hydrogen 
peroxide and tiny oxygen-generating sheets of the 

“We dope the particles with nanosheets of manga-
nese oxide, then mix them with hydrogen peroxide 
and apply that to the surface of the biofilm,” Kong 
said. “Once the diatoms break through to the inter-
nal structure of the biofilm, they continue to expel 
bubbles and facilitate the entry of hydrogen perox-
ide, which is an effective disinfectant against bacte-
ria and fungus.”

The researchers believe that their success is a result 
of a decision to focus on the mechanical aspects 
of biofilm destruction, not the chemical aspects of 
simply killing microbes.

“We have arrived at a mechanistic solution for this 
problem and the possibilities for this technology are 
endless,” said co-author Simon Rogers, a professor 
of chemical and biomolecular engineering. “We are 
discussing our research with clinicians who have 
many exciting ideas of how to use this system that 
we did not even think of originally, such as the re-
moval of dental plaque.”

U. of I. researchers Jiayu Leong, Jun Dong Park, Yu-
Tong Hong, Yu-Heng Deng, Vitaliy Dushnov and 
Joonghui Soh also contributed to this study. Addi-
tional co-authors include Sang-Hyon Chu of the 
National Institute of Aerospace, Cheol Park of the 
NASA Langley Research Center, Dong Hyun Kim 
of the Korea Institute of Industrial Technology and 
Yi Yan-Yang of the Institute of Bioengineering and 
Nanotechnology in Singapore.

The National Institutes of Health, the National Sci-
ence Foundation and the Korea Institute of Indus-
trial Technology supported this research.   

Written by Lois Yoksoulian. Photo by L. Brian 
Stauffer.

compound manganese oxide.

“We could have fabricated a particle using 3D print-
ers, but luckily nature already provided us with a 
cheap and abundant option in diatoms,” said co-au-
thor and postdoctoral researcher Yongbeom Seo. 
“The species of diatom we selected are hollow, high-

ly porous and rod-shaped, providing a lot of surface 
area for the bubbles to form and a channel for the 
bubbles to escape.”

The chemical reaction between the hydrogen per-
oxide and manganese oxide nanosheets takes place 
within the empty space inside the diatom. The result 
is a flourish of microbubbles that flow through the 
tiny channel, propelling the rigid diatoms forward 
with enough force to break up the surface and in-
ternal structure of the biofilms, the researchers said.

Researchers develop microbubble scrubber 
to destroy dangerous biofi lms

Above: Professor of Chemical  
and Biomolecular Engineering  

Simon Rogers, left, postdoctoral re-
searchers Jun Pong Park and  
Yongbeom Seo and Professor  
of Chemical and Biomolecular  

Engineering Hyunjoon Kong led  
an international team that  

developed hydrogen peroxide- 
bubbling microparticles that may  

help eradicate dangerous biofilms.

RESEARCH
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MONTHLY PROFILE

A beautiful song 
Yong-Su Jin embraces the science and art of metabolic engineering

Yong-Su Jin is Professor of Food  
Microbiology in the Department of  
Food Science and Human Nutrit ion, 
whose research is centered on  
metabolic engineering of micro- 
organisms to produce biofuels and 
chemicals from renewable biomass.

As a researcher, Yong-Su Jin sees both science and 
art in his work. He sees science in the measuring, 
testing and theorizing. But in the creativity and pas-
sion that his field requires, he sees art. 

Jin is a professor in the Department of Food Science 
and Human Nutrition and a member of IGB’s BSD 
and MME themes. 

Much of his research has focused on metabolic en-
gineering, which involves altering microorganisms’ 
metabolic functions to create valuable products 
such as pharmaceuticals and biofuels. 

As Jin’s career has grown, so has the field of meta-
bolic engineering. 

“Before, metabolic engineering meant just changing 
one or two genes to change the phenotype,” he said. 
“It was pretty straightforward.” 

Over time, scientists started to look into what im-
pact these changes have. Ideas from other fields, like 
systems biology and synthetic biology, became in-
tertwined with ideas in metabolic engineering. 

“I witnessed that and found it was a pretty interest-
ing area, and very well aligned with the IGB,” Jin 
said. 

One of Jin’s research projects focused on human 
milk oligosaccharide, a unique sugar found in hu-
man breast milk. When ingested, microorganisms 
in the infant gut use this sugar as food, which leads 
to stronger gut development.

Scientists were interested in overproducing this 
beneficial sugar in the lab, as it is only found in 
breast milk. Jin’s research showed this could be 
done in both E. coli and yeast by introducing an en-
zyme that resulted in the production of the sugar. 

“It’s a very interesting example of how metabolic en-
gineering can contribute to society,” Jin said.

it work. He wants to learn more about how gene 
expression and metabolic pathways — the chemical 
reactions that are manipulated in metabolic engi-
neering — are controlled.  

Jin compares it to a conductor guiding an orches-
tra. Though an orchestra may have all the right in-
struments and musicians, it is nothing without the 
control and guidance provided by its conductor. 
Metabolic engineering has a similar dynamic.   

“Even though we introduce all the metabolic path-
ways, we need this control tower,” Jin said. “We need 
to figure out when this pathway should be activat-
ed, when this pathway should be downregulated, in 
order to have a good production of the metabolite.” 

Metabolic engineering has come a long way since 
Jin’s research began. Scientists have made significant 
advances, but more work is needed, especially when 
it comes to control. Again, he compares it to build-
ing an orchestra.  

“Ten years ago we had only a trumpet and a vio-
lin, so people wanted to get a cello, a trombone, a 
timpani,” he said. “Right now we have most of the 
instruments, but the problem is we don’t know how 
to conduct this orchestra well.” 

Jin can relate this idea to his own work and career. 
He’s often felt frustration at the unknowns of meta-
bolic engineering.  

But as the conductor of his own orchestra — his 
own research — Jin is happy to be learning. 

“I’m still a very inefficient conductor now,” he said. 
“But in the future, my dream is to make a very beau-
tiful song.”   

Written by Emily Scott. Photo by Kathryn Faith.

Metabolic engineering is also aiding the Center for 
Advanced Bioenergy and Bioproducts Innovation 
(CABBI), a research collaboration between the 
IGB and the Institute for Sustainability, Energy, 
and Environment that is searching for economic 

and sustainable bioenergy solutions. Jin is a part of 
CABBI’s Conversion theme, which is trying to de-
velop microbial strains that can produce molecules 
such as biodiesel and jet fuel. He is working on en-
gineering yeast to produce organic acid and alcohol, 
two valuable products. 

Jin is also involved in Realizing Increased Photosyn-
thetic Efficiency (RIPE), a research project focused 
on enhancing the photosynthetic capacity of staple 
food crops. This is often done by introducing or de-
leting enzymes in the crop. 

RIPE researchers are currently testing these chang-
es in crops, but it takes years to do. Jin is developing 
a way to test these changes faster by using a smaller 
model: microalgae, a unicellular species that per-
forms photosynthesis. Scientists can test their ma-
nipulations faster in the microalgae to see if they 
will work in crops — in theory, what’s tested in mi-
croalgae should be similar in the crop. 

As most of Jin’s research involves making metabolic 
engineering work, he finds himself interested in un-
derstanding the underlying mechanisms that make 

“Right now we have  
most of the instruments,  

but the problem is we  
don’t know how to conduct  

this orchestra well.” 

https://cabbi.bio/
https://cabbi.bio/
https://cabbi.bio/
https://ripe.illinois.edu/
https://ripe.illinois.edu/
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AWARDS

JAN LUMIBAO
Jan Lumibao, Predoctoral Research Fellow, Nu-
tritional Sciences, and member of the Gaskins 
Lab (RBTE), was selected as a finalist in the 
MilliporeSigma 2018 Life Science Awards Pro-
gram for Tumor Biology for excellent work in 
the categories of Innovation, Potential Impact, 
Communication, and Scientific Rigor, and will 
present at the Life Science Award Prize Event in 
Darmstadt, Germany. 

ZAN LUTHEY-SCHULTEN 
Zan Luthey-Schulten, William H. and Janet 
G. Lycan Professor of Chemistry (BCXT), 
was selected as a 2019 Fellow of the Biophys-
ical Society for  excellence in science and her 
contributions towards the expansion of the field 
of biophysics.

HONG-YAN SHIH
Hong-Yan Shih, Physics postdoc in the Gold-
enfeld lab (BCXT) was awarded the 2019 
Dissertation Award in Statistical and Nonlin-
ear Physics by the American Physical Society 
(APS), which recognizes exceptional young 
scientists who have performed original doctoral 
thesis work of outstanding scientific quality in 
this field.

WORLD OF GENOMICS

WORLD OF GENOMICS COMING 
TO ST. LOUIS SCIENCE CENTER 
One of the IGB’s most successful and com-
prehensive public engagement events, the 
World of Genomics, will be showcased for 
three days at the St. Louis Science Center from 
October 18-20, 2018. The St. Louis Science 
Center, ranked as one of America’s most visited 
museums by Forbes Traveler Magazine, has 
long served as a destination for all ages with 
an interest in learning about science and 
technology.

The World of Genomics will feature six interac-
tive learning stations. At these stations, a team 
of Illinois volunteers from dozens of scientific 
fields will highlight hands-on activities and 
interactive demonstrations that describe the 
deep portfolio of IGB research in easy to 
understand terms.

GRANT

$5M DOE GRANT FOR  
ENERGY CROPS STUDY
Crop Sciences Associate Professor D.K. Lee 
and collaborators were awarded $5 million 
from the U.S. Department of Energy for a 
study titled “Next-Generation Feedstocks for 
the Emerging Bioeconomy.” The team will 
assess field-scale yield of advanced switchgrass 
varieties such as “Independence” — which was 
developed by Lee — for pre-commercializa-
tion. Team members also will examine other 
warm-season perennial grasses such as switch-
grass blends, big bluestem, prairie cordgrass, 
and Miscanthus. Read the full story here.

NOBEL

DR. FRANCES ARNOLD  
AWARDED 2018 NOBEL PRIZE  
IN CHEMISTRY
Congratulations to Dr. Frances Arnold of Cal-
ifornia Institute of Technology for receiving 
the 2018 Nobel Prize in Chemistry. IGB had 
the pleasure of hosting Dr. Arnold during 
the 2017 Enduring Legacy of Sol Spiegelman 
symposium, seen here with BSD theme leader 
and Professor of Chemical and Biomolecular 
Engineering Huimin Zhao, a former member 
of the Arnold lab.

SPEAKER

DAVID QUAMMEN
Our heartfelt thanks and gratitude to David 
Quammen, author of The Tangled Tree: A 
Radical New History of Life,  for spending the 
day with us, visiting IGB and speaking with 
our students, and giving an incredible talk at 
Spurlock Museum entitled “Carl Woese and the 
Revolution He Triggered.”

https://www.igb.illinois.edu/article/5m-doe-grant-energy-crops-study
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DEPARTMENT ANNOUNCEMENTS

BUSINESS

ANNUAL CHARITABLE FUND DRIVE
The 2018 Campus Charitable Fund drive is underway September 17th–No-
vember 9th. Please consider contributing! Take a moment to read
the brochure by visiting the website at www.ccfd.illinois.edu.

A few things you might want to remember: We encourage everyone to 
give by on-line payroll deduction. If you are giving by payroll deduction, 
please remember to type in the annual amount you wish to donate. There 
is no limit to the number of agencies that you may select, but the minimum 
ANNUAL donation is $24.00 ($2 per month). When making a one-time 
donation, make your check(s) payable to the umbrella organization(s) listed 
on the Pledge Form, not to designations within the umbrella. If you have 
any questions throughout the campaign, please contact Jacinda King at 244-
2276 or jkking@igb.illinois.edu. The deadline is November 9, 2018.   

COMPUTER NETWORK AND RESOURCE GROUP

NEW WIRELESS NETWORK
Over the last weeks CNRG has deployed a new wireless network across 
the IGB.  This new network should have improved coverage, faster roam-
ing between access points, and now offers users the option of authenticat-
ing through eduroam.  

If you have any questions or know of any areas of the building that do not 
have good coverage, please let us know at help@igb.illinois.edu.   

RECENT PUBLICATIONS

Please include your connection to the IGB in your author byline when submit-
ting publications, as it will greatly help track potential newsworthy items and 
increase the possibility of coverage.
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