
RESEARCHERS DESIGN FIRST 
ARTIFICIAL RIBOSOME

Researchers could potentially use the artificial ribosome, called Ribo-T, to explore 
ribosomal functions by experimenting with its protein synthesis machine, an area 
that was previously untouchable.

Researchers at Northwestern and the University of Illinois 
at Chicago (UIC) have engineered a tethered ribosome that 
works nearly as well as the authentic cellular component, 

or organelle, that produces all the proteins and enzymes within 
the cell. The engineered ribosome may enable the production of 
new drugs and next-generation biomaterials and lead to a better 
understanding of how ribosomes function.

The artificial ribosome, called Ribo-T, was created in the labo-
ratories of Northwestern’s Michael Jewett, associate professor 
of chemical and biological engineering, and Alexander Mankin, 
director of the UIC College of Pharmacy’s Center for Biomolecular 

Sciences. The human-made ribosome may be able 
to be manipulated in the laboratory to do things 
natural ribosomes cannot do.

When the cell makes a protein, mRNA (mes-
senger RNA) is copied from DNA. The ribosomes’ 
two subunits, one large and one small, unite on 
mRNA to form the functional unit that assembles 
the protein in a process called translation. Once 

the protein molecule is complete, the ribosome subunits — both of 
which are themselves made up of RNA and protein — separate from 
each other.

In a new study in the journal Nature, the researchers describe the 
design and properties of Ribo-T, a ribosome with subunits that will 
not separate. Ribo-T may be able to be tuned to produce unique and 
functional polymers for exploring ribosome functions or producing 
designer therapeutics — and perhaps one day even non-biologi-
cal polymers.

Engineered ribosome may enable the 
production of new drugs and next-
generation biomaterials
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Researchers have found a way to harvest industrially useful  
protein from yeast in much greater quantities

GETTING YEAST TO 
PUMP UP THE PROTEIN

From manufacturing life-saving 
biopharmaceuticals to producing 
energy-efficient biofuels, the 

cost-effective production of proteins will 
be essential to revolutionizing the future of 
healthcare and energy.

For years, scientists have turned to 
yeast as a quick and inexpensive way to 
mass-produce proteins for a variety of 
useful products. Now Keith Tyo, assistant 
professor of chemical and biological 

engineering, has found a 
way to gather more protein 
without actually making 
the yeast produce more.

“The idea is to make as 
much protein as possible,” 
Tyo said. “The community 
has spent a long time 

thinking about how to increase the rate of 
production.”

A unicellular microorganism, yeast is 
a top candidate for producing protein 
because it grows rapidly and needs few 
resources to thrive. But the scientific com-
munity did not realize that yeast reabsorbs 
more than half of the protein it secretes.

“Researchers kept trying to increase 
the production rate of a protein product 
to accumulate more product outside of 
the cell,” Tyo said. “They didn’t realize that 
even though they measured five grams of 
protein outside the cell, there were actually 
ten grams produced. It’s just that the other 

No one has ever developed something of 
this nature.

“What we were ultimately able to do was 
show that by creating an engineered ribo-
some where the ribosomal RNA is shared 
between the two subunits and linked by 

these small tethers, we could actually 
create a dual translation system,” Jewett 
said. “It was surprising that our hybrid 
chimeric RNA could support assembly of a 
functional ribosome in the cell. It was also 
surprising that this tethered ribosome could 
support growth in the absence of wild-type 

ribosomes.”
Ribo-T worked even better than Mankin 

and Jewett believed it could. Not only did 
Ribo-T make proteins in a test-tube, it was 
able to make enough protein in bacterial 
cells that lacked natural ribosomes to keep 
the bacteria alive.

Researchers Design First Artificial Ribosome
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five grams were immediately taken back 
up again.”

Tyo’s team found the proteins in yeast 
responsible for the uptake functions and 
genetically knocked them out. The team 
harvested two- to three-fold more protein 
from the yeast cells that were unable to 
reabsorb the secreted protein.

Funded by the Chicago Biomedical 
Consortium and the Searle Funds at The 
Chicago Community Trust, the research 
paper received the “Editor’s Spotlight” in the 
journal Biotechnology and Bioengineering.

Being able to collect more protein 
product from yeast could lead to cheaper 
biopharmaceuticals, such as insulin, and 
biofuels, such as ethanol. The next step 
is to examine the protein-uptake roles in 
other organisms that researchers rely on for 
protein production.

“A large percentage of the cost of a gallon 
of ethanol goes toward making enzymes—

A schematic of a yeast cell. Tyo’s team found the 
proteins in yeast responsible for taking in protein and 
genetically knocked them out.

Tyo
which are proteins—to degrade the starch 
and cellulose for fermentation,” Tyo said. 
“These enzymes are made by fungal 
organisms like yeast. It’s a logical place to 
try our technology.”

BEING ABLE TO COLLECT MORE 
PROTEIN PRODUCT FROM YEAST COULD 
LEAD TO CHEAPER BIOPHARMACEUTICALS, 
SUCH AS INSULIN, AND BIOFUELS, 
SUCH AS ETHANOL.



Olvera de la Cruz’s work has touched everything from the fight against 
cancer to the design of safer batteries

MONICA OLVERA DE LA CRUZ’S 
DIVERSE RESEARCH

Cruz collaborates with numerous experi-
mental laboratories across Northwestern 
and elsewhere. 

One such collaboration was with Robert 
D. Goldman, the Stephen Walter Ranson 
Professor of Cell and Molecular Biology in 
the Feinberg School of Medicine. Olvera de 
la Cruz developed a mathematical model 
that sheds light on misshapen cell nuclei, 
which are frequently observed in the cells 
of people with cancer and other diseases. 
The model clarifies the mechanisms 
that cause bulges, known as “blebs,” in 
cells’ nuclear membranes and could be a 
step toward bleb prevention, which may 
ultimately provide potential therapies for 
related diseases.

“Changes in the shape of the nucleus are 
indicative of a range of pathologies, includ-
ing progeria syndrome, muscular dystrophy, 
and some cancers,” she said. “Our research 
suggests that blebbing may be the result of 
an imbalance among the various proteins 
that constitute the nuclear lamina.”

Olvera de la Cruz also collaborated with 
Michael Bedzyk, professor and chair of 
materials science and engineering, and 
Samuel I. Stupp, Board of Trustees 
Professor of Materials Science, Chemistry, 
and Medicine, to develop a method to recre-
ate shapes in artificial microcompartments. 
In nature, many biological functions are 
carried out in these microcompartments, 
or protective shells, which provide homes 
to enzymes that convert carbon dioxide 
into energy in plant cells and to viruses that 
replicate once they enter the cell.

Olvera de la Cruz conducts research 
in electrostatics and fluids, developing 
theoretical models to determine the ther-
modynamics, statistics, and dynamics of 
macromolecules in complex environments. 
Her work has touched everything from the 
fight against cancer to the design of safer 
batteries.

“Many people have moved into this field 
since I joined it,” Olvera de la Cruz said. “I 
think that’s why I’m still fascinated by it. If 
you find a field where you’re able to discover 
something that others have not analyzed, it 
is very rewarding.”

Olvera de la Cruz joined Northwestern’s 
faculty in 1986 after receiving her PhD in 
physics from the Cambridge University. 
From 2006 to 2013, she served as director of 
Northwestern’s Materials Research Center, 
the longest running center of its kind in 
the nation. 

Throughout her years at Northwestern, 
Olvera de la Cruz has garnered many 
awards and honors along the way, including 
induction into the US National Academy 
of Sciences (NAS) in 2012. She is the chair 
of the National Academy of Sciences’ NRC 
Condensed Matter and Materials Research 
Committee and a member of the NRC Board 
of Physics and Astronomy. She received 
the NAS’s Cozzarelli Prize and is a fellow 
of the American Academy of Arts and 
Sciences, American Physical Society, and 
the US Department of Defense’s National 
Security Science and Engineering Faculty 
Fellowship program.

As a theoretical researcher, Olvera de la 

Monica Olvera de la Cruz is the Lawyer Taylor Profes-
sor of Materials Science and Engineering and profes-
sor of chemistry, chemical and biological engineering, 
and physics and astronomy.

Few portfolios are as diverse as Monica Olvera de la Cruz’s. Even 

her title — the Lawyer Taylor Professor of Materials Science and 

Engineering and professor of chemistry, chemical and biological 

engineering, and physics and astronomy — shows the breadth of her 

research.



Most of these shells buckle into an icosa-
hedron shape, forming 20 sides that allow 
for high interface and surroundings. Olvera 
de la Cruz, Bedzyk, and Stupp recreated 
these shapes in the lab by altering the 
acidity of their surroundings. The findings 
could lead to designed microreactors that 
mimic the functions of these cell containers 
or deliver therapeutic materials to cells at 
specific targeted locations.

“If you want a very clever capsule, you 
don’t make a sphere, but perhaps you 
shouldn’t make an icosahedron either,” 
Olvera de la Cruz said. “What we are 
beginning to realize is maybe these lower 
symmetries are smarter.”

Although Olvera de la Cruz often creates 
models that benefit life sciences, she also 
works in the realm of physical sciences. 
Some of her more recent research explores 
ways to develop plastic batteries that are 
a safer alternative to current lithium-ion 
technology. She examines plastics known 
as block copolymers that are two types of 
polymers stuck together. They are a leading 
material for use as ion conductors because 

they self-assemble into nanostructures 
that both enable ion charge transport and 
maintain structural integrity.

Block copolymers innately have 
nano-channels through which ions 
can travel, but the charges themselves 
manipulate the shape of the channels. To 
use the material in batteries, researchers 
must find a way to control the shape of the 
nano-channels, so that the charge moves 
efficiently. Olvera de la Cruz and her team 
found that ions and counter-ions found 
in the nano-channels attract each other 
to form a salt. These salts cluster into 
miniature crystals, which exert a force on 

the nano-channels, changing the channels’ 
structure.

This understanding makes it possible to 
predict and even design a “highway system” 
through which ions are transported, 
maximizing the power of the battery.

“There is a huge effort to go beyond 
lithium in a flammable solvent,” Olvera de 
la Cruz said. “People have been looking 
at alternatives that are not explosive, like 
plastics. But they didn’t know how to 
compute what happens when you put in 
a charge. We have provided the tools to 
understand these systems.”

“MANY PEOPLE HAVE MOVED INTO THIS FIELD
SINCE I JOINED IT. I THINK THAT’S WHY I’M 
STILL FASCINATED BY IT. IF YOU FIND A FIELD 
WHERE YOU’RE ABLE TO DISCOVER SOMETHING 
THAT OTHERS HAVE NOT ANALYZED, IT IS VERY 
REWARDING.”
MONICA OLVERA DE LA CRUZ

WORD 
CLOUD

Departmental Research Footprint

The word cloud, created by professor Luis Amaral, displays the department’s 
active research areas. Amaral took the titles and abstracts from five recently 
published papers by each faculty member in the department as a starting point. 
He then removed common words (such as “the,” “and,” and “for”) and words with 
little information about research areas (such as “determine,” “however,” and 
‘increase”), and “stemmed” some words (for example “metabolite,” “metabolic,” 
“metabolome,” and “metabolism” were all changed to “metabol”).



FACULTY 
NEWS

Chad Mirkin 
received the 
inaugural 
Raymond and 
Beverly Sackler 
Prize in 

Convergence Research from the 
National Academy of Sciences.

Wesley 
Burghardt joined  
the Northwestern 
Engineering senior 
leadership team as 
associate dean of  

undergraduate engineering.

Harold Kung 
received the 2015 
R.H. Wilhelm 
Award in Chemical 
Reaction 
Engineering from 

the American Institute of 
Chemical Engineers.

Michael 
Jewett received  
the Camille 
Dreyfus Teacher-
Scholar Award for  
demonstrating 

leadership in research and 
education.

Keith Tyo received 
a prestigious 
Faculty Early 
Career 
Development 
(CAREER) Award 

from the National Science 
Foundation.

STUDENT 
NEWS

Six students received Graduate 
Research Fellowships from the 
National Science Foundation. 
They are: Melissa Barona, 
Taylor Dolberg, Kazi Helal, 
Christine Laramy, Redmond 
Lhota, Peter Su, and 
Jessica Stark.

Bola Adeniran won 2015 Howard 
Hughes Medical Institute Gilliam 
Fellowship for Advanced Study.

Erik Carlson (Jewett group) had 
a paper published in Nature. 

Yamil Colon (Snurr group) 
received the American 
Institute of Chemical Engineers 
Computational Molecular 
Science and Engineering Forum 
Graduate Student Award.  

Jiyao Gao’s recent paper in 
ACS Sustainable Chemistry and 
Engineering was featured on 
the Big Ten Network and other 
media outlets.

Jian Gong’s recent paper 
on perovskite photovoltaics 
was published in Energy & 
Environmental Science and was 
selected as a cover of the July 
2015 issue.

Krishnan Iyer (Torkelson 
group) won the AIChE inau-
gural Biomaterials Graduate 
Student Award at the National 
AIChE Meeting.

Weston Kightlinger received the 
Northwestern Brady Program 
in Ethics and Civic Life graduate 
fellowship.

Christine Laramy received an 
NDSEG fellowship.

Heather Mayes (Broadbelt 
group) received the American 
Institute of Chemical Engineers 
Computational Molecular 
Science and Engineering Forum 
Graduate Student Award.

Nick Thornburg received 
the George Thodos Teaching 
Assistant Award for 2014-15.

Rachel Watson won the 2015 
AIChE Chicago Poster Award.

Ying Yu won a Kokes Award 
from the North American 
Catalysis Society.

Dajun Yue received an 
honorable mention in the 
Sustainable Engineering Forum 
of the American Institute of 
Chemical Engineers’ student 
paper competition.

Hongda Zhang received the 
2015 Ryan Fellowship from 
Northwestern. He also received 
the Foundations of Molecular 
Modeling and Simulation’s 
2015 Graduate Student and 
Postdoc Award. 

Doctors are more likely to try a new 
therapy when they are persuaded 
to do so by an influential colleague, 

reports a new Northwestern study whose 
findings on adopting innovations also have 
relevance for business, education and 
research. 

By analyzing physician social networks, 
professor Luis Amaral and Feinberg School 
of Medicine’s Curtis Weiss examined how 
doctors are professionally connected and 
pass information to each other and how that 
leads to increasing adoption.

Persuading Doctors to Adopt New Treatments
Influential colleagues push doctors beyond comfort zone to try new therapies

The current belief is physicians “catch” 
a new therapy in what is known as a 
contagion model. One doctor sees another 

doctor prescribing a drug 
or ordering a test, and she 
will catch or be infected 
by that new approach and 
start using it herself. But 
the Northwestern study 
found the art of persuasion 
was more effective at 

boosting adoption. The trick was finding the 
sweet spot in frequency and tone of those 

persuasive messages so they’re effective 
but not off-putting. 

The noodging sweet spot? A reminder 
every five to seven days delivered as a 
strong suggestion but not an order, accord-
ing to the study. “While our study is focused 
on critical care physicians, our findings are 
relevant for other settings in education, 
research and business where small groups 
of highly qualified peers make decisions 
about the adoption of innovations whose 
utility is difficult if not impossible to gauge,” 
Amaral said.

Amaral



Building Better  
Batteries
Professor Monica Olvera de la Cruz and her 
team are researching plastic batteries as a safer 
alternative to current, flammable lithium-ion 
battery technologies.

Her research explored how two types of 
polymers (the orange and red chains in this 
image) could be connected to form block 
copolymer (BCP) nanomaterials. She found that 
the shape of the nanochannels through which 
the ions (shown here as green and yellow dots) 
travel can be controlled in BCP plastics.

Read more in her profile on page 3.
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