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Welcome to the fourth issue of RESONANCE, the newsletter of 
the Illinois Biophysics Society (IBS), UIUC Chapter.  In this issue 
our new director, Professor Martin Gruebele, talks about his vision 
for the Center for Biophysics and Computational Biology and gives 
a little background about research done in his laboratory.  César 
Luna-Chávez discusses the crystallization of complex II.  Bill 
Hammack, Professor of Chemical and Biomolecular Engineering, 
shares with us a public radio commentary on the shower curtain 
paradox (www.engineeringguy.com). 

If you are interested in getting involved with the IBS, you may e-
mail Amir Mirarefi, IBS president, at amiraref@scs.uiuc.edu. For 
additional information on the newsletter (or if you would like to 
contribute), you may e-mail the newsletter editor, Derrick Kolling, 
at kolling@uiuc.edu.  

 

 
 

From BQE to Proteins 
 

by Martin Gruebele 
 

With this article, I’d like to introduce myself to the readership 
of the IBS Newsletter as the new Director of the Center for 
Biophysics and Computational Biology.  My group is affiliated 
with the Center, as well as the Departments of Chemistry and 
Physics, and currently three biophysics students are working on 
their doctorates with me, studying fast protein folding phenomena. 

I welcome questions and comments from biophysics students.  
The best time to reach me in person is during my office hours 
Wednesdays from 2-4 in A220 CLS. Otherwise, Cindy can set up 
appointments when necessary.  For now, let me give you a brief 
update on some topics of interest to members of the IBS. 

The BQE has been taken over by Professors Satish Nair and 
Todd Martinez.  The reason I selected an experimentalist and a 
theorist for the job instead of a single person, is because I want to 

make the BQE more user-friendly for the computational biologists 
in our fold.  Don’t expect to see any big changes this semester, but 
in the 2003-2004 academic year, the BQE will be reworked to offer 
more flexible choices among basic biophysics, experimental, and 
theory questions. 

Likewise, we will consider making course and other choices 
more flexible for those following the biophysics or the 
computational biology tracks of our Ph.D. (which is in Biophysics 
and Computational Biology).  One area where you will find me less 
flexible than past administrations is the timely fulfillment of 
program requirements.  It would not be fair to those who strive to 
fulfill Ph.D. requirements in a timely manner to let those who don’t 
“off the hook.”  And without some requirements, our Ph.D. 
program cannot maintain its nationally recognized stature.  To help 
you and your advisors, a detailed information sheet will be sent out 
every semester.  We have affiliates from many different 
departments, so it can get a bit tricky for all of us to keep track of 
progress! 

The Center, like all units at the University, is facing financial 
challenges associated with the State economy.  Nonetheless, I will 
do my best to continue our support for all the worthwhile seminars, 
student activities, and those occasional Bread Company get-
togethers.  Nothing is more important than those activities that 
make us a community. 

Now, let me switch topics a bit and talk about an exciting 
research result we have recently obtained.  We’re all here to do 
science, and the IBS Newsletter regularly features news from 
different research groups.  My student Houbi Nguyen recently 
wrote one, so I won’t repeat what he discussed. 

Wei Yang in my group has been working with the 6-85 
fragment of the � -helix bundle protein � -repressor for a couple of 
years.  NMR lineshape analysis done in the group of Terry Oas at 
Duke a few years ago hinted that the protein might fold in a few 
microseconds under ideal folding conditions.  Wei indeed found 
mutants and conditions where this is so.  This means that the 
protein folds very close to the “speed limit” for folding.  Wei 
uncovered direct signs of this speed limit: At times below a couple 
of microseconds, the kinetics of folding deviates from the standard 
exponential decay.  Instead, the kinetics is even faster at short 
times, indicating that protein motions populating and depopulating 
the transition state are being probed directly. 
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continued from p. 1 
Hairong Ma in my group recently collaborated with a group in the 
Netherlands to measure the disassembly of light harvesting 
complexes (LH1) of Rhodospirillum rubrum.  They were able to 
differentiate breakup of the ring into dimers (a ms time-scale 
process), and the subsequent breakup of the dimers into monomers 
(a sub-ms process), thanks to their very different spectral signatures 
in the 750-850 nanometer range.  To measure the time-resolved 
absorption changes, Hairong set up a femtosecond Ti:sapphire laser 
system.  To induce dissociation, she pulsed the LH1 solution with 
an infrared laser pulse to heat the sample.  One experimental 
problem took quite a while to figure out: When the solution is 
heated, the refractive index changes, which causes the transmitted 
probe pulse to be moved around, or “lensed,” when the sample is 
too thick.  Hairong finally used a large detector element so all the 
transmitted light could be collected even if the beam moved a bit. 
Enough shop talk.  In your research, you all continually encounter 
problems, some small, some large.  I wish you good luck in solving 
them and learning new science, for this semester and beyond! 
 
 
 

San Francisco’s Complex II 
 

by César Luna-Chávez 
 

Crystal structures are now available for seven of the eight 
enzymes of the Krebs cycle and for the entire succinate oxidase 
system, including complex II. Most cells in the body contain 
hundreds of small dynamos, energy production centers, called 
mitochondria.  For over a 
decade, we have known that 
flaws in mitochondrial DNA 
cause or contribute to a wide 
range of disorders, some of 
which are obscure but 
potentially catastrophic. 
Defects in DNA outside the 
chromosome—inside these 
centers—can cause an array of 
disorders, ranging from 
diabetes to heart failure to 
aging.  Mitochondria provide 
about 90% of the energy that 
cells—and thus tissues, 
organs, and the body as a whole—
need to function.  They generate 
energy through a complicated process 
that involves the relay of electrons along a series of protein 
complexes I-IV (collectively known as the respiratory chain).  This 
relay indirectly enables another complex (ATP synthase) to 
synthesize ATP, the energy-carrying molecule of cells. 

It became clear in 1962 that impairment of mitochondrial 
energy production causes a debilitating disorder.  The tissues and 
organs most readily affected by cellular energy declines are the 
central nervous system, followed, in descending order of 
sensitivity, by heart and skeletal muscle, the kidneys and hormone-
producing tissues.  To date, nearly a dozen diseases originate from 
mitochondrial DNA mutations. Those clinically related to complex 

II are Leigh’s syndrome (a potentially lethal childhood disease) and 
Kearns-Sayre syndrome (affecting hearing, and causing kidney 
failure among others).  

Complex II (also called succinate dehydrogenase) is one of the 
most important catalysts in the inventory of human enzymes and 
plays a key role in biological energy generation. In order to obtain 
information on complex II function, it is necessary to obtain 
structural knowledge of both the cofactors and the unique protein 
environment surrounding each of the cofactors.  Decades ago (1), 
Prof. Thomas P. Singer (whom the author had the chance to meet 
and with whom he enjoyed pints of beer while at the UCSF—
Biophysics Group) and his coworkers in the Molecular Biology 
Division, VA Medical Center, were the first to isolate this bovine 
protein in pure state and subsequently contributed much of the hard 
knowledge on its functioning and properties.  Nevertheless, the 
absence of a crystal structure and analysis at atomic resolution has 
set limits on our understanding of the reaction mechanism of this 
enzyme.  

Beef heart complex II of the mitochondrial respiratory chain 
has been the most extensively studied; however, attention of late is 
turning more to bacterial complexes that can be genetically 
modified and therefore used to answer questions of structure 
function not easily approached in the mammalian system, where 
directed mutagenesis of this enzyme is not yet possible because this 
requires an efficient means of introducing mutant genes in 
mitochondria.  The bacterial counterpart, called fumarate reductase, 
possesses more manageable properties, but resembles the 
mammalian enzyme in all important respects. The laboratory of Dr. 
Gary C. Checchini, successor of Prof. Singer, contributed a wealth 
of site-directed mutagenesis and spectroscopic data that allowed 

further characterization of the 
cofactors involved in electron 
transfer.   

Although there has been 
some progress in crystallizing 
membrane proteins, only a 
handful of their structures, 
belonging to only four families, 
have been solved, and all but a 
couple originate from bacterial 
sources.  One or two new 
membrane proteins are 
crystallized for the first time 
worldwide.  This slow progress 
with membrane proteins is due, 

first of all, to the fact that most membrane 
proteins are available only in small 
quantities; they are rather unstable and 

their biochemistry is not as well characterized as that of most 
soluble proteins.  Secondly, membrane proteins have to be removed 
from their native lipid environment by detergent solubilization and 
become exposed to solution conditions that have properties 
drastically different from those existing in native membranes. 
Thirdly, several unique characteristics of membrane proteins, 
however, often make it difficult to apply the methods available for 
the purification employed to isolate water-soluble, non-membrane 
associated proteins.  

continued on p. 3 
 

Fig.1. The Mitochondrial Respiratory Chain 
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continued from p. 2 
In June 1999, while in the laboratory of Dr. Cecchini, and in 

collaboration with scientists from Caltech, we reported the 
purification, crystallization, and structure of fumarate reductase 
(Fig.2) from E. coli and it was an exciting moment. It became the 

first available structure for a 
family of membrane-bound 
enzymes with an important 
function in central carbon 
metabolism and energy 
production in cells. They 
catalyze succinate-fumarate 
interconversion coupled to the 
reduction/oxidation of 
quinone. In a similar fashion 
with techniques learned from 
fumarate reductase, this time 
in collaboration with scientists 
from Imperial College 
London (4), we have recently 
reported the purification, 
crystallization, and structure 
of succinate dehydrogenase 
(Fig.3) —modeled after its 

close relative, fumarate 
reductase—a member of this 
family, which is both a citric 

acid-cycle enzyme and respiratory complex II of the mitochondrial 
respiratory chain.  

The techniques for optimizing preparations of highly pure 
complexes and their crystallization observed various experimental 
conditions required for this achievement: choice of plasmid for 
overexpression, growth characteristics for optimum levels of 

expression with minimal degradation of the protein by host cell 
proteases and oxidation factors, adjustments in the use of 
detergents, and rapid purification including perfusion 
chromatography media. Isotropic, monodisperse, highly pure, and 
homogeneous enzyme were obtained amenable to reproducible 
crystallization. The isolated and crystallized enzymes show the 
same subunit stoichiometry and contain all types of redox cofactors 
known to be present in these two E. coli enzymes. The general 
procedures may be applicable to the isolation and crystallization of 
other membrane proteins.   
 
NOTE: This article is dedicated to the memory of Prof. T.P. Singer 
who, sadly, passed away in June of 1999, two days after viewing 
the structure of his enzyme and just days before publication. 
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Fig.2. Fumarate Reductase
 

               Fig.3. Succinate Dehydrogenase 

 
The Biophysics Informal Event at Jillian's  

(1201 S Neil St) 
Organized by <cb>2 and the Illinois Biophysics Society! 

 

When? 

 9:00-11:00 pm Friday, March 7th 

Why should we come?      

Come out to help welcome the prospective students to Illinois 
—show them why our program is so great! 

Anything to eat?        

Wings, chips, veggies, and soft drinks will be provided. 

Anything to do?        

The Front room is reserved just for us—come and enjoy a big 
screen TV, plush chairs, and 2 pool tables.  There also is a 
large arcade in the main bar. 
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“Using nearly $30,000 
worth of software, he 

created a virtual shower 
that flowed for thirty 
seconds at about eight 

gallons a minute.” 

Shower Curtains: A Public Radio Commentary 

by Bill Hammack 
Today I'm talking to you from a most unusual place. I'm about 

to hop into my shower and share how an engineer solved one of the 
great mysteries of our time.  

As I shower, the curtain billows into the tub. After years of 
doubt about exactly why this happens, we now have an answer 
from one Mr. David Schmidt. Schmidt, an engineering professor in 
Massachusetts, is an expert in something called computational fluid 
dynamics.  

The motion of many fluids, like water and air, is described by 
a single equation, called the Navier-Stokes equation. Discovered in 
the 19th century, it's so important to our world that there is a 
million dollar prize for anyone who can solve it completely.  

Engineers, though, with a computer can approximate its 
solution. They use this equation to calculate the flow of air over a 
jet, or how blood flows 
through our bodies. 
Schmidt, himself, is an 
expert in using the 
computer to solve 
problems with spraying 
fluids, exactly the case in 
a shower.  

There are two 
competing theories about 
why my shower curtain billows into the tub. The first is the 
Chimney effect, which says that the hot water heats up the air in the 
shower, causing the curtain to rise. The shower stall then sucks in 
cold air, pushing the shower curtain into the tub. The second theory 
is based on the Bernoulli effect: that air rushes past the curtain, 
lowering the pressure along the curtain, sucking it in. This is, by 
the way, why an airplane flies.  

Now, Schmidt programmed his home computer to simulate the 
flow of water past the curtain. Using nearly $30,000 worth of 
software, he created a virtual shower that flowed for thirty seconds 
at about eight gallons a minute. It took almost two weeks of 
computing, and had to make over 1.5 trillion calculations. 
Schmidt's computer showed him that we create a hurricane in our 
showers every morning.  

The shower pushes the air into a large swirling vortex with a 
low pressure center. The shower's water droplets decelerate 
because of aerodynamic drag, transferring their energy to the 
bathtub’s air, which then twists like a hurricane in the bottom of the 
tub, pulling in the curtain. You can even see this hurricane, 
Schmidt says, if you blow smoke into the tub.  

Now, this might all seem kind of silly, but the study of how 
fluid drops move is of vital importance. For example, many 

researchers use Schmidt's computer programs to study the 
scattering of fluids in asthma inhalers. They want to find better 
ways to deliver drugs to the lungs. Now, that would be an 
important problem to solve, unlike the shower curtain. After all, if 
you don't want to be bothered by a curtain, just buy for your shower 
stall a door.  

Reporting from my shower this morning, I'm Bill Hammack.  

Copyright 2003 William S. Hammack Enterprises 

www.engineerguy.com 

 
Cindy Dodds is to be honored with the IBS Service Award 
for outstanding contributions to the student body chapter.  
The students appreciate her hard work and dedication to the 
Center for Biophysics and Computational Biology.  She has 
been an invaluable asset to the IBS as well as the faculty and 
the rest of the cb2 community. 

 
Important Dates 

 
March 1-5 Annual Biophysics Society Meeting in San 
Antonio, TX 

March 7    Biophysics Student Recruiting 

March 12  IBS Student Symposium 

March 16  GSAC meeting 

April 4      5-8 pm Recruiting Happy Hour, Bread Co 

April 11    1-5 pm BQE    

Need help with the TSE?  Want to practice your English-speaking skills?  
Project READ can help!  
 
Contact us for free, one-on-one English tutoring or drop into one of our informal conversation 
classes, held every Wednesday night from 7 to 9 pm at the United Methodist Church next to 
Lincoln Square Mall. For more details, contact Deb Schlomann at dschlomann@parkland.edu. 

  


