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Members of the Jeffery lab. Professor Connie Jeffery and several graduate students in her lab,
Jitesh Doshi, Chang Chen, Wangfei Wang, Navya Josyula, and Haipeng Lui, in front of the double
helical staircase in the Molecular Biology Research Building at UIC.

Understanding the requirement of
proteins for almost every function our
body performs, we all make attempts to
keep our diet well supplemented with
proteins. But what really are these
proteins?
Proteins
are
complex
molecules made up of long strings of
amino acids (hundreds or thousands of
amino acids long). This long string folds
up into a specific three-dimensional
shape that helps the protein perform its
function. In many proteins, a part of the
surface of the protein has just the right Figure 1. Example of a protein structure and
some of the types of studies they are used in.
shape to interact with DNA or has a small
pocket where other molecules can bind and be modified by the protein. By finding out the
three-dimensional shape of a protein, we can find out what the protein does and how it does
it (Figure 1). We can also find out what goes wrong in a protein when it is involved in a
disease. Even a single amino acid mistake in a protein can lead to a protein not being able
to fold into the correct shape, resulting in diseases like cancer or cystic fibrosis. Finding out
what the normal shapes are will help us find ways to correct their functions.
In the Jeffery lab at the University of Illinois at Chicago, undergraduates help with
everything from expressing proteins using recombinant DNA methods, purifying proteins,
crystallizing proteins and helping to solve their structures. The lab work here focuses on
mainly on two types of proteins: moonlighting proteins and multidrug resistance transporters.
Moonlighting proteins have two unrelated functions. This ability of proteins to be involved in
two completely different processes in the cell can make the understanding of how proteins
work together more complicated. By further studying these proteins, we hope to understand
better how a protein can perform two functions and to identify other proteins that might also
have additional, unexpected functions.

Multidrug resistance transporters are found in many pathogenic bacterial and cancer
cells. They enable the cell to pump out antibiotics or anti-cancer drugs so that the cells
never take up enough of the drugs to be killed. The multidrug resistance transporters make
it very difficult to treat infections and cancer. By understanding how these transporters work,
we hope to help develop new types of antibiotics and anti-cancer drugs that aren’t pumped
out of the cell or find molecules that prevent the pumps from working.
X-ray crystallography is the main method we use to learn what the proteins look like
in three dimensions. In X-ray crystallography, we purify a protein and grow a crystal of pure
protein – which looks like a gemstone (Figure 2). We then take the crystal to the synchrotron,
a giant particle accelerator, where we put the crystal into the X-ray beam. We take pictures
of the pattern of scattered X-rays and use computer programs to interpret the data and
determine the three-dimensional picture of the protein.

Figure 2. Steps of X-ray Crystallography (Picture of the synchrotron from Argonne
National Labs web site.)
The career path to research in protein structure and function or other areas of biology
usually involves undergraduate lab experience, graduate school, and then postdoctoral
research before applying for a job in industry or as a professor in a university. During
graduate school, the student usually receives free tuition plus living expenses through a
stipend, fellowship, or a teaching assistant position. It’s important to encourage young
women and men to get experience volunteering in a lab before applying to graduate school.
Some high schools have connections to universities for students to do projects in labs, but
most students don’t find the opportunity to do research in a lab until college. Once in
college, students can look for a research position in a lab at their own university, and/or they
apply for a summer position in programs run by the American Chemical Society (ACS,
acs.org), the Biophysical Society (biophysics.org), or some of the national research labs (for
example, Argonne National Lab).
One of the key things to success in a career in biology is finding the right mentoring
along the way. Mentoring can help with many aspects of a career including finding an
appropriate lab to work in and selecting a project, and later with writing grant and fellowship
applications, giving seminars, training and mentoring their own students, organizing and
teaching a class, organizing time, and dealing with additional challenges such as the “twobody problem”, where both spouses have careers and sometimes in different cities. In fact,
it is my opinion that the main reason many women have difficulties in advancing in their
careers or end up dropping out of the science career “pipeline” is the lack of appropriate
mentoring. For this reason, in addition to my own research and teaching at UIC, I have been
involved in several mentoring programs locally and nationally, including ones organized by
the Association for Women in Science (AWIS), Graduate Women at MIT (GWAMIT) and the
NeXXt Scholars Program.

