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Greetings from Binghamton University! 

Welcome to the 2009 edition of the bio-
chemistry newsletter. The biochemistry 
major is growing strong, with 35 gradu-
ates this May and over 100 students cur-
rently enrolled in the major. We now 
have nearly 900 alumni! 

The biochemistry advisory board has been 
recently reinvigorated, under the leader-
ship of its current president, Rebecca 
Switzer. This newsletter was compiled by 
the dedicated members of the BCAB. 

We have a new assistant director, Maura 
Loew. She is an alumna of the biochemis-
try major herself, and a current graduate 
student in chemistry. She is helping the 
BCAB and is open to suggestions for ac-
tivities for either current students or 
alumni. You can contact her at 
mloew1@binghamton.edu to let her 

know what career path your biochemis-
try degree has taken you down ð we 
could use your story for the website or 
the next newsletter. If you are in the 
area, you could even come speak to cur-
rent students about what lies ahead of 
them! 

Enjoy the newsletter, and thanks for 
reading! 
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Congratulations to our 2009 graduat-
ing seniors!  We wish you good luck 
in your future endeavors.   Be sure to 
keep in touch with Biochemistry De-
partment and let us know how you 
are doing! 
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Living cells require a constant supply of nutrients, 

which are used to meet their energy needs, or as 

building blocks for the synthesis of biopolymers.  

Many important nutrient molecules, 

such as sugars and amino acids, do 

not freely permeate biological mem-

branes.  Thus cells have developed 

mechanisms to import sugars and 

amino acids across their cellular 

membrane.  In many cases, this im-

portant function is provided by mem

­brane proteins called transporters, 

which provide a catalytic pathway for the mostly hy-

drophilic organic molecules through the hydrophobic 

membrane bi­layer.  Membrane transporters often are 

ñactiveò, which means that they have to move sub-

strates uphill against a concentration gradient.  An 

example is a transporter that moves sugars into a cell 

already containing high concentrations of sugar.  Up-

hill transport requires work, which is provided by the 

coupling of substrate trans-

port to the cotransport of 

Na+ ions down their own 

electro­chemical potential 

gradient across the mem-

brane.  

Recently, significant pro-

gress has been made to-

wards our understanding of 

the molecular architecture 

through the availability of 

high-resolution structures of 

several transporters (see 

Fig. 1 for the structure of a 

bacterial glutamate trans-

porter). However, the actual 

transport mechanism(s) re-

main elusive. Our aim is to 

combine functional and 

structural evidence in order to obtain an understand-

ing of how these transport proteins work. 

The systems currently investigated are glutamate 

transporters, which contribute to the removal of the 

excitatory neurotransmitter glutamate from the syn-

apse, and the sodium-coupled neutral amino acid 

transporters (SNATs), which catalyze import or ex-

port of glutamine and other important neutral amino 

acids into or out of cells. 
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In many cases, membrane transport is 

associated with stationary or transient 

transport of charge. We measure this 

charge transport 

with electrophysio-

logical techniques, such as current re-

cording from transporter-expressing, 

voltage-clamped whole cells or ex-

cised inside-out patches. In order to 

investigate transient charge transport, 

we perturb a pre-existing transporter 

steady state by applying voltage or 

rapid substrate concentration jumps and subsequently 

measuring the kinetics of the relaxation to a new steady 

state with a sub-millisecond time resolution. A hypotheti-

cal transport mechanism that combines evidence from 

such pre-steady-state functional data with structural infor-

mation is shown in Fig. 2A for the glutamate transporters. 

This mechanism predicts that two structural changes are 

associated with transmembrane glutamate movement: 1) 

The closing of an external gate 

after substrate binding, and 2) 

the subsequent opening of an 

internal gate, allowing dissocia-

tion of substrate to the cyto-

plasm. A typical example of 

transport currents generated by 

glutamate transporters in re-

sponse to a glutamate concen-

tration jump is shown in Fig. 

2B, demonstrating the existence 

of two separable decay proc-

esses (assigned to the state tran-

sitions shown in Fig. 2A). We 

also apply transition state theory 

to the pre-steady-state kinetics 

of the transporters. This allows 

us to get a better understanding 

of the nature of the structural 

changes and/or diffusional processes that are associated 

with transport (Fig. 2C).  In addition to investigating the 

transport mechanism of wild-type transporters, rapid ki-

netic studies are extended to transporters that are fused to 

fluorescent proteins or site-specifically mutated by using 

standard molecular biological techniques. The combina-

tion of these techniques allows us to understand the rela-

tionship between the structure and the function of the 

transport proteins and to predict potential cation binding 

sites. 
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Figure 1:   Structure

of bacterial glutamate 

transporter

Molecular Mechanism of Transmembrane Transport of Amino Acids  

by Christof Grewer, Ph.D.  

Faculty Research  



Nature has optimized nucleic acids to work in an aqueous environment. 

However, the importance of interactions of the nucleic acid and surrounding water 

molecules is usually underestimated or even ignored by both biologists and chem-

ists alike. The water molecules in immediate vicinity of the nucleic acid form a 

well-structured net of hydrogen bonds that contribute to the overall structure and 

thermal stability of the double helix. Water is an integral part of nucleic acid 

structure. For many practical applications, such as in vivo probes and gene ther-

apy agents, nucleic acids need to be chemically modified to optimize biophysical or pharmacological properties. 

In designing the chemical modifications we should consider the effect of our efforts not only on the molecular 

structure and shape of the nucleic acid, but also its interaction with the aqueous environment. 

 

 We are interested in studying how chemical 

modifications change the hydration of nucleic acids. 

Specifically, we study the structure and hydration of 

RNA analogues where the polar phosphates are replaced 

by non-ionic amide (Figure 1, 1 and 2) and formacetal 

(3) linkages. We envision that such modifications may 

have advantageous properties for designing gene therapy 

agents that target RNA molecules. 

 

 To study the hydration we use a method that ñdries outò the nucleic acid by diluting the aqueous sample 

with organic solvent and observes the response of the nucleic acid to the applied osmotic stress. By comparing the 

response of native and modified nucleic acids to osmotic stress, we obtain valuable insights into how chemical 

modifications change the interactions of nucleic acids with 

the surrounding water. We also collaborate with Structural 

Biologists at Vanderbilt University, who analyze our com-

pounds using X-Ray Crystallography. A crystal structure of 

formacetal modified DNA and the bound water molecules 

(spheres) is shown in Figure 2. The modified DNA was syn-

thesized in our lab and crystallized in the lab of Professor 

Martin Egli at Vanderbilt. Our results suggest that the chemi-

cal modifications that fit well with the structure of the double 

helix also support favorable hydration of the nucleic acid. 

Our long-term goals are to design novel RNA analogues that 

will mimic not only molecular structure and shape but also 

the hydration of nucleic acids. 

Hydration of Nucleic Acids:  

How Chemistry Changes the Interactions with Water   
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by Eriks Rozners , Ph.D.  

Chemistry and Biology professors: let us 
know if you would like your research to 
be featured in the next newsletter.  We 
would love to hear from you! 


