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BRAIN WAVES
Molecular Neuroscience: 
Key players of the glutamate-glutamine cycle
by Dr. Christof Grewer

Wikipedia defines molecular 
neuroscience as “a branch of 
neuroscience that examines the 
biology of the nervous system 
wi th molecu la r b io logy, 
molecular genetics and related 
methodologies”.  Instead of 
focusing onto methodology, the 
definition could also be based on 
the molecu la r un i t s that 
ultimately determine the overall 
behavior of the brain, which are 
the macromolecules mediating 
s i gna l t ransmis s ion , 
transduction, development and 
homeostasis of the brain.  Out of 
the many macromolecu les 
expressed in the brain that are 
worthy of study, my laboratory 
has focused on proteins involved 
in the glutamate-glutamine cycle.  
This cycle mediates the recycling 
o f the ma jor exc i ta tor y 
neurotransmitter, glutamate, 
after it is released from the pre-
synapt ic termina l into the 
synaptic cleft (Fig. 1).  Despite its 
biochemical and physiological 

importance, the overall rate of 
th i s cyc le , a s we l l a s i t s 
regulation and net contribution 
to g lutamate recyc l ing are 
unknown.  Our long-term goal is 
to understand how some crucial 
proteins that contribute to the 
g lu tamate -g lutamine cyc le 
function on a molecular level, in 
order to obtain information on 
how regulatory cycles in the 
brain work as a whole. 

The glutamate-glutamine 
cycle is depicted in Fig. 1 .  
Glutamate, which is packaged 
into pre-synaptic vesicles, is 
released into the synapse upon 
arrival of an electrical signal 
(action potential) at the pre-
synaptic terminal.  Glutamate 
then diffuses across the synapse 
to activate glutamate receptors 
on the post-synaptic membrane, 
resulting in the generation of a 
new e lectr ica l s igna l , and , 
possibly, a new action potential 
in the post-synaptic cell.

—Continued on next page

Dear readers,

This issue or Brain Waves 
broad l y d i scusses bra in 
awareness.  Last month, from 
March 16 through 22, the 
Club participated in 
SfN’s sponsored Brain 
Awareness Week.

To accompl i sh 
this, writers discuss 
psychotherapeutics, as 
we l l a s psycho log ica l 
disorders.

Being an interdisciplinary 
study, neuroscience is neither 
restricted to the biological 
sciences nor  psychology.  
Thus , we a re proud to 
include Dr. Grewer of the 
chemistry department as this 
issue’s faculty contributor.  
Discussing his lab’s work on 
glutamate recycling, you will 
l ea r n in our next i s sue  
glutamate’s importance in the 
brain regarding memory and 
learning.
             —MLM & LJ

PSYCHEDELICS:  A POTENTIAL USE IN PSYCHOTHERAPY
by Francis Bauzon

Psychedelics, less commonly 
known as psycholytics, have been 
demonstrated to be useful agents 
in psychotherapy—sometimes 
helping patients achieve progress 
currently unachievable with 

convent iona l methods .  
Psychedelics have shown promise 
in treating addiction, as well as 
providing prolonged alleviation 
of depression in terminally-ill 
cancer patients.  Unfortunately, 
the promise of these substances 
ha s been obscured by the 

excesses of the youth, caught up 
in the fervor of the 60’s, as well 
as those of prominent individuals 
like Timothy Leary.

—Continued on next page
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GLUTAMATE-GLUTAMINE CYCLE
 - Continued &om previous 

Subsequently, glutamate becomes a waste 
product that needs to be recycled to ensure 
efficiency of the overall system.  In the first step of 
this recycling, glutamate is taken up by excitatory 
amino acid transporters (EAATs) into cells 
surrounding the synapse, including glia cells.  
Glutamate in glia cells is then converted with the 
help of the enzyme glutamine synthase (GS), to 
glutamine which is shuttled back to the pre-
synaptic terminal by glutamine transporters, 
presumably of the SNAT type (sodium-coupled 
neutral amino acid transporters).  The cycle is 
completed by conversion of g lutamine to 
glutamate, catalyzed by phosphate-activated 
glutaminase (PAG), and packaging into synaptic 
vesicles mediated by vesicular transporters.

Over the last ten years, our experiments have 
uncovered several aspects of the function of two 
key players in the glutamate-glutamine cycle, 
namely the EAAT and SNAT trans-membrane 
transporters.  Our work on EAAT glutamate 
transporters has identified their sub-millisecond 
dynamics, including conformational changes 
associated with transport, the independent 
function of the individual subunits in the trimeric 
transporter assembly, the differential functional 
properties of various EAAT subtypes, and 
mechanisms by which reverse transport leads to 
release of glutamate into the extracellular space 
under conditions of ischemia.  Furthermore, we 
have discovered an uncoupled anion conductance 
in the SNAT subtype 2, which is activated by 
binding of extracellular Na+ and inhibited by 
glutamine.  This anion conductance may directly 
influence the excitability of the SNAT2-containing 
membrane.  Finally, we have identified amino acid 
residues that contribute to the control of the 
interaction of SNAT2 with extracellular Na+, 

suggesting the existence of a cation binding site 
that is partially formed by residues in trans-
membrane domain 1 of the transporter.

Our laboratory continues to investigate the 
molecular properties of these transporters.  
Current work includes the identification of cation 
binding sites and the establishment of structural 
models, in particular for the SNAT transporters, 
for which the structure is unknown.  We believe 
that this research will eventually enable us to 
determine the overall rate of the glutamate-
glutamine cycle, as well as to theoretically model 
the complete cycle and identify crucial steps of its 
regulation.  This is one of the key aspects of 
molecular neuroscience, which aims at establishing 
the functional properties of macromolecules, in 
order to predict the behavior of more complex 
systems, such as neurons or networks of neuronal 
cells.

INSOMNIA: THE EFFECTS OF PROLONGED SLEEP DEPRIVATION
by Britny Keith

College students can relate 
all too well to staying up for 20 
hours or longer as a result of 
prolonged procrastination.  For 
many Amer icans , howe ver, 

involuntarily staying awake for 
extended periods of time is a 
recurring issue.  More commonly 
described as the inability to 
s l eep , insomnia a f fect s 
approx imate l y 2 5% o f the 

population.  Because the amount 
of sleep that individuals require 
i s var iab le throughout the 
population, there is no easy way 
to define insomnia.  

—Continued on page 3

The Glutamate-Glutamine Cycle—includes the 
release of glutamate from the post=synapse [1], 
followed by its reuptake by pre-synaptic cells [2] or 
neighboring glial [3].  Chemical modification [4] 
allows the original glutamate molecule is reused.  
Image adapted &om the first reference of this article.

[1][2]
[3]

[4]
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INSOMNIA
 - Continued &om page one

More frequently, it is referred 
to as a symptom, caused by pain 
or a psychological disorder which 
leads to sleeplessness.   

Recent studies show that 
college students constitute the 
largest group of Americans who 
experience recurring insomnia.  
Adults ages 18-29 are more likely 
to become sleepy during the day, 
to use medications to stay awake, 
and more likely to have difficulty 
sleeping at night.  As a result, 
their sleeping patterns are altered 
and their bodies have to develop 
ways to compensate for lost 
sleep. This leads to the irregular 
sleeping patterns commonly 
observed in insomniacs.  

The sleep cycle is divided 
into five stages: Stage 1, Stage 2, 
Stage 3, Stage 4, and REM sleep,. 
These stages are characterized by 
the levels of brain activity.  For 
example, during alpha and beta 
brain activity, a person is awake 
and the brain is relatively active.  

These activity levels are seen 
during Stage 1 and Stage 2 of the 
sleep cycle. 

During theta and delta brain 
activity, however, there are lower 
levels of activity as a person 
gradually enters deeper stages of 
sleep.  As a person enters Stage 4, 
the frequency waves within the 
brain become less active.  Delta 
activity is the dominant activity 
observed during deeper stages of 
sleep. 

The most active stage of the 
s leep cyc le , REM s leep , i s 
characterized by theta and beta 
activity, which suggests brain 
activity during this stage.  During 
REM sleep, people experience 
dreams, rapid eye movements, as 
well as muscular paralysis.  

Commonly, in American 
society, sleep is neglected—as a 
result we are not able to function 
as efficiently.  The primar y 
purpose of sleep is to allow the 
brain to rest, and without sleep 
the brain is unable to perform 

optimally. Sleep gives the brain 
an opportunity to recover from 
the previous day. 

For college students, it is 
especially important to acquire 
the appropriate amount of sleep 
daily.  Sleep deprivation limits 
the ability to concentrate and 
re ta in in format ion , s lows 
reaction time, and may lead to 
depression, as well as many other 
health related problems.

    Most importantly, pulling 
“all-nighters” as a method for 
preparing for a test is neither 
healthy, nor effective.  In reality, 
all-nighters limit the amount of 
information retained and will 
most likely result in lower exam 
scores.

by the Club Executive Board
 Every March, The Society 
for Neuroscience (SfN) and 
The Dana Foundat ion 
sponsor an international 
outreach event known as 
Bra in Awareness Week 
(BAW ) .  The week long 
educational program, this 
year from March 16 through 
22 , i s an inter nat iona l 
movement to increase the 
genera l pub l i c ’s ac t i ve 
awareness of the brain.  As an 
awareness initiative, the 
event’s premise is not to 

teach the intricacies of the 
brain sciences. Rather, it 
seeks to raise the general level 
of active thought regarding 
the human nervous system, 
insomuch that peop le 
become conscious of how to 
keep a healthy brain and how 
to participate in activities 
that promote proper neural 
development, while avoiding 
those that do not.
 The Binghamton 
University Neuroscience Club 
took on the ambitious task of 
becoming active during this 

weeklong marathon.  To kick-
off BAW, the Club co-hosted 
a fencing tournament with 
the university’s Fencing Club.
  

—Continued on next page

THE NEUROSCIENCE CLUB PARTICIPATES IN BRAIN AWARENESS WEEK
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BRAIN AWARENESS WEEK
 - Continued &om previous

The tournament attracted 
over 50 people, many of whom 
were fencers from regional 
and local clubs.  During the 
tournament, the clubs worked 
together to sell t-shirts and an 
in format ion booth wa s 
displayed.  The booth featured 
an educational poster board, 
literature from the Society for 
Neuroscience, and for the first 
time, the Club distributed 
printed copies of Brain Waves 
volume one, which included 
issues one through three from 
last semester.  The Club also 
ran this informational booth 
in the new union during the 
week and i t a t t racted 
numerous students on campus.

On the Tuesday of BAW, 
invited faculty speakers Dr. 
Patricia Di Lorenzo, of the 
Psychology Department, and 
Dr. Caro l Mi le s , o f the 
B io log ica l Sc iences 
Department, gave a short talk 

about the brain’s gustatory 
( ta s te )  s y s tem.  Ta s te 
demonst ra t ions were 
exh ib i ted and the shor t 
discussion attracted several 
non-science students.  This is 
important, because the scope 
of BAW is not to explain the 
specifics of brain research to 
those currently involved, but 
to bring the foundation of 
neuroscience to those not 
regularly exposed to it.

Most importantly, the 
Club v i s i ted two loca l 
elementary schools during the 
week and gave demonstrations 
regarding the function and 
str ucture of the ner vous 
system.  Third and fourth 
g raders f rom St . John’s 
Elementary School and fifth 
g raders f rom Thoma s 
Jefferson Elementary School 
enga ged in hands -on 
experiments that illustrated 
the function of the human 
nervous system.  For instance, 
students explored the retina’s 

bl ind spot as wel l as the 
function of cerebrospinal 
fluid.  Likewise, the younger 
ch i ldren made P lay -Doh 
neuron models, which were 
connected to create model 
neural networks.  A diagram of 
the brain pointed to the 
va r ious s t r uctures and 
explained their functions.  
Topics such a s the 
cerebellum's significance in 
movement were discussed, 
and to conclude the 1-hour 
visit, students made brain 
origami.

The Club’s Executive Board 
wo u l d l i k e t o t a k e t h i s 
opportunity to thank its members, 
faculty, and community for 
helping make this year’s  programs 
especia(y successful.  Thanks are 
also extended to the SfN for 
supporting the programs and 
providing literature &eely.  The 
Club plans additional programs 
for next year.

—Eds.

Brain Awareness Week—extended from March 16 through 22, and the Club held several programs on and 
off campus throughout the week.  These programs took the form of educational outreach programs at local 
elementary schools, as well as information booths on campus.

The Club’s programs were featured in the Binghamton University Pipedream (March 14, 2009 by Greg norman).  For 
reprints of this as we( as Brain Waves contact the newsletter’s Editor-in-Chief, Jaime Eberle (jeberle1@binghamton.edu).

mailto:jeberle1@binghamton.edu
mailto:jeberle1@binghamton.edu
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PSYCHEDELICS
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His research regarding 
LSD eventually lost academic 
credibility as it degenerated 
into him simply distributing 
large amounts of it to his 
students.  Even renowned 
chemist, Drug Enforcement 
Admin i s t ra t ion (DEA ) 
consultant, and discoverer of 
hundreds o f psychede l ic 
compounds , A lexander 
Shulgin, eventually found his 
drug-handling license revoked 
and h i s l i ve l ihood and 
property intruded upon by 
DEA searches.  Due to the 
resulting legal crackdown on 
substances linked with such a 
tumultuous era, research in 
psychedelic psychotherapy has 
become prohibitively difficult. 
Consequently, interest in it 
has waned over the past 40 
years.  

A lber t Hofmann , a 
chemist working for Sandoz 
Laboratories of Switzerland 
first synthesized LSD in 1938, 
whi l e search ing for 
compounds that would prove 
useful as CNS stimulants.  
With no use found for it 
during animal testing, it was 
shelved.  In 1943 Hofmann 
decided to re-synthesize it and 
accidentally absorbed some 
through his skin, only to 
d i sco ver i t s un ique 
psychoactive properties.  

First circulated amongst 
artists and professionals, LSD 
is what brought attention to 
psychedelics in the Western 

wor ld ; though natura l 
psychedelics had been used by 
various peoples throughout 
history.

Dur ing the 1960 ’s , 
experiments in Maryland, 
British Columbia, and Prague 
demonstrated the potential of 
psychedelic psychotherapy.  
LSD was shown to relieve 
alcohol addiction—especially 
in patients who received one 
large dose of LSD during a 
single session, as opposed to 
several smaller doses over 
many sessions.  These studies 
resulted in a 33 percent success 
rate in facilitating either 
lasting sobriety or significantly 
reduced alcohol consumption 
in subjects—a claim higher 
than that o f A lcoho l i c s 
Anonymous. 

Ketamine, a dissociative 
dr ug not cons idered a 
“classical psychedelic,” has 
been shown to fac i l i tate 
reco ver y f rom hero in 
addiction in studies conducted 
by Evgeny Krupitsky, at the 
S t . Peter sburg Research 
Center of Addictions and 
P s y c h o p h a r m a c o l o g y.  
Krupitsky treated patients 
with a single psychotherapy 
session, coupled with either a 
low, sub-psychedelic dose, or a 
high, psychedelic dose of 
ketamine.  Fol lowing the 
session, subjects were given a 
batter y o f psycholog ica l 
assessments aimed at gauging 
the patients’ response to the 
therapy on a multitude of 
indices.  In both groups, 

Krupitsky found decreases in 
depression, anhedonia, and 
craving, along with increases 
in self-confidence, spirituality, 
and o vera l l emot iona l 
attitudes towards ideas like 
“my job” and “my family”.  
Most importantly, they found 
a significantly greater amount 
of high-dose patients still 
abstinent as compared to the 
low-dose pat ients , when 
followed up 24 months later.

In more recent studies 
conducted at Johns Hopkins 
Univer s i ty Schoo l o f 
Medicine, Roland R. Griffiths 
has investigated the long term 
emotional effects of psilocybin 
on healthy volunteers, with no 
history of mental illness or 
drug addiction.
           —Continued on next page

Lysergic acid diethylamide— is 
a synthetic drug derived from 
ergot grain fungus.  One of the 
most potent psychoactive drugs, 
i t i s known a s a 5 -HTerg ic 
hal lucination, sharing many 
effects as mescaline.
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Our next issue—May!

Learning & 
Memory

PSYCHEDELICS
 - Continued &om previous

After two guided, eight-hour sessions separated 
by two months, 29 out of 36 volunteers reported 
moderate to large increases in emotional well-being 
and life satisfaction.  

Charles Grob of UCLA has done research 
involving anxiety relief in terminally ill cancer 
patients.  In a preliminary study with six patients, 
psilocybin was administered in two six-hour 
sessions, one month apart.  Grob’s preliminary 
conclusion, after working with 12 patients, was that 
they experienced a decrease in anxiety and an 
improvement in mood.  Grob is hopeful that 
psilocybin-induced experiences may provide pain 
relief by changing the patients’ perception of pain, 
even after the drug’s effects wear off.

Currently, it is known that most psychedelics of 
psychotherapeutic interest exert their effects by 
acting as partial agonists at 5-HT2A receptors.  
However, the exact mechanism by which they 
produce their cognitive and perceptual distortions 
is unknown.  Moreover, several analogues similar in 
structure to psychedelics have been synthesized, 
such as bromo-LSD. These substances have the 

same affinities for the target receptor and cause 
some of the same changes in neurochemistry, but 
they are not psychoactive.  Furthermore, some 
evidence has emerged suggesting that dopaminergic 
pathways, especially the nigrostriatal pathway, may 
be involved.  Clearly, our understanding of this class 
of substances is far from complete.

This stands in contrast to drugs such as 
amphetamines and SSRI’s, whose psychoactive 
effects generally can be predicted due to an 
understanding of their mechanisms of action. Such 
a trait has spawned an entire industry dedicated to 
their design and marketing.  When psychedelics are 
administered in therapy, an improvement in the 
patient is expected— not because of their effect on 
a specific neurochemical pathway, but because they 
are “ego-shattering,” “dissolve boundaries,” and 
a l low you to “work through some of the 
darkness”—terms that sound almost Freudian, and 
certainly not in line with modern cognitive 
neuroscience.  Further research is warranted in 
order to illuminate this obscure, but promising, area 
not only of psychotherapy, but of neuroscience in 
general, and to restore credibility to a topic that has 
been a pariah for too long.

http://www.wikimedia.org
http://www.wikimedia.org

