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 career  that  transformed  neuroscience

What defines the best of science, the paradigmatic experiments
hat change a discipline? This is a complex topic, but we  can look for
nswers in the familiar ground of our own fields. Many of our col-
eagues agree that the work of Rousoudan Bourtchouladze (Fig. 1),

ho passed away on August 6, 2011 in New York City, played
n important role in starting a new field and catalyzing a change
n neuroscience that continues to transform the discipline to this
ay.

Rusiko, as she was known to her friends, was born in 1952 in
bilisi, Georgia. Her father was carrier military and her mother a
octor. From an early age, she showed an interest in science and
usic. She could have been a concert pianist, but the pull to science
as simply too strong. Rusiko graduated from Tbilisi State Uni-

ersity with a Physiology major in 1977. In 1984 she received her
h.D. in Physiology and Behavioral Neuroscience from the Anokhin
nstitute of Normal Physiology and the Sechenov First Medical Insti-
ute, in Moscow, Russia. Following her Ph.D., she became a Senior
taff Investigator in the Beritashvili Institute of Physiology in Tbil-
si. It was there that her life-long love affair with memory research
tarted. Her colleagues remember her as a creative, confident, and
eautiful woman with a big courageous heart. I remember a story
he shared with our laboratory about her first week in a primate
aboratory. She was asked to handle a particularly aggressive mon-
ey, and she was simply terrified. How did you possibly manage it,

 asked her. She told me  that she knew that animals sense fear, and
herefore before entering the vivarium each day, she simply made
ure that she controlled her fear! This type of courage, determi-
ation, and pragmatism defines Rusiko’s unfortunately short but
rilliant career.

Rusiko realized early on in her career that integrated molecular,
lectrophysiological, and behavioral studies were key to neuro-
cience. This view has become popular in the last 10 years, but in the
ate seventies, there were very few examples of multilevel cross-
isciplinary studies in neuroscience. Not only was there a paucity of
ppropriate integrative tools, many neuroscientists believed that it
as impossible to appropriately master multiple approaches, and

onsequently multidisciplinary efforts were in general regarded as
oolhardy and superficial. Rusiko’s earlier work combined pharma-
ological tools, hypothalamic electrophysiology, and behavioral
nalysis in rabbits to implicate specific receptor systems in
ehavioral responses triggered by hypothalamic stimulation [9].

Rusiko emerged as a young pre-eminent neuroscientists in
eorgia, and in 1991 she published a very thoughtful and prescient
nalysis of Georgian neuroscience [6].  She argued for the impor-
ance of international collaboration for Georgian neuroscience in

he aftermath of the fall of the Soviet Empire. Her work was  rec-
gnized internationally and she won a series of fellowships and
wards from the Netherlands Academy of Sciences, European Sci-
nce Foundation, Royal Society and Wellcome Trust.
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Rusiko fell in love with the new wave of biochemical studies
of memory coming from Europe and the United States in the late
eighties, and between 1989 and 1992, already a mother married to
a successful heart surgeon, she defied conservative Georgian tra-
ditions and made extended visits to research groups in Western
Europe, most notably Steven Rose’s laboratory at the Open Uni-
versity in the UK. Because the mkhedruli alphabet of her native
language is so different from that of English, in the years that fol-
lowed her papers would be written under a number of variants of
her last name (Burchuladze, Bourtchouladze, and Bourtchuladze).
As a visiting scientist in the Rose laboratory, she carried out influen-
tial studies on the role signaling mechanisms, in including NMDA
receptors and kinase C on memory [7,8]. And this is how our paths
crossed in 1992. She had heard about novel transgenic approaches
that I had used to manipulate calmodulin kinase II in studies of plas-
ticity and learning in mice [15]. She contacted me  about a visit to our
newly minted group in Cold Spring Harbor Laboratories (CSHL), and
within a few months she had moved with her family to the United
States for a Visiting Scientist position at CSHL. In the years that fol-
lowed in our laboratory at CSHL and then in Eric Kandel’s laboratory
at Columbia University, she carried out a series of studies that had
a critical role in the emergence of molecular and cellular cognition
as a new field in neuroscience. This field now has its own soci-
ety (Molecular and Cellular Cognition Society; www.molcelcog.org)
with more than 4000 members and regular meetings in America,
Europe, and Asia.

The first wave of transgenic studies of memory focused on
molecular processes required for triggering hippocampal plasticity
and learning. Unfortunately, it was not always easy to ascertain
whether learning per se was  affected in the mutant mice or some
other behavior required for learning (e.g., sensory perception,
motivation, etc.). Similar problems had plagued earlier Drosophila
genetic studies of memory [12], and Rusiko was  determined to
find a way  around this issue. The solution came in the form of
mice with mutations in the transcription factor CREB. Earlier
studies in Aplysia had suggested that this transcription factor
was involved in synaptic plasticity, and Rusiko’s elegant studies
in our laboratory showed that CREB was critical for long-term
memory [5].  Importantly, Rusiko showed that CREB mutant mice
had intact short-term memory, thus allaying concerns that the
memory deficits were due to behavioral abnormalities unrelated
to memory [5]!  Remarkably, the same CREB mutant mice showed
clear deficits in late, but not early, stages of long-term poten-
tiation (LTP), a mechanism suspected to underlie learning and
memory[5]. Rusiko’s 1994 Cell paper reporting these results is one

of the most highly sited papers in learning and memory. Beyond
providing a clear example of how information at the molecular,
electrophysiological and behavioral levels could be integrated into
a seamless and compelling story, Rusiko’s 1994 CREB paper laid
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Fig. 1. Rusiko Bourtchouladze.

own many of the integrated cross-disciplinary strategies that
ould be used in many other papers that that studied the role of

ranscription in memory. She would follow up that work with a
aper that provided the first electrophysiological and behavioral
vidence that mechanisms of short-term plasticity have a role in
ippocampal dependent learning and memory [14].

To continue her CREB experiments, Rusiko teamed up with
ed Abel in the Kandel Laboratory. There, she showed that ani-
als with a transgene that disrupted the function of a kinase

protein kinase A) that activates CREB also showed late-LTP and
ong-term memory deficits, although early LTP and short-term

emory were unaffected [1].  This was the first convergent and
ompelling series of studies that specifically implicated a signal-
ng pathway in mammalian long-term plasticity and long-term

emory. It was an elegant illustration of the power of integrating
olecular mechanisms (in this case, transcriptional activation), cel-

ular physiology (late phases of LTP), and specific memory processes
long-, but not, short-term memory). It is difficult to underestimate
he importance and impact of these pioneering studies: they were
xtensively discussed both in the scientific and public press, and
hey played an important part in catalyzing the rapid expansion of
he field of molecular and cellular cognition. There are now many
undreds of published studies similar to the ones that Rusiko car-
ied out, and PKA/CREB signaling is one of the most extensively
xplored molecular mechanisms of memory. Her experiments rep-
esent early examples of the new brand of multi-level explanations
f behavior that literally integrate across disciplinary boundaries,
rom molecular mechanisms to complex behavior, and that over
he last 20 years have overcome the many disciplinary silos that
reviously fragmented neuroscience.

Rusiko continued to work on the role of the PKA/CREB pathway
n learning and memory [2,3,10,11] and once again surprised all of
s by announcing that she was accepting a leadership position in

 biotech company built around her findings with PKA and CREB.
he became entranced by the idea of finding small molecules that
ould be used to boost CREB activation and hopefully memory per-
ormance in patients with cognitive problems. Indeed, two  of her
apers focused on mouse models of cognitive disorders. For exam-

le, she published the first mouse model of a learning disability
Neurofibromatosis type I) [13], and she reported that inhibitors of
DE4 improved the memory deficits of a mouse model of Rubinstein
aybi syndrome [4].
etin 86 (2011) 285– 286

She also took the time to write a book for the general public
on molecular mechanisms of memory (memories are made of this)
[13]. It is a personal and engaging account of some of the very roads
she took in her life-long quest for molecular and cellular mecha-
nisms of memory. Even though our ways parted after Cold Spring
Harbor, our friendship remained strong. Rusiko was a creative,
resourceful, and brilliant scientist, and she had a big heart. Sci-
ence will never forget her contributions and her friends will always
remember the big personality, incredible generosity and passion of
the woman behind the experiments that catalyzed a field an.
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