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After graduating from City College of New York
(CCNY) in 1953, I entered the army. By the next year,
I was in the 219th Preventive Medicine Unit in Korea.
Many soldiers in the field were dying from hemorrhag-
ic fever. My duty was to roam the Korean countryside
and set mousetraps to see if we could find clues that
would give us an understanding of what was causing
their deaths. We brought the captured mice back to the
laboratory to remove mites from their skin. We evalu-
ated these mites and sent this information to the Armed
Forces Institute of Pathology (AFIP). The cause of this
was determined to be due to a virus that was carried by
these mites, and the mice were their hosts. Little did I
know that almost 50 years later I would develop an
atlas of the mouse brain.

In 1955, the Army transferred me to Tokyo, Japan to
the 406th Medical General Laboratory Pathology
Department. There my duties were to assist the pathol-
ogist at autopsies and in the laboratory. I was in charge
of special stains on pathological tissues. I also learned
a variety of histological procedures such as embedding
tissue and preparing paraffin blocks to cut tissue sec-
tions for staining and evaluation by the pathologists. |
also learned how to use the freezing microtome to pre-
pare tissue sections at surgery for biopsies to determine
subsequent surgical manipulation such as removal of
cancer tissue. From this experience, I became very
interested in histology to the point where I read the
entire textbook written by Maximow and Bloom.

Following my army experience, I obtained a job at
the Brooklyn College of Pharmacy where I assisted in
the Department of Pharmacology student laboratory
course and was in charge of the care and handling of
laboratory animals. There I learned animal handling,
drug injections, and surgery.

In December 1957, I married Ilene Hammer and we
began our life together, which has been ongoing for 47
years.

With this background and an interest in histology, 1
was accepted to the Department of Anatomy at Ohio
State University (OSU) College of Medicine with Dr.

Morton Alpert as my advisor. My thesis work was the
study of a pigment (lipofuscin, ceroid) in a variety of
tissues such as the mouse adrenal cortex and in athero-
sclerotic plaques in human post-mortem aortas. My
experience with post-mortem dissections was impor-
tant for this work. In addition, my work with special
stains gave me the experience and insight to develop a
histochemical stain for lipofuscin pigment (Alpert et
al., 1960). It was during this time I met Dr. Bernard
Marks of the Department of Pharmacology who served
as a co-advisor and collaborator on this project.

In 1958, I received a Master's Degree in Anatomy.
My advisor, Dr. Alpert, accepted a position in the med-
ical school at the University of Indiana in Indianapolis.
It was only natural, in view of my experience in phar-
macology that I transferred to the Department of
Pharmacology with Drs. Bernard Marks and Chauncey
Leake who was also Assistant Dean of the medical
school. It was a great honor to be exposed to the teach-
ings of this famous scientific statesman who created
Current Contents®, the weekly digest of Life Sciences
Journals. From this arose the Institute for Scientific
Information that was eventually responsible for Pub
Med, the Internet's contribution to the public dissemi-
nation of scientific information.

In this Department, I was fortunate to meet Dr. Joan
Vernikos, a postdoctoral fellow from England. She was
working in the field of adrenocorticotropic hormone
(ACTH) and stress. I was interested in this area of
research. She became my co-advisor and guided me,
along with Dr. Marks, through my thesis work on the
effect of stress on the synthesis and release of ACTH
from the pituitary gland. This study showed that the
anterior pituitary of intact rats can take up a labeled
amino acid and incorporate it into ACTH and that
stress can increase this rate of incorporation. This was
one of the first studies to use 2-dimensional elec-
trophoresis (high voltage electrophoresis and chro-
matographic separation) of radioactive extracts on
Whatman paper sheets.

Every extract revealed the presence of the same
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radioactive spot (spot 1). Stress increased the amount
of radioactivity incorporation into this spot. Using a
biological assay method, spot 1 was identified as
ACTH. It was concluded that the effect of the acute
stress was to cause an increased synthesis of ACTH in
the adenohypophysis of rats.

What remained with me was the abiding interest in 2-
dimensional electrophoresis. Twenty-one years later
(1983), I set up the newly developed method (O'Farrell,
1975) of 2-dimensional gel electrophoresis for the iso-
lation and some identification of proteins.

In April 1962, I attended the FASEB meeting
(Federation of American Scientists and Experimental
Biologists) in Atlantic City. There I went to a sympo-
sium talk given by Dr. George Koelle, the Chairman of
Pharmacology at the University of Pennsylvania in
Philadelphia. I was intensely interested in his work.
Here was a pharmacologist that used a histochemical
procedure in his studies - the first marriage of pharma-
cology and neuroanatomy that I had encountered. This,
as it turned out, was the professional path that I was
destined to take. Drs. Koelle and Friedenwald devel-
oped the histochemical stain for acetylcholinesterase
(AChE) a very important marker for the localization of
the cholinergic nerves anywhere in the body. This pro-
cedure was to be partially responsible for inspiring me
to study the peripheral and central nervous system. |
met with Dr. Koelle in Atlantic City. He became a very
important link in the chain of my life.

It was in mid-1962 while perusing the literature (in
Current Contents®) that I discovered a series of publi-
cations by Swedish groups in Lund and Stockholm.
This series was soon to change my scientific life forev-
er. These papers describe a procedure developed by
Falck (in Lund) and Hillarp (in Stockholm) (Falck,
1962; Falck et al., 1962). The histochemical procedure
was a fluorescence method for the histochemical
demonstration of catecholamines and serotonin, which
revealed for the first time that these amines accumulat-
ed in synaptic nerve terminals of the brain and periph-
eral organs.

I received my doctoral degree in August 1962. I then
moved with Ilene and my first child to the University
of Pennsylvania Medical School Pharmacology
Department as a Postdoctoral Fellow. I revealed my
great interest in setting up this fluorescence microscop-
ic procedure. I already had experience with fluores-
cence microscopy while working on lipofuscin, which
was an autofluorescent pigment. I also had experience
with paraffin blocks of human tissue and the use of the
autotechnicon while working in the Army Medical
Corps. All that remained was to develop a procedure

for freeze-drying tissue that was frozen in isopentane
surrounded by liquid nitrogen. The catecholamine pro-
cedure was difficult and laborious. I obtained a newly
developed freeze-dryer. The frozen tissue was exposed
to vacuum drying for several days. The dry tissue was
exposed to heated paraformaldehyde powder. The
formaldehyde fumes reacted with the catechol and
indoleamines in the tissue, which resulted in fluores-
cent aminergic nerves that were visualized with the flu-
orescence microscope. This dried tissue was embedded
in paraffin, placed in a vacuum oven, and then cut on a
microtome. The paraffin sections were processed and
viewed in the fluorescence microscope.

This was a period of pure magic. Everyday in every
tissue that we looked at there were discoveries. We
studied the eyes (Laties and Jacobowitz, 1964; 1966),
the gut (Jacobowitz, 1965b; Jacobowitz and Nemir,
1969; Nemir et al., 1971), ganglia (Jacobowitz, 1967;
1970; Jacobowitz and Woodward, 1968), heart
(Jacobowitz et al., 1967; Friedman et al., 1968; Vogel
et al., 1969; Brus and Jacobowitz, 1970), ovary
(Jacobowitz and Wallach, 1967), urinary system (Wein
et al., 1972ab; 1973; 1974; 1975a,b) and skin
(Jacobowitz and Laties, 1968).

In Dr. Koelle's lab, I learned the histochemical pro-
cedure for AChE. Using this procedure I completed the
first coexistence studies between the catecholaminergic
and the cholinergic nerves (Jacobowitz, 1965; 1974;
Jacobowitz and Koelle, 1965a,b; Raezer et al., 1973).
The catecholamine histofluoresence procedure was
also very useful in studying the effects of drugs on the
aminergic nerves (Patil et al., 1968; 1972; Goldman
and Jacobowitz, 1971). Early studies were done on the
recently developed drug, 6-hydroxydopamine (6-
OHDA), the first drug developed that resulted in the
reversible destruction of the noradrenergic varicose
nerve terminals in peripheral organs. At higher doses,
intraventricular administration also destroyed nerve
fibers in the brain.

Up to this time (1969), 1 had carefully stayed away
from studying the brain primarily because I felt intimi-
dated by the enormous monumental work on the brain
being published by the Swedish workers (e.g.,
Dahlstrom and Fuxe, 1964; 1965). However, a recent
rat brain map atlas by Konig and Klippel (1963) made
it possible for me to initiate studies on the brain. With
Richard Kostrzewa, my first graduate student, we stud-
ied the influence of 6-hydroxydopa (6-OHDOPA) on
noradrenergic terminals and axons on the rat brain
(Jacobowitz and Kostrzewa, 1971). He directed his the-
sis work to the study of 6-OHDOPA on peripheral
organs and the brain (Kostrzewa and Jacobowitz, 1972;
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1973). This landmark work resulted in a
Pharmacological Review of 6-OHDA, which later
turned out to be a citation classic in Current Contents®
(Kostrzewa and Jacobowitz, 1974).

By 1970, I began to know my way around in the
brain. It was at this time that [ met with Dr. Irv Kopin,
Chief of the Laboratory of Clinical Science at the
National Institute of Mental Health. He offered me a
position of Section Chief in his laboratory. Dr. Kopin
was indeed one of the big links in my life's chain. I was
also very pleased to be in the same laboratory with Dr.
Julius Axelrod, a Nobel laureate. In September 1971,
my family - now llene and our two sons - arrived in
Bethesda, Maryland, where we have lived for 33 years.

At NIH, I set up a lab known as the Section on
Histopharmacology, a term used to indicate the mar-
riage of histochemical and pharmacological/biochemi-
cal disciplines, a reflection of my past work experi-
ence. Here I had the opportunity to interact with many
people with a variety of interests. There was much
interest by research collaborators in pursuing studies of
catecholaminergic/serotonergic and cholinergic nerves.

My section on Histopharmacology has been a unique
laboratory dedicated to the belief that the challenge of
uncovering the secrets to brain function lies in the
unraveling of neuronal connectivity. To this end, we
dedicate a portion of our work to mapping the brain's
neuronal systems. The guiding principle is that knowl-
edge of the building blocks gives us clues about how
the nervous systems operate and how they might fail
due to disease and injury.

The focus in the laboratory was on multi-disciplinary
studies. We directed much of our work towards brain
aminergic/cholinergic nerve localization, mapping and
behavioral alterations (Richardson and Jacobowitz,
1973; Richardson ef al., 1974; Miliaressis et al., 1975;
1976; St. Laurent et al., 1975; 1976; Cruce et al., 1976;
1978; Lewis et al., 1976). The study of the effects of 6-
OHDA was continued (Jacobowitz, 1975; Jacobowitz
et al., 1975; Liuzzi et al., 1977; Massari et al., 1978),
in addition to other drugs (Hanbauer et al, 1974;
Roizen et al., 1975; Grobecker et al, 1977).
Chromaffin cells and organ and cell cultures
(Jacobowitz and Greene, 1974; Webb et al., 1975;
Jacobowitz et al., 1976) were studied.

In 1972, Dr. Mickey Palkovits, a Neuroanatomist from
Hungary, visited the laboratory of Clinical Science. We
undertook the first effort of mapping the whole brain
localization of both catecholaminergic and cholinergic
(AChE) nerves in the rat brain (Jacobowitz and
Palkovits, 1974; Palkovits and Jacobowitz, 1974). We
both sat at one microscope "cheek-to-cheek" for about

one year carefully mapping terminal fields and cell bod-
ies -- a very tedious endeavor. Some years later this
work became a scientific classic in Current Contents®.
Soon after, Dr. Paul MacLean and I did a "cheek-to-
cheek" mapping of catecholaminergic neurons and
serotonergic perikarya in a pygmy monkey brain
(Jacobowitz and MacLean, 1978).

This was a time when there was a surge of interest in
brain function and disease. Researchers discovered that
the loss of dopaminergic nerves in the brain caused
human Parkinson's Disease. In addition, the impor-
tance of norepinephrine and serotonin in the action of
antidepressant drugs resulted in brain anatomical stud-
ies to visualize the influence of drugs on the uptake and
release of these neurotransmitters. The availability of
maps of the localization of neurochemicals was of
great interest.

Furthermore, Dr. Palkovits developed a new tech-
nique in our labortory known as the "micropunch"”
method (Palkovits, 1973). This landmark procedure
allowed us to microdissect discrete nuclei and other
regions of the brain, which provided tiny amounts of
brain tissue (e.g., 5-80 pg protein). This tissue was
assayed by a new microradioenzymatic procedure
developed by Dr. David Henry in Dr. Kopin's section
(Coyle and Henry, 1973). This combination of microp-
unching discrete nuclei and quantitating amine (norep-
inephrine, dopamine, serotonin) levels in the brain was
an explosion that was of considerable importance in
brain physiology, pharmacology, and neuroanatomy.
The era of both histochemical and biochemical map-
ping was launched.

Thus, in the 1970's, our Section was involved with
studies concerning major neurotransmitters and neu-
ronal enzymes. We were able to study the influence of
a variety of behaviors, stressors and genetic mutants on
specific neurochemicals (Richardson and Jacobowitz,
1973; Richardson et al., 1974; Miliaressis et al., 1975;
St. Laurent et al., 1975; 1976; Cruce et al., 1976; 1978,;
Lewis et al., 1976; Miliaressis and Jacobowitz, 1976).
Much work was done on the effect of stress (Palkovits
et al., 1975; Thoa et al., 1975; 1977; Kobayashi et al.,
1975; Moyer et al., 1977; 1978), reproductive neu-
roendocrine processes (Crowley et al., 1978a,b,c;
1979a,b), and brain pathways (Palkovits ef al., 1974;
Jacobowitz, 1978). We also studied the localization of
glutamic acid decarboxylase (Massari et al, 1976;
Hoover et al., 1977; 1978). Thus, it was the mapping of
potential brain neuroregulators that served as a spring-
board of ideas from which behavioral studies emanate.

Scientists used the catecholamine histofluoresce tech-
nique until about the mid 1970s. I believe that this
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powerful procedure was responsible for the modern
day rapid growth of neuroscience. But a new scientific
landmark procedure came on the scene in the early
1970s. It was the immunofluorescent procedure
(Geffen et al., 1969; Hartman, 1973). Antibodies to
tyrosine hyroxylase became the marker for identifica-
tion of catecholamine-containing neurons. This simple
antibody technique quickly replaced the immunofluo-
resent procedure for identification of adrenergic nerves
and chromaffin cells in the periphery and central nerv-
ous system. This exciting new development began a
new era of the study of peptides as potential neuro-
transmitters. This was a time when antibodies were
generated against known peptides (oxytocin, vaso-
pressin) and new peptides were being isolated, puri-
fied, and antiserum was being made available. I recog-
nized that my professional interests had come full cir-
cle starting from my thesis work with peptides in the
pituitary back to peptides in both the brain and periph-
ery. From that point on, my interest in peptides had
returned and I was eager to study the localization of
peptides within the neurons in the brain and ganglia.

With Tom O'Donahue, a graduate student in the
Department of Pharmacology at Howard University
working on his thesis under my guidance at NIH, we
embarked on a study of alpha-melanocyte stimulating
hormone (alpha-MSH) utilizing immunohistochemical,
biochemical, and behavioral methods (Jacobowitz and
O'Donohue, 1978; O'Donohue et al., 1979a,b,c.d;
1980a,b; 1981b,c; 1982; Tizabi et al., 1982). This was
an exciting time of constant discovery.

With Dr. Gerhard Skofitsch, a postdoctoral fellow
from Austria, we initiated a program of immunohisto-
chemical mapping of the localization of peptides in
cells and fibers of the brain. We prepared whole-brain
maps of corticotrophin releasing factor (CRF), galanin,
calcitonin gene-related peptide (CGRP), melanin con-
centrating hormone (MCH), and atrial natriuretic factor
(ANF).

Our laboratory has now produced complete maps of
13 whole brain neuronal systems - more than have
come out of any other laboratory in the world: cate-
cholamines/serotonin (Jacobowitz and Palkovits, 1974;
Palkovits and Jacobowitz, 1974; Jacobowitz and
MacLean, 1978); alpha-MSH (Jacobowitz et al.,
1978); bovine pancreatic polypeptide (Olschowka et
al., 1981); motilin (Jacobowitz et al., 1981);
gonadotropin releasing factor (Jacobowitz et al., 1983);
ANF (Thoa et al, 1972); CRF (Skofitsch and
Jacobowitz, 1985b); galanin (Skofitsch and
Jacobowitz, 1985¢c; Jacobowitz et al., 2004); CGRP
(Skofitsch et al, 1985a); MCH (Skofitsch et al.,

1985¢); ANF (Skofitsch et al., 1985b); calretinin
(Jacobowitz and Winsky, 1991); in addition to an atlas
of the chemoarchitectonics of the developing mouse
brain (Jacobowitz and Abbott, 1998). The major
"depository" of information concerning sites of local-
ization for potent brain neurochemicals has given birth
to a field of neuroscience that I have described as
"Brain Cartography".

Knowledge of the localization of peptides in the brain
enabled Drs. Giora Feuerstein, Debra Diz, and Matthew
Sills, Postdoctoral Fellows in the lab, to use a microin-
jection technique to examine the effects on blood pres-
sure and heart rate following injections of a variety of
neuropeptides (alpha-MSH, TRH, bradykinin, dermor-
phin, CGRP, ANF) into discrete nuclei of the hypothal-
amus and preoptic area [see Diz and Jacobowitz, 1983;
1984a,b,c; Diz et al., 1984; Sills et al., 1985; Nguyen et
al., 1986; Sills and Jacobowitz, 1988)], in addition to
prostaglandin and prostacyclin (Feuerstein et al.,
1981a,b; 1982a,b). We also studied CGRP injection in
the amygdala (Nguyen et al., 1986). The data demon-
strated the diversity of central cardiovascular actions of
these peptides and emphasized the advantage of
microinjection methods in defining central cardiovas-
cular effects. Unlike either intracerebroventricular
injections or electrical stimulations, the results of which
represent a more widespread involvement of neuronal
structures, intraparenchymal injections allowed us to
localize the discrete anatomical sites for cardiovascular
actions and to provide preliminary information on the
peripheral mechanism(s) responsible for the effects
elicited at each site by each peptide.

In the early 1980s, localization and physiological
changes in the concentration of peptides were studied
by the use of radioimmunoassay (RIA) (O'Donohue et
al., 1980a,b; 1981a,b; Charlton et al., 1981; 1982;
Helke et al., 1981a,b; Moody et al., 1981a,b; Tizabi et
al., 1982; 1985; Skofitsch and Jacobowitz, 1985b,d;
1986; Zamir et al., 1986a,b; Rodriguez-Sierra et al.,
1987b). Technical advances allowed us to study the
autoradiographic distribution of peptide binding sites
and mRNA localization (Kamiya et al., 1981; Rotter
and Jacobowitz, 1984; Skofitsch et al., 1985a,c; 1986;
Clarke et al., 1986; Hamill ef al., 1986; Jacobowitz and
Skofitsch, 1986; 1991; Millan et al., 1986; Millan et
al., 1990; Ramaswamy and Jacobowitz, 1990; Sutin
and Jacobowitz, 1990a,b; Skofitsch and Jacobowitz,
1991; 1992a,b; Kresse et al., 1992; 1995).

In 1983, a syndrome similar to idiopathic parkinson-
ism developed in humans after intravenous self-admin-
istration of an illicit drug preparation in which N-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
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was responsible for the toxicity. At that time, Dr. Kopin
and his group initiated a study of intravenous injection
of MPTP into rhesus monkeys. I joined this group to
carry out the catecholamine histofluorescent procedure
in order to study the influence of this drug on the
dopamine in substantia nigra/ventral tegmental area
and the striatum in the monkey brain. We soon discov-
ered that MPTP produced a disorder like parkinsonism
(akinesia, rigidity, postural tremor, flexed posture, eye-
lid closure, drooling) that was reversed by the adminis-
tration of L-dopa. MPTP treatment decreased the
release of dopamine and dopamine accumulation in
swollen, distorted axons in the nigrostriatal pathway
just above the substantia nigra, followed by severe
nerve loss in the pars compacta of the substantia nigra
and a marked reduction in the dopamine content of the
striatum. The pathological and biochemical changes
produced by MPTP were similar to the well-estab-
lished changes in patients with parkinsonism.

This landmark work provided a model that is used
today to examine mechanisms and explore therapies of
parkinsonism (Burns et al., 1983). Interestingly, MPTP
did not destroy the ventral tegmental area dopamine
cell bodies (A10) in contrast to the A9 cells in the sub-
stantia nigra compacta (Jacobowitz et al., 1984). This
observation allowed us to explain why there was a tran-
sient behavioral recovery following tissue implants in
hemiparkinsonian primates following intracarotid
artery injection of MPTP (Bankiewicz et al., 1986;
1988; 1990; 1991; Kopin ef al., 1993). The dopamine
cells projected fibers to the medial aspect of the cau-
date nucleus which sprouted new fibers following sur-
gical implantation of a variety of tissues.

In the early 1980s NIH had a policy whereby senior
scientists were urged to undertake high-risk long-term
research projects. The hope was that such undertakings
would yield groundbreaking results (perhaps with clin-
ical implications). It was in the midst of this highly pro-
ductive peptide era that I made the judgment that there
was a need for basic research on proteins. It seemed to
me that as the peptide era stabilized, research of pro-
teins would take off. At that time, the word "pro-
teomics" was unknown. In 1975, a landmark publica-
tion by Patrick O'Farrell (1975) described a new proce-
dure that was known as 2-dimensional gel elec-
trophoresis (2DE). Over time, 2DE has proven to be a
useful and powerful research technique, capable of
resolving large numbers of proteins based upon their
differences in both isoelectric points and molecular
weight. This intrigued me since I had worked with 2-
dimensional "filter paper" electrophoresis while work-
ing on my doctoral thesis (Jacobowitz et al., 1963).

Polyacrylamide gel replaced the filter paper.

This breakthrough launched the "protein era" for me.
I established a new research program whose purpose
was "protein identification". With Dr. Bill Heydorn, a
postdoctoral fellow, and with the technical assistance
of Joe Creed, we began our work on protein discovery
utilizing 2DE. The long-term goal was to discover a
unique protein that deserved our undivided attention.

At that time, few investigators had attempted to apply
the technique of 2DE to the separation of proteins from
nervous tissue. We initiated a study with the goal of
surveying the major proteins visible by silver stain on
two-dimensional polyacrylamide gels from a variety of
discrete neuroanatomical regions of the brain. Here,
my experience with brain mapping and the micropunch
procedure proved invaluable. We studied 25 different
regions of the rat brain, including a number of cortical
areas as well as nuclei from the hypothalamus, amyg-
dala, thalamus, forebrain, and hindbrain. After 2DE
separation of the protein, we stained them using the
procedure described by Merril et al. (Merrill et al.,
1981; 1982). We accomplished quantitative analysis of
individual protein spots by computer-assisted densito-
metry based upon the procedure of Goldman et al
(1982). This was in the early days of the large comput-
er with an image processor that required an operator to
measure each gel successively for a particular protein
spot. Patterns of proteins common to all gels were used
for orientation, and a measurement window was then
positioned over the protein of interest. Differences in
the intensity of each protein, and hence the relative
quantity of each protein, could be demonstrated among
the different regions. We then assigned a permanent
indexing number to each protein that we measured. We
used this numbering system when identifying specific
proteins for more detailed study. In each gel, the ordi-
nate and abscissa were marked for molecular weight
and isoelectric range, respectively.

The results demonstrated that all proteins examined
varied somewhat in concentration among the different
brain regions. The majority (53%) of proteins selected
for quantitation were found to vary less than four-fold
in concentration between the neuroanatomical areas
with the lowest and highest detected amounts. In con-
trast, approximately 10% of the proteins examined var-
ied widely in the quantity measured in each brain
region, with concentration values ranging more than
ten-fold between the regions with the lowest and high-
est detected amounts. The result of this study was once
again an "atlas" containing the charge, mass, and when
possible, the relative quantity of each of the proteins
chosen for analysis. This atlas of brain proteins served
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as a basis for future studies of proteins from the central
nervous system (Heydorn et al., 1983; Jacobowitz and
Heydorn, 1984).

At this time, (mid 1980s), mass spectrometry was not
yet used to identify proteins. We used Western Blots for
protein identification (Heydorn et al., 1985a,b;
1986a,c; 1988; Narayan et al., 1985; Santer et al.,
1988b). We simply pointed out protein spots on our
2DE gels that changed in density following experimen-
tal manipulations. For example, the influence of a vari-
ety of drugs (Heydorn et al., 1984; 1986b; Narayan et
al., 1985; Rodriguez-Sierra et al., 1986; Sills et al.,
1986), brain cancer (Narayan et al, 1984; 1985;
1986a,b), and gonadal steroids (Scouten et al., 1985b)
were studied. Also, the uptake of **S-methionine into
proteins (Gold et al., 1984; Santer et al., 1986;
Rodriguez-Sierra et al., 1987a), and the influence of
stereotactic brain lesions on proteins in cholinergic and
adrenergic neurons (Heydorn et al., 1985c¢,d), in addi-
tion to sex differences (Gold et al., 1983), genetic poly-
morphisms (Scouten et al., 1985a), and iron deficiency
(Youdim et al., 1986) on protein density were studied.

A major breakthrough came when Dr. Lois Winsky, a
post doctoral fellow in our laboratory, was studying
proteins localized to the cochlear nucleus and other
major auditory brain regions in the rabbit, guinea pig,
and rats (Winsky et al., 1989a,b). Using 2DE she
revealed a protein designated as protein 10. The
appearance of protein 10 on gels was similar to that of
a calcium binding protein previously identified in our
laboratory in ammonium sulfate fractions of rat brain
(Santer et al., 1988a). Incubation of nitrocellulose blots
in *Ca’' revealed that protein 10 was a calcium binding
protein. We then went on to isolate and purify this pro-
tein from guinea pig brain using column chromatogra-
phy. Then we generated rabbit antiserum to protein 10.
Using a gas-phase sequencer, Dr. Brian Martin
(Winsky et al., 1989c) revealed that the amino acid
sequence of fragments from proteolytic digestion of
protein 10 had an 86% sequence identity with a calci-
um-binding protein that had been recently reported by
Rogers (Rogers, 1987) who was studying calbindin in
the chicken retina and isolated a cDNA clone that was
approximately 50% homologous to calbindin. He
named this protein "calretinin" which we thought a
misnomer, because it was localized in many regions of
the brain. At first, we thought it was a brain specific
protein, but we later found it in sensory nerves in the
periphery. However, we chose to stay with "calretinin"
rather than confuse the literature.

At this point, the era of 2DE was over. In 1992, Dr.
Ken Strauss, a postdoctoral fellow, joined us and initi-

ated the era of molecular biology in the lab and soon
published the nucleotide sequence of rat calretinin
c¢DNA (Strauss and Jacobowitz, 1993a). He also devel-
oped a technique for the measurement of mRNA in rat
brain micropunches without prior isolation of RNA
(Strauss and Jacobowitz, 1993b; Strauss et al.,
1994a,b; 1995; Marini et al., 1997).

Dr. Krystyna Isaacs set up cell culture in the laborato-
ry and studied calretinin in cells of the substantia nigra
compacta (Isaacs et al., 1996; 1997 1998; 2000; Iwasaki
et al., 1998). She also mapped the colocalization of cal-
retinin and tyrosine hydroxylase (dopamine-containing
cells) in the rat substantia nigra (Isaacs and Jacobowitz,
1994), in addition to colocalization of calretinin with
CGRP, VIP, and substance P in sensory nerves within
villi of the rat intestine (Isaacs ef al., 1995).

With the antiserum that we generated, we did much
work using immunofluroescence microscopy that
revealed a wide distribution of calretinin throughout
the brain (Winsky et al., 1996; 1989c; 1992; Dechesne
et al., 1991; Jacobowitz and Winsky, 1991; Guylas et
al., 1992; Arai et al., 1992a,b; 1993a,b,c; 1994; 1995;
1996; Ren et al., 1993; Ichikawa et al., 1993a,b;
1994a,b; 1995; 1997; Floris et al., 1994; Abbott and
Jacobowitz, 1995; 1999; Krzywkowski et al., 1995;
Montpied et al., 1995; Winsky and Jacobowitz, 1995;
Mineta et al., 1996; Cimini et al., 1997; Jacobowitz et
al., 1997; Parks et al., 1997).

Dr. Jacek Kuznicki, a senior scientist from Poland,
joined us and carried out biochemical studies (Strauss
et al., 1994c; Kuznicki et al., 1994a,b; 1995a,b; 1996).
He studied changes in hydrophobicity induced by Ca*'
binding which may be relevant for calretinin functions.
He also showed that calretinin changes in conformation
on calcium binding that involve the interaction of dif-
ferent parts of the molecule.

The work on calretinin was the culmination of a high-
risk, long-term study using 2DE in search of an inter-
esting protein. We spent approximately 10 years work-
ing on calretinin. Although the exact mechanism of
action of the calcium binding protein is not known, it
has become an important marker in a variety of cell
types in the nervous system. It has also become an
important protein and diagnostic marker in the patho-
physiology of malignant mesothelioma, a cancer of the
mesothelial cells lining the lung (Gotzos et al., 1992;
Schwaller et al., 1995; 1997; Gander et al., 1996). In
our laboratory, Dr. Abraham Kallarakal discovered a
point mutation in the coding region of the calretinin
gene in mesothelioma cell lines that have resulted in an
amino acid change of alanine 110 to threonine (CR-
A110T) (Kallarakal et al., 1999).
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[ am pleased that there are approximately 1,200 Pub
Med citations identifying "calretinin." This somehow
justifies the high-risk endeavor taken some 20 years
ago. I credit our ability to thrive in this field to being a
senior NIH scientist whose hands are not tied to a
granting agency, but was allowed the freedom to
explore and change direction freely. But of course, in
the end, research productivity is anticipated.

One final freedom granted to me was an undertaking
in the early 1990s. The question of the embryonic
development of the brain arose. The mouse appeared to
be the animal of choice because of all the work going
on with "knockout," mutant and transgenic mice. I,
therefore, initiated an immunohistochemical study on
calretinin in the whole embryo brain at a variety of time
studies (E11/12 to day of birth). When I entered these
brains, [ was shocked to learn that I knew nothing about
the anatomical location of discrete regions in the devel-
oping brain. It soon became clear that this was yet
another mountain to climb.

I began studying the enormous anatomical literature
of the development of brain areas at different time peri-
ods. It was an eye-opener to realize how quickly things
change in such short periods of time. After cutting and
staining many embryonic brains, the light began to
shine through and things began to fall into place. I then
began to reach into my armamentarium of past experi-
ence with special stain, i.e., Nissl stain, AChE histo-
chemical stain, and immunohistochemical stains for
catecholamines, serotonin, calretinin and calbindin. 1
began accumulating sets of slides covering five differ-
ent time periods. At about this time, Dr. Louise Abbott,
a young scientist from the University of Illinois, visit-
ed my lab for 6 months and we undertook a study of
calretinin development in the hindbrain (Abbott and
Jacobowitz, 1995). Dr. Abbott became an expert in cut-
ting these tiny brains in the cryostat. My technician
(Quy Ha) helped with all the staining. I spent much of
my day time at the microscope taking photos.

I soon realized that I had sets of slides of mice brains
with six different stains. It became clear that each stain
brought out different regions of the brain with the dis-
crete localization of cell bodies, axons, and terminal
fields. It was knowledge of these stains in the adult rat
brain that helped the "light shine in" and made identifi-
cation of brain regions and specific neuronal systems
(e.g., dopaminergic, noradrenergic, and serotonergic
pathways). At this time, I realized that I had the mak-
ings of an atlas of the developing mouse brain. The
chemicals focused attention on the identification of
brain regions and neuronal systems. This gave birth to
the term "chemoarchitectonics" for the use in a brain

atlas. It took two more years to complete the
"Chemoarchitectonic Atlas of the Developing Mouse
Brain." It was the first all-color atlas showing adjacent
sections utilizing six different regions. It is currently
the state-of-the-art atlas of the developing mouse brain.
This allows research scientists to identify more accu-
rately major anatomical structures in the developing
brain not easily delineated by conventional Nissl and
Myelin stains. The use of distinct precise chemical
landmarks to derive chemoarchitectonic maps will help
to reduce the subjectivity that can occur when deriving
maps based solely on cytoarchitectonic criteria. The
combination of chemical neuroanatomy with classical
cytoarchitectonic criteria yields a powerful source of
information, providing state-of-the-art brain cartogra-
phy.

In a sense, it is the study of the neurotoxicity of the
brain that focuses attention on "Neurotoxicity
Research".

I am currently an Adjunct Professor at the Uniformed
Services University across the street from NIH. I con-
tinue to do research in the Department of Anatomy,
Physiology, and Genetics. I very much enjoy working
with graduate students, postdoctoral fellows, and senior
scientists. I am working with diseases of the brain
(Parkinson's Disease, Canavan disease, schizophrenia,
bipolar disease, the Alzheimer mouse, and the Down
Syndrome mouse-trisomy). I am also collaborating on
studies in the periphery, particularly cystic fibrosis (with
Dr. Harvey Pollard's group), thyroid cancer, and pig
ischemic hearts. [ am learning much and I find that I can
apply my 45 years of experience in a variety of projects.

And finally, to complete the cycle, I have set up once
again 2-dimensional gel electrophoresis. It is compara-
tively easy to do because now we can purchase the
first- and second-dimension gels. The major difference
now is that with mass spectrometry, we can punch out
the stained spots and identify the proteins within days.
Can the life of a scientist be more wonderful than that?
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