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This paper describes the methods to release enzymes
localized to the periplasmic space of Escherichia coli.
This technique has been widely used to demonstrate
the localization of enzymes and transport proteins to
the periplasmic space of bacteria. It has been useful
in isolating transport proteins, beta-lactamases, and
aminoglycoside-inactivating enzymes, [The SCI® in-
Tjicat_es th]at this paper has been cited in over 760 pub-
ications.
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This work was conducted while | was a research
associate in the National Institute of Arthritis and
lic Diseases (NIAMD). | had completed part

of a residency in internal medicine at Presbyterian
Husﬁeiul in New York City, and | had applied to come
to the National Institutes of Health (NIH) to work
as a research associate in NIAMD. | had interviewed
with Leon A. Heppel and felt that he would be the
perfect mentor for me since | wished to learn about
nucleic acid biochemistry. Leon was everything a
young person needed, since he was even more com-
pulsive than | and willing to spend a number of hours
each day initially tutoring me. After | had demon-
strated | could calibrate Lang-Levy pipets, elute nu-
cleotides, and use a balance, | began to develop a
method to chemically sequence tRNA. The technique
to achieve removal of one nucleotide at a time re-
quired a purified alkaline phosphatase and an exo-
nuclease, | became interested in how these enzymes
could be obtained most easily from bacteria. In the
course of developing procedures to isolate the en-
zymes, we discovered that a recently ibed nu-
clease was released when bacteria were subjected
to marked changes in osmotic environment. This sug-
gested to us that the enzymes might be on the surface
of the bacteria. Heppel and | published our findings
on the RNase and a paper on the use of the periodate
reaction to sequence long nucleotides.!
Few today und d how tedious was the work
to remove one nucleolide!rer day and establish
which one had been removed by paper elution chro-
matography. Quite by accident 1 discovered that
there was another enzyme in the periplasmic space,
~ namely, a 5"-nucleotidase that we subsequently

showed acted as an ATPase and also hydrolyzed uri-
dine diphosphate glucose.? The discovery of this en-
zyme was met with skepticism by the entire labora-
tory section, and | was assured by everyone that my

rvations were an artifact since | must have used
the incorrect buffers, Finding that the 5"nucleotid-
ase and a 2',3"-cycl iesterase were released
by what we now called osmotic shock clearly indi-
c?ted that a nu;_hber of enzymise musrtk b:fi'rl\:she peri-
plasmic e. This provoked the wo is paper.

The m’pn:cnmhmf technique immediately saw use
as a method to obtain and study proteins involved
in the transport of amino acids into cells.34 | re-
turned to New York to become chief medical resi-
dent at Presbyterian Hospital, even h | would
have preferred to remain in ing on the
projects | had going. But it was another era, There
may have been demonstrations and hl‘r;ies, but in
American medicine if one had promised two years
before to do something, one had better do it if one
wanted to survive in academic medicine. After fin-
ishing my chief residency, | became a Career Inves-
ti torr:rthe New York City Health Research Coun
cil and, with an NIH grant, puriﬁed the 5'-nucleo-
tidase.? Becoming an infectious disease person, |
looked to see if the plasmid-mediated mase
was released by osmotic shock, and we subsequ
used the technique to purify the beta-lactamase.
Other investigators subseﬁ:ently used osmotic shock
to obtain aminoglycoside-inactivating enzymes.®
Over the years the technique has been employed to
study enzymes of many bacterial species.”

This work and its wide acceptance was a major
point in my career. It made it possible for me to pu-
rify a number of enzymes vtrn:apidly.'ﬂiswodtand
the subsequent use of it by others and my own group
to study antibiotic-inactivating enzymes as well as
my subsequent work on antibiotics were factors in
my receiving the Hoechst-Roussel Award of the
American Society of Microbiology in 1983 and the
Squibb Lectureship of Rutgers University.

I have remained at Columbia University. Dr. Hep-
pel remains an active investigator and teacher at Cor-
nell University and recently had a Festschrift for his
75 years, | still, and forever will, regard him as my

x:emcﬂt?mm f tly cited because

t 5 is frequently cit it pro-
vided the method to use osmotic shack to obtain pro-
teins in the periplasmic space of bacteria.? It is the
optimal way to obtain beta-lactamases, aminoglyco-
side;inait;ﬁ\rating enzymes, and trar:;pon prt;lenig;
with only 60 to 100 proteins compared to over 2,
when bacteria are disrupted, and it has led to re-
search in a number of different areas concerned with
how molecules enter and leave bacteria.
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