Enzyme Regulation

Nearly every chemical reaction with-
in- living organisms is controlled by
enzymes. All enzymes, of which more
than 1000 have been discovered, are
targets of control mechanisms.

The regulation of enzymes in various
tissues was discussed at the Fifth Inter-
national Symposium on Regulation of
Enzyme Activity and Syntheses in
Mammalian Tissues, held at Indiana
University School of Medicine, Indian-
apolis, 3—4 October 1966. Scientists from
France, Germany, Great Britain, Italy,
Japan, and the United States reported
their latest findings.

In the opening session on enzyme
regulation and coenzyme metabolism,
Britton Chance (University of Penn-
sylvania) reported on the responses of
the cytosol to mitochondrial substrates.
The technique developed in his lab-
oratories combines microfluorometric
observation with microinjection of ap-
propriate substrates and cofactors into
localized portions of ascites tumor cells
grown on glass. Experimental evidence
was obtained for a malate dehydro-
genase activity of the cytosol of these
ascites cells of sufficient magnitude
to cause a considerable displacement
of the NADH level. The magnitude of
the displacement was commensurate
with that found on addition of glyceral-
dehyde-3-phosphate. Chance demon-
strated not only the existence of the
malate dehydrogenase in the cytosol,
but also its potentiality to alter signifi-
cantly the redox state of the cytosol.
Studies on the biosynthesis of NAD by
a direct method of tracing metabolism
in vivo were discussed by Osamu Haya-
ishi (Kyoto University, Kyoto, Japan).
Radioactive substrates were injected di-
rectly into the portal vein of mice, then
analyses were made of the isotopical-
ly labeled metabolites in the liver.
When administered in small doses, nic-
otinic acid was a better precursor of
liver NAD than was nicotinamide.
When given in large doses, however,
nicotinamide was a much better pre-
cursor of NAD than was nicotinic acid.
Analyses of the distribution of C# in
various organs indicated that a large

3 MARCH 1967

Meetings

portion of nicotinamide-C1* was first
excreted from liver, accumulated in the
gastrointestinal tract, deamidated to nic-
otinic acid, reabsorbed into the liver,
and served as precursor to NAD over
a prolonged period of time.

Enzyme regulation in different organs
was described by H. Guy Williams-
Ashman (Johns Hopkins University),
John N. Fain (Brown University), No-
buhiko Katunuma (Tokushima Univer-

sity, Tokushima, Japan) and Leon Gold-

stein (Harvard Medical School). Wil-
liams-Ashman reported that following
a single injection of testosterone pro-
pionate into orchiectomized or hypo-
physectomized rats there occur mas-
sive yet transitory changes in the abili-
ty of soluble prostatic extracts to
catalyze the incorporation of DNA of
deoxyribonucleotides derived from de-
oxyribonucleoside triphosphates. The
enzyme activities measured appeared to
be catalyzed mainly by a “replicative”

type of ~DNA polymerase that
preferentially utilizes single-stranded
DNA as primer. In castrated rats

given daily injections of testosterone
propionate the levels of this soluble
prostatic DNA polymerase rise to a
maximal level within 3 to 5 days, but
decline subsequently, despite the con-
tinual administration of the hormone.
The role of RNA and protein synthe-
sis in the lipolytic action of growth hor-
mone in isolated fat cells was studied
by Fain. He suggested that the ac-
celeration of lipolysis by growth hor-
mone and glucocorticoids may involve
DNA-dependent synthesis of RNA, and
that the lag period in the action of
these hormones may be necessary for
growth hormone to stimulate the syn-
thesis of RNA and protein molecules.
Katunuma described the discovery, iso-
lation, and purification of glutaminase
isozymes in brain, liver, and kidney of
the rat. He suggested that the organ-
specific differences in inducibility of
glutaminase isozymes were analogous
to differences in their physicochemical
properties, such as their optimal pH
values and heat stability. The regula-
tion of ammonia production in rat kid-
ney, with particular reference to the
role of glutaminase in the control of

renal ammonia synthesis, was discussed
by Goldstein. Renal glutaminase may
be regulated by the level of its
product in the kidney. During acidosis
the concentration of glutamine fell
slightly, ammonia concentration rose,
and the level of the activator,
phosphate, was unaltered, thus suggest-
ing that these factors do not play a
positive role in the adaptation of renal
ammonia production during acidosis.

" Metaboiic regulation through en-
zyme biosynthesis was discussed by
B. Connor Johnson (University of Okla-
homa), Harold J. Fallon (University of
North Carolina), and Charles G. Smith
(The Upjohn Company). Johnson stud-
ied the induction of liver glucose-6-
phosphate dehydrogenase in the rat.
He found that this enzyme is particular-
ly induced by dietary carbohydrate in
the presence of adequate protein. The
protein synthesis site at which the in-
duction of glucose-6-phosphate dehy-
drogenase occurs appears to be at the
transcription level from DNA to RNA.
Fallon presented evidence that diet and
hormonal state are significant factors
in the control of the synthesis of en-
dogenous serine in rat liver. Restriction
of protein intake resulted in a marked
increase in hepatic 3-phosphoglycerate
dehydrogenase and a lesser rise in phos-
phoserine phosphatase. However, serine
dehydratase decreased on this diet.
Studies with actinomycin and cyclohexi-
mide suggest that the changes noted in
enzyme activity were caused by altera-
tions in enzyme synthesis. Cortisone
injections suppressed the level of 3-
phosphoglycerate dehydrogenase and D-
glycerate dehydrogenase. Smith reported
on the various biological and biochemi-
cal properties of the antibiotic, tuber-
cidin . (7-deaza-adenosine). He noted
that the hydrocortisone-induced increase
of tryptophan pyrrolase activity in rat
liver was blocked by administration of
7-deaza-adenosine, methyl ester of 7-
deaza-adenosine 5’-phosphate, or 7-
deaza-inosine. It is important that, at
drug dosages that clearly inhibited the
hydrocortisone-induced enzyme  in-
crease, 7-deaza-adenosine and the
methyl ester of 7-deaza-adenosine 5’-
phosphate did not affect the tryptophan-
induced increase in the pyrrolase ac-
tivity. However, the tryptophan-induced
increase in the enzyme activity was
blocked by 7-deaza-adenosine. Thus,
these compounds are useful in selectives
ly inhibiting the hormone- or substrate-
induced increase in hepatic tryptophan
pyrrolase activity.

Studies on the role of enzymes in
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development were reported by Francois
Chapeville (Commissariat a 1’Energie
Atomique, Gif-sur-Yvette, France) and
Fabio Sereni (University of Milan, Mi-
lan, Italy). Chapeville described a sys-
tem catalyzing the synthesis of taurine
from inorganic sulfate found in the
yolk sac of chick embryo. Several en-
zymes involved are present only in
endodermal cells of the yolk sac; others
are present in the yolk sac and in the
embryo. The crucial role exerted by
birth on activating RNA synthesis in
rat liver was emphasized by Sereni.
The activation of RNA synthesis leads
to an increased synthesis of a selected
number of protein enzyme molecules,
whose activity rises as soon as the
extrauterine life starts. There is a de-
creased rate of incorporation of pyrimi-
dine precursors into nuclear RNA in
newborn rats adrenalectomized shortly
after birth. Hydrocortisone does not
appreciably influence the rate of liver
RNA synthesis in newborn rats. Gluco-
corticoids, starting from the fourth day
of life, interfere with RNA metabolism,
mainly stabilizing newly formed RNA
molecules.

Masami Suda (Osaka University,
Osaka, Japan) and Helmut Holzer
(University of Freiburg in Breisgau,
Germany) compared enzyme regula-
tion in mammalian and microbial or-
ganisms. Suda showed that the unicellu-
lar organism, Micrococcus ureae, is
able to induce the sequential enzyme
systems metabolizing tryptophan and
mandelic acid. From the reaction of the
coinducer in bacterial cells it seemed
possible that hormones in higher or-
ganisms might act in a similar way by
binding to a receptor, thus causing
an allosteric change on it and in-
creasing its sensitivity to a metabolic
inducer. Suda also reviewed the bio-
physical, kinetic, and regulatory dif-
ferences between muscle and liver types
of pyruvate kinases in rat. He examined
the role of the nervous system in
regulation of enzyme activities and
discussed the homeostatic role of nutri-
tional, hormonal, and neural regula-
tion at the enzyme level. Holzer de-
scribed metabolite-induced enzymatic
inactivation of glutamine synthetase in
E. coli. Addition of ammonium salts to
E. coli cells grown on a medium con-
taining no ammonium salts produces
an almost complete inactivation of
glutamine synthetase within one to two
minutes. Addition of ammonium salts
to the medium causes not only inactiva-
tion of glutamine synthetase, but also
repression of the synthesis of the en-
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zyme. Glutamine synthetase inactivat-
ed by the addition of ammonium ion
to dintact cells is reactivated after the
ammonium jon is washed out. An in-
activation of glutamine synthetase ac-
tivity with only a small effect on the
glutamyl transferase activity was also
demonstrated in a cell-free system.
Holzer’s results support the view that
the inactivation produced by am-
monium ion in intact cells is identical
with the enzymatic inactivation induced
by glutamine in the cell-free extract.

Studies on control of gluconeogene-
sis were presented by Henry A. Lardy
(University of Wisconsin), John R. Wil-
liamson (University of Pennsylvania),
and George Weber (Indiana Univer-
sity). Lardy described the view of glu-
coneogenesis gained from the rat
treated with tryptophan. His results sup-
port the concept that aspartate, ma-
late, and, to a minor extent, citrate,
are essential intermediates in gluconeo-
genesis, and that specifically they are
the form in which the precursor of
phosphoenolpyruvate is  transferred
across the mitochondrial membrane.
Tryptophan was a useful tool for in-
vestigating the site of action of agents
that affect gluconeogenesis. The injec-
tion of glucose greatly depresses the
accumulation of aspartate, malate, and
citrate in the rat treated with tryp-
tophan. Lardy was able to duplicate
in the isolated, perfused rat liver a
number of the responses to tryptophan
observed in the intact rat. Wiliiamson
reported effects of fatty acids, glucagon,
and anti-insulin serum on the control
of gluconeogenesis and ketogenesis. Fat-
ty acids added to the isolated, perfused
rat liver stimulated the rate of glu-
coneogenesis from 3-carbon precursors.
The proposed mechanism for this ef-
fect involves activation of pyruvic car-
boxylase by acetyl-CoA and facilitation
of giyceraldehyde-3-phosphate dehydro-
genase by NADH. Glucagon stimulated
glycogenolysis, lipolysis, and ketogene-
sis in rats in vivo; Williamson suggested
that the glucagon-induced gluconeogen-
esis was secondary to increased lipoly-
sis. The glucagon effects in normal
rats in vivo were transient compared
with similar but more pronounced
and prolonged effects produced by this
hormone in rats treated with anti-in-
sulin serum. Most of the metabolic
alterations produced in the anti-insulin
serum plus glucagon-treated rats were
reversed by insulin. Williamson sug-
gested that the acute results of in-
sulin deficiency are a manifestation of
the effects produced by endogenous glu-

cagon and other lipolytic hormones.
Weber described the “metabolic switch
action” of free fatty acids. He provided
evidence for the operation of a feed-
back mechanism by free fatty acids
which may control the overall metabol-
ic direction of gluconeogenesis and
glycolysis. He pointed out that the pyru-
vate kinase is overwhelmingly more ac-
tive than the opposing enzymes of glu-
coneogenesis. Because of this unfavor-
able ratio at the early step of gluconeo-
genesis, he assumed that mechanisms
existed by which pyruvate kinase might
be acutely inhibited, which would then
prevent recycling and permit the opera-
tion of gluconeogenesis. In view of the
earlier work of Krebs et al. and that
of Haynes in liver slices and the reports
of Ashmore et al., Cahill et al., and
Weinhouse, and the new, extensive
data of Williamson showing that addi-
tion of fatty acids increased gluconeo-
genesis, Weber examined the effects of
fatty acids at the enzyme level. He re-
ported that the key enzymes of glycoly-
sis, glucokinase, phosphofructokinase,
and pyruvate kinase were inhibited
by physiological concentrations of fat-
ty acids. Since in gluconeogenic condi-
tions (diabetes, starvation, or steroid
treatments), high plasma-free fatty
acids occur, Weber suggested that fatty
acids may function physiologically in
acute adaptation as a metabolic direc-
tional switch.

The action of hormones in vitro was
investigated by Van R. Potter (Uni-
versity of Wisconsin) and Abraham
White (Albert Einstein College of Medi-
cine). Potter showed that there are mul-
tiple factors involved in the regulation
of the activity of tyrosine transaminase
in whole animals and in tissue culture.
The most likely factors so far impli-
cated are cortisone, insulin, and trypto-
phan and its metabolites. White showed
that exposure of thymocytes to cortisol
caused an inhibition of RNA, DNA,
and protein synthesis. He obtained a
good correlation between the relative
potencies of various steroids in inhibit-
ing uridine incorporation by thymocytes
in vitro and their known thymolytic
potency in vivo.

Regulation and isozymes and feed-
back mechanisms were discussed by
Robert E. Olson (St. Louis University),
Howard M. Katzen (Merck Institute
for Therapeutic Research), and Douglas
S. Riggs (State University of New York
at Buffalo). In reporting studies carried
out in vitamin-E deficient rabbits on
the regulatory function of vitamin E,
Olson suggested that a deficiency of
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Now in bead form for
chromatography of
biologic substances...

Sephadex

lon Exchangers

Because of its advantages—sta-
bility and inertness—Sephadex
has been used to produce a new
class of ion exchangers: DEAE-,
CM- and SE-Sephadex. Since
their introduction they have been
used extensively, particularly in
the biochemical and clinical field.

In the new bead form they will be
more useful both for laboratory
and manufacturing scale proc-
esses. Their spherical shape
¢ gives increased mechanical
strength and leads to easier
column packing. More uniform
particles result in improved
hydrodynamic properties.

All Sephadex lon Exchangers have a high
capacity and low nonspecific adsorption.
They are available in two types that differ
in porosity, thus offering flexibility for your
specific requirements. Sephadex lon Ex-
changers are of analytic grade purity and
are produced under rigorous quality con-
trol, thus ensuring uniform products to
give accurate and reproducible results.
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Model experiment with glycogen, glucose,
sugar phosphates and adenosine phosphates
on a column of DEAE-Sephadex A-25.
(From Biochim. Biophys. Acta 74 (1963) 588, by permission
of the author)

Anion Exchangers (Bead Form)

lonic | Capacity | Bed Volume!
Type Grade | coim | (meara) | (mi/g)

DEAE-
Sephadex A-25 | 40-120u#| CI— | 35+05 5-9

DEAE-
Sephadex A-50 | 40-120u| CI— | 35+05 25-33

. Cation Exchangers (Bead Form)

CM-
Sephadex C-50 |40-120u| Na* | 45*05 32-40

SE-

Sephadex C-25 | 40-120u| Na* |23+03 59
. SE-

Sephadex C-50 |40-120y4 | Na* |23*03 30-38

1. In Tris—HCI buffer, pH=~.3, ionic strength =0.05.

2. In sodium phosphate buffer, pH =86, ionic strength ==0.06.

For additional technical information, Including
booklet on Sephadex lon Exchangers, write to:

PHAHMACIA FINE CHEMICALS INC.

800 C N.J. 08854

Pharmacia (Canada) Ltd 110 Place Crémazle
Suite 412, Montreal 11, P. Q.

(Inquiries outside U.S.A. and Canada should be directed
to PHARMACIA FINE CHEMICALS, Uppsala, Sweden.)
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lonic | Capacity | Bed Volume? | *
Type Grade Form | (meq/g) (ml/g)
CM-
Sephadex C-25 | 40-120u| Na* | 45*05 6-10

vitamin E may represent a state of
excessive synthesis of catabolic and
redundant enzymes which is repressed
by vitamin E and inhibited by ethio-
nine. If the hereditary muscular dys-
trophies are caused by a mutation in
a regulatory gene, the similarity of these
disorders to vitamin-E deficiency and
the ineffectiveness of alpha-tocopherol
as a therapeutic agent are explained.
Katzen described the nature of func-
tion of the multiple forms of mam-
malian glucose-ATP-6-phosphotransfer-
ase (hexokinase). The total rat liver
activity is now resolved into four dis-
tinct forms. The four enzymes have
been separated and partially purified.
Although they differ from each other,
each distinct hexokinase is uniform in
its properties from tissue to tissue,
even though present in differing pro-
portions depending upon the tissue
source, animal age, and nutritional fac-
tors. A fifth type of hexokinase, ap-
parently unique to sperm, was also de-
scribed. On the basis of a correlation
between the tissue distribution of the
multiple forms of hexokinase and the
tissues’ insulin sensitivities, a hypothe-
sis for the significance of the isoen-
zymes to the mechanism of action of
insulin was outlined. Riggs presented a
theoretical paper on the topic: feedback
—ifundamental relationship or frame of
mind? Feedback is one of the four
fundamental ways in which variables
can be related to each other. Riggs
pointed out that there is urgent need
for universal agreement about the pre-
cise meaning of the term “feedback.”

Effects of a liver carcinogen and the
actions of radiation were discussed
by Harry V. Gelboin (National Cancer
Institute) and Olga Greengard (Har-
vard Medical School). Gelboin reported
on the effect of methylcholanthrene,
phenobarbital, and aflatoxin on RNA
polymerase of rat liver. In the absence
and presence of ammonium sulfate,
methylcholanthrene and phenobarbital
administered in vivo stimulate and
aflatoxin markedly decreases RN A poly-
merase activity in the nuclei of rat
liver. Greengard reported a fifteen-fold
increase in the activity of tyrosine trans-
aminase by the in vivo synergistic ac-
tion of glucagon and hydrocortisone.
She found that irradiation, unlike
actinomycin, inhibited the “cofactor-
type” inductions of tryptophan pyrro-
lase and tyrosine transaminase, but did
not block the “hormone-type” induc-
tion of these enzymes. Greengard also
discussed the mechanisms of induction
in animals.

“Much is spoken about
the power of science, and
rightly. It is awesome.
But little is said about
the inherent limitations
of science, and both
sides of the coin need
equal scrutiny.”
—Vannevar Bush
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by Staney L. Jaki

This book presents a sys-
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limitations of physical seci-
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As in previous years, the Special
Symposium Lecture was delivered by
Sir Hans A. Krebs (Oxford University,
Oxford, England) who discussed the
redox state of diphosphopyridine nu-
cleotides in regulation of metabolic
processes. Krebs pointed out that the
ratio of lactate to pyruvate reflects
the redox state of dinucleotides in the
cytoplasm; the glutamate system indi-
cates the position in the mitochondrial
matrix and the beta-hydroxybutyrate
system that in the mitochondrial
crystae. In diabetes the decrease in the
ratios of the two mitochondrial sys-
tems was contrasted to the increase in
the ratio of the cytoplasmic system.
However, in starvation all three sys-
tems moved in the same direction to
approximately the same extent. The ra-
tios were very much lower in the mito-
chondrial systems than those of the
cytoplasm, differing by a factor of 100
in liver from fed or starved animals
and by a factor of 20 in the liver of
diabetic rats. Krebs pointed out that
the fact that calculations for the gluta-
mate and beta-hydroxybutyrate dehy-
drogenase systems led to the same values
for the ratio of NAD to NADH,
implied that the substrates of these
two dehydrogenases were in equilibrium
with the same NAD-NADH, pool.

Indiana University honored Sir Hans
A. Krebs at the end of his lecture by
awarding a citation of the President of
the University. Krebs also received the

" highest award given by the State of
Indiana when he was made a Sagamore
of the Wabash. In appreciation of his
contribution to this Symposium series
over the past half decade, volume 5
of Advances in Enzyme Regulation
is dedicated to Sir Hans A. Krebs.

The symposium was sponsored by
Indiana University School of Medicine,
the American Cancer Society Institu-
tional Grant, Hoffman-LaRoche, Eli
Lilly and Co., Merck Sharp & Dohme,
The Upjohn Co., and the Wellcome
Co. The full text of the papers, edited
by George Weber, will be published in
the spring of 1967 as volume 5 of
Advances in Enzyme Regulation (Perga-
mon Press, New York and Oxford).
Volumes 1 through 4 of this series of
Conferences on Enzyme Regulation in
Mammalian. Systems were published in
1963 through 1966 and presented the
proceedings of the previous four sym-
posia. '

GEORGE WEBER
Pharmacology Department,
Indiana University School of Medicine,
Indianapolis 46207
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Durrum Dial-A-Pump ™

Liguid melering
in 12 channels

Each of the 12 channels is a sepa-
rate pump with individually adjust-
able flow control. Flow rates range
from 1 to 1,200 ml per hour per
channel! Standard Tygon, rubber, or
fluoroelastomer tubings allow a
wide variety of applications.

Some Typical Uses

« Continuous culture media feeding
* Gradient column chromatography
¢ Continuous fermentation studies

 Continuous bioassay and toxi-
cology studies

¢ Continuous perfusion
» Automated chemical analysis.
And many others!

More Information

For the new 6-page brochure de-
scribing the Durrum Dial-A-Pump,
write to address below.

Durrum Stopped-Flow
Spectrophotometer

Ausorplion recordings
in 5 milliseconds

This new Durrum instrument simpli-
fies rapid kinetic studies based on
the stopped-flow technique. It
mixes, measures, and records chem-
ical reaction half times as short as
5 milliseconds, working with sample
volumes down to 0.1 ml for each
component. It operates in both vis-
ible and ultraviolet wavelengths,
using a storage oscilloscope with
permanent photographic recording.
Use it for either elevated or re-
duced temperature operations,

Typical Uses

» Absorption * Fluorescence  Bio-
luminescence * Concentration jump
¢ Enzyme-substrate reactions ¢ Cat-
alytic studies.

Complete or Partial Systems
Complete systems consist of mono-
chromator, mixing chamber, elec-
tronics, oscilloscope, and camera.
Partial systems also available.
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Durrum Instrument Corp., 925 E. Meadow Dr., Palo Alto, Calif. 94303, Tel. (415) 321-6302

TM Trademark of Durrum Instrument Corp.
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