The inactivity of arginine and histidine
strongly suggests. that a deficiency in
lysine is at least one basic cause of the
caries potentiality of diet 636. The speci-
ficity of L-lysine as a compound having
caries-inhibitory effects in diet 636 is also
supported by the evidence that p-lysine
in particular, as well as ornithine and
cadaverine, failed to reduce the caries
produced by this diet.

Continuing studies will attempt to re-
solve some of the questions raised by
these latest results and particularly to
clarify the possible role played by
L-lysine. The properties of these cario-
genic experimental diets permit some-
what new approaches to the resolution
of the possible relationship of dietary fac-
tors to the etiology of dental caries.

F. J. McCrLURrE
J. E. FoLx*
National Institute of Dental Resarch,
National Institutes of Health,
Bethesda, Maryland
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Interaction between Oxygen and
Oxygen-Carryng Proteins

In a recent article I. M. and T. A.
Klotz (1) state that they have elucidated
the nature of the electronic changes re-
sponsible for color and the oxygen-carry-
ing ability of certain metal-proteins.
Inspection of the observations and de-
ductions of these authors leads to a some-
what different impression.

The article (1) starts with a summary
of earlier studies of hemocyanin, a cop-
per-containing protein that carries oxy-
gen. Although the general inference is
drawn that the protein contains cuprous
copper, it is correctly stated that the
evidence from magnetic and spectropho-
tometric data, as well as from the experi-
ments of the authors on the oxidation-
reduction potentials of the protein, is
inconclusive. Some chemical evidence is
then discussed. The experiments were
carried out by the authors in the follow-
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ing fashion. Hemocyanin and oxyhemo-
cyanin were separately prepared, and the
copper content of the proteins was esti-
mated by means of diquinolyl, a reagent
for cuprous copper. A separate experi-
ment was made so that the total copper
content of the protein was known. Then,
the authors continue, the difference be-
tween total copper content and copper
content determined by diquinolyl gives
the content of cupric copper.

Two points deserve consideration here.
First, the reaction with diquinolyl is not
instantaneous, on the authors’ evidence,
and no proof that the reaction goes to
completion is given. It is less likely to go
to completion with oxyhemocyanin than
with hemocyanin, for the copper is
bound with much greater affinity in the
oxyhemocyanin. Diquinolyl can act only
as a competing ligand for cuprous cop-
per against the protein and oxygen, as-
suming, as the authors do, that there is
a direct oxygen-copper bond, and it
seems more reasonable to assume that
the reagent fails to extract all the cop-
pen than to assume that all it fails to
extract is cupric ions. Klotz and Klotz
do not test for cupric ions. If their as-
sumptions are allowed, however, the con-
clusion is reached that half of the copper
is as cupric and. half as cuprous in the
oxyhemocyanin. (In passing it should be
observed that the figure of a half is de-
rived from a comparison of the cuprous
content of hemocyanin and of oxyhemo-
cyanin, but the latter is only 39 percent
of the total copper in the protein.)
Surely, on removal of the cuprous copper
from the oxygenated protein, the oxygen
must be released, especially if the stabil-
ity of the oxygen complex depends on
the structures given. But the uptake of
oxygen is reversible in the protein, and
release of oxygen should lead to the
“cupric” ions of oxyhemocyanin revert-
ing to cuprous. Klotz and Klotz do not
observe this. Does their procedure irre-
versibly oxidize the cuprous ion?

Turning next to hemerythrin, the au-
thors present an identical argument. This
protein is iron-containing, and the esti-
mation of the ferrous and ferric content
is made by use of phenanthroline, which
gives a color with ferrous ions. No color
developed in the reaction between the re-
agent and oxyhemerythrin; therefore,
state Klotz and Klotz, all the iron is in
the ferric state. The more likely conclu-
sion is that the phenanthroline extracted
no ferrous iron from the protein. The
authors do not test for ferric ions. In
hemerythrin itself about two-thirds of the
iron was found to be ferrous by this
phenanthroline “test.”

If it is allowed that Klotz and Klotz
have established a case for mixed valence
states in the oxygen-containing proteins,
then some of the structures proposed by

them can be considered. At this point,
however, the authors confuse two models.
One is of the type discussed by McCon-
nell and Davidson (2) in the mixed val-
ency complexes, such as Cu(II) - Cl--
Cu(I) in solutions of which both cuprous
and cupric ions could be detected, and
the other is the no-bond complexes in
which also charge-transfer forces play a
part, for example, Cu(I)-O,- Cu(I).
Contribution to the stability of the latter
type of complex is made by the structure
Cu(II) - O, - Cu(I), but cupric ions are
not detectable by chemical tests. These
charge-transfer structures for oxygen-car-
rying proteins are contained in Pauling’s
and Mulliken’s descriptions of double
bonding in the transition metal complexes
with unsaturated ligands and have been
discussed with regard to hemocyanin (3).
The evidence cited by Klotz and Klotz
does not elucidate these matters.

Finally, turning to the absorption spec-
tra of the oxygen-carrying proteins, the
following observations are worth. note.
Ferrous and cuprous ions form complexes
with aromatic diimines, which have very
similar absorption spectra. The charac-
teristics of these spectra have been ex-
plained on the assumption that the exci-
tation involves the partial transfer of
electrons from the cation to the ligand
(4). Very similar absorption bands are
found in certain cobaltous complexes. All
three cations in other complexes appear
to be able to carry oxygen, but the fer-
rous and cobaltous complexes do so only
if, on the uptake of oxygen, there is a
change in paramagnetic moment. Simul-
taneously with the change in paramag-
netic moment, there is a large change in
the absorption spectra of the complexes.
This change in absorption is so like that
described by Klotz and Klotz in hemery-
thrin on oxygen uptake that it is tempting
to conclude that hemerythrin is a ferrous
protein and paramagnetic but that it be-
comes diamagnetic on uptake of oxygen.
It is also a mistake, on the evidence avail-
able, to assume that the absorption spec-
trum of oxyhemocyanin is not that of a
cuprous protein (/) and (3). Many
cuprous complexes do absorb strongly in
the near ultraviolet, and many others
have absorption bands in the visible. The
final word on the electronic states of the
oxygen-carrying proteins has not been
said.

R. J. P. WiLLiamMs

Inorganic Chemistry Laboratory,
Merton College, Oxford, England
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The heart of R. J. P. Williams’ criti-
cisms of our paper is based on an incor-
rect reading of our actual experimental
procedure in carrying out chemical tests
for the valence state of copper in hemo-
cyanin and of iron in hemerythrin.

Let us consider (oxy)hemocyanin first.
The actual procedure consists of adding
a solution of biquinoline in glacial acetic
acid, the acid serving as an agent for the
release of protein-bound copper, to a
small portion of oxyhemocyanin. A pink
color develops instantly, although there
are small changes over a period of a few
minutes. The intensity of light absorption
is measured. Thereafter a reducing agent,
hydroxylamine or ascorbic acid, is added
to the same test tube. The intensity of
the pink color increases immediately,
and a second absorption measurement is
made. If, as Williams claims, the first
reading is low because not all of the cop-
per has been released from the protein,
why is the reading increased approxi-
mately twofold when a minute amount
of hydroxylamine is added? From this
experiment alone it seems difficult to be-
lieve that the biquinoline fails to com-
plex all the cuprous ion present. Further-
more, as a letter of inquiry would have
established, we used higher biquinoline
concentrations also and obtained the
same answers. Finally, as an examination
of the literature would have shown, the
copper of hemocyanin becomes dialyz-
ablv free in acid solution.

Turning to hemerythrin, essentially the
same answer applies. In this case we
added a solution of o-phenanthroline in
dilute sulfuric acid to a small portion of
oxyhemerythrin. Essentially no color de-
veloped (if a small amount of fluoride
ion was added to complex ferric ion, no
color at all appeared). Thereafter hy-
droxylamine (a reducing agent) was add-
ed to the same test tube. A deep orange
color developed immediately, although it
changed more slowly toward its asymp-
totic final reading. If, as Williams claims,
the first reading is low because not all the
iron is released from the protein, why is
the reading increased to full value when
a minute amount of hydroxylamine is
added? From this experiment alone it
seems difficult to believe that the phen-
anthroline fails to complex any ferrous
ion present. Furthermore, as an addi-
tional test of complete removal of iron
from the protein, we carried out a num-
ber of experiments at different acidities
and found no effect over an appreciable
pH range. Finally, as an examination of
the literature would have shown, the iron
of hemerythrin becomes dialyzably free
in dilute acid solutions.

There are also certain secondary points
raised by Williams’ communication. With
regard to the state of the released oxygen
in hemocyanin, there is no reason for his
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stating categorically that in strong acid
molecular oxygen goes off. As was clearly
implied in our paper, it might be re-
leased as a hydroperoxide ion, O,~, or as
HO,. Some experiments in this direction
would be more in order, and we have
carried them out. With regard to the frac-
tion of Cu(I) in oxyhemocyanin, the ap-
propriate figures to take from Table 1 of
our paper, for reasons listed there, are
2.9 x 10~*M and 6.5 x 10-*M, which lead
to a fraction of 45 percent, instead of the
39 percent cited by Williams. Within the
precision of the analyses, 45 percent
seems sufficiently close to justify the “ap-
proximately one-half” that we stated.

The statement that we are confusing
two models in connection with our Fig.
3 is unwarranted. We have proposed as
an analogy only the mixed valency com-
plexes Cu(II) * Cl-* Cu(I). The inser-
tion of charge-transfer forces is Wil-
liams’ contribution.

Finally, the analogy between the fer-
rous (or cuprous) complexes with aro-
matic diimines and hemerythrin (or
hemocyanin) may or may not be useful.
If one starts from the premise, as Wil-
liams has, that these proteins contain no-
bond complexes, then it becomes desir-
able to point to excited states involving
charge-transfer complexes. However, in
the light of our chemical data, it is diffi-
cult to see how one can maintain such a
premise. In any event, any model of
these oxygen-carrying proteins must ac-
count for the mixture of valence states
of the metal ions released from the oxy-
genated or nonoxygenated form. Our
model does so; the no-bond model does
not.

I. M. Krorz
T. A. Krorz
Northwestern University,
Evanston, Illinois
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Effect of Insulinase-Inhibitor on
Hypoglycemic Action of Insulin

Utilizing the release of iodine-131
from I'81-]labeled insulin as an index of
insulin degradation, it has been demon-
strated that exogenous insulin is de-
stroyed by the intact animal (I), just as
it is by homogenates, extracts, and slices
of liver and other tissues (2—4). This de-
struction appears to be due to the action
of an enzyme system, insulinase, that is
relatively specific in catalyzing the hy-
drolysis of insulin (5). The subcutaneous
or intraperitoneal injection of a nonpro-
tein liver fraction that inhibits the in vitro
inactivation of insulin by homogenates
(6) and slices (3) of liver is effective
also in inhibiting the degradation of I3!-

Table 1. Effect of liver insulinase-inhi-
bitor on fasting blood glucose concentra-
tion (expressed as mean * standard error)

Before After 1 hr

Injection (mg/100 (mg/100
ml) ml)

Saline 81.7+2.1 78.7+1.8

Inhibitor 76.2+2.2 77.4+1.2

labeled insulin by the intact animal (7).
The active component of the liver frac-
tion is tentatively referred to as “insulin-
ase-inhibitor.”

In order to establish that the inhibition
of insulin degradation in vitro is associ-
ated with an increase in the biological
activity of insulin, the effect of a crude
preparation of liver insulinase-inhibitor
on the hypoglycemic action of exogenous
insulin was determined in rats and rab-
bits (8).

The crude insulinase-inhibitor was pre-
pared as follows: 100 g of fresh beef
liver was homogenized with 1000 ml of
water, and the pH was adjusted to 4.8
with hydrochloric acid. The homogenate
was boiled for 10 minutes and was fil-
tered, and the filtrate was dried by lyo-
philization. The lyophilized product was
extracted with 20 vol of glacial acetic
acid, and the acetic acid filtrate was pre-
cipitated with 3 vol of cold acetone. The
precipitate was washed with acetone and
dried with ethyl ether. The dried pre-
cipitate was dissolved in water and ad-
justed to pH 7.0. This preparation in-
hibited the action of insulinase in wvitro
and in vivo, as measured by the inhibition
of the release of 1131 from labeled insulin.

Four groups of 12 male rats of the Car-
worth strain were used after an overnight
fast. The rats weighed from 200 to 275 g.
Blood samples were taken from the cut
tail, and the concentration of glucose was
determined by the Nelson procedure (9).
After a preliminary blood sample had
been taken, two groups of rats were given
a subcutaneous injection of 6 ml of a 10-
percent solution of the liver preparation
per 100 g of body weight, and the other
two groups were given a similar volume
of saline. One hour after the subcutaneous
injections, a second blood sample was
taken. Then one control group and one
experimental group of animals were
given an intraperitoneal injection of 0.5
unit of insulin per kilogram of body
weight, and the other control and experi-
mental groups were given 1.0 unit of in-
sulin per kilogram of body weight. There-
after, blood samples were taken at hourly
intervals for 4 hours.

The subcutaneous injection of the liver
insulinase-inhibitor preparation produced
no significant change in the concentra-
tion of the blood glucose (Table 1).
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