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Fig. 2. Spectrophotometric demonstration
of inhibition of cytochrome c¢ oxidase by
protamine sulfate and reversal of prota-
mine inhibition by polyglucose sulfate.
Curve A4 (control), oxidation of dithionite-
reduced cytochrome c by untreated de-
oxycholate-solubilized oxidase prepara-
tion. Curve B, complete inhibition of
oxidase by incorporation of protamine
sulfate (final concentration 33 ug/ml) into
the system. Wavering of absorbancy trace
was caused by slight turbidity arising from
protamine sulfate combination with deoxy-
cholate preparation. Arrow, readings in-
terrupted for 20 to 30 seconds while pro-
tamine sulfate (final concentration 33
pg/ml) was added to cuvette with rapid
mixing. Curve C, reversal of protamine
inhibition by polyglucose sulfate addition.

it is shown that not only was the inhibi-
tion of the protamine completely re-
versed by the polyglucose sulfate addi-
tion, but, as evidenced by the greater
slope of curve C, the reaction rate was
increased in comparison with that of
the untreated control shown in curve 4.
This increase in activity beyond con-
trol values resulting from polyglucose
sulfate addition is a real phenomenon.
It is undoubtedly a result of the fact
that in addition to reversal of the pro-
tamine inhibition, per se, the amount
of polyglucose sulfate used was also
sufficient to reactivate some reversibly
denatured oxidase in the original en-
zyme preparation. This finding has also
been established by separate heat-de-
naturation experiments.

Similar reversible inhibitions of cyto-
chrome ¢ oxidase have also been dem-
onstrated, using fresh whole rat heart
homogenates and the Keilin and Har-
tree type of insoluble beef heart muscle
oxidase preparations. In addition, his-
tone, ribonuclease, and lysozyme were
also capable of inhibiting. the cyto-
chrome ¢ oxidase activity of the above
preparations. As with the protamine in-
hibitions, those produced by the other
basic proteins mentioned above could
be reversed by polyglucose sulfate.

It is important to stress that the type
of reversible inhibition described in this
report is in no way specific for cyto-
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chrome ¢ oxidase. Similar behavior has
been established for a number of other
enzymes (9). However, the fact that
cytochrome ¢ oxidase may be revers-
ibly inhibited by polyionic macromole-
cules is of great significance. Until now,
the most important reversible inhibi-
tions of cytochrome c¢ oxidase have
been those accomplished with cyanide,
azide, and carbon monoxide. Spectro-
scopic and spectrophotometric studies
of these classic inhibitions have con-

~ tributed much to our understanding of

the enzyme, and in particular, its heme
component. It is therefore of great in-
terest that, thus far, spectral changes or
shifts during the inhibitions by the cat-
ionic macromolecules reported in this
paper have not been demonstrable in a
large number of experiments. This leads
us to suspect that charge-density influ-
ences upon the configuration of the pro-
tein (and other nonheme components)
of the oxidase aggregate may be oper-
ating in the present type of inhibitory
action. Effects that involve electron
transfer through the nonheme moieties

of the enzyme are now under consider-

ation.

The disclosure that substances such
as protamine, histone, and ribonuclease,
which are important intracellular pro-
teins, can exert a reversible inhibition

of a major enzymatic component of cell -

mitochondria also has important impli-
cations for the study of nuclear-cyto-
plasmic metabolic interrelations. Final-
ly, since spectrophotometric evidence,
to date, indicates that the heme com-
ponent of the oxidase is not involved
in these inhibitions, we believe that a
means is now available for approaching
the study of the contributions of the
nonheme components of cytochrome ¢
oxidase to the electron transfers accom-
plished by the enzyme.
PHILIP PERSON

< ALBERT FINE
Special Dental Research Laboratory,
Veterans Administration Hospital,
Brooklyn, New York
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Trophic Substances in a

Blind Cave Crayfish

Abstract. The eyestalks, supraesopha-
geal. ganglia, and circumesophageal con-
nectives of the blind cave crayfish Orco-
nectes pellucidus australis contain a red
pigment-concentrating substance and a
distal retinal pigment light-adapting one.
Assays were performed on the dwarf cray-
fish, Cambarellus shufeldti. The signifi-
cance of these findings is discussed in
relation to endocrine regulation of pig-
mentary effectors in crayfishes.

The crayfishes Cambarellus shufeldti
and Orconectes clypeatus produce some
substances that concentrate chroma-
tophoral pigments and others that cause
the - distal retinal pigment to migrate
toward the fully light-adapted position
(1-4). No one has determined whether
such trophic substances occur in cave
crayfishes which lack chromatophores
and retinal pigment cells.

Recently we were fortunate to obtain
enough specimens of Orconectes pellu-
cidus australis (5) to learn whether this
organism produces a red pigment-con-
centrating hormone and a distal retinal
pigment light-adapting substance. These
crayfish were collected in Shelta Cave,
Huntsville, Alabama. The specimens of
Cambarellus shufeldti used as assay
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Fig. 1. Responses of (4) dark red chro-
matophores and (B) distal retinal pigment
of dwarf crayfish to extracts of eyestalks
(circles), supraesophageal ganglia (dots),
and circumesophageal connectives (circles
half-filled on left) of blind cave crayfish.
Control, circles half-filled on right.
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animals were collected in roadside
ditches at Hickory, Louisiana.

The method of Sandeen and Brown
(6),.as modified by Fingerman (3) for
use with crayfishes, was employed to
determine the effect of an extract on
‘the distal retinal pigment of Cambarel-
lus. Crayfish were placed one at a time,
ventral surface down, on the stage of
a stereoscopic dissecting microscope.
With the aid of an ocular micrometer
and transmitted light two measurements
were made: (i) the width of the trans-
lucent distal portion of the compound
eye in a plane parallel to the long axis
of the eyestalk and (ii) the length of
the eye from the corneal surface to the
apex of the notch at the proximal por-
tion of the eye. The ratio of length of
clear area (measurement i) to total
length (measurement ii) is known as
the distal pigment index.

The dark red chromatophores in the
portion of the carapace of Cambarellus
dorsal to the heart were staged accord-
ing to the system of Hogben and Slome
(7). Stage 1 represents maximal con-
centration of pigment; stage 5 maximal
dispersion; and stages 2, 3, and 4 the
intermediate conditions.

Student’s t-test was used for deter-
mination of the level of significance
between means. The 5 percent prob-
ability level was considered the maxi-
mum for a significant difference. The
results of the statistical analyses com-
prise Table 1.

Eyestalks, supraesophageal ganglia,
and circumesophageal connectives of
three crayfish were each extracted in
0.6 ml Van Harreveld’s solution (8).
The extracts were assayed for red
pigment-concentrating hormone and
distal retinal pigment light-adapting
hormone on six dwarf crayfish in black
containers maintained under an illumi-
nation of 29 ft-ca. Each assay animal
received 0.02 ml of extract. Each con-
trol animal received 0.02 ml of Van
Harreveld’s solution. The second time
the experiment was performed each
extract was injected into seven animals.
The results of the two experiments were
essentially the same and were averaged
(Fig. 1).

Chromatophore stages, determined
15 and 30 minutes after the extracts
were administered, were subjected to
statistical analysis. The amount of red
pigment concentration produced by
each extract was statistically significant
(analyses 1-3). Furthermore, the re-
sponse to the eyestalk extracts was sig-
nificantly less than the response to
extracts of either the supraesophageal
ganglia or circumesophageal connec-
tives; the response to the supraeso-
phageal ganglia was in turn significantly

1 JULY 1960

Table 1. Summary of the statistical analyses. N is number of chromatophore indices or distal
pigment indices used in the analysis; S.D. is standard deviation; S.E. is standard error of the differ-
ence between the means; ¢ is Student’s ¢; p is probability value. The letters signify extracts of:
(C) control, (CC) circumesophageal connectives, (ES) eyestalks, (SG) supraesophageal ganglia.

Analysis Extract N Mean Range S.D. S.E. t p
Red pigment concentration .

1 ES 23 4.00 2.0 -5.0 0.724 0.157 5.75 0.001
C 24 4.97 4.0 -5.0 204

2 SG 24 291 1.0 -4.0 .865 .181 10.71 .001
C 24 4.97 4.0 -5.0 .204

3 CC 24 2.37 1.0 -4.0 672 144 13.98 .001
C 24 4.97 4.0 -5.0 204

4 ES 23 4.00 2.0 -5.0 724 232 4.54 .001
SG 24 2.91 1.0 4.0 .865

5 ES 23 4.00 2.0 -5.0 724 204 6.84 .001
CcC 24 2.37 1.0 -4.0 672

6 SG 24 291 1.0 -4.0 .865 224 2.18 .05
CC 24 2.37 1.0 -4.0 672

Light adaptation of distal pigment

7 ES 22 0.150 0.10-0.19 0.0250 0.00604 12.83 0.001
C 26 .100 .08- .13 0118

8 SG 26 114 .09- .13 0115 .00322 3.89 .001
C 26 .100 .08- .13 .0118

9 CC 26 117 .08- .16 0197 .00451 3.63 .001
C 26 .100 .08- .13 .0118

10 ES 22 150 .10~ .18 .0250 .00603 9.18 .001
SG 26 114 .09- .13 0115

11 ES 22 .150 10— .18 .0250 .00680 6.22 .001
CC 26 A17 .08- .16 0197

12 SG 26 114 .09- .13 0115 .00448 0.637 >0.5
CC 26 A17 .08- .16 .0197

less than the response to the circume-
sophageal connectives (analyses 4-6).

Distal pigment indices obtained 30
and 60 minutes after the extracts had
been injected were also subjected to
statistical analysis. The amount of light-
adaptation produced by each extract
was statistically significant (analyses
7-9). The degree of light-adaptation
produced by the eyestalks was greater
than that produced by either the suprae-
sophageal ganglia or the circumeso-
phageal connectives (analyses 10 and
11), but no significant difference was
found between the responses to the
extracts of the supraesophageal ganglia
and the circumesophageal connectives
(analysis 12).

Fingerman (I, 2) found that the
circumesophageal connectives of a
specimen of Cambarellus shufeldti or
Orconectes clypeatus contain more red
pigment-concentrating hormone than do
the supraesophageal ganglia, which in
turn contain more of the hormone than
is present in a pair of eyestalks. The
same order was found for organs of
Orconectes pellucidus australis (Fig.
14).

Fingerman, Mobberly, and Sundara-
raj (4) found that the supraesophageal
ganglia of Cambarellus produce more
light-adaptation of the distal retinal pig-
ment than do the eyestalks. In con-
trast, eyestalks of Orconectes clypeatus
contain more light-adapting hormone
than the supraesophageal ganglia (4)
just as was observed with organs of

Orconectes pellucidus australis (Fig.
1B).

The cave crayfish used in this investi-
gation possesses neither retinal pigments
nor chromatophores. Presumably, this
cave dweller descended from eyed
forms that possessed chromatophores
and retinal pigments as well as mecha-
nisms to regulate migration of their
chromatophoral and retinal pigments.
The persistence of activators of these
pigments in blind specimens indicates
that either the loss of the controlling
mechanism takes longer than the loss
of the end organ, or blind forms have
given these trophic substances a new
function (9).

: MiLTON FINGERMAN
WiLLiaM C. MOBBERLY, JR.
Department of Zoology, Newcomb
College, Tulane University,
New Orleans, Louisiana
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