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Fig. 2. EEG responses to identical clicks (indicated by artifact in upper trace) before
(top records) and after a shock had been delivered for a time with each click. Bipolar
recording from cochlear nucleus (second trace), monopolar from auditory cortex. The
bottom four traces are derived from a hippocampal array (as yet not histologically veri-
fied) inserted in a dorsoventral line, the active tips being 2 mm apart with No. 1 the
deepest. The animal had received Flaxedil prior to the bottom recording and thus ex-

hibited no motor activity whatever.

such an animal are shown in the right
column of Fig. 1. As the click continued
without shock reinforcement, both motor
and electric responses tended to disap-
pear (motor long before electric), and
the “extinguished” condition invariably
returned after hours or days. In most of
our animals, the cycle of conditioning
and extinction thus defined has been re-
peated many times.

In view of the motor behavior accom-
panying the conditioned state, the pos-
sibility that the responses recorded are
somehow generated by muscle activity or
its consequences must obviously be ruled
out., Although such considerations can
hardly be held to apply to the phenome-
non shown in Fig. 1, where the entire
event is substantially completed within
some 15 msec after the application of the
stimulus, it must seriously be considered
as a possibility for responses that have
longer latency and duration.

Of all our attempts to settle this point,
the experiments of the sort illustrated in
Tig. 2 are perhaps the most conclusive.
The upper record shows the extinguished
record from an animal that had previ-
ously been conditioned and extinguished
five times. The lower record, made about
1 hour after the upper one, shows evoked
responses regularly in the stations along
the classical auditory pathway (cochlear
nucleus and auditory cortex) as well as
in at least two of the electrodes in the
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hippocampus. Between the times at which
the upper and lower records were made,
the animal had received conditioning
shocks and, additionally, gallamine tri-
ethiodide (Flaxedil, Lederle) 4 mg
/kg intravenously in two divided doses
within 1 minute. This dosage was suffi-
cient to cause apparent complete mus-
cular paralysis, and artificial respiration
via an endotracheal tube was required.
The only muscle activity noted was con-
striction of the' iris as an object was
brought close to the eye of the animal.
Pupillary dilatation was also observed co-
incident with the conditioning shocks or
with clicks alone immediately after
shock. Certainly there was no movement
of the animal that could account for the
responses shown in the lower half of Fig.
2, during the recording of which, of
course, only clicks were being applied at
the times indicated in the top trace. It
may parenthetically be stated here that,
in extinguished animals that have been
immobilized by Flaxedil, applied shocks
promptly change the records of responses
to those typical of the conditioned state.

From the data, only some of which
have been presented here, the following
general statements appear to be justified.
When cats with indwelling electrodes are
subjected to a relatively simple auditory
conditioning technique, changes in elec-
tric activity of the brain apparently re-
lated to conditioning and extinction can

be reliably recorded. Evoked auditory
responses are larger and are seen more
frequently and in more numerous loca-
tions when a given animal is in the con-
ditioned as opposed to the extinguished
state. Such changes occur near the origin
of the classical auditory pathway (coch-
lear nucleus) as well as at its termina-
tion (auditory cortex), in portions of
such limbic system structures as the hip-
pocampus and septal area and in the
head of the caudate nucleus.
RoBerT GALAMBOS
Guy SHEATZ
VERNON G. VERNIER
Department of Neurophysiology,
Army Medical Service Graduate School,
Walter Reed Army Medical Center,
Washington, D.C.
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Enzymatic Synthesis of
Cholyl CoA and Taurocholic Acid

It is well known that under normal
conditions bile acids are excreted in bile
only after they have been first conjugated
with amino acids. Taurine is the amino
acid most commonly involved in this
conjugation reaction. No information has
been published on the mechanism of for-

"mation of the amide bond between bile

acids and taurine (7). We should like to
report the presence of an enzyme, found
only in the microsomes of liver, that will
activate cholic acid according to the fol-
lowing reaction:

ATP, Mg*
—_—_——

cholyl coA (1)

The isolation of cholyl coenzyme A
(co-A) (Fig. 1) reported here repre-
sents, we believe, the first identification
of an activated steroid in a biological
system.

A second enzyme has been found in
the supernatant fraction of liver that will
carry out the reaction:

Cholic acid + coA

Cholyl coA + taurine ——————>
taurocholic acid +coA (2)

Both microsomal and supernatant frac-
tions were isolated from a phosphate
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Fig. 1. Cholyl coA.
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buffer homogenate by the differential
centrifugation method of Schneider and
Hogeboom (2). The microsomes were
washed once each with isotonic KCI and
distilled water. The supernatant was dia-
lyzed for 24 hours against distilled water
and then lyophilized. Mitochondria were
isolated from an 0.88M sucrose homoge-
nate (2). Taurocholic acid was routinely
determined with the use of the furfural-
H,SO, reaction of Pettenkofer (3) after
free cholic acid had been removed by
extraction with acetone and ethyl ether
in the proportion of 1 to 2 and ethyl
ether. The identity of the product as
taurocholic acid was confirmed by paper
chromatography.

Incubation of 50 mg of washed, lyo-
philized guinea pig liver microsomes with
4 pmoles of coA, 10 mumoles of cholic
acid, 44 pwmoles of adenosine triphosphate
(ATP), and 30 wmoles of MgCl, in 1.0
ml of 0.1M K,HPO, buffer at pH 7.6 for
60 min resulted in the formation of 2.2
umoles of a cholic acid derivative. When
the compound was chromatographed on
Whatman No. 1 filter paper, an ultra-
violet absorbing band having the A,
of adenine was noted at an R; of 0.62
(60-percent propanol in H,O) or at an
R; of 0.81 (50-percent ethanol in H,0).
Spraying a portion of the paper with the
SbCl,-acetic acid spray, that has been
described previously (4) revealed a sin-
gle rose-colored band that is character-
istic of cholic acid. This band coincided
exactly in position and shape in both sol-
vent systems with the position and shape
of the 260-mu absorbing band; the com-
pound was further identified as cholyl
coA by means of color reactions listed in
Table 1. Finally, hydrolysis of the com-

Table 1. Identification of cholyl coA.

Test Result

Cholic acid (SbCLHAc) (4) +

Adenine (Amax. 260 mp) +

RSH (nitroprusside) (8) -
O

I
RS—C—R’ (NaOH-

nitroprusside) (8) +
C”)
RS—C—R’ (hydroxyla-
mine-FeCls) (9) +
Ester phosphate (ammonium
molybdate-HCIO.) (10) +

Table 2. Role of cholyl coA in taurocholic
acid synthesis. The figures in parentheses
in column 1 are (i) amount, in millimi-
cromoles, of cholyl coA and cholic acid
and (ii) amount, in micromoles, of tau-
rine added to the supernatant. The final
volume was 0.6 ml in 0.03M K.HPO.
buffer at pH 7.6.

Compound (s) added to Tau;z;:élohc
20 mg of dialyzed synthesized
liver supernatant ();nu mole)

Cholyl coA (118) 0.0

Cholyl coA (118) pretreated
with base* + taurine (24) 0.0
Cholic acid (166)

+ taurine (24) 0.0
Cholyl coA (118)
+ taurine (24) 85.3

* Cholyl coA in 0.1 ml water, hydrolyzed by the
addition of 0.1 m! 4N NaOH and incubation for 2
min at 37°C. The mixture was neutralized with
H,SO, before addition of the liver supernatant,

pound resulted in the appearance of two
bands on paper chromatograms, one hav-
ing the R; value and color reaction of
cholic acid, the other having the R,
value and color reaction of coA.

If chromatographically pure cholyl
coA is incubated together with taurine in
the presence of dialyzed guinea pig liver
supernatant, taurocholic acid is produced
(Table 2); this demonstrates that cholyl
coA is an intermediate in the synthesis
of the conjugated bile salt.

Taurocholic acid can also be readily
synthesized by combining the reactions
given in Egs. 1 and 2. Microsomes, dia-
lyzed supernatant, cholic acid, coA,
ATP, and taurine are all required for
taurocholic acid production in this over-
all reaction. Either microsomal or super-
natant fraction alone is inactive.

The enzyme responsible for cholic acid
activation would appear to be distinct
from those that catalyze the formation
of the coA derivatives of fatty acids (9,
6), benzoic acid (6) and p-aminobenzoic
acid (7) in that the intracellular distri-
bution of the other activating enzymes
and, in one case, the tissue localization
as well, are quite different from that of
the cholyl coA-forming enzyme. The bile
acid activating enzyme is found only in
the microsomes of liver. Liver mitochon-
dria are inactive and no kidney fraction
will carry out the reaction. The enzyme

that activates short-chain fatty acids,
benzoic acid, and p-aminobenzoic acid,
on the other hand, is known to be local-
ized in the mitochondria of both liver
and kidney (6, 7). Likewise, the long-
chain fatty acid-activating enzyme of
liver supernatant (), which in our stud-
ies readily synthesized palmityl coA, is
incapable of so activating cholic acid.
The activating system was also found
to be capable of catalyzing the formation
of other bile acid-coA derivatives. Des-
oxycholyl coA and C?%-labeled litho-
cholyl coA have been prepared in micro-
mole quantities. Their roles in the scheme
of bile acid metabolism, with regard to
both conjugation and interconversions,
are now under study.
MarvIN D. SrPERSTEIN#
ANNE W. MURrrAY
Laboratory of Chemical Pharmacology,
National Heart Institute,
Bethesda, Maryland
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Correction

The names of the compounds in the last three
lines of Table 1 in “Inhibition of the effect of
some carcinogens by their partially hydrogenated
derivatives” by Kotin, Falk, Lijinsky, and Zech-
meister [Science 123, 102 (20 Jan. 1956)] should
read dihydrodibenzanthracene, decahydrodibenzan-
thracene, and perhydrodibenzanthracene.

L. ZECHMEISTER
California Institute of
Technology, Pasadena

3 February 1956

The beauty of electricity, or any other force, is not that the power is mysterious and unex-
pected . . . but that it is under law and that the taught intellect can even now govern it

largely—M. FARADAY.
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