
pression of cardiac contractility. It ap- 
pears plausible also to conclude that the 
stores of norepinephrine or epinephrine 
in the myocardium are important in 
maintaining normal contractility. It is 
suggested that the myocardial catechola- 
mines may be released in small quanti- 
ties under normal conditions to affect 
the rate of the pacemaker and contrac- 
tility and serve as humoral agents for 
the regulation of normal cardiac func- 
tion. 
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Abstract. The action of an enzyme 
essential for tryptophan biosynthesis is 
inhibited by tryptophan and also by an 
analog of tryptophan. Similarly, histidine 
and one of its analogs inhibit the action 
of an enzyme essential for histidine bio- 
synthesis. A mutant resistant to the histi- 
dine analog produces an apparently al- 
tered enzyme which is insensitive to both 
the analog and histidine. 

Structural analogs of amino acids, 
purines, and pyrimidines have generally 
been considered to inhibit growth by in- 
terfering competitively with the incor- 
poration of the corresponding normal 
metabolites into essential components of 
the cell. Evidence has now been ob- 
tained that analog action, in certain in- 
stances, may be explained by an alter- 
native mechanism in which the analog 
inhibits the biosynthesis of the normal 
metabolite. Such a mechanism of analog 
action was suggested by recent observa- 
tions concerning the control of biosyn- 

pression of cardiac contractility. It ap- 
pears plausible also to conclude that the 
stores of norepinephrine or epinephrine 
in the myocardium are important in 
maintaining normal contractility. It is 
suggested that the myocardial catechola- 
mines may be released in small quanti- 
ties under normal conditions to affect 
the rate of the pacemaker and contrac- 
tility and serve as humoral agents for 
the regulation of normal cardiac func- 
tion. 

Woo CHOO LEE 
F. E. SHIDEMAN 

Department of Pharmacology and 
Toxicology, University of 
Wisconsin, Madison 

References and Notes 

1. W. C. Lee and F. E. Shideman, paper pre- 
sented at the fall meeting of Am. Soc. for 
Pharmacol. and Exptl. Therap., Ann Arbor, 
Mich. (1958). 

2. W. C. Lee, thesis, University of Wisconsin 
(1958); S. Middleton, C. Oberti, R. Prager, 
H. H. Middleton, Acta Physiol. Latinoam. 6, 
82 (1956). 

3. W. J. Whalen, N. Fishman, R. Erickson, Am. 
J. Physiol. 194, 573 (1958). 

4. U. Trendelenburg and J. S. Gravenstein, Sci- 
ence 128, 901 (1958); J. H. Burn, Brit. J. 
Anaesthesia 30, 351 (1958). 

5. This work was supported by a grant from the 
Wisconsin Heart Association. 

6. M. Cattell and H. Gold, J. Pharmacol. Exptl. 
Therap. 62, 116 (1938). 

7. P. A. Shore and J. S. Olin, ibid. 122, 295 
(1958). 

8. Reserpine (Serpasil) was generously supplied 
through the courtesy of A. J. Plummer, Ciba 
Pharmaceutical Products, Inc., Summit, N.J. 

13 November 1958 

Interference with Feedback 
Control: a Mechanism of 
Antimetabolite Action 

Abstract. The action of an enzyme 
essential for tryptophan biosynthesis is 
inhibited by tryptophan and also by an 
analog of tryptophan. Similarly, histidine 
and one of its analogs inhibit the action 
of an enzyme essential for histidine bio- 
synthesis. A mutant resistant to the histi- 
dine analog produces an apparently al- 
tered enzyme which is insensitive to both 
the analog and histidine. 

Structural analogs of amino acids, 
purines, and pyrimidines have generally 
been considered to inhibit growth by in- 
terfering competitively with the incor- 
poration of the corresponding normal 
metabolites into essential components of 
the cell. Evidence has now been ob- 
tained that analog action, in certain in- 
stances, may be explained by an alter- 
native mechanism in which the analog 
inhibits the biosynthesis of the normal 
metabolite. Such a mechanism of analog 
action was suggested by recent observa- 
tions concerning the control of biosyn- 
thetic reactions. Several metabolites, in- 
cluding valine (1), isoleucine (I), pro- 
line (2), and cytidine 5'-phosphate (3), 
have each been found to inhibit an enzy- 
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matic reaction necessary for its own bio- 
synthesis. This type of inhibition consti- 
tutes a negative feedback system which 
permits the metabolite to regulate its 
biosynthesis (1). It was considered pos- 
sible that an analog might act by mim- 
icking the specific inhibitory effect of the 
corresponding metabolite. 

This possibility has been confirmed by 
the finding that DL-6-fluorotryptophan 
(6-FT) (4), as well as tryptophan itself, 
is a potent inhibitor of the condensation 
of anthranilic acid with phosphoribosyl- 
pyrophosphate, a reaction essential (5) 
for the biosynthesis of tryptophan (Table 
1). Similarly, histidine and its analog 
DL-2-thiazole alanine (2-TA) (4) are in- 
hibitors of the synthesis of "compound 
III," an essential intermediate (6) in the 
biosynthesis of histidine (Table 2). DL-6- 
Fluorotryptophan is as effective as tryp- 
tophan for the inhibition of the conden- 
sation of anthranilic acid with phospho- 
ribosylpyrophosphate. On the other 
hand, 20 times as much 2-TA as histidine 
is necessary for the inhibition of "com- 
pound III" synthesis. The difference in 
the effectiveness of the two analogs as 
enzyme inhibitors may be partially re- 
flected in the difference in their bacterio- 
static effects on Escherichia coli W. 
Colony diameter is reduced by 50 per- 
cent in the presence of 2 x 10-7M 6-FT, 
whereas 3500 times that amount of 2-TA 
is required for a similar reduction. 

If such an inhibitory effect of an ana- 
log on the action of an enzyme necessary 
for the biosynthesis of the corresponding 
normal metabolite is indeed responsible 
for bacteriostasis, then the development 
of resistance might be accompanied by 
a decreased sensitivity of the affected 
enzyme to inhibition by the analog. An 
alteration of this type has been found 
in a mutant selected for resistance to 
2 x 10-2M 2-TA. The enzymatic synthe- 
sis of "compound III" by extracts of this 
organism is completely insensitive to 
2-TA (Table 2) (7). 

In addition to this change, the enzyme 
in the mutant has also lost sensitivity to 
histidine (Table 2), and the organism 
excretes a compound provisionally iden- 
tified as histidine. The parent strain, on 
the other hand, produces precisely 
enough histidine to meet its needs and 
does not excrete histidine. These obser- 
vations provide evidence that the inhi- 
bition by histidine of the enzymatic syn- 
thesis of "compound III" is responsible 
for the precision of the feedback control 
of histidine biosynthesis in the parent 
strain. Cohen and Adelberg (8, 9) have 
reported excretion of other amino acids 
by mutants resistant to a variety of ana- 
logs, and it seems possible that the loss 
of feedback control which they postulate 
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fects of their corresponding normal me- 
tabolites support a mechanism of ana- 
log action involving interference with 
the control of biosynthetic reactions. If 
the bacteriostatic effect of 2-TA on the 
parent strain is the result of such inter- 
ference, as represented by the inhibition 
of the enzyme synthesizing the histidine 
precursor, "compound III," then in the 
mutant the insensitivity of this enzyme 
to inhibition by 2-TA accounts for the 
observed resistance. However, it is also 
possible that the bacteriostatic action of 
2-TA is due to competition with histi- 
dine for incorporation into macromole- 
cules. In this case the insensitivity of the 
enzyme to histidine, leading to the over- 
production of, this competitive metabo- 
lite, could account for the resistance of 
the mutant to 2-TA. It is hoped that 

Table 1. Inhibition of the condensation 
of anthranilic acid (AA) with phosphori- 
bosylpyrophosphate (PRPP) by trypto- 
phan and by its analog, 6-FT. Phosphori- 
bosylpyrophosphate was generated in situ 
from adenosine triphosphate and ribose- 
5-phosphate (PRPP kinase is present in 
excess in these extracts). The rate of con- 
densation was determined according to 
the method of Yanofsky (5); 0.01 ml of 
an extract of E. coli W (12 mg of protein 
per milliliter) was used. 

Inhibition of 
Inhibitor and AA, PRPP 
concn. (M) condensation 

(%) 

None 0* 
L-tryptophan (5 x 10-5) 45 
L-tryptophan (5 x 10-I) 62 
6-FT (5 x 10-5) 40 
6-FT (5 x 10-4) 80 

* In the absence of an inhibitor 10.0 mpmole of 
anthranilic acid was metabolized in 10 minutes. 

Table 2. Inhibition of "compound III" 
synthesis. The rate of synthesis was de- 
termined by a previously described method 
(6); 0.2 ml of extract (12 mg of protein 
per milliliter) was used. Extracts were 
prepared by sonic oscillation from a 
mutant resistant to DL-2-thiazole alanine 
(2-TA) and from the wild type, E. coli W. 

Inhibition of 
"compound III" 

Inhibitor and synthesis (%) 
concn. (M) Wild Resistant 

type mutant 
extract extract 

None 0* 0* 
L-Histidine (1 x 10-4) 59 < 1 
L-Histidine (2 x 10-4) 73 < 1 
L-Histidine (;3 x 10-2) < 1 
2-TA (8x 10-4) 28 < 1 
2-TA (2x 10-3) 57 < 1 
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studies of the kinetics of histidine bio- 
synthesis by the mutant and by the par- 
ent strain will permit us to determine 
which of these mechanisms is responsible 
for the bacteriostatic effect of 2-TA 
(10). 
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Immunology, Harvard Medical School, 
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Isolation of Gelatin from 

Ancient Bones 

Abstract. The isolation and characteri- 
zation of gelatin from 12,000-year-old 
deer antlers is described. Use of gelatin 
from ancient bones for carbon-14 dating 
may improve the accuracy of the dating 
procedure because gelatin is not likely to 
be contaminated by extraneous carbon. 

Estimates of the age of buried objects 
based on their carbon-14 content has 
been of great value in anthropology. We 
believe that gelatin from ancient bones 
might be used for such dating with ad- 
vantage. Charcoal has been the material 
most extensively used by anthropologists 
for dating. It is assumed that carbon 
produced by pyrolysis of ancient mate- 
rials could not subsequently be contami- 
nated with contemporary carbon. Char- 
coal, however, is not always pure carbon 
(1) but is, rather, a complex organic 
material. It presents a large surface area 
and may absorb other organic substances. 

It is necessary to separate the organic 
and inorganic carbon fractions of bone 
before the count is made, because cal- 
cium carbonate in the mineral matrix 
may exchange with contemporary car- 
bon dioxide of the air or ground water 
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which of these mechanisms is responsible 
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cium carbonate in the mineral matrix 
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bon dioxide of the air or ground water 
(2). Furthermore, ancient bones are 
porous and are capable of absorbing or- 
ganic material from the soil. 

Approximately 80 percent of the car- 
bon of bone is collagen carbon, consti- 
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tuting 8.7 percent of air-dried bone. Col- 
lagen is soluble in hot water, in which 
it dissociates into a soluble protein gela- 
tin. With time, the amount of this col- 
lagen decreases. However, appreciable 
amounts of collagen may be found in 
bone up to 100,000 years old (3). Gela- 
tin is 18 percent nitrogen. The alpha- 
amino nitrogen of gelatin is 14 percent. 
In humic acids the alpha-amino nitrogen 
is between 0.2 and 1.5 percent (4, 5). 
The hydroxyproline content of gelatin is 
13.5 percent; of humic acids, less than 
0.05 percent. 

We have attempted to prepare gelatin 
from approximately 10 g of deer antler 
(6). The deer antler was the remainder 
of radiocarbon sample Y-158, approxi- 
mately 12,000 years old (5). Ten grams 
of pulverized antler were extracted with 
three 50-ml portions of 10 percent Ver- 
sene, pH 7.05, in a boiling water bath 
for 1-hour periods with occasional shak- 
ing. The pooled extractions were dia- 
lyzed on a rocking dialyzer against dis- 
tilled water at 2?C for 72 hours with 
eight water changes. After the dialysate 
had been concentrated in a vacuum to 
50 ml, the solution was made 5 percent 
in trichloroacetic acid and allowed to 
stand overnight at 2?C. The precipitate 
was removed by centrifugation, and the 
supernatant was dialyzed as before. The 
gelatinous precipitate which formed was 
filtered and dried. It weighed 249 mg. 

The material collected was dissolved 
in H2O at room temperature with the 
addition of a small amount of NaOH 
which brought the pH of the solution to 
between 4.0 and 4.5. A 1-percent solu- 
tion of this material gelled at 2?C. 

The molecular weight of this gelatin 
was estimated by the viscosity procedure 
of Pouradier and Venet (7). A molecu- 
lar weight of 41,000 was obtained. Such 
a molecular weight is not significantly 
different from that of commercial gela- 
tins isolated from fresh bone. 

Hydroxyproline determinations (8) on 
material dried in a vacuum oven at 
100?C for 24 hours indicated that this 
material contained 12.9 percent hydroxy- 
proline (the usual literature value is 13.5 
percent) and 17.4 percent nitrogen (the 
usual literature value is 13 percent). The 
carbon content was 96.0 percent of theo- 
retical. The material did not contain de- 
tectable amounts of tyrosine (9) or 
uronic acid (10). 

This material was apparently gelatin 
of a purity of at least 96 percent. We feel 
that carbon-14 dating of purified gelatin 
would be as reliable as charcoal dating, 
or possibly more so, since analytical evi- 
dence may be obtained that the organic 
material is what it appears to be, namely 
bone protein (11). 
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is between 0.2 and 1.5 percent (4, 5). 
The hydroxyproline content of gelatin is 
13.5 percent; of humic acids, less than 
0.05 percent. 

We have attempted to prepare gelatin 
from approximately 10 g of deer antler 
(6). The deer antler was the remainder 
of radiocarbon sample Y-158, approxi- 
mately 12,000 years old (5). Ten grams 
of pulverized antler were extracted with 
three 50-ml portions of 10 percent Ver- 
sene, pH 7.05, in a boiling water bath 
for 1-hour periods with occasional shak- 
ing. The pooled extractions were dia- 
lyzed on a rocking dialyzer against dis- 
tilled water at 2?C for 72 hours with 
eight water changes. After the dialysate 
had been concentrated in a vacuum to 
50 ml, the solution was made 5 percent 
in trichloroacetic acid and allowed to 
stand overnight at 2?C. The precipitate 
was removed by centrifugation, and the 
supernatant was dialyzed as before. The 
gelatinous precipitate which formed was 
filtered and dried. It weighed 249 mg. 

The material collected was dissolved 
in H2O at room temperature with the 
addition of a small amount of NaOH 
which brought the pH of the solution to 
between 4.0 and 4.5. A 1-percent solu- 
tion of this material gelled at 2?C. 

The molecular weight of this gelatin 
was estimated by the viscosity procedure 
of Pouradier and Venet (7). A molecu- 
lar weight of 41,000 was obtained. Such 
a molecular weight is not significantly 
different from that of commercial gela- 
tins isolated from fresh bone. 

Hydroxyproline determinations (8) on 
material dried in a vacuum oven at 
100?C for 24 hours indicated that this 
material contained 12.9 percent hydroxy- 
proline (the usual literature value is 13.5 
percent) and 17.4 percent nitrogen (the 
usual literature value is 13 percent). The 
carbon content was 96.0 percent of theo- 
retical. The material did not contain de- 
tectable amounts of tyrosine (9) or 
uronic acid (10). 

This material was apparently gelatin 
of a purity of at least 96 percent. We feel 
that carbon-14 dating of purified gelatin 
would be as reliable as charcoal dating, 
or possibly more so, since analytical evi- 
dence may be obtained that the organic 
material is what it appears to be, namely 
bone protein (11). 
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Proposed System of Terminology 
for Preparations of 
Adrenocorticotropic Hormone 

Abstract. During the past few years 
there has been a considerable amount of 
confusion with respect to the terminology 
used for adrenocorticotropins (ACTH) 
isolated from the pituitary glands of vari- 
ous species. In this paper (1) a unified 
system of nomenclature for these hor- 
mones is proposed. It is hoped that this 
system will furnish readily and at a glance, 
from the terminology itself, pertinent in- 
formation about the source of the particu- 
lar preparation as well as the chemical 
formula of any active degraded product 
derived from the natural hormone. 

Some confusion among investigators is 
usually unavoidable with respect to the 
term or name used to designate a bio- 
logically active substance derived from 
natural products before it is isolated in 
pure form and before its structure is 
known. The confusion is compounded 
when preparations of the same substance 
isolated from tissues of different species 
differ chemically but have similar bio- 
logical effects. The terminological prob- 
lem becomes even more complicated 
when the pure substances can be modi- 
fied chemically without loss of biological 
activity. The present state of the ter- 
minology used to designate the adrenal- 
stimulating substance from the adenohy- 
pophysis is a case in point. 

Since the discovery of the existence 
of adrenal-stimulating activity in pitui- 
tary glands by Smith in 1927 (2), many 
names have been proposed for the hor- 
mone: adrenotropic hormone, adreno- 
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