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antibodies against ICH virus; ICH antibodies
in a 1:3 titre were found in 1 of 23 sera from
wild raccoons. 3. ICH virus was isolated
from dog kidney tissue cultures derived from
2 apparently healthy dogs. In one instance.
specific ICH neutralizing antibody was pres-
ent in the blood.
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Antagonistic Action of Liver Amino Acids and 2,4-Dinitrophenol on

Growth of Escherichia coli.

(24063)

C. CociTo* (Introduced by V. Bryson)
Institute of Microbiology, Rutgers, The State University, New Brunswick, N. J.

It is known that extracts and fractions of
liver protect animals from toxic effects of poi-
sons and hormones. Ability of liver extracts
to counteract the toxic activity of thyroid
powder and 2.4-dinitrophenol (DNP) on
various living systems is an example of this
type of antagonism and is of particular inter-
est because DNP and thyroxin are both in-
hibitors of oxidative phosphorylation. Crude
liver preparations and components of liver
extracts reverse thyroid stress occurring in
rats fed with purified diets containing thyroid
powder or iodized protein(1). Attempts have
been made to identifv the unknown factors
(2,3) responsible for this anti-thyrotoxic ac-
tivity, or to refer such activity to known com-
ponents of the liver(4.5). An antagonism of
liver extracts against inhibitorv action of
DNTP has been described in studies with mam-
malian tissue homogenates(6). as well as with
bacteria(7). Analysis of growth-stimulating
and anti-DNP activity of liver extracts in
bacterial systems shows that several fractions
are involved: one is composed of bile salts:
another of liposoluble vitamins: a third of
steroids; a fourth of unsaturated fatty acids
and possibly hydroxy-acids; and a fifth of

* Lepetit postdoctoral fellow in Microbiology.

amino acids and oligopeptides. The hypothe-
sis has been expressed that these substances
represent physiological antagonists of thyroid
hormones in mammalian tissues, at a cellular
level. Similar results were obtained by other
authors(4.5) using metabolic-rate test of rats
fed with iodized protein for titrating the anti-
thyrotoxic activity of liver components. The
pr;:sent work is concerned with the amino
acid fraction of liver extracts.

Technics. Liver-amino acid preparation
was obtained as follows: Cow’s liver, homo-
genized in Waring Blendor and autolyzed un-
der toluene at 37°C, was dried, pulverized,
and extracted by refluxing twice each with
boiling ethanol followed by hot water. The
residue of coagulated proteins was washed sev-
eral times with H,O and hydrolyzed with 6NV
HCl at 100°C for 18 hours. HCl was re-
moved by vacuum distillation and the residue
brought several times to dryness after addition
of water. The dry material was then dissolved
in H,O. The resulting preparation had a ni-
trogen content of 13 mg/ml and was used
without neutralization for chromatographic
analysis, or was neutralized with KOH and
sterilized for microbial assays. Medium A
used for E. coli strain B had the following
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TABLE I. Action of DNP, Liver Amino Acids,
and Mixture A on Growth of E. coli.

Liver Growth

DNP, moles amino  Mixture (K.U.)*

———————— acid prep. A —

2% 10* 4X10* (.1ml) (5ml) 4hr 8hr
— — — — 23 57
— — + —_ 45 60
— — — + 43 57
+ — — — 7 38
_— + — — 3 13
+ — + — 24 54
— + =+ — 15 51
+ — — + 27 58
— + — + 17 56

* Klett-Summerson Colorimeter, red filter, read-
ings at time O subtracted from the subscquent
readings, values of growth expressed in Klett
TChuits,

Medium: Synthetic medium A, 4.3 ml; DNP 102
solution, .1 and .2 ml; liver amino acid prep., .1
ml; amino aeid mixture A, .5 ml; dist. H;O, up to
5 ml in cach tube.

Inoculum: .1 ml E. coli strain B in synthetic
medium A (2 X 10° cells/ml).

Growth: Static culture in sterile Klett tubes
placed in water bath at 37°C.

composition: K.HPO,, 7 g; KH,PO,, 3 g;
Na citrate, 0.5 g; MgSO, - 7H,O, 0.1 g;
(NH,).S0q, 1 g; glucose, 2 g; H,O to 1 liter.
DNP, added to this medium at levels of 2 x
10* M, gave respectively an inhibition of 80
and 90% in growth of E. coli strain B (Table
I). Within 4 hours after inoculation, turbid-
ity of the 5 ml culture had doubled in syn-
thetic medium A containing 0.1 ml of liver-
amino acid preparation, an amount which al-
most completely removed the inhibition of the
2x10* and 4 x 10* M levels of DNP (Table
I).

A chromatographic analysis of liver-amino
acid preparation has been accomplished with
Whatman No. 1 filter paper and a bidimen-
sional system consisting of butanol:acetic
acid:water (6:25:25) and phenol:water (4:1)
in an NH3 atmosphere. Several chromato-
grams were run simultaneously by this tech-
nic, some being reserved for biological assays
and others for development with ninhydrin
(Fig. 1).

Anti-DNP activity of the spots was tested
by placing dry undeveloped chromatograms
on the surface of DNP-minimal agar seeded
with the indicator organism. To prepare agar
for the assay, 5 ml of E. coli strain B (10°
cells/ml) was added to 500 ml of synthetic

419

medium A containing 1.8% agar and 10* M
DNP; the preparation was poured immedi-
ately onto an 11 by 17 inch sterile plate and
allowed to solidify. After 30 minutes at room
temperature, the chromatogram sheet was re-
moved and the plate incubated at 37°C for
24 hours. At the level of 10 M, DNP in-
hibited completely the growth of E. coli strain
B in solid medium, but some growth appeared
on the surface of the agar, in locations corre-
sponding to the position of migrated amino
acids. Growth of the indicator strain, how-
ever, was not restricted to well-defined spots
corresponding to those found in a ninhydrin-
developed chromatogram; confluent zones of
growth were seen, presumably arising from
additive or synergistic action produced by dif-
fusion and mixture of single eluted compon-
ents.

In other chromatograms, the position of
each amino acid was identified by means of
ultraviolet lamp, and the spots were eluted
and tested for growth-stimulating and anti-
DNP activities in the synthetic medium A.
Most of the eluted components showed no ac-
tivity, a few (glutamic and aspartic acids, ar-
ginine, isoleucine, and cysteine) exhibited a
slight degree of antagonism to DNP; the
same negative results were obtained by test-
ing activity of commercial, pure amino acids.
It was concluded, therefore, that no single
amino acid, but only a mixture of amino acids,
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FIG. 1. Ratio of amino acids in chromatograms of
liver preparation. In Mixture A, the amino acids
have the above ratios, on a molecular basis. In
Mixture B, 2 moles of the following amino acids
have been added to Mixture A, giving a total of
100 moles: methionine, tyrosine, histidine, ecys-
teine, tryptophan, ornithine, asparagine.
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has growth-stimulating and anti-DNP activ-
ity: this is in accord with results obtained
with undeveloped chromatograms on bacteria-
seeded agar.

Quantitative composition of the liver hy-
drolyzate was established by evaluating in-
tensities of the ninhydrin-developed spots of
amino acids in bidimensional chromatograms:
ratios of the component amino acids are shown
in Fig. 1. A mixture of amino acids. having
the reported ratios. was prepared with com-
mercial products (Mixture A). The level of
amino acids and the nitrogen content in the
mixture were equal to one-fifth of correspond-
ing values of liver hydrolyzate. A 0.5 ml
quantity of this mixture showed almost the
same growth-stimulating and anti-DNP ac-
tivity as the corresponding amount (0.1 ml)
of liver hydrolyzate (Table T).

Addition of several components of liver ex-
tracts (bile salts, lipo-soluble vitamins, ster-
oids) to Mixture A did not enhance the anti-
DX'P activity of the amino acid combination
on growth of E. coli strain B. Some increase
was obtained by adding to Mixture A a sup-
plement of amino acids destroyed during the
process of acid-hydrolysis (tryptophan, tyro-
sine. histidine. cysteine, methionine) (Mix-
ture B).

Discussion.  Several questions arise in as-
sessing the significance of these findings. First
it should be observed that the ratio and quan-
titative relationship of amino acids shown to
have anti-DNP activity may have no particu-
lar specificity as opposed to other ratios. Fur-
thermore, there is no reason to suppose at
present that liver as an amino acid source is
superior to any other mammalian tissue.
Since it is well known that many poisons and
inhibitory agents act at lower concentrations
in the absence of organic substances. there is
the possibility that anti-DNP activity in bac-
terial systems is merely another example of
this widely recognized phenomenon. Basic
amino acids would be expected to combine
extra-cellularly with DNP and reduce its ef-
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fective concentration. However, additional
experiments, not reported here, show that the
amino acid preparation will allow induced-
enzyme synthesis in DNP-inhibited cells after
removal of extra-cellular DNP. Glycine or
single amino acids do not have this property.
Furthermore, by using cysteine-resistant E.
coli mutants as test organism, it has been
shown that anti-DNP activity obtained with
small amounts of cysteine does not increase
with amount of amino acid added. Such an
increase would be expected if cysteine were
acting solely by extra-cellular binding of
DNP in proportion to the amount of reactants
present.

Summary. 1) Liver hydrolyzates counter-
act the inhibitory action of 2,4-dinitrophenol
(DNP) on both mammalian cells and bac-
teria. Of the several fractions responsible for
activity of liver extracts, one is composed of
amino acids. 2) Growth-stimulating and
anti-DNP activity of this fraction has been
tested on Escherichia coli strain B, and its
composition established by chromatographic
analysis. No one of the single components
has activity, but a mixture of amino acids
stimulates growth-rate of E. coli strain B in
synthetic medium and counteracts inhibition
by high concentrations of DNP. 3) A mix-
ture of commercial amino acids has been pre-
pared, having similar composition and activ-
ity to liver-amino preparation.
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