628
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Respirational and metabolic reactions to
nitrated phenols by various biological systems
were reviewed by Edsall(1), Clifton(2), and
von QOettingen(3). The authors indicate that
nitrated phenols may exert either a significant
stimulatory or inhibitory action, dependent
upon the concentration applied. Field et al.
(4), in comparing the stimulatory capacity of
6-cyclopentyl-, 6-cyclohexyl-, 6-methyl-2,4-
dinitrophenol (DNOC) and 2,4-dinitrophenol
(DNP) on yeast respiration found that con-
centrationwise their efficiency was in the
order named, and the total excitatory effect
exerted by each was essentially the same.
Qualitative similarities for DNOC and DNP
in stimulating as well as in inhibiting the
respiratory intensity of yeast suspension were
demonstrated by Field and Tainter(5).

Evidence is here presented in the form of
dosage-response data to show that certain sub-
stituents, when introduced into the DNP
molecule, materially influence the ability of
the resultant derivative to inhibit the oxygen
uptake by the spores of the strongly cellulo-
lytic fungus, Myrothecium verrucaria. The
similarity of the degree of poisoning effected
by 12 of the 16 dinitrophenolst considered
here is pointed out. Correlative relationships

* The work reported in this paper was sponsored
by the Departments of Air Force, Army and Navy
under Contract N7onr-291, Task Order 27.
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between chemical structure and biological re-
sponse are indicated, with the limited number
of derivatives available.

Method. The solubility characteristics of
many of the nitrophenols considered here
necessitated first a means whereby complete
solution of each derivative was assured at
every dosage level to be considered. Al-
though many organic solvents proved suitable,
methyl cellosolve proved most practical since
it had no effect upon spore respiration at con-
centrations needed for solubilization. A
requisite quantity of a given derivative, pre-
viously verified by melting-point determina-
tion, was dissolved in the organic solvent,
then added to a quantity of the buffered nu-
trient solution and subsequently made to
volume. The reverse procedure of adding
nutrient solution to the organically solubilized
nitrophenol derivative occasionally caused
flocculation of the compound. A buffered
nutrient media, pH 6.5, was composed as fol-
lows: NH4NOj, 3.0 g; KH.PO4 2.59 g;
K.HPO4, 2.21 g; MgSO,« 7H,0, 0.75 g;
sucrose, 50 g; distilled water to 1,000 ml.
Preliminary experiments with this same spore
population indicated that the buffering ca-
pacity of this medium was sufficient to main-
tain a pH 6.5 for at least a 24-hour period.
The freshly prepared spore suspensions used
in each determination were made from 4-day-
old cultures of the fungus grown at 30°C in
Petri dishes containing Difco nutrient agar
overlaid with a circle of Whatman No. § filter
paper. The mineral salt and carbohydrate
portions of this medium were the same as
those used for preparing the spore suspensions.
Spores were harvested by flooding the surface
of the culture with nutrient solution and free-
ing the spores with a glass rod when necessary.
This suspension was filtered through cheese-
cloth and subsequently adjusted to a popula-
tion of 50 X 10°% spores per ml. The cus-
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PIG. 1. Effect of several concentrations of 6-substituted 2,4-dinitrophenols on rate of oxygen

uptake of a 108 spore population of Myrothecium verrucaria. Values at the ends of the curves

indicate the number or fraction of 104 moles per liter final concentration and C indicates res-
piratory rate of untreated controls.
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FIG. 2. Inhibitory effect of 6-C alkyl-, aryl- and cycloalkyldinitrophenols on oxygen respiration
of M. verrucaria spores including the 2,4-dinitrophenol effect.

tomary manometric technics as described by
Umbreit et al.(6), were applied to determine
effects of the various nitrophenols on the
oxygen uptake mechanism of the fungus
spores.

Results. The time effect on oxygen uptake
of several concentrations of four dinitro-
phenol derivatives included in this report is
illustrated by the curves presented in Fig. 1.
Generally, the behavior displayed here typifies

6. Umbreit, W. W., Burris, R. H., and Stauffer,
J. F., Manometric Technics and Related Methods
for the Study of Tissue Metabolism; Burgess Pub-
lishing Co., Minneapolis, 1946.

the inhibitory action both as to its rapidity
and type. In all cases with active derivatives
the maximal effect on the oxidative mechanism
is fully detectable within one hour after ap-
plying the poison. The action produced by
DNOC was slightly retarded as compared
with that caused by the other related chemi-
cals here displayed. Inhibitory activity was
calculated by comparing the slopes of the
time-rate curves of the untreated controls with
those of the treated spore suspensions, choos-
ing slopes of the latter only when full poison-
ing had been effected. The comparative po-
tency as well as the final common poisoning
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action of nine 2,4-DNPs on the oxidative
mechanism of these fungus spores is shown
by the dosage-response data in Fig, 2. In-
crease in the length of the alkyl chain of sub-
stituents Iocated in the sixth position of the
2,4-DNP nucleus, generally increases effec-
tiveness in reducing the rate of oxygen con-
sumption, with the 6-n-hexyl-2,4-DNP mole-
cule exercising the most toxic reaction.

Utilizing the ionization constant data as
gathered by Krahl and Clowes(7), a calcula-
tion was made of the dissociated and undis-
sociated concentrations for six of the deriva-
tives included in the above figure. The cal-
culations indicate that the responses shown in
Fig. 2 are caused by the structural relation-
ships rather than possible difference in undis-
sociated concentrations formed by each de-
rivative.

It is of interest to note that in the investiga-
tions by Field and Tainter(5) with yeast that
the concentration causing 86 and 81% inhibi-
tion at pH 6.8 was 65 X 10* M for DNP and
15.2 X 10* M for DNOC. This indicates
that the oxidative mechanism of these spores
is significantly more sensitive to the poisoning

7. Krahl, M. E., and Clowes, G. H. A, J. Cell.
Comp. Physiol., 1938, vi1, 1.
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FIG. 3. Comparative inhibitory response of some 2,6-dinitrophencl derivatives on the respira-
tion of M. verrucaria spores,

action of DNP and DNOC than is that of the
veast cell. Generally similar inhibitory re-
sponses were reported by Newcomb(8) when
investigating the effect of DNP levels ranging
from 5 X 105 M to 2 X 10* M on the res-
piratory activity of tobacco callus tissue.

Inhibitory influences on the oxygen respira-
tion of these fungus spores by some 2,6-DNP
derivatives are indicated in Fig. 3. Except
for the reactions demonstrated by the para-
halogenated 2,6-DNP, they exerted a gen-
erally similar poisoning action as described
for 2,4-DNP compounds. Altering the posi-
tion of the cyclohexyl group to form p-cyclo-
hexyl-2,6-DNP resulted in a slight loss of tox-
icity as compared with the isomeric 6-cyclo-
hexyl-2,4-DNP (Fig. 2).

In contrast to the demonstrated effective-
ness of the alkyl-, cycloalkyl-, and phenyl-
dinitrophenols in poisoning the respiratory
processes of spores of Myrothecium verru-
caria, three derivatives formed by the intro-
duction of a carboxyl, amino, or a third nitro
group into the 2,4-DNP nucleus (resulting
respectively in dinitrosalicylic, picramic, and
picric acids) were relatively impotent in af-
fecting this respiratory system (Fig. 4).

8. Newcomb, E. H., Am. J. Botany, 1950, v37, 264.
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FIG. 4. Relative inhibitory effect on oxygen consumption of M. verrucaria spores of 24-
dinitrophenol and compounds substituted in the 6-position with the nitro, carboxyl or amino

group.

Summary. (1) The relative effects of 16
diritrophenols in inhibiting the oxygen uptake
mechanism of spores of Myrothecium verru-
caria were studied. (2) The alkyl-, cyclo-
alkyl-, or aryl- groups substituted ortho to the
hydroxyl group in the 2,4-DNP molecule sig-
nificantly increased the poisoning effect on
this oxidative mechanism as compared to
24-DNP. (3) Effective concentrations of all

Primary Amide Groups of Human Hemoglobin.*
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active compounds manifested their full effect
within an hour following contact with the
spores. (4) The inhibitory effect as caused
by all the alkyl substituted 2,4- and 2,6-DNPs
averaged 85-90%. (5) Concentrationwise,
the 6-n-hexyl-2,4-DNP compound proved the
most potent, while dinitrosalicylic, picramic,
and picric acids were significantly ineffective.
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Pauling et al.(1) observed that the hemo-
globin isolated from patients with sickle cell
anemia possesses a higher isoelectric point
(IEP) than that from normal individuals.
Schroeder et al.(2) have shown that the amino
acid composition of the two proteins is almost

* Aided by a research grant from Armour and Co.
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Chem., 1950, v187, 221,

identical, and postulated that differences in
the folding of the peptide chains were respon-
sible for the electrophoretic results.

An increase in the number of primary amide
groups of the sickle cell hemoglobin with a
consequent decrease in free carboxyl groups
might also be responsible for the higher IEP
of this protein. The data of Table I, how-
ever, indicate that the number of primary
amide groups in normal hemoglobin and in
hemoglobins isolated from patients with sickle



