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The general inverse correlation be- 
tween metabolic rate of an intact ani- 
mal and body weight has been well 
demonstrated (1). Among the mam- 
mals whose respiratory rates have been 
measured, shrews of the family Soric- 
idae appear to occupy a unique posi- 
tion (2). The asymptotic nature of the 
idae appear to occupy a unique posi- 
tion (2). The asymptotic nature of the 

body-weight-metabolic-rate curve calcu- 
lated for shrews suggests that the small- 
est species measured lie close to the 
theoretical lowest limit of adult mam- 
malian size. Even the larger species ex- 
hibit a metabolic rate well above that 
of rodents of equal weight (2). In view 
of these findings, the relationship be- 
tween the total metabolic rates and those 
of isolated tissues in shrews is of interest. 

This report is concerned with pres- 
entation of some preliminary data on 

02 consumption of isolated liver, dia- 
phragm, kidney, and lung tissues of the 
shrew Cryptotis parva, together with 
comparative information on similar tis- 
sues from the harvest mouse (Reithro- 
dontomys humulis), white mouse, mole 

(Scalopus aquaticus), white rat, and 
domestic rabbit. Determinations were 
made on the tissues of seven shrews of 
both sexes, weighing from 4.1 to 5.0 g. 
The specimens were wild-caught and 
were maintained from 1 to 6 wk in the 
laboratory before sacrifice. The animals 
were killed by crushing the cervical ver- 
tebrae; the organs were immediately re- 
moved and placed in cold Ringer's phos- 
phate-glucose (0.1M) solution (3). The 
tissues were prepared by the hand-slicing 
technique (3). Respiratory rates were 
measured by the direct Warburg method 
at a temperature of 37? + 0.03?C, air 
being utilized as the gas phase. Three 
milliliters of Ringer's phosphate-glucose 
solution constituted the vessel medium. 
Flasks were shaken at 120 cy/min, and 
15 minutes of equilibration time were 
allowed, after which readings were taken 
at 15-minute intervals for 1 hour. 

The results are presented in Fig. 1. 
Although differing absolutely to a con- 
siderable extent, the relative metabolic 
rates of the various tissues of white 
mouse, white rat, and rabbit appear to 
present the same qualitative relationship 
to body weight as does metabolism of 
the intact animal. A similar trend was 
obtained by Kleiber (4) for liver slices 
over a size range of larger species, al- 
though his values for rat and rabbit liver 
tissue were higher than those obtained in 
the present study. With the exception of 
the value for kidney, the values for shrew 
tissues fall below the extrapolated curve 
of the three species mentioned above. 
This effect is most marked in the case of 
liver. In view of the small size and high 
metabolic rate of the intact shrew, this 
departure is rather striking and would 
seem to indicate that the high respiratory 
rates exhibited by shrews must be due to 
"extrinsic" factors such as nervous stimu- 
lation, hormone levels, or concentrations 
of metabolites in blood or tissue fluids 
rather than to generally higher "inher- 
ent" rates of tissue metabolism. Because 
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Fig. 1. Tissue metabolic rates of several 
small mammals. 

for other mammals of similar size, the 
preceding statement would be valid even 
if the observed rates for shrew tissues 
fell in the position on the curve that 
would be predicted on the basis of size 
alone. The fact that they actually lie 
below this curve is even more unex- 
pected. 

These observations suggest two al- 
ternative explanations. Both are highly 
speculative in view of the limited data 
available for shrew and other mammal- 
ian tissues and for total respiratory rates 
measured under comparable conditions. 
On the one hand, the observed rates for 
lung, diaphragm, and liver tissues of the 
shrew may be a reflection of the rela- 
tively primitive status of the insectivores 
among mammals, the high metabolic 
rate exhibited by the intact shrew rep- 
resenting an adaptation of controlling 
mechanisms to elevate metabolic proc- 
esses in order to compensate for heat 
loss or other factors in the physiology 
of these small creatures. Alternatively, 
the relatively low respiratory rates exhib- 
ited by three of the four tissues measured 
may in themselves be an adaptation from 
a "primitive" condition in which higher 
rates existed. In any case, the functional 
significance of this situation would seem 
to lie in a possible marked lowering of 
metabolism when the animals are inac- 
tive, thus resulting in a considerable 
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conservation of energy by the individual. 
Observations indicate that shrews 

of the genera Cryptotis and Blarina 
often sleep very soundly and may awaken 
slowly, making feeble or trembling, un- 
coordinated movements before becoming 
fully active (5). This behavior is remi- 
niscent of that of a bat emerging from a 
torpid state and may similarly indicate 
a reduction in metabolic rate in the in- 
active condition. We have made meas- 
urements which indicate that the shrew, 
unlike the bat, shows no marked reduc- 
tion in body temperature during sleep. 
Determinations of respiratory rates of 
sleeping or lightly anesthetized shrews 
would be highly instructive in this con- 
nection. 

The data for liver and kidney tissues 
of Reithrodontomys, a mammal which 
lies in the same weight range as Cryp- 
totis, indicate trends similar to those for 
the latter. The metabolic rates for kid- 
ney are quite comparable, while the 
rates for liver show a similar, but less 
pronounced, departure from the ex- 
pected. This suggests that the depres- 
sion of certain tissue rates may, at least 
in part, be a general characteristic of 
small mammals and cuts across phylo- 
genetic lines. Kleiber noted a tapering 
off and slight reversal of rates in liver 
slices of larger mammals (horse and 
cow). The present data suggest: a similar 
phenomenon at the "small-sized" end of 
the curve. The values for diaphragm, 
kidney, and liver tissues from a single 
mole fall noticeably below the general 
curve. This may indicate that insecti- 
vores in general have inherently low 
metabolic rates for tissue, and this, in 
turn, may be a physiological indication 
of their primitive nature. 

The correspondence of the high me- 
tabolic rates for kidney of shrew and 
harvest mouse with their expected posi- 
tion on the general curve is not under- 
stood. The explanation that the discrep- 
ancy is a result of diet, with consequent 
differences in the level of nitrogenous 
excretion, is made unlikely by the fact 
that the essentially carnivorous shrew 
and the herbivorous harvest mouse ex- 
hibit similar trends. 

JAMES R. REDMOND 

JAMES N. LAYNE 

Department of Biology, 
University of Florida, Gainesville 
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Inhibition of Enzymatic 
Synthesis of Pantothenate 
by 2,3-Dichloroisobutyrate 

Abstract. The investigations reported 
here have shown that 2,3-dichloroisobuty- 
rate is uncompetitive with f3-alanine and 
competitive with pantoate for a site on the 
enzyme of pantothenate synthesis. The en- 
zyme dissociation constant of the inhibitor 
was comparable to that of the competitive 
substrate. 

Evidence implicating pantothenate syn- 
thesis as a metabolic pathway involved 
in the herbicidal action of several chloro- 
substituted aliphatic acids was recently 
obtained from yeast growth experiments 
(1). One of these compounds, 2,3-di- 
chloroisobutyrate, prevents pollen devel- 
opment without causing female sterility 
when applied to plants at low concen- 
trations (2). This "gametocidal" prop- 
erty of the chemical has been evaluated 
for use in production of hybrid cotton 
seeds on male-sterile parent plants. A 
knowledge of biochemical mechanisms 
inhibited by dichloroisobutyrate could 
facilitate further development of the 
"gametocide" principle. The experi- 
ments reported here were initiated to 
determine the effect of 2,3-dichloroiso- 
butyrate on the enzymatic synthesis of 
pantothenate. 

The pantothenate-synthesizing enzyme 
was prepared from Escherichia coli (3), 
and its activity was determined mano- 
metrically at 30?C by following the rate 
of acid liberation of CO2 from bicarbon- 
ate buffer (pH 8) in Warburg vessels 
containing a 5-percent CO2 atmosphere. 
The reaction mixture was adjusted to a 
total volume of 3.0 ml containing 0.1M 
KC1, 0.01M MgSO4, 0.02M [3-alanine, 
0.02M pantoate, 0.01M adenosine tri- 
phosphate, 0.066M KHCO3, and suffi- 
cient enzyme to give the activity desired. 
The adenosine triphosphate was placed 
in a side arm during the equilibration 
period and tilted into the body of the 
flask to initiate the reaction. 

Initial rates of CO2 liberation were 
proportional to enzyme concentrations 
up to rates of 350 ,idl of CO2 per hour. 
The enzyme concentration was adjusted 
to give rates of approximately 250 itl/hr, 
and readings were taken at 5-minute in- 
tervals for a 1-hour period. An addi- 
tional 20 to 40 d1 of CO2 per hour was 
released by the adenosine triphosphatase, 
which contaminated each of the enzyme 
preparations. This CO2 production was 
not inhibited by 2,3-dichloroisobutyrate. 
Appropriate corrections were made for 
adenosine triphosphatase activity in all 
tests. 
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Inhibition of the pantothenate-synthe- 
sizing enzyme by 2,3-dichloroisobutyrate 
(4) was tested under conditions in which 
one substrate (13-alanine or pantoate) 
(4) was tested under conditions in which 
one substrate (13-alanine or pantoate) 

concentration was held constant at 
0.02M and the other varied over a range 
of 0.00167 to 0.02M. The data presented 
in Fig. 1 were obtained from three inde- 
pendent determinations and combined 
for analysis by the method of Line- 
weaver and Burk (5). The family of 
parallel lines obtained when P-alanine 
was considered as substrate is generally 
known as "coupling inhibition" or "un- 
competitive inhibition" and indicates 
that the inhibitor couples with the en- 
zyme-substrate complex rather than with 
the free enzyme. Therefore, the inhibi- 
tor-enzyme complex must have occurred 
at a site independent of P-alanine. This 
site was evidently the point at which 
pantoate combines with the enzyme, 
since a typical competitive inhibition 
test was obtained when pantoate was 
considered as substrate for the reaction. 
This is apparently the first instance in 
which these two types of inhibition have 
been demonstrated in one enzymatic re- 
action by a single inhibitor. 

The values obtained for the enzyme 
dissociation constant for this inhibitor 
(K,), when three independent prepara- 
tions of the enzyme were used, were 
0.0014, 0.0019 and 0.0064M, respec- 
tively. The corresponding values for the 
dissociation constant for pantoate (Kin) 
were 0.0025, 0.0032 and 0.0060M, re- 
spectively. The variability of the latter 
values was in agreement with the val- 
ues reported previously (3). A compari- 
son of the Ki and Km values obtained 
with the individual enzyme preparations 
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concentration was held constant at 
0.02M and the other varied over a range 
of 0.00167 to 0.02M. The data presented 
in Fig. 1 were obtained from three inde- 
pendent determinations and combined 
for analysis by the method of Line- 
weaver and Burk (5). The family of 
parallel lines obtained when P-alanine 
was considered as substrate is generally 
known as "coupling inhibition" or "un- 
competitive inhibition" and indicates 
that the inhibitor couples with the en- 
zyme-substrate complex rather than with 
the free enzyme. Therefore, the inhibi- 
tor-enzyme complex must have occurred 
at a site independent of P-alanine. This 
site was evidently the point at which 
pantoate combines with the enzyme, 
since a typical competitive inhibition 
test was obtained when pantoate was 
considered as substrate for the reaction. 
This is apparently the first instance in 
which these two types of inhibition have 
been demonstrated in one enzymatic re- 
action by a single inhibitor. 
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tively. The corresponding values for the 
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were 0.0025, 0.0032 and 0.0060M, re- 
spectively. The variability of the latter 
values was in agreement with the val- 
ues reported previously (3). A compari- 
son of the Ki and Km values obtained 
with the individual enzyme preparations 
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