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Reaction Rates of a Muscle 
Model with Nucleotides 

IVe have previously reported ( I )  that 
UTP (uridine triphosphate) might re-
p l a c ~A T P  (adenosine trlphosphate) , 
mole for mole, in eliciting the contrac-
tile resuonse that is characteristic of the 
glycerol-extracted muscle fiber model. 
T h e  present report (2)  is an  extension 
of thls work to include an analysis of the 
rates of rrsponse of the model to ATP, 
UTP,  and C T P  (cytidine triphosphate). 
I n  addition, some indirect evidence is 
exhibited to support the hypothesis that 
the reaction of these nucleotides with 
the contractile protein may be a direct 
one that need not be mediated by a high-
energy phosphate group transfer systenl 
such as the nucleoside diphosphokinase 
system identified by Krebs and Hems 
(3)  and recently purified by 13erg and 
Joklik ( 4 ) .  

T h e  methods were ersentially the 
same as those used in earlier experi-
ments (5 ) .  Dog or  rabbit psoas nluscle 
fiber bundles were extracted a t  rest 
length in 2.9M glycerol a t  - 15OC. A 
fiber bundle of about 0.1-mn12 cross-
sectional arra was isolated and divided 
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Fig. 1. Rate of tension development of the 
muscle model system when either ATP, 
CTP, or U T P  was used as the stimulating 
nucleotide. Each point is the mean re-
sponse of three or more fiber preparations. 
ATP, A -- A ;  CTP, 0 . . . . . 0 ;  
UTP, - - - - - 0.The abbreviation NTP 
stands for any one of the three nucleotides 
tested. 

to provide a pair of shorter duplicate 
preparations, one of which was induced 
to contract wlth ATP, and the other of 
which was contracted in the presence of 
either C T P  or U T P  ( 6 ) .  T h e  medium 
In which contraction was induced was 
phosphate-buffered 5 x 10-2A.1 KC1 con-
taining 5 x 10-3h.I MgCI,, a t  P H  7 8 and 
ionic strength 0.1 1 a t  25 OC. Nucleotides, 
as sodium salts, were added to the sys-
tem to make their concentrations 4, 6, or 
8 x 10-4M. T h e  latter value approxi-
mates the ~ n i n i ~ n ~ l r namount of nucle-
otide necessary to induce maximal con-
traction (5).T h e  tension developed by 
the model in the filst minute following 
nucleotide addition was used as the 
criterion of the rate of the contractile 
response. 

T h e  rates of tension development in 
a rabbit psoas model systenl are shown 
In Fig. 1. As nucleotide concentrations 
were increased toward the value neces-
sary for maxllnal contraction, the rate 
of contraction increased linearly. I t  
would appear that there Wac no signlfi-
cant difference in the model responses 
to either ATP, CTP,  or L T P .  Through 
accident the data for C T P  at  6 x 10-*iM 
were useless. Limited amounts of this 
material prevented complete repetition 
cf the experiment, but a second com-
parison a t  thls concentration alone 
showed no significant difference in the 
rates of tension development when either 
ATP, CTP,  or U T P  was used to stimu-
late contraction of the model system. 

I t  is of interest that prelinlinary ex-
periments enlploying guanoslne triphos-
phate or  adenosine tetraphosphate ( 7 )  
as the nucleotide in this model system 
showed greatly reduced rates of tension 
development when they were compared 
with ATP-stimulated responses. Con-
hrmation of these observations would 
indicate that a certain degree of specifi-
city exists in the nucleotide-actomyosin 
reaction that might be related to nucle-
otide structure. 

I n  order to 6 lucidate further the simi-
larities of the reaction of these nucle-
otides with the contractile protelns, the 
rates of tension development were di-
minished by employing se7,eral nonspe-
cific mhlbitors of the contractile re-
sponse. T a b l ~1 shows the similarity in 
degree of inhibition of the ATP or  L T P  
response achieved by ( i )  agmg the fibers 
21  days a t  - 15OC; ( i i )  partial sulf-
hydryl-group blockade with p-chloro-
n~ercuribenzoate;and (ii i)  two intensi-
ties of trypsin digestion. These data h a ~ e  
been interpreted as indicating that evep 
~ v h e nsome essential sulfhydryl groups 
were blocked or when partial denatura-
tion was achieved either by aging or by 
digestion, no significant differentiation in 
the model response to these t ~ ~ onucle-
otides was efkected. 

I n  certain energy-transfer systems ( a ) ,  

'Table 1. Nonspecific inhibition of thc 
model response to .4TP or U T P  addition. 
(Dog psoas fibers extracted for 7 days 
were treated with each inhibitor and the 
rates of contraction of duplicate fibers 
were measurcd when either 10-% ATP 
or 10-% U T P  was used to stimulate ten-
sion development) 

Percentax? 
inhibition

Treatment 

+4TP U T P  

Fibers aged 21 days 
at - 15°C 58 62 

p-Chloromercuribenzo2tc 
( l o  'M) 46 59 

Tryptic digestion (trypsin 
concentrate, 2wg/ml, 
5 min at 25'C) 34 50 

Tryptic digestion (trypsin 
concentrate, 2l~g/ml: 
10 min at 25'C) 73 72 

only one of the purine or  pyrimidine 
nucleotides reacts directly with its ac-
ceptor substance. Jl'e must conclude 
from the present evidence, however, 
that for the muscle model system util-
ized in thls investigation, three constitu-
ents of the "nucleotide pool," ATP, 
CTP,  and UTP,  may be equally avail-
able for direct and independent reaction 
with actomyosin to effect the molecular 
rearrangement that is the essence of 
muscular contraction. 

R. F,. RANNEY* 
Defiartment of Physiology, C'niuersity of 
Colorado School of Medicine, Denr'er 
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North-South Asymmetry of the 
Pleistocene Ice Sheet 

Geologists have long considered the 
great corltillelltal ice sheets of Pleisto-
cene time to have been more or  less 
symmetrical. An examination of the 
nleteorology involved, however, does not 
lead to such a conclusion. 

T h e  cold winds that sweep across thc 
Northern Hemisphere land Inasses may 
bc described as polar air moving south-
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