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During an investigation of the oxidative 
patterns of Scrrafia I ~ Q T C P S C C ~ S ,  cells grown 
in one of several media consistently yielded 
an anomalous pattern of substrate oxidation 
when the data were corrected for endogenous 
metabolism in the classical manner. Subse- 
quent study of the data indicated that this 
unusual behavior may be due to suppression 
of the endogenous metabolism of the organ- 
isms. The role of endogenous metabolism 
during osidative dissimilation of various sub- 
strates has been variously reported. Produc- 
tion of C1*02  from C1-' "labeled" Strcpto- 
?tzy-cs coeZiroZor was found to be the same 
during oxidation of glucose and pyruvate as 
it was in endogenous metabolism ( 1 ) . Wilner 
and Clifton( 2 )  reported that the endogenous 
respiration of a strain of Bacillus subti& was 
not suppressed during exogenous respiration. 
and that correction for the former was neces- 
sary to obtain satisfactory equations for car- 
bon assimilation. Conversely. endogenous 
respiration of Pseudoinonas snccharophila was 
reported to be inhibited during oxidation of 
assimilable substrates (3,4), and the oxidation 
data for various carbohydrates by Prototheca 
zopf i  were more amenable to analysis if the 
endogenous respiration of the organisms was 
disregarded ( 5 ) .  The present report suggests 
that the conflicting conclusions of the cited 

*This  work was performed under fund supplied 
by The .Chemical Corps, Fort Detrick, Frederick, 
Md. 

studies may be a result of different growth 
conditions, in addition to the differences re- 
lated to species specificity. 

ICfcthods. S.  marcescenst was grown in 
media containing 5% skim milk solids, 3% 
Armour's peptone,S and 2% of one of the 
following carbohydrates. Neutral  glucose : 
glucose added to medium prior to sterilization 
a t  121OC for 15 minutes. The pH was 7.0- 
7.2 without adjustment. Neutra2 gluconate: 
gluconic acid was dissolved in a few ml water 
and adjusted to pH 6.0 prior to addition to 
the medium. Following sterilization the pH 
dropped to approximately 4.0. Sterile KaOH 
was added to raise the pH to approximately 
6.0. Acid gluconate: gluconic acid was pre- 
pared as above and added to the medium. 
However, after sterilization the pH was al- 
lowed to remain at  pH 4.0. After 16 hours 
growth on a reciprocal shaker a t  30°C, the 
cells were harvested by centrifugation, washed 
once with water, and stored at  5°C until used. 
'The Warburg experiments were carried out 
hy conventional manometric technics. Glu- 
conic acid was obtained as glucono-delta lac- 
tone from the Eastern Chemical Corporation. 

t Obtained thru the courtesy of Dr. R. C. Bene- 
dict, Northern Utilization Research and Develop- 
ment Division, Agricultural Research Service, U. S. 
Ilept. of Agriculture. 

t Mention of commercial products does not imply 
endorsement by the U. S. Dept. of Agriculture over 
similar products not mentioned. 
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FIG. 1. Glucose oxidation by S. marcescens har- 
rested from several media. Each flask contained 
0.5 nil 0.05 X tr is  (liydroxymethyl) amino methane 
buffer, pII 7.2; 100 yg inorganic phosphorus; 4 
mg (dry wt) approprlate cells; 2.5 f l  glucose; 
water to 2.0 ml. Temperature -30°C. A-A Neu- 
tral  glucose-grown cells ; 0- - -0 Neutral gluco- 
nate-grown eclls ; 0- 0 Acid gluconate-grown 

cells. 

Results. Representative oxygen consump- 
tion curves of glucose dissimilation by cells 
grown on the 3 media were obtained in the 
classical manner by subtracting endogenous 
respiration of the cells from the total respira- 
tion. Cells harvested from the glucose and 
neu tral-glucona te media oxidized glucose in 
a manner described by the curves in Fig. 1. 
The acid gluconate-grown cells, however, pro- 
duced a minimum in the curve (Fig. 1). This 
minimum is due to the fact that the rate of 
endogenous metabolism of the cells was 
greater than the rate of metabolism in the 
presence of glucose. Inspection of the en- 
dogenous metabolic patterns of the 3 cell 
preparations showed that respiratory activity 
of the glucose-grown cells was qualitatively 
similar to that of the neutral gluconate-grown 
cells, but that of the acid gluconate-grown 
cells was considerably higher and varied in 
rate. 

The anomalous pattern of oxidation of the 
acid gluconate-grown cells in the presence of 

substrate could not be exclusively attributed 
to increased endogenous metabolism. Cor- 
rection for the high endogenous respiration 
should yield normal curves as obtained with 
the other cell preparations. The pattern of 
respiration was analyzed by comparing rate 
of oxygen consumption by neutral gluconate- 
and acid gluconate-grown cells in the presence 
and absence of glucose (Table I). 

Endogenous utilization of oxygen by the 
neutral gluconate-grown cells proceeded at a 
low, fairly uniform rate. In the presence of 
glucose, oxygen consumption was reguIar, but 
a t  an increased rate, then dropped to that of 
the endogenous cells. However, the acid glu- 
conate-grown cells showed a sharp increase 
in endogenous rate of oxygen consumption 
after 30 minutes, which was maintained for 
approximately an additional 60 minutes be- 
fore returning to the original lower level. In  
the presence of glucose, initial oxygen uptake 
quickly attained a higher rate, which was 
maintained for approximately 13 5 minutes 
before returning to the endogenous rate. The 
increase in endogenous metabolic rate ob- 
served between 30 and 90 minutes was not 
reflected in the respiratory pattern of the cells 
in the presence of glucose. 

It was also observed that the course of 

TABLE I. Course of Oxygen Consumption in Pres- 
ence arid Absence of Glucose by Acid Gluconate- 

and Neutral Gluconate-Grown S. marcescens. 

Acid grown cells 
Time, min. Endog. Glucose Endog. Glucose 

Neutral grown cells 

5 
10 
15 
20 
30 
45 
60 
75 
90 

105 
120 
135 
,150 
165 
180 

0" 
7 
8 
7 
9 

16 
8 

1 0  
14 
1 7  

0 
10 
10 
- 
- 

29" 
36 
32 
28 
27 
25 

7 
17 
8 
9 
4 
6 
6 
- 
- 

5* 
16 
14 
1 7  
36 
66 
70 
59 
52 
33 
31 
25 
22 
20 
17 

34* 
35 
47 
31 
38 
81 t 
32 
47 
47 
58 
45 
43 
29 
31 
19 

* T h e  figures represent pL oxygen consunied in 
each time interval. 

t This high reading may be due to expcrirnental 
error since subsequent experiments maintained a 
constant rate of glucose oxidation. 
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dissimilation of gluconic acid by the 3 cell 
preparations was similar to that of glucose. 
Acid gluconate-grown cells also oxidized 6- 
phosphogluconate and fructose 1,6-diphos- 
phate in a pattern that varied from that of 
the other two cell preparations. The observed 
differences in the response of the cell prepara- 
tions is not due to the pH of the growth me- 
dium alone, since cells grown on acidified (pH 
4.0) glucose medium oxidized the various sub- 
strates in a manner similar to that of the neu- 
tral glucose-grown cells. 

Szim inury. Endogenous oxygen consump- 
tion of S c r r ~ t i ~  mwccscem, grown on a me- 
dium containing glucose at  pH 4 and 7 or glu- 
conate at  pH 6. continues unchanged during 
oxidation of glucose and several other sub- 
strates. Correcting total oxygen consumption 
in the presence of a substrate for the endoge- 
nous oxygen consumption, affords an accurate 
representation of the course of oxidation of 
the substrates. S. m(zrccscens grown in glu- 

Inhibition of Prothrombin Activation 

conate-containing medium at pH 4 has a 
higher endogenous oxygen consumption than 
cells grown on the other media. At one stage 
of the endogenous metabolism a sharp in- 
crease in rate of oxygen consumption occurs. 
Such sharp increase in oxygen consumption 
does not occur during oxidation of glucose 
and several other substrates. Hence correc- 
tion of total oxygen consumption in the pres- 
ence of the substrates for endogenous respira- 
tion of the cells may lead to an erroneous in- 
terpretation of the data. 
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in Sodium Citrate Solutions.* (23339) 

l l r ~ ~ ~ ~  H. SEEGERS A N D  RICARDO H. LANDABURU 
Depart m.ent u f Physiology and Pharmacology, W a y n e  State University College of Medicine, 

Detroit, Mich. 

In 25% sodium citrate solution purified 
prothrombin slowly transforms to thrombin 
( 1). The discovery of this transformation 
cleared the view that prothrombin, as a single 
molecular entity, contains all of the structural 
material required in the thrombin molecule 
( 2 ) .  The activation is autocatalytic and is 
initiated or accelerated by the addition of 
thrombin. This fundamental consideration 
alerts us to the possibility that prothrombin 
activation under physiological conditions may 
also be autocatalytic, that thrombin may be 
the only enzyme in prothrombin activation 
and that other factors are accessory. 

The autocatalytic activation of purified 
prothrombin in sodium citrate solution can be 
accelerated with an organic compound of 

* This investigation was supported by research 
grant from N.I.H., US. Public Health Service. 

known structure such as 3-chloro-4,4’-diamin- 
odiphenyl sulfone ( 1 ) . By substituting an 
amino group for the chlorine atom and thus 
having 3,4,4’-triaminodiphenyl sulfone the 
autocatalytic activation is inhibited. In a 
similar way soybean trypsin inhibitor stops 
the autocatalytic process (3) .  We thus have 
a greatly simplified view of prothrombin ac- 
tivation that may actually be giving us an ac- 
curate concept of the minimal chemical re- 
quirements for prothrombin activation and its 
inhibition. The inhibitors 3,4,4’-triaminodi- 
phenyl sulfone and soybean trypsin inhibitor 
are however not to be anticipated in plasma 
or serum but apparently no one has inquired 
whether other inhibitors of prothrombin acti- 
vation in sodium citrate solution might be 
found in plasma or serum. With this idea in 
mind we conducted many experiments and 


