
be explained. Lactic dehydrogenase ac-
tivity was measured i n  homogenates o f  
various tissues f rom an  untreated control 
F1 mouse and an  F1 mouse that had 
been inoculated wi th  leukemia 82B 16 
days previously. T h e  S L D  o f  the control 
mouse was 760 units and that o f  the leu- 
kemic mouse 60,000 units. Tab le  2 com-  
pares the  L D  activity per gram o f  wet 
tissue i n  these two mice.  T h e  serum levels 
present the most striking differences be- 
tween the  leukemic and nonleukemic 
mouse. A comparison o f  the L D  activity 
o f  the  other tissues reveals higher values 
i n  the homogenates o f  the  viscera o f  the  
leukemic mouse, although the  differences 
are not as impressive as those observed 
i n  the serum. 

T h e  observations on  various mouse leu- 
kemias reported here indicate that mouse 
leukemias, like some human  leukemias, 
result i n  an  increase i n  SLD.  T h e  mecha- 
n ism o f  the increased serum activity is 
unknown. 

germ pores, and emergence o f  a new 
bacillus. I n  this report, it is observed that 
respiratory-enzyme systems are formed 
according t o  the phase o f  development 
o f  spore germination and that respiratory- 
enzyme systems o f  germinating spores 
d i f fer  f rom those present i n  vegetative 
forms. 

Spores o f  B. subtilis ( P C 1  219)  were 
harvested f r o m  a 5-day culture grown o n  
a meat-extract agar med ium at 37OC, 
heated at 80°C for 20 minutes, and then  
washed i n  distilled water three times and 
resuspended i n  distilled water. T h e  
spores o f  this suspension were used as 
resting spores for the  experiment. O x y -  
gen uptake by spores was measurcd i n  a 
MTarburg manometer at 37°C.  

I n  the presence o f  L-asparagine, the  
resting spores showed an  increased up -  
take o f  oxygen when  caramelized glucose 
was used as the substrate instead o f  the 
unheated glucose. I t  was previously re-
ported ( 4 )  that  a significant number o f  

C H A R L O ~ T EFRIEND spores o f  B. subtilis ( P C 1  219)  will 
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Evolution of Respiratory Enzyme 
System during Germination 
of Bacillus subtilis 

Church and Halvorson ( 1 )  reported 
that intact spores o f  Bacillus cereus, fol-
lowing activation by  heat, oxidize glucose, 
gluconate, 2-ketogluconate, and pyruvate, 
but  fail to oxidize glucose-6-phosphate, 
fructose-6-phosphate, hexose diphos-
phate, acetate, rlbose, or fructose. O n  
the other hand, cell-free extracts o f  
spores o f  the same species which  have 
been prepared by sonic oscillation or by  
grinding oxidize glucose and pyruvate 
but not gluconate, 2-ketogluconatc, glu- 
cose-6-phosphate, fructose-&phosphate, 
or hexose diphosphate. IIardwick and 
Foster (Z),  af ter  working wi th  cell-free 
extracts o f  spores f r o m  several aerobic 
bacteria, reported a n  absence o f  any 
measurable respiratory enzymes. 

I n  a previous report ( 3 ) ,we  showed 
that spores o f  Bacillus subtilis ( P C 1  219)  
develop into vegetative forms after pass- 
ing through four separate phases-
namely,  resting spores, appearance o f  
translucent area i n  spores, formation o f  

f r o m  the  resting stage i f  the phosphate- 
buf fer  solution contains a caramelized 
sugar (glucose, fructose, maltose, lactose, 
or sucrose) instead o f  unheated sugar 
wi th  one o f  the amino acids (L-aspara- 
gine, DL- i~~leucine ,  DL-serine, or DL-va-
l i n e ) .  

It is apparent that  the  factors which  
favor translucent-spore formation as pre- 
viously reported ( 4 )  also result i n  an  in- 
creased oxygen uptake by the resting 
spores. I n  other words, resting spores 
change to the translucent spores i n  a 
phosphate bu f f e r  that contains caramel- 
ized glucose and r-asparagine; they also 
show an  oxygen uptake. O n  the other 
hand, almost none o f  the resting spores 
i n  a phosphate buf fer  that contains un-
heated glucose and L-asparagine change 
t o  the translucent forms or show a meas- 
urable oxygen uptake. A n  examination to 
determine whether translucent spores are 
able to oxidize unheated glucose was 
therefore conducted. 

Translucent spores were prepared by  
incubating the resting spores i n  the phos- 
phate solution containing caramelized 
glucose ( 1 percent) and L-asparaginr 
(1.5 m g / m l )  for 1 hour at 37OC. These  
translucent spores were washed i n  dis- 
tilled water three times and resuspcnded 
in  distilled water. Manometric data are 
given i n  Fig. I ,  where results clearly in- 
dicate that  the translucent spores rapidly 
oxidize unheated glucose. 

T o  determine t he  pathways o f  oxida- 
tion o f  glucose b y  the  translucent spores, 
two  experiments were performed. I n  one, 
some intermediates o f  glycolysis and o f  
the tricarboxylic acid cycle were used as 
substrates, and,  i n  the other, some in-
hibitors were used. Manometric data 
f rom these experiments arc give i n  Table  
1. These  data indicate that the translu- 

Table 1. Oxygen uptake by  the translu- 
cent spores i n  the presence o f  various in- 
termediates o f  the tricarboxylic acid cycle 
and the Embden-Meyerhof pathway. T h e  
Warburg vessels contained 0.5 ml o f  trans- 
lucent spore suspension, 0.2 ml o f  sub- 
strate, 0.1 ml o f  inhibitor, and 1.5 ml o f  
0.1M phosphate buf fer  at pH 7.2 and 
37°C in  a fluid volume o f  3 ml .  

Substrate Inhibitor QOz
( N )  

0.1M Glucose 
0.1M Malate 
0.1M Pyruvate 
0.1M Succinate 
0.1M Citrate 
0.1M Fructose-1, 

6-diphosphate 
Endogenous 

0.1M Glucose 0.01M HCX 
0.1M Glucose 0.01M NaF 

cent spores do  not oxidize fructose-1, 
6-diphosphate, pyruvate, citrate, succin- 
ate, or malate and that the oxidation o f  
glucose is not inhibited by H C N  or NaF.  
These  facts show that glucose oxidation 
by  the  translucent spores m a y  not proceed 
on  the pathways o f  Embden-Meyerhof 
and the tricarboxylic acid cycle. 

Vegetative forms o f  B. subtzlzs are able 
t o  oxidize glucose-6-phosphate, fruc-
tose-1,6-diphosphate, pyruvate, malate, 
or succinate. Moreover, these oxidations 
are inhibited by  I ICN and NaF. I t  seems, 
therefore,  that glucose oxidation i n  trans- 
lucent spores dif fers f r o m  that i n  vegeta- 
ti\ e forms. 

T o  determine the  pathways o f  glucose 
oxidation by  the translucent spore, we 
used sodium gluconate as a substratc first. 
T h e  results are shown in  Fig. 1. I t  is clear 

Fig. 1. Unheated glucose and sodium glu- 
conate oxidation b y  translucent spores: 
0-0, glucose ; 9-9, gluconate ; 
X-X, endogenous. T h e  Warburg vessels 
contained 0.5 ml  o f  translucent spore sus- 
pension, 0.2 ml o f  substrate, and 1.5 ml o f  
0.1M phosphate buf fer  at pH 7.2 and 
37°C in a fluid volume o f  3 ml.  
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from these data that gluconate is oxidized 
by the translucent spores. There are two 
known ways by which glucose is oxidized 
to gluconic acid. One is the Warburg- 
Dickens-Lipmann-Horecker pathway 
( 5 )  and the other is the Stokes-Campbell 
route ( 5 ) .  The former requires the pres- 
ence of phosphoric acid, but the latter 
does not. We found that glucose and 
gluconate oxidation proceeded in veronal 
buffer, which is phosphate-free, as effi-
ciently as in phophate buffer. This would 
eliminate the Warburg-Dickens-Lip-
mann-Horecker pathway. 

I t  is interesting to note that vegetative 
forms of this species have the cytochrome 
system and other oxidative enzymes (6 ) ,  
whereas the germinating spores can oxi- 
dize glucose or gluconate only in a phos- 
phate-free buffer. 

From this fact it may be assumed that 
the glucose oxidative enzyme system of 
B. subtilis (PC1 219) may develop in a 
stepwise manner as germination proceeds 
and as the cells change into the vegeta- 
tive form. 

Y. HACHISUKA*,N. ASANO, 
M. KANEKO,T. KANRE 
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Rapid Ion-Exchange Method 
for Determining Total 
Fluoride in Impure KF .HF 

As a result of the continuing need for 
large numbers of control analyses on 
electrolyte for fluorine generation cells at 
this plant, it became necessary to de-
velop a rapid method of analyzing po- 
tassium acid fluoride ( K F  .H F )  for total 
fluoride content ( I) . Accuracy compar- 
able to that of the photofluorimetric 
method ( 2 ) ,  which has been in ure, was 
required. Consequently, an ion-exchange 
technique was investigated, and a proce- 
dure was developed, modifying the gen- 
eral methods described by Honda ( 3 )  
and Roper et al. ( 4 ) , in which the cat- 
ions are removed from the solution, and 
the fluoride-containing eluant is titrated 
with NaOH. 

A sulfonated hydrocarbon cation ex-

change resin (Rohm and Haas Amber- 
lite IR-120) supported on 100-mesh 
nickel screen is used in the simple appa- 
ratus shown in Fig. 1. The resin is first 
activated by washing with 1 lit of 2-per- 
cent H,SO, at 30ml/min., the acid that 
remains in the tube being washed out 
with distilled water. The weighed elec- 
trolyte sample (impure K F  . HE)  is dis- 
solved in distilled water, and an aliquot 
of about 10 ml is passed through the ion- 
exchange column into a 400-ml poly-
ethylene beaker. The column is then 
washed with distilled water until there 
is about 275 ml of eluate. This solution 
is then titrated to a phenolphthalein end- 
point with NaOH solucion prepared from 
C0,-free NaOH and standardized at ap- 
proximately 0. IN with NaF. 

Samples of known amounts of reagent- 
grade NaF which were dried at llO°C 
for 24 hours were used to check the 
method prior to applying it to samples of 
K F  . HE electrolyte. Good results, which 
are shown in Table 1, were obtained by 
using the procedure outlined here. As a 
further check, this ion-exchange proce- 
dure was directly cempared against the 
photofluorimetric technique previously 
used by analyzing parts of the same elec- 
trolyte sample (impure K F  .HE) by both 
methods. The portion for photofluori-
metric analysis was steam-distilled and 
titrated with thorium nitrate in a modi- 
fied Klett fluorimeter, using morin as the 
indicator; the portion for ion-exchange 
analysis was handled as described in pre- 
ceding paragraphs. Re:mlts, in terms of 
percentage of fluoride found, are shown 
in Table 2. 

The values obtained, together with data 
subsequently obtained in routine use of 
this procrdure, show that it yields results 
of accuracy comparable to that obtained 
by the photofluorimetric method in about 
one-fourth of the previously required 
time. In  general, the titration is correct 
to 1 or 2 drops with phenolphthalein as 
the indicator. Simple checks showed that 
accuracy was not affected by varying the 
rate of flow of sample and wash water 
in the column between 5 and 30 ml per 
minute or by varying the depth of resin 
in the column from 6 in. to 12 in. I t  was 

p . y 5 / 8 '  

LUCITE TUBE 

AMBERLITE IR-120 

NICKEL SCREEN 
STOPPER 

LUCITE TUBING 
TUBING 

Fig. 1. Ion-exchange column. 

Table 1 .  Results of analyses of samples of 
known fluoride content. 

Fluoride Fluoride 

Sample present found 


(mg) (mg) 


1 63.34 
2 55.87 
3 57.23 
4 58.54 
5 55.69 
6 50.80 
7 47.55 
8 47.14 


Avg. 54.52 


Table 2. Comparison of percentage of 
fluoride found by ion-exchange and photo- 
fluorimetric methods in impure KF . HF 
samples. 

Photo- Ion-

Sample fluorimetric exchange 


method method 


1 58.81 58.73 
2 58.85 58.72 
3 58.80 58.77 
4 58.86 58.80 


Avg. 58.83 58.76 


found, however, that the higher rates of 
flow with a 6-in. resin bed gave slightly 
erratic results. A single 12-in. bed has 
been used intermittently for 3 weeks (ap- 
pl-oximately 50 determinations) without 
regeneration. Since regeneration is easily 
accomplished with 2-percent H,SO,, the 
resin may be used indefinitely. 

F. A. KOEHLER 
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Ratio of Ionium to Uranium 
in Coral Limestone 

Samples of coral limestone cuttings 
taken over the first 200 feet in drilling on 
Elugelab Island during the summer of 
1952 ( I )  have been analyzed for uranium 
by the sodium fluoride fluorometric 
method and for ionium by a radiochemi- 
cal procedure which involves carrier-free 
separation of the total thorium in the 
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