
POTASSIIJM ACETATE INHIBITION OF L. case; 419 

7. Levit,t, M., Vrurner, L. B., Sweet, A. Y., Pandiri, 4; Gregersen. M., Rawson, R., Am. J .  Physiol., 
D., ibid., 1956, v35, 98. 1913, ~ 1 3 8 .  098. 

5 .  Levitt. M. F., Turner, L. B., J .  Clin. Invest., Received December 5, 1957. P.S.E.B.M., 1958, v97. 

Potassiuin Acetate Inhibition of Lactobacillus casei. 11. Strain Differences. 
(23761 ) 

M. N. CAMIEN AND M. S. DUNN 
Chemical Laboratory, University o f  California, Los Angeles 

I t  was reported in the first paper of this 
series ( 1 ) that Lactobacillus casei 7469 is 
markedly inhibited by the dual but not sepa- 
rate action of potassium and acetate ions. 
The inhibition was completely reversed by 
either lithium or sodium ions and by various 
fatty acids( 1). Occasional failures of potas- 
sium acetate to inhibit L. casei growth were 
encountered during the course of this work 
but were not reported( 1) because i t  appeared 
then that they were due merely to technical 
difficulties. It has now been found, however, 
that strains of L. casei differing markedly 
among themselves in sensitivity to potassium 
acetate are derivable from our stock culture, 
and i t  seems likely on the basis of these find- 
ings that our earlier variable results were 
caused by fortuitous population differences in 
the experimental inocula. 

Methods. The stock culture of L. casei 
7469 employed in these studies has been main- 
tained in this laboratory since 1943 as de- 
scribed previously( 2 ) ,  with the exception that 
since 1948 fresh cultures have been prepared 
only every 3 weeks (originally this was done 
every 2 weeks). The possibility of accidental 
contamination during this period was kept 
a t  a minimum by preparing 2 or more stock 
cultures a t  each transfer time. Successive 
stock transfers were made only from the 
original, unused culture in each case, whereas 

*Paper 123. This work was aided by grants from 
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transfers to experimental media were made 
exclusively from duplicates of this culture. 
The stock culture was never purified because 
it seemed likely that frequent and random 
selection of single cells for this purpose might 
lead to early divergence of originally iden tical 
strains in different laboratories. The popula- 
tion characteristics of this L casei culture with 
respect to potassium acetate inhibition were 
determined as follows. , Cell suspensions pre- 
pared by transferring growth from the stock 
culture (using a sterile wire) to sterile saline 
solution were diluted appropriately and plated 
out in the same medium as that used in main- 
taining the stock culture (Yeast Dextrose 
Agar-Difco) . The plates were incubated 40 
hours a t  35" under carbon dioxide, and 
growth from isolated colonies was transferred 
either directly to liquid inoculum medium or 
(by stab) to Yeast Dextrose Agar. Inocula 
prepared either directly from colony growth 
or from the stab cultures derived from such 
growth were tested by the procedures em- 
ployed previously ( 1 ). 

Results. Screening of approximately 1000 
freshly isolated cultures in several inde- 
pendent experiments over a 3 months period 
revealed that from 6% to 45% of the isolates 
in a given series were resistant to inhibition 
by potassium acetate. The remaining isolates 
were not only highly sensitive to potassium 
acetate, but failed to grow normally even at 
the usual relatively low levels of potassium 
and acetate unless provided with a supple- 
ment of DL-lactate (the effects of sodium 
and lithium ion(3) were not determined in 
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the sensi tive strains elaborate toxic material 
when incubated in a-hydroxy acid-free media 
but not when a source of this growth pro- 
moting material is provided. Potassium 
acetate inhibition of mixed cultures, accord- 
ing to this hypothesis, could result from the 
increased a-hydroxy acid demand of the sen- 
sitive strains in high potassium acetate media 
(Table I) .  I t  also seemed possible that pro- 
duction of growth promoting material by the 
resistant strains might be impeded at  elevated 
potassium acetate concentrations. The latter 
hypothesis was tested by culturing three 
freshly isolated resistant strains (strains 
697-7, 697-16 and 697-32) in a) Medium 1 
(Table I): b )  Medium 3 (Table I) ,  and c) 
Medium 3 xith the addition of 10 mpmol of 
linoleic acid per ml. The 40 hour cultures 
were clarified by centrifugation and assayed 
for growth promoting activity with strain 
280-16A( 6) .  The results shown in TabIe I1 
indicate not only an appreciable inhibitory 
effect of potassium acetate on proluction of 
growth promoting activity (growth and total 
acid production are apparently not affected), 
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FIG. 2. Same as Fig. 1 with the exception that 
bIcdiiim 3 (Table I) was used in  place of Medium 

2. 

TABLE 11. Growth Promoting Activity Produced 
by Different Strains of L. casei in Different 

Media." 

peq t /& 
Strain No. Medium 1 Medium 3 Medium 4 

697- 7 8.3 5.4 7.0 
16 7.8 5.4 5.6 
32 7.6 5.1 5.6 

* Media 1 and 3 were the same as those described 
in Table I. Medium 4 contained 10 mpmols of 
linoleic acid/ml but was otherwise the same as 
Medium 3. 

t Growth promoting activity for strain 280-16A 
equivalent to  tha t  per peg of D-lactic acid. 

but also a considerable reversal of this effect 
in one of the strains (strain 697-7) by linoleic 
acid. 

It is clear from the experi- 
mental results that potassium acetate inhibi- 
tion and its reversal by various fatty acids as 
described previouly ( 1 ) is not characteristic of 
any single variety of L. casei, but rather is 
characteristic of a somewhat narrowly defined 
natural mixture of L. casei varieties. When 
the ratio of sensitive cells to resistant cells in 
the mixed inoculum is less than approximately 
8: l  (Fig. 2), little or no inhibition due to 
potassium acetate is apparent. Mixed inocula 
with higher ratios of sensitive to resistant cells 
are markedly inhibited by potassium acetate, 
and reversal of the inhibition by either fatty 
acids or lithium and sodium ions (1) is evi- 
dently dependent on complex interactions of 
the different L. casei varieties. 

It may be concluded from the present data 
that a-hydroxy acid-dependent varieties of 
L. casei occur naturally and differ only in 
minor respects, if a t  all, from strain 280-16 
(4), which has previously been supposed to 
have resulted from an ultraviolet irradiation- 
induced mutation. The relatively high pro- 
portion of dependent varieties characteristic 
of our stock culture of L. casei is not, how- 
ever, characteristic of 2 other stock cultures 
of L. casei which we have investigated re- 
cently in this regard. One of the latter, 
obtained through the courtesy of Dr. S. 
Shankman,: originated from our stock in 
1946, but has subsequently been carried in 
Yeast Dextrose Agar modified by the addition 

Discussion. 
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of 0.1 c/o sodium acetate. The other was ob- 
tained as a lyophilized preparation (catalog 
number 7469) from the American Type Cul- 
ture Collection. No dependent varieties were 
found among 60 isolates from each of these 
cultures. The question of whether our stock 
of L. casci contained a high proportion of de- 
pendent varieties in 1946 (when the Shank- 
man stock originated from it)  is apparently 
unanswerable. but it seems likely that this 
was true of our stock in 1952 on the basis 
of published da ta(4) .  I t  was reported (4) 
that 1 5  hour growth (but not later growth) 
of the “parent culture” was markedly stimu- 
lated by lactic acid. whereas we now know 
(unpublished data) that even the early 
growth of purified independent strains is not 
stimulated by (1-hydroxy acids. and it may be 
inferred from this difference that the “parent 
culture” (4) contained a considerable propor- 
tion of dependent forms. 

The stock culture of L. casei 
7469 carried in this laboratory contained 6 to 

Summary. 

45% (in different experiments) of forms re- 
sistant to inhibition by potassium acetate, ye t  
inocula containing up to 12% of the resistant 
forms were markedly inhibited by potassium 
acetate apparently because of complex inter- 
actions between the resistant and sensitive 
varieties. Sensitive strains were found to b e  
u-hydroxy acid-dependent (formerly this 
characteristic has been ascribed only to 
‘bmutant” strains). Sensitive strains. although 
predominating in the authors’ stock culture, 
were not found among 60 isolates from either 
of two outside cultures of L. casei 7469. 
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Non-shocking hemorrhage (20 cc/kg for 35 
minutes) decreases renal excretion of sodium 
despite autonomic blockade or renal denerva- 
tion ( 1 ) . Excretion of sodium increases again 
during retransjusior? of the shed blood even 
when this is accomplished a t  a constant renal 
arterial blood pressure by inducing extrarenal 
vasodilatation with hexamethonium. The 
present experiments were carried out in order 
to study renal excretion of sodium durin‘q 
hemorrhage at constant arterial pressure, un- 
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der conditions where direct effects on the renal 
tubules of pharmacologic agents. or of the 
shed blood itself, were avoided. 

Methods. Acute experiments were per- 
formed in dogs weighing from 10 to 20 kg 
anesthetized with 60 mg/kg of Dial intra- 
venously. Inulin and para-aminohippurate 
in a solution of isotonic saline were adminis- 
tered via one femoral vein by means of a con- 
stant infusion pump. Renal arterial pressure 
was continuously recorded and monitored via 
a catheter inserted to the level of the renal 
vessels through the femoral artery. In some 
experiments the brachial artery pressure was 
recorded as an index of changes of the su- 
perior aortic blood pressure. A Sanborn Twin- 
Viso recorder and amplifiers were used with a 
Hathaway pressure capsule. Urine was col- 


