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Growth Promoting Activity of Butterfat Acids for Lactobacillus casei 
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MERRILL N. CAMIEN AND MAX S. DUNN 
Chemical Laboratory, University of California, Los Angeles 

Lactobacillus casei 280-16A is a D-a-hy- 
droxy acid requiring mutant strain derived 
from L. case; 7469 (1,2) .t Hydrolysates of 
butterfat and wool wax as well as any one of 
a number of synthetic D- or DL-a-hydroxy 
fatty acids support growth of this organism 
(3 ) .  Saponified wool wax contains D-a-hy- 
droxy fatty acids(4,S) which account for its 
growth-promoting activity. Butterfat hy- 
drolysates, on the other hand, are not known 
to contain D-a-hydroxy fatty acids. Isolation 
and identification of the growth promoting 

*Paper 127, was aided by grants from U.S.P.H.S., 
Nat. Multiple Sclerosis SOC., and Univ. of California. 
The authors arc indebted to Evelyn Brown and Tibor 
Rntonay for technical assistance and to Haj Uyehara 
f(;r infrared spectrography . 

t Essential characteristics of strain 280-16A arc 
t lz  same as those originally described for strain 

Prepared by mixing equivalent quantities of am- 
phetamine (generously donated by Smith, mine and 
French Labs) and butterfat acids. Amphetamine 
salts rather than free amino acids were employed bc- 
cause of convenience with which their relative cow 
Ceri trations may be determined photometrically. 

280-16(2,3), 

butterfat acids were therefore attempted as 
described here. 

Methods. Saponified butterfat was pre- 
pared and assayed essentially as described 
previously (3 ) .  Amphetamine salts of the 
butterfat acids$ were fractionated by a series 
of three 1 00-transfer distributions between 
ethyl acetate and 70% ethylene glycol (by 
volume) in water. Growth promoting poten- 
cies and relative concentrations of solutions 
from the countercurrent apparatus were de- 
termined by microbiological assays and opti- 
cal density (at 260 mp) readings, respec- 
tively. Amphetamine was removed from the 
final microbiologically active fraction by mak- 
ing the aqueous phase alkaline with sodium 
hydroxide and extracting the mixture with 
several portions of ether. The residual solu- 
tion was acidified with hydrochloric acid, and 
its content of fatty acid was taken into ether. 
The ether solution was evaporated, and the 
fatty acid was crystallized from ethanol- 
water. 

Results. The growth promoting fraction 
appeared to be nearly homogeneaus after the 
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F 1 G .  5. Response of L. casci 280-1GA to  myristic 
:icitl j i i  thc niisupplcmentcd assay medium (curvc 
l i )  :ind in thc samc nicdium snppleincntcrl with 1.6 
pg of 3 )T,-a-hy(lroxymyrjstie ,zcid/ml. Coordin:ittw 
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essentially identical with that of the isolated 
butterfat acid (Fig. 2 ) ,  however the latter 
product differed from the reference material 
by exhibiting pronounced growth promoting 
activity (Fig. 3 ) .  

These results suggested that the isolated 
material was essentially myristic acid but that 
traces of a contaminating acid accounted for 
its growth promoting activity. Such a con- 
taminant would need either to possess an ex- 
tremely high intrinsic growth promoting ac- 
tivity or to be capable of potentiating a latent 
growth promoting effect of myristic acid. The 
latter view was apparently substantiated by 
discovery of an analogous potentiating effect 
of a-hydroxymyristic acid when a artificial 
mixture of this substance with myristic acid 
and a-hydroxylauric acid was partially sepa- 
rated in a test of the resolving power of the 
countercurrent distribution system (Fig. 4). 
It may be seen (Fig. 4) that whereas a-hy- 
droxymyristic acid was in itself without 
growth promoting activity,ll mixtures of it 

11 An irregular growth promoting activity has been 
rcported for IIL-a-hydroxymyristic acid(3), hcw- 
ever analysis of the product (eq. wt. found 242..i 
calculated 244.4) suggested contamination with myris- 
tic acid, which (it is now apparent) would result in 
P growth promoting mixture. 

with my ris tic acid (overlapping distributions, 
Fig. 4) definitely promoted growth. The po- 
tentiating effect of a-hydroxymyristic acid 
was also apparent when tests of myristic acid 
activity were made in the test medium with 
and without a supplement of a-hydroxymyris- 
tic acid (Fig. 5 ) .  Inhibitory effects of myris- 
tic acid at  elevated concentrations have been 
reported(7) and are evident from the data 
shown in Fig. 3 and 5. These inhibitory 
effects account for the dip in bacterial re- 
sponse corresponding to peak acid concentra- 
tions in Fig. 1. 

Discussion. It may be inferred from these 
results that the growth promoting activity of 
saponified butterfat for I,. casei 280-16A is 
due principally to myristic acid but depends 
also on potentiating effects of some other acid 
(or acids). a-Hydroxymyristic acid is an ef- 
fective potentiating substance but has a con- 
siderably lower partition ratio than myristic 
acid (Fig. 4) and hence could not account for 
the symmetrical correlation between growth 
response and relative concentrations shown in 
Fig. 1. A monohydroxypalmitic acid, on the 
other hand, might be expected to have nearly 
the same partition ratio as myristic acid,li and 
it is of interest, therefore, that such an acid 
has been isolated from butterfat by Bosworth 
and Helz(8). Whether or not the mono- 
hydroxypalmitic acid of Bosworth and Helz 
has a potentiating effect similar to that of 
n-hydroxymyristic acid has not been deter- 
mined. 

A fatty acid which promoted 
growth of I,. casei 280-16A was isolated from 
saponified butterfat and identified as myristic 
acid together with traces of an unidentified 
contaminant. The contaminant was appar- 
ently necessary to potentiate the growth pro- 

Summary. 

'; Increase in partition ratio ol a 14-carbon fatty 
acid effected by removing a hydrcxy group (compare 
a-hydroxymyristic acid and myristic acid, Fig. 4) is 
apparently apprcximately equal to the decrease in 
partition ratio effected by removing 2 methylene 
groups (compare a-hydroxymyristic acid and 
a-hydroxylauric acid, Fig. 4 ) .  Little or no net 
change in partition ratio would be expected, therefore, 
upon removal of both a hydroxyl group and 2 
methylene groups, as in going from a monohydroxy- 
palmitic acid to myristic acid. 



moting activity of myristic acid since purified 
commercial myristic acid (recrystallized) was 
essentially inactive. Activity of the latter 
could be potentiated by traces of a-hydroxy- 
iiiyristic acid. but this substance did not ap- 
pear to be present in the isolated material. 
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Trace Metal Requirements of A erohncter crerogenes for Assimilation of 
Molecular Nitrogen .* ( 24653) 

One of the surprising developments in bio- 
logical nitrogen fixation during the past few 
years has been the discovery that many well- 
known bacteria previously unsuspected to 
possess the ability to use molecular nitrogen 
may do so when cultivated under appropriate 
conditions ( 1 ) . These discoveries provide 
new tools for investigating the biochemistry 
of nitrogen fisation-studies that previously 
have been largely confined to the traditional 
agents of fixation: the azotobacter, the clostri- 
dia and the symbiotic system. For example, 
in spite of research extending over a quarter 
century, doubt still exists regarding the role 
of minerals (specifically, calcium, molyb- 
denum and iron) in biological nitrogen fixa- 
tion(2,3). Perhaps, some of the current dis- 
agreements in this respect can be resolved if 
attention were directed to the requirements of 
the new agents rather than concentration on 
the old. With this in mind, we have investi- 
gated the response of .40ruhm-f~r uerogcncs 
strain jal to these 3 minerals in the fisation 
of &. 

The growth me- 
dium and analytical procedures were essen- 
tially those previously described ( 2 ,4) altered 

1Matcrials and methods. 

* Supported in parts by grants from Atomic Energy 
Comm. and Research Committee of Graduate School 
from funds by Wis. Alumni Research Fn. 

as indicated for specific studies. The test me- 
dium for studies on the iron requirement was 
the same except that demineralized water pre- 
pared by passing distilled water through a 
Harstead “Bantamatic” demineralizer was 
used in all media, and iron was added sepa- 
rately rather than with the molybdenum solu- 
tion. Solutions of the phosphate salts were 
run through 1 x 10 cm columns of Dowex 50 
resin charged with sodium or potassium ions; 
a 5% solution of the corresponding chloride 
salt was used to charge the columns. Before 
passing the phosphate solutions through, the 
columns were washed with demineralized 
water until the effluent pH was near 7. A 
10% solution of sucrose was purified by pass- 
ing it through a similar column charged with 
hydrogen ions. The following solutions were 
prepared: Solution A, 12.5 g Na2HP0.i (Nlal- 
linckrodt, A. R. grade or comparable purity 
for all salts) in 250 ml; B: 1.5 g KH2P04 in 
250 ml water; C. 10 g Bacto-sucrose in 100 
ml water: D, MgSO., 7H20 in 250 ml slur- 
ried with several grams of Dowex 50 charged 
with Mg ions; E. 0.02 g, CaC12 in 10 ml water; 
F. 2.5 pg molybdenum/ml as Na2Mo04; G .  
2.5 pg iron/ml as FeC13. Combination of the 
solutions in the following quantities made up 
the media in the test flasks: 6.25 ml A, 6 .25  
ml R ,  5.0 ml C, 2.5 ml D, 1 drop E, 1.0 ml F, 


