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Summary .  A strain of hog cholera virus 
has been procured that produced CPE in tis- 
sue cultures of pig kidney cells. This tissue- 
cultured virus produced typical hog cholera 
when inoculated into susceptible swine and 
i t  was neutralized by immune sera. 
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Response of Lactic Acid Bacteria to Amino Acid Derivatives. V. L- DL. 
and D-Valic Acids.* (26216 j 

MERRILL N. CAMIEN AND MAX S. DUNN 
Chemical Laboratory, University of California, Los Angeles 

It was recognized as early as 1947(2 j that 
either L- or D-phenyllactic acid, but not D- 
phenylalanine, is an effective substitute for 
L-phenylalanine in Lacto bacillus ara binosus 
nutrition. Corresponding relationships be- 
tween the optical forms of phenyllactic acid 
and phenylalanine were subsequently shown 
to hold additionally for a variety of other 
lactic acid bacteria(3). Utilization by L. 
arabinosus, Leuconostoc Ynesenteroides and 
Streptococcus jaecalis of various hydroxy 
acid analogs in place of the colrrespolnding 
amino acids was reported by Holden, et al .  
( 4 ) .  but these authors’ data do not include 
determinations of optical specificity. It was 
desirable, therefore, to secure more complete 
information on utilization of optically active 
hydroxy acids other than phenyllactic acid. 
The present report concerns utilization of the 
valine analogs, L-, DL- and D-valic (a-hy- 

*Paper 133. This work was aided by grants from 
U.S.P.H.S. and Univ. of California. The authors are 
indebted to Evelyn Brown and Audree Fowler for 
assistance. For the preceding paper in this series see 
Camien and Dunn(1). 

droxyisovaleric) acids. 
Methods .  L- and DL-valic acids were 

synthesized from L- and DL-valines essen- 
tially as described by Baker and Meister ( 5 ) .  
D-Valic acid was produced by resolution of 
DL-valic acid with cinchminet. Microbio- 
logical procedures and medium were the 
same as those used previously(3) except L- 
phenylalanine, final concentration 20 mg %, 
was included in the medium and DL-valine, 
DL-norleucine and DL-norvaline were 
omitted. Bacterial cultures have been de- 
scribed ( 1,6). 

Resul ts .  Preliminary screening of 10 bac- 
teria revealed that Lactobacillus arabinosus 

t DL-Valic acid 10 g, cinchonine 2.5 g and dry 
acetone 50 ml were stirred with a magnetic stirrer 
for 3 hours in a closed flask. Filtration of mixture 
yielded 13 g of essentially pure D-valic acid-cincho- 
nine salt. The product was washed with cold acetone 
to remove residual traces of the highly acetone- 
soluble L-salt. It is of interest that although this 
procedure was consistently successful for resolution 
of DL-valic acid, it appeared to be relatively ineffec- 
tual in resolving DL-leucic acid. 
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FIG.  1. Hcsponses of 8/rc.plococc?r.s f a r ~ ( ~ I [ , s  8043 t o  I)-, DL- and L-valic acids (curves P, 
DL aiid L, rrspectively) m c l  to tlic L-valinr coiitrol (cuive C).  Incubation pcriod was 72 hr. 
Respoiise t o  L-vdic acid rc~ruaiiied neg1ig.j I - h  k ~ i t 1 1  iiicubation pe~ iods  up to  10 days at test 
levels up t o  4 pLJl/ml. DValic acid uiidrr the latter conditions yielded a niaximal response 
nearly equal to that of the Li -a l ine  control. Valurs 011 the horizontal (logarithmic) scale reprc- 
sent valine a n d  T-alic :ic'itl c'c,iic'c'iitl.;itioi~~ i 1 1  t ) r p \ l  , ' i i i1 ; thosr O I L  the  vertical scale represent ml of 
0.01 N ~ocl iuni  h , ~ ~ I r o x i ( l ~  I cqitircvl to titi:itc, ( b : i : . I t  i i i1  of tebt cdn1tur.r. 

F I G .  2 .  Rcspoiises o 2 W - 1 6 A  to J b ,  DT,- and L-ralic acids (left) and 
11-, DIA- aiid D-valines (r ,' : i i r c i  1,' \\-ere obtained when the described medium 
(see Methods)  was siipp trcl with I)L~-;iIiiic~ ; thwr thrrcf ore illustrate valic acid 
utilization as art a-ligcli*ox,v acid b o i i r C C  rntlic,i. t 1 i ; i  i i  :IS :t sti tute. The remaining curves 
were obtainetl i u  t l t c b  ~ * : i l i ~ i o - f ~ ~ ~ ~  test i u c i c l i i i u i  \ i i p p I m i c 1  1.5 FM of DL-lactic acid (as 
1i;vtlrosy acid s o i i r c ~  1)vr 1111. T11ts coorlliiint (85 : I T ( &  011 tlic s:iiiie hases as in Fig. 1. 

f Idcicfoliczcillic.s ) ) L ( I ) I  H ~folmc u s  to  TI-, I)L- ;tiid L-ralic acids (curves D, 
:iiid t o  the  L - v a l i ~ i t ~  cwitwl (ciirves C) in  the clrscribed medium (see 

lid figure) and witlioiit (lcft-hand figure) the addition of DL-a-hydroxy- 
butyric acid a t  31 &/nil. T'lie coordinates art: on the same bases as in  Fig. 1. 

FIG.  4. Responses of Lactobacillus c a s ~ i  2X0-16A t o  DL-valic acid in the described medium 
(see Methods)  supplemented with DL-valinP at  20 nig 70 (curves a, A) and in the same medium 
containing NZ-Case at 600 m g  % in  place of :dl the amino acids (curves b, B). Curves A aid 
B were obtained when Tween 40 at 4 mg Yo was added to the test media. Curves a and b are the 
controls (no Tween 40). The coordinates are 011 the same bases as in .Fig. 1. 
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80 14, Lacto bacillus buchneri,$ Lacto bacillus 
casei 7469, Lactobacillus fermenti  9338 and 
Lactobacillus mufznitopoeusS were able to 
substitute DL-valic acid for L-valine with 
little or no loss of efficiency. Leuconostoc 
citroz1oru:n 808 1 ? $  in some experiments but 
not in others, gave a delayed response to 
valic acid a t  the usual levels, suggesting a 
capacity of this organism to utilize the hy- 
droxy acid through a readily occurring muta- 
tion. Streptococcus faecalis 8043 required 
exceptionally high concentrations of valic 
acid in substitute for 1;-valine and was unique 
in its specificity for -D-valic acid in this re- 
spect (Fig. 1) .  Lactobacillus brevis 8287,t 
Lactobacillus gayonii 8289t and Lactobacil- 
lus lycopersici 4005t did not utilize DL-valic 
acid a t  test levels up to 3.2 pA!t per ml in 
place of L-valine. 

Optical specificity of valic acid utilization 
was not marked except for S .  faecalis as al- 
ready mentioned and in the special case of 
L. casei 280-16A to be considered further on. 
D-Valic acid was slightly preferred by L. 
buchneri, L. casei 7469 and L. mannitopoeus, 
whereas L-valic acid was somewhat better for 
L. arabinosus and L. fermenti .  L. casei 280- 
16A has a special requirement for D-a-hy- 
droxy acids ( 1 ) which prompted the following 
modifications of testing procedure: a) the 
described medium (see M e t h o d s )  was sup- 
plemented with 1.5 pM of DL-lactic acid (as 
D-a-hydroxy acid source) per ml to permit 
tests of valic acid as a valine substitute (Fig. 
2-left, curves D ,  DL, and L; corresponding 
valine controls in Fig. 2-right), and b)  the 
lactic acid supplement was omitted and DL- 
valine was added at  20 mg % to permit tests 
of valic acid as a D-a-hydroxy acid source 
(Fig. 2-left, curves D', DL' and L'). It is 
apparent from these data (Fig. 2 )  that the 
v a h e  requirement of L. casei 280-16A is L- 
specific, that utilization of valic acid as an 
hydroxy acid source for this organism is D- 
specific, and that utilization of valic acid by 

$ Three-fourths of the glucose was replaced with 
separately sterilized L-arabinose in media for the in- 
dicated organisms, for which a pentose supplement is 
highly stimulatory (7 ) .  

5 The medium for this organism was supplemented 
with 15 mpg of calcium leucovorin per ml. 

this strain as a valine substitute is essentially 
lacking in optical specificity. 

DL-a-Hydroxybutyric acid, I/ a-hydroxyko- 
butyric acid,]/ DL-a-hydroxy-a-methylbutyric 
acid, I /  DL-ct-aminobutyric acid and a-amino- 
isobutyric a.cid were screened as potential an- 
tagonists of L-valine and DL-valic acid uti- 
lization because of their apparent structural 
similarities to the latter compounds. The 
most impressive inhibitory effects were pro- 
duced by DL-a-hydroxybutyric acid, while 
DL-a-hydroxy-a-methylbutyric acid and 1)L- 
a-aminobutyric acid appeared to be similar 
but less potent inhibitors. a-Hydroxyisobuty- 
ric acid did not effectively inhibit any of the 
test organisms, whereas a-amino isobutyric 
acid strongly inhibited L. casei, L. buchneri 
and L. nzannitopows, but not L. arabinosus 
and L .  fernlzenti. The a-aminoisobutyric acid 
inhibition of L. casei was exceptional in that 
its reversal was effected by alanine peptides 
(data to be presented later) but not by either 
L-valine or DE-valic acid, Data represerita- 
tive of final tests with DL-a-hydroxybutyric 
acid are slmwn in Fig. 3. These response 
curves (Fig. 3 )  show that the inhibitor a t  36 
pM/ml suppresses utilization by L. inannito- 
p o e m  of L,-valic acid but not that of either 
D-valjc acid or L-valine. Data analogous to 
those presented in Fig. 3 were either interpo- 
lated or extrapolated to provide the con- 
densed summary of DL-a-hydroxybutyric 
acid effects listed in Table I. It is apparent 
from these data (Table I) that L-valine is 
generally less susceptible than valic acid to 
antagonism by DL-a-hydroxybutyric acid 
and that I,-valic acid is often markedly less 
potent thain D-valjc acid in reversing the ef- 
fects of this antagonism. 

Additions of Tween 40 (Atlas Powder Co. 
polyoxyethylene sorbitan monopalmitate) to 
the present experimental medium did not en- 
hance valic acid utilization, although marked 
increases in growth-promoting potencies of 
various a-liydroxy acids for L. casei 280-16 
had previcusly been observed in media sup- 
plemented with this non-iolnic detergent (8).  
The apparent discrepancy was traced to a 

1) Test solutions were adjusted to pH 6.5 with so- 
dium hydroxide. 
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TABTlE I. Effects of DL-a-H!.clro..iSbutlvrjc Acid 011 Rcspoiiscs of Five Lactic Acid Bacteria t o  
I,-Vnliiic aiitl I,-, ])I,- :rnd D-Vnlic Acids. 

Sii1)st~~i tc  coiiccntratioii required to  yield half 
iiiavimal response 

I)l,-a-Hytlrosy- I Valic acid-, 
hi1 t y i  c :I ci tl T, - v: I 1 iiic 11- DL- D- 

( ‘OIlC.  (pM/Illl i -. ~ ( iq.JI/ml) _ _ _ ~  7 Organisin 
~ ~~ 

L. c(it$ci 7469 0 
4 

12  
3 (i 

108 
L. arabinoaiis 0 

4 
12 
36 

108 

L. buchticri 0 
4 

12  
:3 (i 

108 

4 
12  
3 li 

108 

4 
1 2  
3 t i  

108 

L.  nlnnnl-topol )(S 0 

I,. f c r m e n t i  0 

marked inhibition of a-hydroxy acid utiliza- 
tion by enzymatically digested casein, which 
was included in earlier media ( 8 ) . Antagon- 
ism of this inhibition is readily effected by 
Tween 40, which thus appears to potentiate 
the growth-promoting properties of a-hy- 
droxy acids in media containing enzymatic- 
ally digested casein, but not in media lack- 
ing such an inhibitor. These relationships 
are illustrated (Fig. 4) by the effects of 
Tween 40 on response of L. casei 280-16A 
to DL-valic acid in the present test medium 
(supplemented with DL-valine) and in a 
medium containing NZ-Case (Sheffield 
Chemical Company’s enzymatic digest of 
casein). Further data concerning inhibition 
of a-hydroxy acid utilization by peptide de- 
rivatives from casein and other proteins are 
to be presented later. 

Discussion. The present findings that 
whereas valine utilization is markedly L-spe- 
cific, utilization of the valine substitute, valic 
acid, is either D-specific or relatively lacking 

79 
l l t i  
436 
470 

1 t i00 

54 
t; 2 
7’6 

115 
240 

220 
1000 
2cioo > :: 0 00 

> 3 000 

94 
5iO 

7 600 > :3 00( I > 3 0 0 0 
104 
145 
190 
280 
840 

62 
68 
96 

180 
690 

81  
93 

106 
160 
2.50 
1 i 4  
167 
240 
350 
6 3 0 

84 
94 

116 
230 
400 
116 
145 
152 
290 
540 

55 
60 
82 

158 
690 

85 
120 
139 
166 
290 
148 
134 
148 
200 
380 

82 

88 
88 

186 

171 
184 
200 
320 
440 

c w  
r 3  

in optical specificity closely parallel those of 
earlier investigations ( 2 ,3) of phenylalanine 
and its nutritional substitute, phenyllactic 
acid. In either case it seems probable that 
the hydroxy acid is utilized through conver- 
sion to the corresponding amino acid essen- 
tially as proposed by Holden et  aZ,(4), i.e. 
via dehydrogenation to the a-keto acid and 
subsequent transamination. Lack of optical 
specificity toward the a-hydroxy acids when 
these are used in place of the corresponding 
cL-amino acids suggests that some of the or- 
ganisms may possess appropriate a-hydroxy 
acid racemases, but this does not appear to 
be true of L. casei 28O-l6A7 which is evi- 
dently incapable of racemizing either L-valic 
acid (curve L’, Fig. 2 )  or phenyllactic acid 
( 1 ) .  I t  seems likely, therefore, that L. casei 
280-16A possesses separate L-specific and D- 
specific dehydrogenases which account for 
utilization of either optical form of these hy- 
droxy acids in place of the corresponding L- 
amino acids. Optically selective antagonisms 
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acid-dependent organism, L. casei 280-16A,
was D-specific in its utilization of valic acid
as an a-hydroxy acid source, but was not
optically specific in its utilization of valic
acid as a valine substitute.
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of hydroxy acid utilization (Table I) are of
considerable interest, but since various me­
tabolic steps (e.g. cell penetration, racemiza­
tion, dehydrogenation) might be involved in
such antagonisms, these results are not un­
equivocally informative.

Summary. Substitution of L-, DL- and
D-valic acids in place of valine in the nutri­
tion of 10 lactic acid bacteria has been in­
vestigated. Five of the bacteria were able to
utilize either optical form of valic acid ef­
ficiently in place of L-valine, even though
the requirement for this amino acid is highly
L-specific. Three of the latter 5 bacteria, on
the other hand, could be made to exhibit a
marked preference for D-valic acid by selec­
tive antagonism of L-valic acid with the in­
hibitor, DL-a-hydroxybutyric acid. One
other organism showed a similar preference
for D-valic acid without use of the inhibitor,
but in this case utilization of D-valic acid
was relatively inefficient. The a-hydroxy Received June 20, 1960. P.S.E.B.M., 1960, vtos:




