
utilizes the color complex formed by in- 
teraction of ferrous iron with dipicolinic 
acid (6). 

The complex of ferrous iron and dipi- 
colinic acid which is prepared from the 
authentic dipicolinic acid described by 
Black, Depp, and Corson (7) is unstable, 
but the addition of a reducing agent 
such as ascorbic acid yields a complex 
that is stable for at least 2 hours. Maxi- 
mum color develops in a pH range of 
from 4.0 to 6.0. In more acidic solutions, 
the color is diminished, and in slightly 
alkaline solution, precipitation occurs. 
Figure 1 shows the linear relationship 
between the optical density at 440 mg 
and concentrations over a range from 30 
to 160 !tg/ml. 

For the colorimetric assay of dipico- 
linic acid in spores, 5 ml of a spore sus- 
pension of Bacillus cereus (ATCC 10702) 
(in a 15- by 125-mm test tube) contain- 
ing 4 to 20 mg of spores (dry weight) is 
autoclaved for 15 minutes at 15 lb/in2. 
The suspension is cooled, acidified with 
0.1 ml of 1.ON acetic acid, and left at 
room temperature for 1 hour, during 
which time aggregation of the insoluble 
material occurs. Upon centrifugation at 
1500g for 10 minutes, a clear supernatant 
is obtained. If the initial suspension con- 
tains an appreciable number of vegeta- 
tive cells, it may be necessary to increase 
the amount of acetic acid in order to ob- 
tain a clear solution. Four milliliters of 
supernatant are carefully pipetted into a 
clean 15- by 125-mm test tube. With a 
pipette controller, the extract can easily 
be removed without disturbing the sedi- 
ment. One milliliter of freshly prepared 
reagent, consisting of 1 percent of 
Fe(NH4)( SO4) 2. 6H20 and 1 percent 
of ascorbic acid in 0.5M acetate buffer 
at pH 5.5, is added to the 4 ml of super- 
natant. The color develops immediately, 
and the optical density should be meas- 
ured within 2 hours. The blank is a simi- 
larly treated suspension in which 1 ml 
of water is substituted for the color re- 
agent. The reagent blank is negligible. 
The standard is prepared by adding 1 
ml of the color reagent to 4.0 ml of an 
aqueous solution containing 100 jtg of 
dipicolinic acid per milliliter. 

Determinations of dipicolinic acid by 
ultraviolet absorption and by colori- 
metric methods gave results which were 
in close agreement. Free dipicolinic acid 
was measured in an aqueous suspension 
of dried spores, as described by Krishna 
Murty and Halvorson (4). An ether ex- 
tract of the suspension was chromato- 
graphed on paper, the spots containing 
dipicolinic acid were eluted, and the 
ultraviolet absorption of the eluate was 
measured at 270 mrt, with a Beckman 
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dipicolinic acid per milligram of dried 
spores. 

Although divalent iron will react 
similarly with other a-carboxy pyridine 
compounds (6), the agreement in results 
between this method and the ultraviolet 
absorption method, which includes isola- 
tion of the dipicolinic acid, indicates 
that, for spore preparations, the assay is 
specific. Furthermore, no other a-carboxy 
pyridine compounds have been reported 
in spores. The addition of authentic dipi- 
colinic acid to vegetative cell prepara- 
tions yielded quantitative recovery of 
the dipicolinic acid upon assaying by the 
colorimetric method. This shows that 
vegetative cells contain neither compo- 
nents that interfere with the assay nor 
nonspecific compounds that assay as 
dipicolinic acid. 

Other ions, including manganese and 
calcium, will complex with dipicolinic 
acid, but in the preparations studied no 
effective competition of these ions with 
the ferrous iron has been observed. In 
preparations in which the concentration 
of these ions is excessive, the interfer- 
ence can be overcome by increasing the 
concentration of the iron in the color 
reagent. 

Autoclaving was found to release es- 
sentially all the dipicolinic acid of the 
spores. By colorimetric assay, we com- 
pared the dipicolinic acid released from 
a preparation of dried spores by auto- 
claving with that released by acid diges- 
tion in 3N HCl for 15 minutes. The 
amounts were 42.3 and 43.0 ^ig/mg, re- 
spectively. When the washed residue of 
the autoclaved suspension was digested 
in acid, an additional 0.45 jig of dipi- 
colinic acid was recovered. 

The data for the standard curve (Fig. 
1) were obtained by means of a Beck- 
man DU spectrophotometer, but all rou- 
tine colorimetric assays were made with 
a line-operated spectrophotometer. The 
local line fluctuations were such that the 
probable error of replicate optical dens- 
ity readings at times exceeds 2 percent. 
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Under such conditions, no significance 
can be ascribed to the differences in re- 
sults obtained with the two methods or 
to the trace of dipicolinic acid observed 
on the residues from the autoclaved 
preparation in the last experiment de- 
scribed. 
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Evidence for a New 
Growth-Promoting Acid Produced 

by Lactobacillus casei 

Lactobacillus casei 280-16 (or 280- 
16A) requires either D-lactic acid or any 
one of a number of other D-a-hydroxy 
fatty acids for optimal growth (1, 2). 
Yeast extract serves as a source of D-a- 

hydroxy acid for this organism, and at 
least part of its nutritional activity is 
attributable to D-lactic acid (1). Culture 
filtrates of L. arabinosus, L. casei (hy- 
droxy acid-independent strain), Leuco- 
nostoc mesenteroides, Lactobacillus bre- 
vis, and L. fermenti have also been shown 
to provide growth promoting mate- 
rial assumed to be D-lactic acid (1). 
The present investigation (3) reveals, 
however, that the growth stimulant to be 
found in cultures of L. casei is not 
D-lactic acid, but a more lipophilic acid, 
possibly a higher homolog of D-lactic 
acid. 

Lactobacillus casei 280-16A and its 
hydroxy acid-independent parent (Amer- 
ican Type Culture No. 7469) were in- 
cubated at 35?C for 72 hours in a me- 
dium free of hydroxy acid. The hydroxy 
acid deficiency of this medium was over- 
come, in the case of the hydroxy acid- 
dependent strain, by employing a very 
heavy inoculum, yielding an initial popu- 
lation of approximately 3x 108 cells per 
milliliter of medium. The nearly normal 
growth which resulted under these con- 
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heavy inoculum, yielding an initial popu- 
lation of approximately 3x 108 cells per 
milliliter of medium. The nearly normal 
growth which resulted under these con- 
ditions was probably due to D-a-hydroxy 
acids carried either in or on the washed 
cells. An equally dense initial popula- 
tion was introduced in the case of the 
liydroxy acid-independent strain, al- 
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n-distilled to remove volatile acid. sidual cultures to make each final solu- 
itable acid, amounting to 165 and tion 1N with respect to sulfuric acid and 
tequivalent/ml of culture, was pro- 30 percent with respect to ammonium 

sulfate. Each solution was then extracted 
with seven consecutive 15-ml portions of 
isopropyl ether-butanol mixture (2/1 by 
volume), and titratable acidity and 
growth-promoting activity were deter- 
mined in a 1-ml aliquot of each extract. 

The results, shown in Table 1, make 
it fairly evident that growth-promoting 
activity is not associated with the major 
fraction of titratable acid, which appears, 

J0 g \ as would be expected, to have the correct 
emj- *E ?- ^yto^fiWS^ ^ distribution coefficient for lactic acid 

16 20 30 40 50 60 70 (0.6 in this solvent system, according to 
the results of a preliminary experiment 
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n circles) and growth-promoting ac- 

(solid circles) in extracts of a Lac- culture. That essentially none of the 
illus casei 7469 culture after 70 growth-promoting activity produced by 
fers in the following solvent system: the independent strain is associated with 
r phase isopropyl ether-butanol 2/1 lactic acid is evident from the data ob- 
)lume; lower phase 30 percent am- tained by counter-current extraction of 
um sulfate in 1N sulfuric acid. The three-fifths of the remaining combined 
s on the vertical scale represent extracts from the culture medium of this 
r microequivalents of titratable acid organism (Fig. 1). The solvent system 
n circles) or units of growth-promot- o 1his extraction (carried ctivity (defined in Table 1) (solid employed for this extraction (carried 
s) in the upper-phase solution (10 through 70 transfers) was the same as 
f each cell. The numbers on the hori- that for the preliminary extraction. It may 
l1 scale designate the consecutive cells be seen (Fig. 1) that the distribution 
ie counter-current extraction appa- of the major titratable component distri- 

The seven extracts of the L. casei bution coefficient, 0.56) is close to that 
culture (Table 1) were combined, which could have been predicted from 

)rated nearly to dryness under re- the distribution coefficient of lactic acid. 
d pressure, dissolved in 50 ml of A much smaller component (distribution r-phase solvent, and distributed, 10 
er cell, into cells 4, 5, and 6 at the coefficient, 10.6) is seen to be associated 
t of the counter-current extraction. with the growth-promoting activity (Fig. 

1). That this growth-promoting material 
was not formed artifactitiously is evident 

a 1. Titratable acid and growth-pro- from its absence in the extracts of the 
ig activity in extracts of cultures of dependent culture, which was treated as 
>bacillus casei. a control (Table 1). The growth-pro- 

moting potency of the active component 
Strain 280-16A Strain 7469 appears to be about three times that of 

act Ttrat- Growth- Titrat- Growth- D-lactic acid when growth-promoting 
able promot- able promot units (defined in Table 1) are compared 
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acid activity with titration equivalents (Fig. 1). The 
(meq) (units) (meq) (units) high activity of the material, together 
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4 085 169 _ - --- -with its relatively high distribution co- 

0.64 <4 0.85 169 
1.09 < 7 1.32 244 efficient and other solubility properties, 
1.05 < 7 1.24 124 suggest that it is either a higher (by sev- 

0.90 <7 1.17 60 eral carbons in chain length) homolog 
0.88 < 7 1.15 46 of D-lactic acid or a closely related analo- 
0.86 < 7 1.12 38 gous acid. Isolation of larger amounts of 

ulated from titrations with O.O1N sodium this material for exact identification is 
side. Phenolphthalein indicator, used with in process. 
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extracts 1 through 3 of the 28U-16A culture, was 
replaced with brom thymol blue indicator for the 
remaining extracts of both cultures since the latter 
gave a sharper end point (but somewhat low titra- 
tion values). 
f One unit of growth-promoting activity is an 
amount equivalent to the growth-promoting ac- 
tivity 1 Rtmole of D-lactic acid (used as standard 
in the microbiological assays). 
$ During the first extraction, part of the nonaque- 
ous solvents dissolved in the aqueous phase, and 
for this reason the first extract was smaller in vol- 
ume and otherwise is not directly comparable to 
the subsequent extracts. 
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grants from the National Multiple Sclerosis 
Society, the U.S. Public Health Service, and 
the University of California. We are indebted 
to Evelyn Brown and Audree Fowler for tech- 
nical assistance. 

4. The calculated acetic acid content of the acidi- 
fied cultures was 146 uzequivalent/ml derived 
from sodium acetate included in the medium. 
It appears, therefore, that 94 to 96 percent of 
the available acetic acid was removed by the 
steam distillation. Probably only negligible 
amounts of lactic acid and growth-promoting 
acid, if any, were removed by this process. 

4 October 1957 

Induction of Enzymes of the 
Galactose Pathway in Mutants of 
Saccharomyces cerevisiae 

Induced biosynthesis of enzymes is de- 
pendent on the presence of a stereospe- 
cific inducer, which is not necessarily a 
substrate (1). In Pseudomonas it was 
shown that a sequential adaptation of a 
series of enzymes of a metabolic pathway 
takes place in the presence of the first (or 
often an intermediary) substrate of a 
chain of inducible enzymes (2). In the 
pathway 

I II III 
A -> B C -> D 

enzyme II will arise in response to the 
formation of product B, and enzyme III 
will be formed when product C accumu- 
lates, and so forth. 

In the present study (3, 4) the in- 
ducible properties of the enzymes of 
galactose metabolism are considered in 
relation to the problem of sequential in- 
duction. The formation of these enzymes 
in response to galactose cannot be ex 
plained in terms of this pattern. 

The galactose pathway (the old "ga- 
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Sum: Galactose + ATP ;? G-1-P + ADP 

The initial formation of the catalyti- 
cal amount of uridine diphosphoglucose 
necessary to start reaction 2 is provided 
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UDPG+PP (4) 
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