
62 0 

16576 

Influence of Anti-Metabolites of Essential Vitamins on Growth and Acid 
Production of Lactobacillus acidophilus (Hadley) .* 

SAMUEL DREIZEN, ELIZABETH SCHOLZ, AND TOM D. SPIES.+ 
From tlic Department of Nutritioii and Metabolisnt, Northwestern University. 

The findings of Hill and Kniesnerl and 
of Weisberger and Johnson2 indicate that 
pantothenic acid, nicotinic acid and thiamine 
are essential for the maximum growth and 
acid production of the oral Lactobacillus aci- 
dophilus recovered from the saliva of caries 
active patients. I n  addition to being neces- 
sary for the optimum growth and acid pro- 
duction of the oral lactobacilli, thiamine and 
nicotinic acid in the role of coenzymes take 
part in the degradation of glucose to lactic 
acid.3 The production of acids from fer- 
mentable foodstuffs about the sheltered areas 
of the teeth by the acidogenic and aciduric 
organisms of the oral cavity in concentrations 
sufficient to cause a decalcification of tooth 
substance is the basis of the widely accepted 
chemico-parasitic theory of the etiology of 
dental caries. Since it has been shown that 
pyridine-3-sulfonic acid, pantoyltaurine and 
pyrithiamine are metabolic antagonistst of 
nicotinic acid, pantothenic acid and thiamine 
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$ Metabolic antagonists or competitive inhibitors 

have been defined a5 “ the mutually antagonistic 
components of a system in which the role of either 
the metabolite or the aiiti-metabolite is reversibly 
and competitively interfered with by i ts  antag- 
onist, the relative amounts of the two substances 
in  combination with the enzymic or other cellular 
components being dependent upon their relative 
a n i t i e s  for them and upon their coneentration- 
ratio. ) ’4 

__ _ _ _  - 

respectively for some species of bacteria and 
la’boratory a n i r n a l ~ , ~ - ~ l ~  this study was under- 
taken to determine whether these compounds 
exerted an inhibitory effect on the growth 
and acid production of the oral Lactobacillus 
acidophilus, the organism intimately associat- 
ed with the caries process. 

Materials and Methods. A pure culture of 
the Lactobacillus acidophilus (Hadley) re- 

TABLE I. 
Composition of Test Medium.” 

Constituent Quantity 
- ___ - 

Casein hydrolysate 2.5 ml 
Salt solution At 0.5 ” 

I J  9 9  BS 0.5 ” 

S odiuiii ace t ;i t e 600 mg 
Xsparagine 25 ” 

Glucose 1 g  

Tryptopliaiie 10 ” 

Cyst ine 1 0  ” 

g;; % Guanine hydrochloride 
Adenine sulfate 
Xanthine 500 ” 
Uracil 500 ” 
Pyridoxine hydrochloride 40 ,’ 
Riboflavin 20 ’) 
Calcium panta thenate 20 )’ 
Nicotinic acid 20 ” 

Thiamine hydrochloride 10 ” 
Folic acid 1 ” 

Biotin 0.5 ” 
Distilled water to 50 ml. 

.X Double strength, Landy and Dicken medium 

t Salt solution A: 
adjusted t o  pH 6.8 with NaOH. 

K&PO* 5 g  
I(HzPO4 5 g  

M@04 7H20 10 g 

Distilled water t o  50 ml. 
S Salt solution B: 

SaCl  0.5 g 
FeS04 9 7H20 0.5 g 
MnS04 2H20 0.337 g 
Distilled water t o  250 ml. 
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TABLE 11. 
Effect of Pantoyltaurinc, Pyridine-3-Sulfonic Acid, and Pyrithiamine on Growth and Acid 

Production of the Lactobacillus acidophilus (Hadley) *. 
i 

Metabolite-anti- Growth (packed % decrease 
Tube metabolite ratio cell volume) t in acid productiont 

Pantoyltaurinc ( p g )  
1,000 
2,000 
4,000 
7,500 

10,000 
I'yridine-3-Sulfonic Acid ( p g )  

1,000 
2,000 
3,000 
4,000 
5,000 
7,500 

10,000 
Pyrithiamine ( p g )  

470 
1,880 
2,820 
3,350 
5,000 
6,500 

1 : 250 
1 : 500 
1 : 1000 
1 : 1875 
1 : 2500 

1 :250 
1 : 500 
1 :750 
1 : 1000 
1 : 1250 
1 : 1875 
1 : 2500 

1 : 235 
1:940 
1 : 1410 
1 : 1675 
1 : 2500 
1 : 3250 

+++ +++ +++ 
& - 

+++ +++ +++ +++ +++ +++ ++ 
+++ +++ +++ +++ ++ + 

00.0 
24.2 
43.3 
92.2 

100.0 

00.0 
00.0 
00.0 
27.7 
35.9 
55.9 
71.8 

00.0 
00.0 
30.6 
41.5 
73.7 
87.4 

* 72-hr reading. 
t 0.0 -0.1 cc, - 

0.1 -0.25 CC, 2 
0.25-0.5 CC, + 
0.5 -1.0 CC, ++ 
1.0 -2.0 cc, +++ 

3 Acid production in control tube = 100%. 

covered from a carious lesion was obtained 
from the American Type Culture Collection 
(ATCC 4646) and used as the test organism 
in these studies. The special medium consisted 
of that described by Landy and Dicken? Ten 
cc, the amount present in each tube, contained 

minutes at high speed and then immediately 
measuring the packed cell volume. Acid pro- 
duction was determined by titrating the cen- 
trifugates with 0.1N NaOH to the pH of 
the uuinoculatedl control tubes. A Beckman 
pH meter was employed for this purpose. 

4 pg of nicotinic acid, 4 pg of calcium panto- 
thenate, and 2 pg of thiamine hydrochloride 
(Table I ) .  Pyridine-3-sulfonic acid, pylri- 
thiamine and pantoyltaurine were added to 
3 different series of tubes in amounts ranging 
frcrm 1,000 through 10,OOO pg, 470 through 
6,500 pg, and 1,OOO through 10,OOO pg re- 
spectively. The tubes were autoclaved and 
inoculated wlth one drop of inoculum, the 
preparation of which has been described in 
detail in a previous publication! They were 
shaken and incubated at  37.5"C for 72 hours. 
Growth was determined by centrifuging the 
cultures in Hopkins vaccine tubes for 10 

8Landy, M., and Dicken, D. M., J. Lab. and 
Clin. Med., 1942, 27, 1086. 

9Dreizen, S., and Spies, T. D., J .  D. Res., 1947, 

___ 

28, 609. 

Resdts. The effect of the antimetabolites 
on the growth and acid production of the 
test organism at the end of the experimental 
period is shown in Table 11. Of the amounts 
used in this study. only pantoyltaurine in a 
metabolite-antimetabolite ratio of 1 : 2500 was 
completely effective as an inhibitor of the 
growth and acid production crf the test organ- 
ism. The lowest metabolite-antimetabolite 
ratios, which produced a significant partial 
reduction of acid formation, were calcium 
pantothenate: pantoyltaurine 1 : 500; nicotinic 
acid: pyridline-3szllfonic acids 1 : 1OOO; and 
thiamine hydrochloride: pyrithiamine 1 : 1410. 
In each instance the degree of inhibition was 
directly related to the amount of the particu- 
lar antimetabolite present in the medium. 

Conclusions. The findqings reveal that pan- 
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toyl'taurine, pyridine-3-sulfonic acid and pyri- 
thiamine will inhibit the growth and acid 
production of the Lactobacillus acidophilus 
(Hadley ) when present in sufficient concen- 
trations in a medium containing all the known 
growth essentials of this organism. These 
metabolic analogues of pantothenic acid, nico- 
tinic acid and thiamine have an affinity for 
enzymes or for the protein component of en- 
zymes, substrates or the prosthetic groups 
which they resemble structurally.1° They tend 
to replace their corresponding essential nu- 

trients in the metabolism of the Lactobacillus 
acidophilus (Hadley ) and thereby interfere 
with its ability to carry on its normal physio- 
logical functions. The findings also confirm 
the previously reported observations that 
pantothenic acid, thiamine and nicotinic acid 
are essential for the maximum growth and 
acid production of the oral Lactobacillus 
acidophilus. 

10 Welch, Ariiold D., and Bueding, E., in Green, 
D. E., Currents in, Biochemical Research, Intcr- 
science Fublisliers, Xew York, 1946. 
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Virus of Eastern Equine Encephalomyelitis Isolated from Chicken Mites 
(Dermanyssus gallinne) and Chicken Lice ( E  omenacanthus stramineus) .* 
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Within recent years several neurotropic 
viruses have been recovered from the chicken 
mite, Dermanyssus gallinae (De Geer), and 
it has been shown not only to harbor the 
viruses in nature but to maintain at  least one 
of them lby transovarian passage. Smith, 
Blattner and Heysl isolated the virus of St. 
Louis encephalitis from chicken mites taken 
near St. Louis during a non-epidemic period, 
and were able to recover this virus a second 
t i m s  from mites taken in the same chicken 
house and from nearby areas. They demon- 
strated3 the transovarian passage of the St. 
Louis virus in experimentally infected mites 
and found4 that normal chickens could be 
infected when bitten by naturally infected 
Dermanyssus and that the virus could then 
'be transmitted to uninfected mites after feed- 

Science, 1944, 100, 362. 

PROC. SDC. EXP. BXOL. AND MED., 1945, 59, 136. 

J .  Exp. Med., 1946, 84, 1. 
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ing upon these same chickens. Therefore, 
the cycle for the St. Louis virus of mite-bird- 
mite seems to be established. Sulkins re- 
covered the virus of western equine encephal- 
omyeIitis from Dermanyssus gaZtinae obtained 
on a farm in Dallas County, Texas, where 
cases of equine encephalomyelitis had oc- 
curred. Reeves, Hammon and co-workers6 
isolated the virus of western equine encaphal- 
omyelitis from wild bird mites, Liponyssus 
sylviamcm, removed from the nest of a yel- 
low-headed blackbird, Xanthocephalus xan- 
thocephlus  (Bonaparte), found in Kern 
County, California. More recently7 they have 
reported on the isolation of another neuro- 
tropic virus from mites in this same nest. 
Tlhis strain seems to combine the characteris- 
tics of both the western equine and the St. 
Louis type of encephalitic viruses. Sulkin 

6 Sulkin, S.  E., Science, 1945, 101, 381. 
6Reevcs, W. C., Hammon, W. McD., Furman, 

D. P., McClure, H. E., and Brookman, B., Science, 
1947, 1.05, 411. 
7 Hammon, W. McD., Reeves, W. C., Cunha, R., 

Espana, C., and Sather, G., Science, 1948, 107, 77. 


