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STUDIES ON THE AEROBIC MESOPHILIC BACTERIAV
WITH DISTICTLY BULGED SPORANGIUM

I. NUTRITIONAL REQUIREMENTS OF
‘BACILLUS THIAMINOLYTICUS

“HipEO NARATAMA
Department of Microbiology, Yamaguchi Medical 'School, Ube
(Received August 27, 1953)

Thiamin deeompbsing enzyme “Aneurinase” or “Thiaminase” has beén found
in certain shell-fishes?, fishes?, and plants®. Recently thiaminase producing
bacteria were isolaied in Japan and were named “Bacellus tkmmmoly'ticué’»’ and
“Bacillus aneurinolyticus” (see first report of this inves"cigaﬁon). The bacteri-
olgical properties of the first species were reported in the previous papers.

In 1952, Kimura et al. isolated several strains of anaerobie‘sporula;ting
bacterium capable of producing thiaminase. This anaerobes were named “C loétm’-
dium thiaminolyticum’.

B. aneurinolyticus grew readily in a synthetlc medium containing gluuamlc
acid as a sole source of nitrogen and glucose as a source of carbon. The metabo-
lism of the bactaria has been studied by Kimura and Liao® and by Kishida®.

In the present paper, the author studied the nutritional requirements of
B. thiamionlyticus and found some chemically defined medium containing many
kinds of amino acids to be as adequate as is the nutrient broth for the growth of
this organism. This synthetic medium enabled the study of variable compounds
which mighi influence the bacterial growth. Bacéllus alves, which was considered
t0 be related to B. thiaminolylicus in the prevmus reports, was also studied
when necessary. : : :

MATERIALS AND METHODS

Among the strains described in the preceding paper, B. thiaminotyticus
strains no. 22, 84, 101, 254 and 362, B. alves strains no. 662 and 668 were used
for the study of amino acids and glucose requirements. B. thiaminolyticus strain
101 was investigated for the study of the compounds which might influence the
bacterial growth. :

Modified amino acids-glucose medium based on the formula reported by
:Johnson and Rottger” was used as a basal medium. Composition of the medium
‘was listed in Table I. Amino acids mixture and salts solution were sterilized
‘geparately by autoclaving at 15 pounds for 10 minutes. After mixing both fluids,
-the readjustment of the mixture with N NaOH to give a pH of 7.2 was followed -
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by the asepiical addition of tryphan which had been sterilized by filtering through

Seitz-filter. Two ml of the amino acids-salts mixture thus. obtained.was dis-
tributed in the 18 % 140 mm test tubes. Glucose which was sterilized by filtration
and supplements were added there to and the content of each tube was diluted
with distilled water to make a total volume of 3.9 ml.

Tasue I
Composition of the wedium
(Double Strengith)

G—lyeine ........................ 50 mg Glucose~~-

e 1.0 g
L-Alanine «««--c +oevieiieo 2 60 Mg Qalts SOLUEION cvveevvevecrverneeea85.0 ml
DL-Valine «-+-cecvvevenieent .80 mg KoHPO, +evvvvvenenrcecrenencece 2,05 g
L-Asparaging -----.-vovvooeoeo 100 Mg Digtilled Water -« vv e eoveeeoeee2+500.0 ml
L-Glutamie Aeid ««----cvvvevo--.100 mg TR SR
L-Tryptophan «««-«covvveeevrse .50 mg
L.Tyrosine ...... R PPN 50 mg ;
D-Argining Hel ««-:ceveernoveone50 mg  SoAts Solution o
D-Histidine Hel «vv-eocveevreernn.50 mg  M8SOLTHO -ovvvnvovvnriin10.0 g
T-Proline «eeesseeeianerens.aia60 Mg FOS0, THyD cvcovevveeceeeneaa 5 g
DI-Methionine «««+«-snee-ser+:--50 mg Mnely. 4H;O -vvovevveeeenee- 0,855 g
DL-Leueine-- - c«ccceeeeeeeeee..-100 mg Dis. Water -+ --covveeereneaoe-1,250.0  ml

© DIi-Isoleucing-« -« v veeeeneeee . .7100 mg . .

DI-Serine cvsceevreecroscinecnea 70 mg ]
DI-Phenylalanine--+-«.----«.-.....100 mg . ; .
L-Cysting e+ covv e e ernnereree 2100 mg Final pH ---vvovveiveneeeeeen 7.2
L.Lysj.ne.....“.................v..5[v) mg

' 2-Methyl-4-amino-5-hydroxymethyl-pyrimidine, 4-methyl-5-8-hydroxyethyl-
thiazole and aminoc-thiazole were stocked as 1072 mol solution after autoclaving
at 15 pounds for 10 mminutes: If 107% mol in the finat concentration, for example,
was desired, 0.4 ml of 1073-mol solution, which was obtained by adding asepti-
cally 9 volumes of sterile water to one volume of the stock 1072 mol solution, was
added to the amino acids-salts mixture under aseptical conditions.

For the sterilization of thiamin and its related compounds these were dis-
solved in a small volume of N Hel directly, after 2 hours of incubation at room
temperature, neutralized by caleculated amounts of N NaOH, and were diluted
by sterilized distilled water to make a coneentration of 1073 mol.

Through-out these studies, aqueous solution of the following chemiecals were
used as vitamin mixture; riboflavin 10y, pyridoxine 100+, nicotinic acid 100y,
para-aminobenzoic acid 10 , i-inositol 1007, biotin 57, ca-pantothenate 50, folie
acid 10, thymine 50+, uracil 50y, dissolved in 100 ml of distilled water.  The
solution of these chemicals was sterilized through Seitz-filter, and stored in a
refrig'eréltor. The volume of the mixture used was 0.2 ml in each tube.

‘Cells grown on nutrient agar slant for 48 hours at 35 C. were harvested
and washed twice with distilled water and suspended in distilled water. Then
‘the suspension was centrifuged at 1,000 r. p. m. for 10 minutes, and 0.1 ml of
the resulting homogenous, barely turbid bacterial suspension was used for the
inoculation. In 0.1 ml of the imoculum 50,000 to 100,000 viable cells were con-
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tained, as determined by standard plating methods.

The growth was checked visually or determined by the use of Ito’s photo-
electric colorimeter with 560 mu filter after suitable incubation at 85 C. In the
later case, the cultures were shaken at intervals of three to four hours to prevent
pellicle formation and to secure uniform turbidity.

EXPERIMENTAL RESULTS

I) Amino acids requirements: The essential amino acids were determined
by leaving out one amino acid at a time from the basal medium. As seen from
Table I1, leucine, isoleucine, proline and asparagine were essential for all strains
of B. thiaminolylicus, while two strains of B. alves required isoleucine, trypto-
phan, valine and methionine. :

Tasne II °

Amino acids requirements

Al.662. Al.680 An.22  An.34 An.101 = An.254

Complete Medium
C. M. -Leucine
-Isoleucine
-Serine
-Phenylalanine
-Liysine
-Glycine
-Alanine
-Valine
-Asparagine
-Glutamie Aecid
“Tyrosine
-Tryptophan
-Arginine Hel
-Histidine Hel
-Proline
-Methionine
-Glucose
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11) Glucose’i'equirements: Optimum concentration of glucose for the growth
of B. thiaminolyticus in the basal medium was 0.075 to 0.1 per cent when judged
visually, some inhibition was recorded at 0.5 and complete inhibition at 1.0 per-
cent while B. alves were able to grow in a medium containing 1.0 per cent glucose.
‘When glucose was omitted from the basal medium, the growth of two strains of
B. thiaminolyticus and one of B. alvei was recorded as negative, and that of the
remaining two of the former species and one of latter species as slightly positive.

II1) Efféct of 2-methyl-4-amino-5-hydroxymethyl-pyrimidine, 4-methy-5-8-
hydroxyethyl-thiazole, thiamin and vitamin mixture on the growth of B.thiamino-
lyticus: The effect upon strain no. 101 was summarized in Fig. I. Thiamin was
far from stimulating the growth of B.thiaminolyticus, it inhibited the growth.
The inhibitory effect of thiamin is neutralized by the vitamin mixture and
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Optical Density

o 24h *48h ) 72h - 96h
. Hours of Incubation
"Py.: 2-methyl-4-amino-5-hydroxymethyl-pyrimidine
Th.: 4-methyl-5-8-hydroxyethyl-thiazole
V.: Vitamin mixture
] Fig. 1 Bffect of Thiamin, Thiazole, Pyrimidine and Vitamin mixture
on B. thiaminolyticus 101 growth in synthetic medium.

the growth finally became abundant. Pyrimidyl moiety of thiamin inhibited the
growth while the thiazole moiety has a favorable effect on the growth., When both,
pyrimidine and thiazole moieties of thiamin had been- incorporated in the syn-
thetic medium together with the vitamin mixture, the growth was more abundant
than that in the medium containing the pyrimidine and the mixture, than the
thiazole and the mixture, or than both the moieties and the no vitamin mixture.
The vitamin mixture alone had no appreciable effects on the growth of the
organism. T : ' s

The author is now investigating the factor or factors in the vitamin mixture,
which are responsible for neutralizing the inhibitory effect of thiamin and
promoting the growth together with pyrimidine and thiazole moieties of thiamin,
and some data has been collected which will be reported elsewhere.

In the earlier period of this investigation the author found the -apparently
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favorable effect of thiamin upon B. alves at the concentration of 107*mol (see
discussion of the first report). Later, however, it was found that it was not
-always the case and so it is admitted that the study of the effect of thiamin and
its components on the growth of B. alves is far from complete and no justifiable
conclusions can be drawn, except that these compounds have at least no unfavor-
able effects on the growth of B. alves below the coneentration of 2% 107* mol.

IV) The effect of thiamin analogues and ‘“Amino-thiazole”: The thiamin
analogues studied were “Oxythiamin’ (4-methyl-5--hydroxyethyl-N [(2’-methyl-
4’-hydroxypyrimidyl-5’) methyl]-thiazolium chloride), “Heteropyrithiamin’ (N-
(2-methyl-4-amino-pyrimidyl-5-methyl )-pyridimium bromide), and “Benzthia-
zole-thiamin"(N-[(2-methyl-4’-amino-pyrimidyl-5’ )-methyl]-benzothiazolium br-
omide hydrobromide).

The “Oxythiamin” whose anti-thiamin activities were reported by Slobodin
and Ziegel® and whose anti-thiaminase activities by Soodek and Cerecedo?, were
reported by Kishida® to inhibit the growth of B. aneurinolyticus at a concentra-
tion of 3 x 10* mol, and by Kimura and Liao® not to influence it at that of
2x 1075 mol. The “Heteropyrithiamin”, which was reported by Fujita et al.i®
to be produced from thiamin and pyridine by reversible base exchange reaction
catalized by the thiaminase of B. thiaminolyticus, shell-fish and fish, was found
by Kishida® as having growth-promoting activities upon B. aneurinolyticus. The
“Benzthiazolethiamin” whose growth-inhibiting activities upon Micrococcus
pyogenes was found by Kimura and Hayashi'?; was said to promote the growth
- of B. aneurinolyticus. The “Aminothiazole’” was reported by Hayashi'® to in-

, Tasne IIT
Effect of omythiamin, heteropyrithiamin, bemethiazolethidmin and amino-thiazole
. for the growth of B. thiaminolyticus in the synthetic medium
. |

Growth of B. thiaminolyticus 101.

Supplements Light Transmission per cent

48h. 96h.

Oxythimin . - S 100 100
Heteropyrithiamin ’ 80 80
Benzthiazole-thiamin ) 100 100
Amino-thiazole 100 100
Non (Basal Medium) 100 80

Tto’s colorimeter, 560 mp filter, uninoculated medium 100. Final concentration of the
supplements, 2x10™* M. each, except for Benzthiazole-thiamin, concentration 104 M,

hibit the growth of Lactobacillus bifidus at.a concentration of 10°¢ to 10°7 mol:
As seen in Table III the “Heteropyrithiamin” stimulated the growth of B.
thfiamiﬁolytécus at a concentration of 2x 107% mol. The “Oxythiamin” and the
“Amino-thiazole’, each at a concentration of 2 x 10°* mol, and the “Benzthiazole-
thiamin” at a concentration of 10~% mol inhibited the growth completely.
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» V) Extra- and intracellular thiamin content:‘The author found that by B.
thiominolyticus in a liquid medium an unkown substance is produced, which
when shaken with eoncentrated sodium hydroxide converts to-a substance having
thiochrome like fluorescence. This substance, which is referred to here as X-
substance, is absorbed in zeorite as is thiamin and can be eluted from it by 25 per
cent potassium chloride or acetic acid water of pH 4.0. Thiamin is insoluble in
butanol but ' becomes soluble after having been converted to thiochrome. On the
other hand, this X-substance is easily transferred to butanol both before and
after being converted to the fluorescent substance, whose fluorescence decreses
remarkably after standing in a dark room overnight. The X-substance is absorb-
ed by active carbon and is eluted from it by acetie acid-ethanol but not by neutral
ethanol or acetic water. It is soluble in aleohol and acetone but not in benzole
and stable below pH 9.5 and withstands boiling more than one hour.

For the purpose of assaying thiamin and the X-substance, the cultures were
centrifuged and separated into the supernate and the bacteria, the former, after
treatment with Takadiastase-solution, was abosorbed into the zeorite beds, which
was prelminary treated as deseribed by Hennessy'®, the latter, after being washed
once with water, was suspended in a small volum of acetic acid water of pH 4.5.
The bacterial suspension was heated at 80 C. for 20 minutes to extract intracell-
ular thiamin and X-substance, and then centrifuged. Aliquot volume of the
supernate obtined was treated with Takadiastase solution and was allowed to pass
through another zeorite bed. After being washed, through the two zeorite beds,
one of which absorbed the intra- and another the extra-celluar thiamin and X- -
substance, a boiling solution of 25 per cent potassium chloride was passed to elute
thiamin and the X-substance. The zeorite elute was shaken with butanol and
centrifuged. The butanol layer to which the X-substance had been transferred
was distributed to a test tube, which served as a blank and to a centrifuging tube.
The butanol solution in the centrifuging tube was shaken with 40 per cent sodium

Tasrns IV.
Thiamin and X-substance in the culture of B. thiaminolyticus 101
after 36 and 96 hours imcubation at 35 C in nutrient broth

) Nome Supplements (10 4mol) -
Thiamin and X-substance* Py. and Th. Thiamin -
(v per 100 ml) Thiamin X-sub., | Thiamin X-sub. | Thiamin X-sub.
Supernate ’ { — 3 — 4 300 3
36~hr. - -
Oells ' [ 0.12 — { 0.12 — 1.1 —
Supernate | — 50 | — 160 | 250 120
'96-hr. - S -
Rt Cells ] — ] 0.8 — 8.2 —

" % As X-substance was titrated by standard thiochrome solutlon, its figures mdmate merely
the relative amount per 100 ml of medium.
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hydroxide and.-centrifuged. An aliquot volume of the butanol in the centrifug-
ing tube was used for the fluometric determination, using standard thiochrome
solution as in the case of assaying thiamin. Thus figures of X-substance present-
ed in Table 1V merely indicate the relatl ve amount of the substanee in the eul—
“tures.: N S0 E PP 2 . . o .
Followmg the prehmmary butanol extra’mon the zéorite elute was used for
the determination of thiamin with the thiochrome method by means of eyanogen
bromide'®1918  Ag seen from Table IV the X-substance could be detected only
extraeellularly and thiamin only intracellularly.
DiscuUsSION  AND SUMMARY

‘B. Zh@'ammoZyticusi and B. alves grow well ina synthetic mediil_im containing
17 amino acids, glucoce and salts. : o

Among strains tested it could be observed that there were dlfferent amino
acids requirement dependmg on the variety of strains belonging to the »same
species, but that the indispensable amino acids for all strains of B. thiaminolyicus
tested were leucine, isoleucine, proline and asparagine and for those of B. alved
isoleucine, valine, tryptophan and methionine. ‘

A small amount of glucose stimulated the growth of both speeles in Synthe-
tic medium, but 0.5 to 1.0 per cent of the sugar 1nh1,b;te,d ‘the growth of B the-
armanolyticus but not that of B. alves. :

Thiamin.alone inhibits the growth of B. tkwmmolytzcus but in the presenee
of vitamin mixture the growth may be initiated late and finally reaches to a
level comparable to that of growth in the medium which contains pyrimidine
and thiazole moieties of thiamin and vitamin mixture. This medium permits the
best growth to B. thiaminolyticus of any media tested. These observations indi-
cate that thiamin is inhibitory for the bacterial growth and that after initiation
of growth, thiamin breaksdown and the resultihg products promote growth. The
inhibitory effect of “Oxythiamin’’, may be due tothe inability of the thiaminase
to attack this anti-thiamin. The inhibitory effect of amino-thiazole indicates that
thiazole plays an important role in the metabolism of B. thiaminolyticus.

“Heteropyrithiamin” was found by Fujita et al.l®. to be produced from
thiamin and pyridine by the enzymatic activity of thiaminase, and pyrimidyl
compounds analogous with the “Heteropyrithiamin’ were considered by them to
be produced from thiamin in natural conditions without pyridine. The faect that
the “Heteropyrithiamin” promotes the growth of the organisms, suggests that
the enzyme products in natural conditions may have favorable effects on the
growth of B. thiaminolyticus.

The author demonstrated that an unknown substance by means of shaking
with concentrated sodium hydroxide, was produced by B. thiaminolyticus. There-
fore, thiamin in the cultures of the B. thiaminolyticus must be assayed after this
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misleading substance has been removed by preliminary butanol extraction.

AT

- ACKNOWLEDGEMENT

The author wishes to express his appreciation to prof. Ryoji Hayashi in
our laboratory for his helpful suggestions. Many chemicals were kindly obiain-
ed from Dr. Taizo Matsukowa of Tekeda Fnstitute and Prof. Shojiro Ueo of
Osaka University. \

REFERENCES

1> FuJsrra, A. and Numara, I.: 18 th Annual Meeting, Japanese Biochemical Society, Oct. 7,
1942. Seikagaku, 18: 63,1944.cited from Fujita et al.: Studies on thiaminase.I.J. Biol.
Chem., 196: 289-295, 1952.

2) SUMNER, J. B. and SoMERs, G. F.: Chemistry and methods of enzymes. New York; Academic
Press. Inc. 314, 1947. cited from Yudkin, W.H. Thiaminase, The chastek-paralysis factor.:
Phy. Rev., 29: 389-402,1949.

3) Miura et al. Proc. Committ, Res. Vit. B., Japan, 39: 7-11,1950.

4) Havasur, R. and Naxkavama, H.: Studies on the aerobic mesophilic bacteria with dist-
inetly bulged sporangium (I) Special references to Bacillus thidminolyticus. Bull. Yoma-
guchi Med. Sch.1: 57-63,1953.

5) KiMURA, R. and Lia0o.T.H.: A contribution to the knowledge of Bacillus aneurinolyticus

~ Kimura et Aoyama. Vitamins, 6: 218-222,1953.

'6) Kisuipa, T.: Biological studies on baecterial aneurinase (I). Vitamins, 6: 423-428, 1953.

7) JouNsoN, E. A. and RorreeEr, L. F.: Comparative study of the nutritional requirements
of Salmonella typhosa, S.pullorum and S. gallinarum. J.Bact., 45: 127-185,1943.

8) SroBopIN, and ZIEGEL,: J. Gen. Chem. (U.S.8.R.), 11: 1019, 1941. cited from Soodek,
M.and Cerecedo, L. R. (9. ) L

9) SoopEK, M. and CErECEDO, L.R.: J. Am. Chem. Soc., 66: 1988,1944.

10) FuJira, et al.: Studies on thlammase (D, (ID), (III),(IV), J.‘Biol.(/'hem;, 196: 289-320,
11952, oo

11) KiMURA, R. and HavasHI, R.: Proc. Committ. Res. Vit.B., Japan, 48 8,1951.
12) HavasHi, R.: Yamaguchi Igakukai Zashi, 2: 1-7,1951.

133 HENNESSY,D J.: Ind.and Ing. Chem., Anal.Ed., 13: 216,1941.

14) MimUra, U., and FusrwarA, M. and WaraNasg, H.: Proc. Comnitt. Res Vu‘ B. Japan,
40: 7, 1950. :

15) Miura, U., FuJiwAra, M., and MivosHi, H.: Proc. Committ.  Res. Vit. B. Japom 37:19,.
1950.

16> Fuagira, A., Nosg, Y. U‘YEO S and Korzumi, J.: J Biol. C’hem , 196: 313,1952.





