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INTRODUCTION 

2-!3 

Acu_te suppurative myositis and acute infectious osteomyelitis often assume the 

form of multiple involvement. In this case, the pathogenic staphylococcus which 

has first attacked a skeletal muscle or a bone marrow, continues a selective attack 

on either of these s~ァstems. As multiple involvement is caused l巧ァ hematogenous

infection, it seems quite possible that a patient might be simultaneously a百ected

with m~·ositis and osteomyclitis, but this seldom occurs. How is this strict discri-

mination to be explained? To solve this problem, many investigations have so far 

been conducted either from the standpoint of the pathogenic organism, or from 

that of the infected individual. Those who pa：－’ special attention to the pathogenic 

organism seek the cause of selective multiple involvement in the tissue afhnity of 

the pathogenic organism; C. MARTINOTTI (1898), for example, isolated a staphylo・

coccus with strong muscle-a市nit~ · from clinical cases, and noted that its intravas-

cular injection never failed to cause muscle abscesses. He further showed the 

unchangeability of its pathogenic character for many months, and designated it as 

Staphylococcus polymyositicus. And also lsHIHARA (1955) noted that staphylococci 

isolated from suppurative foci such as furuncle, carbuncle, osteom:-・elitic and myositic 

lesions, had charactHistic genetically－白x:edtissue-affinities and cell chemical pio＇.ムト
ties; and gave a pluralistic explanation for the tissue-affinities of di百erentpathogenic 

strains of staphylococci. 

According to recent genetic biochemical studies, the metabolic process 1~f the 
bacterium, or the enzymatic structure which determines the character of metabolism 

does not permanent!¥・ remain stable, hut undergoes peculiar changes under the 

influences of nutrition supply and other environmental factors, and it is possible 

for these changes to be genetically fixed. Accepting this new view, MASAKI, a 

member of our laboratory, subcultured successive］~· one and the 胡 mestrain of 

staphylococci in the media, added either with rabbit skeletal muscle extract or with 
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rabbit bone marrow extract, and succeeded in producing the strains whose enzymo・
chemical. properties were respectivcl:.' similar to those of the so-called myo・and
osteo・strains. He further d川口℃clthat these strains, when used in animal experi-
ments, respectively caused h’pical myositis and osteomyelitis. DocuRA, enlarging 
the above view, divided the alkaline phosphatase of the bone-marro＇九r-adapted,and 
the osteomyelitis strain into apo・andco-enzyme, and discovered that the apo-enz：，・m

was activated with the addition of the co・enzymeof the bone marrow extract, and 
likewise noted that the activation of the A TPase of the muscle-adapted and the 
myositis strain occurred through the addition of the muscle extract. MAEDA, noting 
that adapted and pathogenic strains possessed increased lecithinase activity, and 
that the addition of tissue extracts to the respective media of these strains caused 
increased ind,uction of P32 into R:¥ .A fraction of the staphylococcus, emphasized that 
the tissue affinity of the staph~·lococcus depended to a large extent on tissue che-
mical environment and the formation by adapted and pathogenic strains of adaptive 
enzymes for skeletal muscle or bone marrow. On the other hand, Funw ARA noted 
that p:auvic acid splitting enzyme activity, especially pyruvic deh~·drogenase activity 
was increased in the muscle『 adaptedand the myositis strain; and that the vitamin 
B1 deficiency brought on quantitative increase of intramuscular l】yruvicacid; and 
he used these two experimental results to explain the fact that the skeletal muscle 
tissue of the vitamin B1 deficient individual was a more favourable environment 
for the growth of myostrains. These researchers regarded the above-mention凶
increased enzymatic activities as due to enzymatic adaptation; they tried to clarify 
the tissue-affinity of the staphylococcus monistically. 

Man~’ papers have been published on the changes of amino acid metabolism in 
penicillin-resistant strains (BELLAMY and KLIMEK, 1947; GALE and RoowELL, 1948), 
and in strains adapted to specific materials added to media. As HIRANO, an asso・
ciate of the present author, has stated, it is quite reasonable to suppose that the 
amino acid metabolism, or the p1叫einmetabolism of the bacterium stands in close 
relationship with its organ-affinit ~· ・ MASAKI, DocuRA, MAEDA and Funw ARA had 
produced strains of staphylococci adapted to tissue extract人 butthe present author 
and HIRANO tried to obtain from purified form m~·osi n, a wincipal protein constit-
uent of muscle, as a first step to the clarification of adaptation material. When 
myosin was ob句inecl,it was used for gradual replacement of amino acids in the 
medium. Staphγlococcus aureus, F. D.λ. 209-P strain was then subcultured succes-
sivel）’ in this myosin-containing medium to change it into the m~·osin-adapted strain. 
For the purpose of ascertaining the nature of the staph~· lococcal tissue-affinity, this 
myosin-adapted strain was investigated for the behaYior in amino acid metabolism 
together . with DocuRA and MAEDA’s muscle-and bone-marrow-adapted日trainsand 
pathogemc strains isolated from clinical cases. 

EXPERII¥IENT I. P人PERCHROMATOCR人PIIICλLINYESTIG ATION 
OF STAPHYLOCOCCAL入l¥IINOACII > MET 1¥BOLISM 

Paper chromatography was used for the sci℃ening of staph~’ lococcal amino acid 
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metabolism. This method ma~’ be used for investigation of 

(1) Amino acid composition of bacterial protein, 

(2) Free amino acid composition in the bacterial metabolic pool, 

(3) Free amino acids in various tissues and organs, and 

(4) Increase or decrease of the amount of amino acids in the synthetic medi-
um following bacterial growth. 

In the investigation of (1) it is difficult to detect fine di百erencesof experim-

ental results, while in those of (2) and (3) the purification and comparison of test 

materials are I叫 hertroublesome, and so in・ this experiment ( 4) was mainlyァ inves-
tigated. 

CHAPTER l. FREE AMINO ACIDS I~ RABBIT SKELETAL 

MUSCLEλND BONE MARROW 

Q. N. MYRVIK and R. N. WmssER (1955) reported that fresh muscle and bone 

marrow extracts contained bactericidin which exerted mild inhibiting effects on 

S~l(,I?_hylococcal growth, but according to Fu11w ARA, Staphylococcus aureus can grow 
in fresh tissue extracts without anγaddition of nutrition from the outside，自rst,in 

the degree of suitabilit~＇ for growth the muscle extract, and then second, the bone 

marrow and the skin extract. 

Such a heterotrophic bacterium as the staphylococcus has an exacting demand 

for amino acids ; it needs them for the synthesis of protein and enzymes ; and so 
even if bactericidin is taken out of consideration, proper amounts of amino acids 

must be contained in tissue extracts in which staphylococcal growth is possible. 

On the other hand, if staphylococcal tissue-a市nityis related with free amino acids 

of tissue, it may rightlyγbe supposed that free amino acid composition varies with 

di町erenttissues. In the following exp巳i・imentthe muscle and the bone marrow 

we1℃ comparatively examined for free amino acid composition. 

I. Materials and Methods 
Rabbits weighing 0.6 1.5 kg were used. The experimental animal, after being 

bled to death by severing 人.carotis, was immediately placed in ice, and 10 g of 

thigh muscle, and 5 g of thigh bone marrow were surgically taken from it. Because. 

inorganic and organic salts, sugars, soluble protein and other colloidal substances 

contained in these tissues made it impossible to achieve sufficient separation of 
amino acids in pap:::r chromatography, their condensed extracts were not readily 

utilizable as test material. Deproteinization and desalination were necessary before 

they ＇＇℃re put to experimental use. 
(a) Deproteinization. 10 g of muscle kept cold in ice was added to 5 times as 

much absolute alcohol, and then homogenized, being kept cold all the while, in a 

Wai・ingblender. After bεing boiled for several minutes it was centrifuged, and the 

supernatant wぉ heatedat 70°C to volatilize alcohol. The condensed material was 

dissolved Iη’ adding 30 cc of distilled water. 0.3 g of activated charcoal powder w’as 

then mixed up ＼＼℃ll with it. The solution obtained by its白ltrationwas desalinated 

l斗’ theprocedure which will be described later. Activated charcoal powder was 
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used to remove colloidal subs同nces; colloids damage the function of ion exchange 

resin, and impede the paper-chromatographical investigation. 

人sfor bone marrow, 5 g added to the same amount of sea sand, and 5 times 

as much absolute alcohol, was triturated in a mortar, and after being boiled for 

several minutes it was centrifuged. Colloidal substances were removed from the 

supernatant with activated charcoal powder. 

(b) Desalination. The deproteinized solution still contains organic and inorga-

nic ions, and sugars which impede the separation of amino acids in paper chroma-

tography. Therefore, ion exchange resin, Amberlite IR-120 (ORGANo) was us凶 to

remove them. Glass cotton was put on the bottom of a permutit tube, and the 

tube was stu古edwith 5 g of Amberlite IR-120 wet and swollen with 20cc of distil-

led water, leaving no room for air bubbles. Following this procedure, 50 cc of a 

2 N HCl solution was passed through the tube at the rate of 1.5 cc per minute so 

as to make resin of H type. The HCl still attached to resin was washed awa)' 

with about 20 cc of distilled water. As soon as the pH of the outflow became 5, 

the test solution was passed at the rate of 1.5 cc per minute. Most of amin~acids, 

and :-.Ja + were thus fixed by resin. Though mostly all other organic acids, inorganic 

negative ions and sugars passed through, about 20 cc of distilled water was used to 

wash away some remaining portions. ・when 50 cc of a 2 N ammonia solution was 

passed at the rate of 2-3 cc per minute, the fixed amino acids were freed from 
resin, and flowed out. B~’ the above procedures, such inorganic positive ions as Na• 
mostly remained unfreed, when using such a strong acid ion exchange resin as 

Amberlite IR-120. ( 'aution should be exercised never to let air bubbles into resin. 

The presence or not of amino acids in solutions passed through resin was ascertai・ 

ned bγusing ninhydrin. The solution obtained b~· passing a 2 N ammonia solution 

was desiccated IJ~· decompression, and used as test material. 

(c) Paper ChromatographJア andDevelopment of Test Material. 

(1) Placing of Test Material on Paper. A part of the desiccated test material 

was dissolved in 0.2 cc of distilled water, and 同’ usinga micropipette, a certain 

fixぽlamount was dropped on a sheet of Toyo filter par〕巴rNo. 50 40 cm×40 cm in 

size at the point 6 cm×6 cm from a corner. During this procedure the sheet was 

dried by heated air from below, to keep the spread of the spot within 0.5 cm. 

(2) Development was done after the two dimensional ascending method. In 

the one-dimensional method the test material was developed at 25 C for 30 hours 

with a phenol solution containing a 0.1 % ammonia solution at the rate of 20 %, 
and then sufficiently dried. 

As a developing solvent for the two dimensional method, a mixed solution of 
butanol, distilled water, and glacial acetic acid (4: 2: 1) wa日 used. The test 

material was developed at 25°C for 24 hours along the direction at a right angle 

to that of the one-dimensional method. The tip of sol＼＇じ 11tpermeation wa日 ah＼初日

marked, whether the one-dimensional or the t ¥¥'O・dimensionalmethod was used. 

(3) Readings of Results. The developed filter paper, after being sufficient!)・ 

dried, was sprayed with a 0.2 % ninhYclrin solution of water-saturated butanol, and 
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again dried in the air. When heated at 90°-100°C for 10 minuteへeachamino 

acid showed its own peculiar color at its place of development. The i<icntification 

of amino acids was chiefly based on their rates of flow (Rf : migration distance of 

solute from origin/permeation distance of solvent from origin). The tone of color 

was also taken into account. Results were checked bγthe simultaneous development 

of puri白edamino acids. The fading of color began 2 days later. Those which had 

showed large Rf's, exhibited a tendency to fade rapidlγ． 
(4) Quantitative Measurement of Amino Acid日. Quantitative measurement 

by paper chromatography includes the follmYing methods: 

( i) Conversion from the minimum detected quantity, 

(ii) Measurement of the area of the spot, 

(iii) Use of the densitometer, and 

(iv) Colorimetrγon the extracted materials from paper chromatogram. 

The procedures of (i) and (iv) are very inconvenient and troublesome when 

man~· materials are comparatively tested, and the same is true with the method 

of (iii) when the two dimensional method is used.人民 K.B. FISCHER (1948) and 

others reported, the area of the developed spot is proportional to the logarithm of 

a solute concentration. Though the error of 2-10 % is said to be unavoidable, the 
method of (ii), namely, spot-area measurement is fairly dependable in comparative 

tests, and so it was used in this experiment. 

The present author found that the above-mentioned proportional relationship 

existed in the majority of cases, but with regard to glutamic acid, tn・ptophane, 

aspartic acid, proline, and phenylalanine, the spot area tended to increase paraboli-

cally with the increase of concentration after the latter had reached a certain level 

(Fig. 1 2). Quantitative measurement, however, waぉ conductedon these amino 

Fig. 1 Relations between the logarithm of a solute concentration and the 
area of its developed spot on paper chromatography. 
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Fig. 2 Relations between the logarithm of a solute concentration and the 

area of its develope1! spot on paper chromatography. 
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acids, too, referring to their parabolic curves. The spot was demarcated f~om the 

back of filter paper, and measured b:" a planimeter. 

Table 1 Free amino acids in rabbit skeletal muscle and bone-marrow. 

bone-marrow 

－
ub

一

一

L民

一

c
o
η
L
r
a

e

一5
一
一
5

4

2

u

u
一
一

n
一

一

a
一

叫

一
切

－

3

5

J

M

一一2

一；一：

ー
副
訂
一
1

1

i

l

l

－

同

－W
ご

a

一vu
－
一

一d

－

e

一0
『

1

n

2

Y

3

一b～
－

M
・

山

ド

山

川

2

川

町
山
一

「

犯

釦

K

e

m

m

b

同国一

一一川

口
・
犯

m

m

A
唱

1

e

E

m

品

凶

A
U

．b二
氾
一

E

・1
司

直

・

川

E

X
－

m
e
w川

n

n

凶

E
h
、
，

ω

二
日
一
・

M

M

M
伽

m
m
m
・
m

m

m
－m
a刷
出
－

m
・

印

刷

・

川

町

仰

・

川

I

一一
n

月
山

T

P

U

W
U
3
r

m
J川

d
，U

T
叶

U

Z

U

E

E

児

y
創

同

一一，
m
－
q
u目
配

U
凶
－
W
仙

川

副

h
o
r
m－
W

M
創

刊

m
－
胞
が
い
u
r
ω

一一

副

一

T
ム
円
、
u

4.2 9 

2 

1.6 2.5 

5 4 

2 

33.6 47.8 

o.6 kg I 1.5勾

5.1 

5.8 

10.6 

9.3 

8.4 

8.4 

10.3 

16.6 

5.1 5 

5 

0.8 

4 6.4 

10.8 4 

56.5 59.1 

I SuR叩 AS

J medium 

）
 

n
ζ
u
 

l
 

v

’
 

rE、

4

0

8

8

8

5

0

9

7

0

1

5

7

9

8

7

7

1

0

0

川
町

今

ι

口
d
Q
d

ヲ
t

R

d

p

b

a

u

’a
A
噌

戸

b
n
U

マa
q

J

Q

υ

A
宅

T
A

河
川

『

u

a

q

Q

M

4

4

4

t

A

9

0

 



EXl'ERIMENTAL STUDY ON THE l'ATHOGENESIS OF POLYMYり日！TIS 249 

Il・ Re,;ults and Summar~， (Table 1) (Fig. 3-4) 

The amount of amino acid,; di汀cr.::dto some cleg1℃εrunning parallel with the 

n℃ight of experimental animals. The bone marrow extract contained a,;partic acid, 

glutamic acid and leucine in larger quantities than the muscle extract did, but the 

iatter had more of threonine，β－alanine and a-amino-n-but≫1・ic acid. Thus, the 

muscle extract did not necessaril~＇ contain amino acids in larger quantities than 

other tissue extracts. As Fu11w ARA reported, the muscle extract is most favourable 

for staphylococcal growth, ・but this fact, as mentioned above, is unexplainable h＞’ 

mere quantitative di汀erencesof amino acids between this extract and other tissue 

extracts. This problem demands more careful consideration. It is considered that 

not only quantities of amino acid日， butalso the problem concerning the correlation-

ship between their mutual antagonism and the tissue-a伍nityof the staphγlococcus 

should be investigated more full＞・ inthe future : valine is said to inhibit the utili-

zation of leucine and threonine (GLADSTONE: 1939), glycine, serine，β－alanine, and 

threonine that of alanine (SNELL and GmRARD: 1943); and threonine that of serine 

(MEINKE and HALLAND : 1948). 

Compared with the SuRGALLA’s amino acidめntheticmedium, the muscle and 

the bone marrow extract contain free amino acids in by far smaller quantities, but 

it is to be noted that the muscle and the bone marrow extract contain such amino 

acids as are not in the SuRGALLA’s medium ; that is, the former has serine, threo・

nine，β－alanine, andα－amino-n・butyricacid; and the latter serine. 

CH人PTER2. 人l¥II:¥'OACIDS FORMED THROUGH RESOLCTIO:--; 

OF MYOSIN BY MY OSI I¥ －人DλPTED,COI¥TROL, MYOSITIS 

AND OSTEOMYELITIS STRAINS 

In bacterial growth the protease actiYity is a p1℃requisite to the synthesis of 

bacterial protein, and closely connected with bacterial vitalitγ. The staphylococcus 

absolutely needs some amino acids, and so it ma＞’ be assumed that it first utilizes 

free tissue amino acids when it invades the host, and then by resolving tissue 

protein, secures essential amino acids. While the varietγand quantities of free 

tissue amino acids van・ with each tissue, as mentioned in Chapter 1, we might be 

able to suppose the higher the tissue-affinity of pathogenic strains are, the more 

their tissue protein-splitting enzyme increase. 

MASAKI and KATAOKA reported that the caseinase and peptonase activities of 

tissue-adapted strains were activated b,¥・ adding respective tissue-extracts, but the，＼ア

did not ascertain what component of tissue extracts this activating e百ccthad. 1主S

there is a relationship bctw司ccnenzymatic activit,¥・ an【1protein structu n 

ceivable that a bacterium白ndssome pr叫 einsmore easily r句esolval】lethan others. 

When two kinds of bacteria with different enz.¥・matic activities are respectively 

cultured on a substrate easil,¥・ resolvable b,¥' one of them, amino acids thereb,¥・ formed 

will ha＼℃ a di町erentcomposition in each case. In the following experiment m,¥・osin 

was used as substrate, and subjected to the protease activities of variou日 strainsof 

staphylococci; and the present author tried to determine the nature of staphγlococ『
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cal tissue-affinit~， by investigating the composition of amino acids formed by each 

strain. 

I. Materials 

(a) Casa-Amino Acid Semi-S~＇ nthetic Medium (Table 3). With refer~nce to 

the SuRGALLA’s amino acid s~·nthetic medium (Table 2), lacking amino acids and 

salts were added to this medium. To prevent denaturation of the ingredients, the 

medium wasぉterilizedin an autoclave by heating at 120°C for 10 minute~ under 

atmospheric pressure. The aseptic condition of the medium was further coJ!firmed 

after incubation at 37°C for 24 hours. 

Table 2 SuR<>ALLA’s synthetic medium (1947). 

KH2P04 4.536 g 

glucose 2.250 g 

L旬arginine-HCI 1.909 g 

L-proline 0.411 g 

glycine 0.378 g 

Mg-SO，・7H20 20 mg 

L-cystin巴 24 mg 

FeS04(NH4)2S04・6H20 14.5 mg 

DL-alanine 59 mg 

DL-pheny !alanine 41 皿g

DL-valine 78 mg 

L目asparticacid 98 mg 

(b) Enz~·mes 

(1) Production of Myosin-Adap-

ted, and the Control strain. Myosin 

was obtained, and purified from rab-

bit skeletal muscles after SzENT-GYoR-

GI’S KI method (1951). Amino acids 

and salts were removed b? dialysis. 

On the other hand, amino acids were 

gradually withdrawn from the casa-

amino acid semi-eynthetic medium wh-

ich contained, beside号 amino acids, 

L】glutamicacid 

L-histidine 

L-oxyproline 

L-leucine 

L-lysine-HCI 

DL-methionine 

L-tryptophane 

L-tyrosin巴

nicotinic acid 

vitamin B1 

Aq. dest. 

98 mg 

57 mg 

87 mg 

87 mg 

55 mg 

37 mg 

10 略

45‘mg 

1.23略

33.4 y 

1000 cc 

pH 7.5 

Table 3 Casa-amino acid semi-synthetic 
medium 

casa-amino acid (NtssAN) 

tryptophane 

cystine 

nicotinic acid 

vitamin B1 

KH2P04 

MgS04・7H20
FeS04(NH4)2S04・6H20

7 g 

10 mg 

24 皿g

1.23略

33.4 y 

4..536g 

20 mg 

14.5 mg 

sugars, vitamins and salts ; and ins- glucose 2.25 g 

tead a solution of puri白edmy川 inwas Aq. dest. 1000 cc 

added to prepare synthetic media pH 1.5 

c?n叫1ing myosin in graded quantities. Staphylococcus aureus, F. D. A. 209・p

町 am, was s取山iredsuccessivアely in these media to change it into the 町アosin-

adapted st.~ain. The strain subcultured in the original casa乱 rr
thetic medium was used as contr、ol.

(Z)_ Production of Enzymes. It seemed desirable to use casa-amino acid sen:ii-

synthetic media for this purpose, but from the need of obtaining large quantities 
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of staphylococci, the myosin-adapted, the control, the myositis and the osteomyelitis 

straかwerecultured in broth agar media. It was taken for granted that the 

aquired enzymatic system was genetically-fixed. 

Staphylococci, after being cultured at 37℃ for 24 hours, were washed three 

times with an isotonic saline solution, and collected. One volume was suspended in 

5 volumes of an isotonic saline solution, and toluol was placed on this suspension. 
Staphylococcal suspension autodigested at 37°C for 48 hours were used as enzyme 
material. 

(c) Myosin Substrate Solution. Myosin was dissolved at the rate of 2 % in 
Sp RENSEN’s phosphate bu百ersolution consisting of 2 volumes of M/15 KH・PO; and 

8 volumes of M/15 Na・HP01. The pH of the solution was adjusted to 7.5. 

Il・ Methods 

2 cc of the enzyme suspension was added to 10 cc of 2 % myosin substrate 
solution. Immediately after the addition, 5 cc of this mixed solution was withdr-

awn. The remaining solution, after toluol had been placed ori it, wa日 incubatedat 
37°C.,for 24 hours, and 5 cc of this solution was again withdrawn as test material. 

The bu汀ersolution added with the enzyme suspension was used as control. Depro-

teiniz拭ion,detection of amino acids and other procedures were carried out, as 
described in Chapter l. 

][. Results (Table 4) (Fig. 5-8) 

Table 4 Amino acids formed through resolution of myosin by myosin"adapted. 
control. myositis. and osteomyelitis strains. 

a：：孟ょ寸竺 I~；~~~：批判 myositis str・ain I 詰~~:;1yelitis I… 
serme 
glycine 
threonine 
alanine 

~－alanine 

伊 amino-n・butyricacid 
valine (methionine) 
pheny !alanine 
pro line 
argmme 
histidine 
total 

5.4 

4 12 

4.4 6 

7 4.2 

2.4 

2.4 2.4 

4.2 6.4 

4.8 5.8 

74 88 

9 

6 6.2 

4 

113...! 182目9

3.3 

7.1 

2 

6 

3.1 

5 

4.4 

0.1 

4
‘

FD 

8

7

4

 
戸、u

3.8 

20 

3.1 

94.9 57.1 

() /0.25g) 

Generally-speaking, the myosin-adapted, and the myositis strain showed a 

vigorous myosinase activity. The production of aspartic acid, glutamic acid, and 

phenylalanine was more marked with the myositis strain than with other strains. 

‘'Serine and threonine, of which more mention will be made later, were produced in 

・larger quantities by myostrains, namely, myosin-adapted and myositis strains. 
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As to the osteomyelitis strain, its production of α－amino守1・but~Tic acid was 

proportiona telγlarger, while that of threonine was smaller, as compared with other 

strains. It wa日 conspicuousthat the control strain harcll~· produced these amino 

acids. The osteomyelitis and the myositis strain produced alanine and β－alanine in 

on］~· small quantities. 
In nearl ~’ all the cases the quantities of amino acids produced from myosin by 

the experimental strains showed correspondence with the myosinase activities of 

these strains as measured by HIRANO ; only with the m~·osin『adapted and the myか

sitis日trainthis correspondence failed. This is clue to the fact that the method of 

formol titration used h)・ HIRANO gives the number of severed peptide-bonds, but does 

not neccssaril,¥・ measure the quantities of im)ducec1 amino acids. 

CH".¥PTER 3. l"'fILI7..¥TION OF人l¥IINOACIDS I;..; SYNTHETIC 

MEDIA BYλD人PTED，ぐO:¥TROLAl¥Ll PλTHOGENIC 

STRAI:¥S 

It ma.¥ be assumed from the nature of tissue-affinih-that the altered enzvm-

a tic町メtcm of tissue-adapted strains and pathogenic strains "・ill neces回 rilycause 

alterations in the metabolic process of amino acids. In the following experiment 

certain fixed quantities of sta1〕h；，・lococciof each strain were cultured in 日ynthetic

media of same kind, and changes in the amino acid composition of the medium 

¥¥'ere paper-chromatographically investigated. 

I. Materials 

(a) Casa－λmi noλcid Semi-Synthetic Medium. ＂アithreference to the SuRGAL・

LA's S,¥・nthetic medium lacking amino acids and salts were added to this medium. 

(b) Test Strains. The mγosin-aclapted strain ; DoGURA and MAEDA’s muscle-

and bone-marrow-adapted strains; and the mvositis and the osteomyelitis strain. 

H・ Methods 

Staphylococci cultured at 37。Cfor 24 hours in m刈－aminoacid semi-synthetic 

media ＼＼’ere again inoculated into scm i－町・ntheticmedia in 0.1 mg/cc quantities, and 

incubated at 37°C. The media we1℃日hakenwell at certain intervals. 4 cc and 2.5 

cc of culture media m℃l℃ res1】ectivcl¥aseptically withdrawn. The 4 cc was used as 

test material for growth measurement h,¥・ electrocolorimetric nephelometry, while 

the 2.5 cc was used for paper-chromatographical investigation of amino acids, the 

procedures of u’hich are clescribe<l in Chapter 1. 

fil. Results and Summan' 

(a) ( ；，・＜mthCun℃（Fig. 9). The carbuncle, the ost仁0111.¥clitis and the myositis 

strain showed a ve1・yacti¥'cどrnwth,in comparislln with the mother strain, F. D. 

A. 209・P,the control and the adaptccl strains originating from the mother strain. 

The myosin-adapted strain had a shorter maximum 片Lationar~· phase than other 

strain, ancl staphylococci lJclon只ingto this strain rapid！~· decreased in number during 
the logm・ythmicdeath phase. 

With pathogenic strains and the mother strain the maximum stationar~· phase 
ranged from the 14th hour to the 18th following the inoculation, but with adapted 
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Fig. 9 Growth curves of each pathogenic and tissue-adapted strain 

in the casa-amino acid semi-synthetic medium. 
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Fig,' 23 Utilizations of serin巴 inthe casa-

amino acid semi-synthetic media by 

each strain of staphylococci. 
A. myosin-adapted strain 
B. control strain 
C. muscle-adapted strain 
D. bone-marrow-adapted strain 
E. F. D. A. 209-P mother strain 
F. osteomyelitis strain 
G. myositis strain 
1. 14 hr・s.after inoculation 
2. 24 hrs. after inoculation 

6 

1. myosin-adapted strain 

2. control strain 
3. muscle-adapt巴dstrain 
4. bone-marrow-adapted strain 

5. carbuncle strain 
6. osteomyelitis strain 
7. F. D. A. 209-P strain 

8. myositis strain 

25 hours 

6 

Fig. 24 Utilizations of threonine in the casa-

amino acid semi-synthetic media by each 

strain of staphylococci. 
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and control strains from the 9th hour to the 14th. This fact partially r 

varied degree of adaptation which adar】tecland control strains have attained to the 

casa-amino acidト；emi刊，ntheticmedium. 

(b) Consumption or decrease of amino acids in the medium was rather similar 

with each strain. But the myosin-adapted strain showed a higher utilization of 

serine and threonine than the control strain (Fig. 11, 13, 15). This tendency 

increased running parallel with the number of subculture (Fig. 16-19). It was also 

strong in muscle司 adaptedand m刊誌itis strains (Fig. 20), but 、notnoticeable in加nか
marr 司；－a【1apted,osteomyeliti日， controland mother‘strains (Fig. 10, 12, 14, 21-24) ． 

With rn.rnsin-, muscle-, and bone”marrow-adapted, and m~·ositis strains, the spot 

ofα－amino-n-lmtyric acid enlarged 

with the elapse of time, but with 

mother, osteomyelitis and control str-

ains, the appearance of rr-amino-n-

but:-・1・icacid was hardly noted (Fig. 

25). It was also interesting to note 

that on the ¥¥・hole, the decrease of 

threonine ¥1・c11t in parallel with the 

increase ofα－amino司 n・butyricacid. 

LIEN and GREENBERG (1953) show-

ed the formation of α司 keto bu t~Tic 

acid andα－amino-n白 butyricacid from 

threonine b~’ hepatic threonine-dehy【ト

rase of rat. As this process seemed 

to have something to do with the 

above fact, the serine-and threonine-

deh>・d1 a日e activities of each strain 

were investigated in Experiment IT. 

threonine 

CHJ CH3 CH.1 

CHOR -H"O （‘II CH" 
一一一一一＋

ぐNH＂ 一→CIINHコ （司 了 ト~H

COOR COOR COOR 

Fig. 25 Productfons of o:-amino-n-butyric 
acid in the casa-amir:io acid semi-syn・

th巴ticmedia by each ・ ~train of staphy-
locccci. 
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CHAPTER 4. THE EFFECTS OF氏日IU:¥'E,THREONINE. AND 
((-

:¥IYOSIN-,¥DλPTED，λND THE iぐ0:¥TIU>LSTRAIN 

In the P悶 edingcha此rit was山口11that the 町 osin-a仰 tedstrain actively 

tilize~l serine ~nd threom同 and prod附 d insteadα－amim-n-butvric acid. The 

fo 1J () ¥¥'111 g叫 enmentmぉco州 ctedto ascertain the e仔ectsor seri九threm巾 eand 
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α－amino-n-butyric acid upon the growth of the myosin-adapted strain and the 
control strain. 

I. ~aterials and Methods 

By eliminating glycine which seems to have much to de> with serine and thre-
onine, the SuRGALLA’s amino acid synthetic media were remade into new media 
whose ingredients are shown in the Fig. 26. Staphylococci were inoculated into the 
media in 0.1 mg/cc quantities, and the growth curves of the myosin-adapted and 
the control strain were drawn. The degree of growth was indicated b~· the rate of 
optical density so that the e百ectsof media on growth might be known in detail. 

Il. Results and Summary (Fig. 26) 
In the case of elimination of glycine from the SuRGA~A’s medium the myo・

sin-adapもedstrain, when serine and threonine was added, kept g:fowing, and more-
over, sh9wed mild multiplication, but the control strain not only 1>howed no growth, 
but also・ gradually decreased in number. The e町ectofα－amino-n-but~Tic acid was 
not appi;eciable, but strictly speaking, 

Fig. 26 Effects of serine. threonine. and 
this acid回 emedto possess, if a川， a ヱamino-n-bt均ricaciq on the growth of 
vcr~· fe~ble growth-inhibiting action. the myosin-a<lapted. a~d the control stra-
The addition of glycine had a quick, in in th巴宇minoacid z包yntheticmedia. 

. s. ( St:RUALLA‘s amino acid s;nthetic 
remarkable promoting effect on sta- n閣叫1111

phylococcal growth, especially on the 2. s. -glycine +,serine' 
growth of the myosin-adapted stra~n. 3田 S.-glycine+ threon!ne 

4. S. -glycine+ :x-amino-n-butyri 
The foregoing results seem . to 5. s. ・glycine+serine+ threonine 

preclude any relationship of trans:fer 6. s. +serine 
7. S. +thre 

between glycine and serine, but at an~· 8. s. +serine+ threonine 
rate it ma~· be concluded that the 9. S. + :x-amino-n-butyric acid 
m~·osin-.adapted strain has developed JO. S. +serine+ threonine+ :x-amino-n-

butyric acid 
the enzymatic system which can rea- rm。x
dily utilize glycine, serine and threo- 。p(icaldens均一一一叩山－adaptedstr山

nme. 

These growth-curves show that 

MEINKE’S so-called serine-threonine an-
tagonism is nearly non-existent in the 

myosin~adapted and the control strain. 

CHAPTER 5. THE EFFECTS 
OF ATP ON THE META-

BOLISM OF AMINO ACIDS 
CONTAINED IN THE ME・
DIUM OF Eλ（、H STRAIN 

OcHoA stated that λTP pla~ · ccl 

an important role in the s~· nthesis of 
protein as a carrier of amino acids. 
DoGuRA, a member of our laboratory, 
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noting that the ATPase activity of the muscle-adapted strain increased with the 

addition of the muscle extract, argued that the tissue-affinity’of this strain had a 

close bearing on the m~·osin-;¥ TPase s~·stcm peculiar to the skeletal muscle. MASAKI, 

on the other hand, reported that staph>・lococcal growth was accelerated in the 

medium containing ATP in proper concentration. It is, therefore, natural to sup-

pose that ATP, when added to the medium in proper concentration, will have some 

kind of e古田ton the metabolism of amino acids in the staph>・lococcus. The follow-

ing experiment was carried ・out under this supposition. 

I. Materials and Methods 

ATP-Na ＂・山 added to 50 cc of casa-amino acid semi-synthetic medium at the 

rate of 0.05 % (growth-promoting concentration, as shown lり・MASAKI). This me-

dium was incubated at 37°C for 24 hours, and ascertained to be aseptic. Staphy-

lococci of each strain was then inoculated into the medium in 0.1 mg/cc quantities. 

Changes in amino acid composition occurring with staphylococcal growth were 

investigated in the same w則前 describedin Chapter 3. 

JI. Results 

In place of bouillon, media in MASAKI’s experiment, casa-amino acid semi-syn-

thetic media were used. Conti川下 toexperimental results obtained b＞’ MASAKI, the 

addition of 人TPl】rolongedthe time from the growth phase to the maximum 

stationary phase with each strain, and seemed rather to inhibit staphylococcal 

growth. On ！~・ with the myosin-adapted strain was this prolongation of time a little 

shorter (Fig'."9). 

Kext, the effect of ATP on the efficiency of amino acid metabolism was papeト

chromatographically investigated. In Cllapte1・3serine and threonine were shown 

to be most im・olvecl in metabolic changes. In this experiment ATP had a rather 

inhibiting e町ecton the utilization of serine by m~·osin-adapted, muscle-adapted and 

myositis strain, but on the contrnr~· ， a promoting effect on the 回 meby加除

marrow-adapted and osteomyclitis strains. As to the utilization of threonine, ATP 

nearl.¥・ alwa ~·s promoted it，むpcciall~· that by’ myosin-adapted，加ne-marrow-adapted,

and o山omy~＿litis strain. へTP凶 heri出 bitedthe forn叫 ionof α－amino-n-b向山
acid (Fig. 23・ 25). 

It is clear from th~ foregoing results that 1¥TP does not alwa~’日 promote the 

amino acid metabolism of tissue-adapted strains; and that its action varies with 

each amino acid. In this experiment, contrai下 toMAsAKI's report，人TPwas found 

to act rather inhibitingly on staphylococcal g-rnwth. As it is, the significance of 

ATP in the amino acid metabolism is still clouded in obscurit:,, and its clarification 
is left for future investigations. 

EXPERIMENT JI. THE SERINE-AND THREONINE-DEHYDRASE 

λCTIYITIES OF EACH STR.¥IN 

By the paper-chromatographical screening test of the amino acid metabolism 

~f the staphylococcus it was ascertainPd that the metabolism of serine and threon・ 

me was partially connected with staphylococcal afnnity for skeletal muscle. In this 
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connection the present author was aware of the fact that serine and threonine, both 

belonging toβ－hydroxyamino acid, were not essential amino acids of staphylococci, 

and condueted the following experiment on serine-and threonine-dehydrase. By the 

wa~·. the existence of this kind of dehydrase is now established in Neurospora 

(YANOFSKY & REISSIG 1952, 1953) and Escherichia coli (DAVID & ESMOND 1952) 

OH NH-・ NH" 
I I - - H20 I - NH.1 

R-CH-CH-COOH一一一一一→ R--CH C COOH - 叩一→ R-CH2-COCOOH 
一 十HcO

J. Material 

(a) Substrate. DL-serine, DL-threonine (RIKEN) 

(b) Coenzyme. Pyridoxine ( aderoxine ・ ・ ・ ・ ・・So附 EBODCo.) 

(c) Test strains. The myosin-, muscle-and bone-marr.ow-adapted strain; the 

control strain; the myositis, osteomyelitis and carbuncle strain; :and the F. D. A. 

209-P mother strain. 

(d) Enzyme Sources. It seemed desirable to use casa-amino acid semi-s~·n

thetic media for this purpose, as for subculture, but as a large quantity of staph~－ － 

lococci was needed, broth agar media were used instead. It was taken for granted 

that the adaptive enzymes were genetically－白xed. Staphylococcci cultured at 37。c
for 24 hours werf' collected, and washed three times with icy distilled water. One 

volume was suspended in five volumes of icy distilled water. This bacterial sus-

pension was put to experimental u田 asan enzyme solution. 

(e) 0.1 M sodium pyrophosphate bu百ersolution. 

(f) Reagents for the quantitati¥・e measurement of pyruvic acid. 

( i) 10% trichloracetic acid solutio11 (chemical pure). 

(ii) xγlol (chemical pure) . 

(iii) 2% dinitrophenylhγdrazin (DNP-reagent）.人 quantityof 0.5 g of 2,4-

dinitrophenylhydrazin was added to 100 cc of a 2 N' HCI solution, and dissolved b~· 

heating in a reflux condenser. 

(iv) 10% sodium carbonate solution. 

(v) 4 N NaOH. 

(vi) Sodium pyruvate. 

Il・ Methods 
With reference to YANOFSKY’s method, the reaction mixture was prepared by 

mixing together 1 cc of 6×10-2 M DL-serine (or 3 × 10－ ~ M DL-threonine), lOy of 

PYI・idoxine,0.5 cc of a 0.1 l¥I sodium pyrophosphate bu町ersohltion, and 4 cc of 

enzyme suspension. This reaction solution was adjusted to have pH 10, and incub-

ated at 37°C for 1.5 hour日. Five cc of a 10 % trichloracetic acjd n’as then added 

to the same amount of this reaction solution to arrest the pro:gress of reaction. 

After centrifugation and deproteinization 8 cc of the supcrnat加 twas withdrawn, 

and the quantities of pyrll¥γate and keto butyrate were measured after the FRIED-

MANN-HAUG到－Sm:-vuzu’smethod. ,¥ solution consisting of W・ridoxineand substrate 

(1), and the enz;,・me suspension (2) concurrent！；，’ incubated as control. The control 

value was deducted from the total reaction value. 
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The quantitative measurement of pyruvate and keto butyrate was done as 

follows: The supernatant 8 cc in volume placed in a warm bath at 25°C is add銅

to 0.7 cc of DNP reagent, and after reaction had been allowed to take place for 5 

minutes, further added to 8 cc of x:;Jol. Air is sent through a capillary tu加 into

the supernatant, which is then shaken actively for 3 minutes. B~’ centrifugation 

the supernatant is divided into two la::cr日. The lower layer being eliminated, the 

upper xylol layer is washed three times with distilled water, and added with 3 cc 

of distilled water. The pH of the water layer is adjusted to 2-3 by the addition 

of HCl, followed h:.・ storage in a refrigerator for 24 hours. Subsequent procedures 

are the removal of the water la~℃r, the addition of 6 cc of a 10% sodium carbonate 

solution, sending of q.ir through a capillar~’ tube, and active shaking for 3 minutes, 

and centrifugation into two la~·crs. , ¥ fter all these procedures, 5 cc of the water 

lalyer is withdrawn, and added to 2 cc of a 4 N NaOH solution. The developing 

color is quantitatively measured within 5-20 minutes, using BECKMANN’s photoelec-

tric colorimeter with a wave length of 4 70 mμ. 

P~Tuvic acid and α－keto hut~Tic acid we1・C confirmed as such with paper chro-

matography. That is, the test material previously treated with DNP reagent was 

aclclecl to 10 cc of eth~·l acetate, and abstructecl b~· aeration. After removal of water 

la:-・er, ethyl acetate was volatilized by decompression. The test material thus con” 

densed was placed on a sheet of Toyo filter paper No. 50 at the site previously 

bedaubed with a N /100 hposphate bu首位 solutionof pH 7.2. Water-saturated buta-

nol solution was used as solvent for development. Purified materials were similarly 

Fig 27 PH and DL-serine-dehydrase activity 
of the myosin-adapted strain. 
reaction time 30 minutes, bacterial amount 
0.4 g, temperature 37°C 

pyruvic 
acid (11') 

io.s 

、Y

3. 5 

。
9. 2 I 9.6 10.0 lo. 2 ll 戸

・3.5 

developed, and their RF’s studied for 

the sake of checking up on experi-

mental results. 

Fig. 28 PH and DL-threonine-dehydrase 
activity of the myosin-adapted strain. 
reaction time 1.5 hours, bacterial 
amount 0.5 g, temperatur、巴 37c 

<1.-ket。butyric
acid Cr) 

10 

5 

／＼ 
。

9.2 9.6 lo.o lo.• 同
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IlI. Results 

(a) Optimum pH (Fig. 27-28). Woon and GuNsALUs (1949) reported that 

the optimum pH for the L-serine-and L-threonine-de包minaseof Escherichia coli 

羽＇as7.8. DAvm and EsMoNn, noting that the optimum pH for D-serine-ehydrase 

of the same was 8.0, stated that these might be two different enzymes. YANOFSKY 

(1952) (1953) reported th,11t the optimum pH for the D-serine-deh;yァdraseof Neu-

rospora was 8.2, while that for the L-serine-and L-threonine~dehydrase was 9:2. 

In this experiment it was ascertained that the optimum pH for deamin'ation of 
DL-serine was 9.6 10.2 in the c出 eof the myosin-adapted strain. 

Fig. 29 Reaction time and DL帽serine-dehy-
drase activity of the myosin-adapt吋
strain. 
bacterial amount 0.4 g, pH 10, 

temperature 37℃ 

24 
ョ，

Fig. 30 DL-serine-d巴hydraseactivities of each 
strain of staphylococci. 
bacterial amount lg; pH 10, temperature 
37℃， reaction time 1.5 hours 
A. myosin-adapted strain, B. muscle-adapted 
strain, C. bone-marrow-adapted strain, D. 
control strain, E. myositis strain, F. osteo-
myelitis strain, G. carbuncle strain, H.F. D. 
A. 209-P mother strain 
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(b) Reaction Time (Fig. 29). Prolongation of reaction time increased the 

quantity of isolated mァruvate. In this experiment, the reaction time being fixed部

1.5 hours, the enzymatic activity of each strain was comparatively examined. 

(c) The DL-serine-dehydrase activity of the myosin-adapted strain varied a 
little with each generation, but it was increased throughout all the generation, 

compared with that of the control strain (Table 5). 

(d) The muscle”adapted, the myosin-adapted, and the myositis strain possessed 

Table 5 DL-serine dehydrase activity of the myosin-adapt巴dstrain in each generation. 
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a higher serine-dehydrase activitγ，and produced l〕~Tuvate in definitely larger quan-

tities than other strains (Fig. 30). 

In short, serine-dehydrase activit¥ ＇＇’as experimentally proved to var~· with 

strains, while on the other hand, no clear di百erencesamong strains were noted in 

threonine-dehydrase activity (Table 6). 

Table 6 DL-threonine dehydrase acti、ityof each strain. 

一一宮cncratwn－～～ stra111 

19 

29 

myosin-adapted strain I control strain myositis strain 

-6 2.5 

11 1.5 

:x-keto butyric acid ｛〕）

15.5 

EXPERIMENT fil. SERI:¥E-TRANS人＂＇.＼ II.：＼入SB.-.¥CTIVITY OF 

EACH STRAIN 

CHAPTER 1. PAPER-CHROMATOGR.¥l》HIC'.1¥LINVESTIGATION 

OF SERINE CONSUMPTION AND 人L,¥NINEPRODUCTION 

In Experiment I it was shown that serine and threonine, both belonging to 

fj-hyclroxyamino acid, were reacli ！ ~ － utilizable b~’ myostrains ; and in Experiment Il 
that myostrains possessed high serine-dehydrase activit~· . In view of these facts 'it 

is easily conceivable that I〕~TL日· i c acid is activcl>・ produced from serine. If the 

reverse of the above reaction were to be proved possible, OzA w A's vitamin B1 defi-

cicnc ；＼・ them·~－ on the occurrence of myositis would obtain a partial, if not complete, 

vindication from the possibility of s~· nthesis of bacterial protein from p~Tuvic acid. 

But so far such a revers巴 reactionhas not b巴endemonstrated. 

When bacterial growth or the synthesis of bacterial protein is a subject of 

inquirγ，the synthesis of essential amino acids necessarily comes into question. 

SALLACH (1955) demonstrated in animal tissue the existence of transaminase whose 

formula is given in-the following. 

h円lrox~－p~Tuvic
acid alanine 
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This serine-transaminase is capable of s~·nthetizing alanine from p~-ruvic acid 
and serine. Alanine, b~－ the wa>・, is an amino acid indisp::msable to si日phylococcal

~l・り1dh ・ and as for p~Tuγic acid, Fu11w ARA showed that it n’a-.; pi出三11t in skeletal 

muscle in particular!>・ large quantities, and incrcm℃d in quantit>・ in the case of 

vitamin B1 deficiency. The following experiment n’a日instituted,as it 11’a日considered

that comparison among strains in the activitγof scri ne-transaminase was impor包nt

not onlγin clarifying the nature of' skektal-musclc-alli11it.1・ of mrnstrains, but also 

in understanding the correlationship bミtweenour liHcdl・≫ on the paU10gξnesis of 

pu l ~ － m~・os iti日， and Oz Aw A's vitamin B, deficiency them≫-. 
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I. Materials 

(a) Enzymes. Staphylococci of various strains were cultured in broth agar 

media at 37°C for 24 hours, and washed three times with ・an isotonic saline solution. 

(b) SpRENSEN’s phosphate bu町ersolution (pH 7. 6). 

(c) 0.2 M sodium i1yruvate solution. 

(cl) 0.2 M serine solution. 

(e) P~Tidoxine. 

Il・ Methods 
A mixed solution consisting of 1 g of enzyme, 3.5 cc of phosphate bu町ersolu-

tion, 1 cc of a 0.2 M sodium pyruvate solution, 1 cc of 0.2 M serine solution, and 

20γof pyridoxine was prepared, and 

its pH was adjusted to 7.6. Paper-

chroma togra phical investigations were 

carried out immediatel:yア after the 

making of this solution, aud 24 hours 

after its incubation at 37°C, using 

the procedures described in Experi-

ment J. 
A control solution was prepared 

by mixing together enzymes, phosph-

ate bu宵ersolution and pyridoxine. 

][. Results (Fig. 31 32) 

Myostrains such as myosin-adap-

ted and myositis strains showed a 

large production of alanine. The pro・

duction of alanine on the part of the 

control strain was also large, but not 

so large as in the above case. On the 

other hand, the decrease of serine was 

more marked with the control strain 

than with myostrains. 

Fig. 31 Serine廿 ansaminaseactivities (pro-
ductions of alanine) of the myosin-ada-
pted strain. myositis strain, and control 
strain. 
A. myosin-adapted strain. B. myositis 
strain, C. control strain 
pH 7ふ temperature37°C, reaction time 
12 hours, bacterial amount Jg 
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CHAPTER 2. THE EFFECTS OF SERINE, ALANINE, PYRUVIC 

ACID, AND PYRIDOXINE ON THE GROWTH OF MYOSIN-

ADAPTED AND CONTROL STRAINS, VIE羽TEDFROM THE 

STANDPOINT OF SERINE-DEHYDRASE AND -TRANSAMINASE 

The increased serine-dch>・d i刊，：； and -transaminase activities on the part of 

myostrains were sho・wn in the preceding experiments. The following experiment 

was instituted to investigate the effects of serine, alanine, pyruvic acid and pyrido-

xine on the growth of mγostrains and control strains. 

I. Materials and Methods 

Alanine was removed from SuRGALLA’S s~＇nthetic media, and in its stead, serine, 

alanine, pyruvic acid, and l】~Tidoxine, coenzyme of dehyclrase and transaminase, were 
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respectively added at the ratio given in the Figure 33. Staphylococci of each strain 

were inoculated in these media in 0.1 mg/cc quantities, and their growth was 

comparative！.＇’ studied. 

Il. Results (Fig., 33) and Summar~ア

The addition of alanine alone promoted the growth of both the myosin-adapted 

and the control strain, especiallγof the f'01・!11Cl・. Serine inhibited the growth of the 

control strain in some degree, but rather promoted that of the myosin-adapted 

strain. . ¥s for pyridoxine, it had growth-promoting e仔ectson the both strains. The 

addition of serine and Jl.＇・ri山氏inehad no marked effects on the control strain, bnt 

remarkabl.'・ accelerated the grmγth of the myosin-adapted strain. Sodium pyruvate 

induced the growth of the both strains, but its growth-promoting effects did not 

differ so much from those of alanine, serine and pγridoxine. The active growth of 

the myosin-adapted strain in the basic medium seemed to be due to the effects of 

glycine, as mentioned in Chapter 4, Experiment I. 

Fig. 33 Effects of serine, alanine, mTuvic aci<l. and pyridoxine on the growth 
of the myosin-adapted and control strain，、iewedfrom the standpoint of 
serine-dehy.~rase and -transaminase. 
L s. (Sl!RllALLA’s amino acid synthetic medium from which alanine was 

removedJ 
2. S. +alanine 1 0.002:¥1), 3. S. +serine 10.002:¥11 
4. S. + pyridoxine (20y /cc), 5. S. +alanine (0.002 l¥i 1 +pyruvic acid (0.005M) 
6. S.+serin巴（0.002M) +pyruvic acid (0.005 M 1 
I. S. + serine(0.002 :¥1) + p~·ru、 ic acid (0.005 l¥1) + pyridoxine 120; /cc) 
8. S. +serine (0.002 l¥11 + pyridoxine (20) /cc) 
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In the preceding experiment alanine, serine, and pyridoxi11e were ascertained 

t~ favor the growth of the myosir dapted strain ; in ever.'・ case the growth of this 

strain was remarkably fostcrcrl in comparison with that of the control strain・ This
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fact corresponds with the increased serine-dehyァdraseactivit~ ， of the myosin-adapted 

strain. 

The addition of s0dium mTuvate in combination nァiths::rine, alanine, and pyri-

'doxil1e acted accelerating！~· upon the grow仕1of the both strains to nearly the same 

degree. Under the present experimental conditions the experimental results obtained 

were not pεrfectly in accord with the altered pyruvic dεh~＇clrogenase (Funw ARA) 

and serine-transaminase activities of these strains. 

DISCUSSION 

In the above experiments the myosin-adapted, the muscle-adapted and the 

myositis strain were ascertained to be capable of ready utilization of serine and 

threonine, and to possess a highly-developed enzymatic sy計 em,namely, increased 

serine-(or threonine-) dehydrase and serine-transaminase activities. 

As identical enzymes can work for both resolution and synthesis, it may be 

supp部 edthat the reverse enzymatic reaction, namely, production of serine from 

pyruvate, is going on during the growing process of adapted strains. This reaction 

has a deep significance for the synthesis of bacterial protein, and further for the 

bacterial growth. Even if such a reverse reaction is in reality non-existent, the 

bacterium growing in the medium may still be considered to possess such reaction 

process as threonine－今α－ketobutyric acid→α－amino-n-butyric acid, b巴causea large 

production ofα－amino-rトbutyric acid was paper-chromatographicallyア demonstrated

in spite of the relatively weak threonine-dehyclrase activitJ’ revealed in the quanti-

tative measurement of keto acid. In the experiment on staphylococcal growth, 

however，α－amino-n-butyric acid exerted no appreciable e古田tson myostrains and 

the control strain, and so this acid may be considered to have little significance for 

the synthesis of bacterial protein. 

JANOFSKY stated that serine-dehydrase was identical with threonine-dehydrase. 

If both of these enzymes are real!~’ analogic, the reaction process (serine→pyruvate 

→alanine) is theoretically possible. As alanine is an amino acid indispensable to 

staphylococcal growth, the development of such a reaction process is very meaning-

ful for staphylococcal growth and tissue-affinity. In this connection the present 

author carried out investigations into serine-transaminase first reported by SALLACIむ

and discovered that myostrains possesssd a highly-increased transaminase activity. 

LIEN and GREENBERG (1952) reported on the reaction process (threonine－令α－

amino-n占utyricacid), and stated that this process included two stages of reaction, 

name！~.， deamination and transamination. 

Fu11w ARA stated that in clarifying the frequent occurrence of myositis in the 

vitamin B1 deficient individuals impor旬 nceshould be attached to the accumulation 

of pyruvate in skeletal muscle clue to such deficiency and the increased pyruvic 

acid splitting enzyme activities, especially pyrmァicdehydrogenase activity of the 

muscle司 adaptedstrain. 

In the present investigation rn＞’ostrains have b2en ascertained to possess increa-

s巴dserine-dehyclrase and -transaminase activities, and the mアnthesisof alanine from 
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p~TU\'ate has also been con白rmed. It is therefore considered that skeletal muscle, 

especially in a vitamin Bi de白denc::condition, a百ordmyostrains an environment 

quite suited for the s~·nthc~山 of amino acids, or protein. This consideration con・

nects OzA w A's vitamin B1 de白ciencytheory on the occurrence of myositis with our 

muscle adaptation theory. 

The investigation of the composition of the amino acids produced through 

resolution of m~·osin h;: each strain has shown that myostrains produce serine and 

threonine in larger quantities than other strains. This fact is worth a s戸cial

attention, for this larger production on the part of myostrains is due to their ori-

ginal stronger tissue『 affinityin which serine-dehydrase and -transaminase activities 

are not ~·ct involved. 

Although the change of serine into trJアptophane,methionine and glycine was 

confirmed in Neurospora and Escherichia coli, it is said not to occur in the staphy-

lococcus. It seems nccessar~· ， hmγever, in order to determine whether or not these 

reaction processes exist, to recheck by using tissue-adapted strains. 

Fig. 34 Enzymatic system which connects the vitamin B1 deficiency 

theory with the muscle-adaptation theory. 

serine pyruvic acid 

CHOR CH3 
とHNH3 竺！？！？空~x~~竺－→ CO serine-transaminase ( + NH4) 
1 (the present author) 1 (the present author) 
COOR COOR 

↓ pyruvic dehydrogenase 

co~ 十 CR3COOR (Funw ARA) 

coxc、LCSION'S

alanine 

CR3 

CRNHs 

COOH 

The present author’s co-workers have so far ascertained that the affinity of 

the staphylococcus for skeletal muscle is related not only with its peculiar enzymatic 

structure, but also with chemical environmental factors of tissue such as myosin・ 

ATPase s>・stcm, and ATP; and that 叫 川inin particular has an important signi-

凸cance as a staphylococcal protein source. The present author, using various 

strains of staphylococci, conducted paper-chromatographical investigations chiefly 

concerning the relation between amino acid metabolism and muscle-affinity, and 
obtained the following results. 

(1) Free amino acid compositions in rabbit skeletal muscle. and bone日marrow
were i1川日ti乞atee 

！凡ut円・ic~cid in large quan 
and leucme. 

(2) Th: composition of amino acids prod附 dthrough the resolving of myosin 

!J~· each日tramwa日.im℃日tigated. The m>・ositis and the myosin-adapted strain pos-

sess high enzymatic actiYit~·. The~· also produce serine and threonine in large 

quantities. As for the osteomyelitis strain, it producesα－amino司 n・JmtHicacid in a 

relatively large quantity, though its production of threonine is small.也 Thecontrol 
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strain produces serine, threonine and rr-amino-n-but：γric acid only in small quantities. 
_ (3) The utilization of amino acids in the synthetic medium b~， each strain 

was investigated. The m~·osin-adapted, the muscle-adapted and the myo日itisstrain 

utilize s巴rineand threonine particularly well, and in turn produceα－amino-n-lmtyric 

acid in a large quantity. 

(4) With the addition of serine or threonine the myosin-adaptecl strain shows 

a mild growth and multiplication in the glycine司 freeSuRGALLA’s s~·nthetic medium. 

Staphylococci of the control strain, on the contrar~· ， decrease in number, and gra-

dually disappear. The addition of gl｝アcineinduces an excellent growth, especially 
of the myosin同 adaptedstrain. 

(5) ATP exerts rather inhibiting e百ectson the growth of each strain. It 

田 emsto inhibit the utilization of serine b~’ myostrains. On the contrary, the uti-

lization of threonine, especially by osteostrains, is promoted b~’ it. 

(6) The myosin-adaptβd, the muscle-adapted and the myositis strain possess 

father increased serine-dehydrase activity, in comparison with other strains. As for 

threonine-dehydrase activity, it does not vary so much with strains. 

(7) The myosin-adapted, and the myositis strain possess increased serine-tran-

回 minaseactivity, and accordingly produce alanine in large quantity. 

(8）羽Thenalanine, serine, or pyridoxine is added to the SuRGALLA’s synthetic 
medium from which alanine has been removed, the myosin-aclapted strain always 

shows a marked growth, in comparison with the control strain. The addition of 
sodium pyruvate in combination with alanine, serine or pyricloxine acts accelerating-

ly on the growth of the both strains to nearl｝ア thesame degree. 

In short, it has been ascertained in the present investigation that the myositis 

strain as well as the muscle-and the m~＇osin『adapted strain is engaged in active 
utilization of serine and干threonine;and that their serine-dehydrase and -transaminase 
activities are increased. In other words, strains of staphylococci with muscle-affin-

ity, namely, myostrains such as muscle-adapted, myosin-adapted and myositis 

strain&,have :been experimentally demonstrated to possess a well-developed enzymatic 

system, and accordingl~’ to be capable of producing p~Tm·ate from serine, and 
utilizing・ pyruvate and serine for the s:rnthesis of alanine indispensable to staphylo-

coccal growth. This experimental result indicates the possibility of the utilization 

by. these strains of pyru四 tecontained in large quantities in skeletal muscle, espe-

cially in vitamin B1 deficiency condition, for the synthesis of amino acids needed 

for growth and building of bacterial protein. The present investigation has thus 

revealed an interesting fact which connects OZA w A’s vitamin Bi deficienc~’ theory 

on the occurrence of myositis with our muscle adaptation theory. 

The author wishes to express sincere gratitude to Dr. Korcm IsaroAm, the instructor of our clinic, 
for .many valuable suggestions and criticism throughout the present investigation. 
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Part I. Paper chromatog-rams of free amino acids in rabbit skeletal muscle and bone-marrow. 

1. aspartic acid. 2. glutamic acid. 3. s巴rine. 3’glycine, I. threonine, 5. alanine. 5’． 
戸－alanine, G. histidine, 7. arginine, 8. cx-amino-n-butyric acid, 9. praline, 10. valine and 

methionine, 11. phenylalanine and leucine 

Fig. 3: Skel巴ta!muscle. 

Fig. 4 : Bone marrow. 

Part II. Paper chromatograms of amino acids formed through resolution of myosin by the 

myosin-adapted. control. myositis and osteomyelitis strains. 
Fi耳.5 : By myositis strain 

F1芦 6: By myosin-adapted strain 
Fig. 7 : B~· control strain. 

Fig. 8 : By osteomyelitis strain. 

Part Ill. Paper chromatograms of amino acids in svnthetic media in which tis3ue-adapted, 

control and patho色、enicstrains ¥¥'C're cultured. 

Fig. 10 : Control strain <the 19th generation 1 cultured for O hour. 

Fig. 11 : :¥Iyusin-aclaptocl strain (the 19th広enerationI cultured for 0 hour. 

Fi巨 12: Control strain 1 the 19th generation 1 cultured for 18 hours. 

Fig. 13: Myosin-adapterl strain 1 the 19th generation 1 cultured for 18 hours 

I♂l広 14: Control strnin I th巴 19thgeneration 1 cultur、巴dfor 28 hours. 

Fig. 15: Myosin-adapted strain (the 19th且・enerationJ cultured for 28 hours 

Fi丘二 16 : Control strain (the 29th generation 1 cultur巴dfor 25 hours. 

Fig. 17 : Myosin-adapted strain (th巴 29th広enerationJ cultured for 25 hours. 

Fig. 18 : Control strain (the 40th generation 1 cultur巴dfor 25 hours. 

Fig. 19・：＼Iyosin-adapt刷 istrain (the 40th阜、enerationI cultured for 25 hours. 
ドip;20 : :¥Iyositi只 straincultured for 21 hours. 

Fi広.21 : Osteomyelitis strain cultured for 21 hours. 

Fig. 22 : Bone-marrow-adapted strain cultured for 21 hours. 
Part IV 

Fig., 32 : Pa~巴r chr~matogram showed serin巴 consumptionand alanin巴 prod町 tion by s巴rine-
transammase of myosin-adaptecl. myositis and control strain. 
~： alanine, 2. serine, A. pure amino acid (alanine and Sfc'ri附 1. B. control reaction <O hour), 
l main reaction (0 hour), D. control reaction (12 hoursl, E. main reaction (12 hours). 
Corn: control strain (the 19th generation 1 
:¥I:--," myosin-adapted strain (the 19th I'：・enerationI 
:¥Iyo:-;it : myr出 iliメメtrain ~ 
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和文抄録

多発性筋炎ならびに骨髄炎の成因に関する実験的研究

（病原菌のアミノ酸代謝よりみた横紋筋親和性，とくに

横紋筋適応説とビタミンB1欠乏説〔小沢〕との関連に

ついて

京都大学医学部外科学教室第2講座（指導：青柳安誠教授）

西 野

急性化膿性筋炎3 急性感染性骨髄炎はしばしば多発

的に発生するが，この際病原ブドウ球菌がひとたび横

紋筋または骨髄をおかすと，つ ずいて各菌はそれぞれ

横紋筋または骨髄のみを撰択的に順次おかすことがし

られている．この機作を解明するために，さきに教室

真先は同一菌株から出発したブドウ球粛を上記各組織

浸出液を加えた培地に継代培養しP それぞれの組織に

対して親和性を有する適応菌を作製することに成功し

た．しかも この適応蔚は実験とは別に品川：的に筋炎或

は骨髄炎の患者の炎症巣から直接分離されたみ記九三F.f,j

と類似した酵素構造を有するように受fじすることを明

らかにした．そしてさらに，教室土倉，前回は横紋筋

の有する：＼Iyosin-ATPase系の化学的環境ーが，横紋

筋親和性を有する菌株の発育に対して大きな意味をも

っていることを指摘した．また教室藤原は筋組織親和

性を獲得した菌株てi；焦性ブドウ酸分解酵素能がとく

に允r隻していること η またピタミンB1欠乏の際には

焦性ブドウ酸が特に筋肉内に蓄積される こ とを証明

しp ピタミンB1欠乏動物の筋組織はp 筋組織親和性を

有するl込！株に社して，より好適な発育環境ーとなり うる

ものであると結論しp 小沢の筋炎ピタミンB1欠乏説の

妥当性を強調した．

ところで以上の真先，土倉3 前回p 藤原等一連の実

験においてはy 上記作組織浸出液についてp それぞれ

の適応闘を作成した：〉勺著者はさらにその適応物質を

解明する第一段階として，筋の主要構成蛋由貿である

ミオシンを精製しp F. D. A. 209-P株を母爾株として

正 5l 

ミオ シンに対する適応菌をも作成してp 実験に供L

Tこ．

感染の前段階としてP ブドウ球菌が増殖する際I:

はp 各組織のアミノ酸，更に組織蛋白質が菌体蛋白源

として利用されることは当然考えられるが，平野はミ

オシン適応菌および筋炎起炎菌についてミオシンが実

際その菌体蛋白源として重要な意義を有することを明

らかにしたのでP 著者は各起炎菌，各適応菌について

菌発育に最も重要な意義を有するアミノ酸代謝の態度

を比較検討し，横紋筋親和性の本態を解明する為に実

験を行v＇，以下の成績を得た．

1) 家兎横紋筋および同骨髄の遊離アミノ酸組成に

関してlt＇横紋筋 では やアラニ ン．スレオニ ンおよび

rアミノーn－酪酸がp 骨髄ではアスパラギン臨 ヴルタ

ミン酸およびロイ シンが多く含まれていることを知つ

7こ．

2) 各菌株のミオ ンン分解によって生ずるアミノ酸

組成をしらべると，筋炎起炎菌およびミオシン適応菌

は旺感な分解能を示しまた筋炎起炎菌およびミオシ

ン適叱l刊ではp セリン，スレオニンの産生が多く 1骨

髄炎起炎l込iでl土スレオニンの産生が少ない割合にp •• 

アミノーn－酪酸の『J'.Q. _l： 虫、多く，対1m1~~ではセリ ノ p スレ

オニンおよびrアミノ－n－酪酸のいずれの産生も少な

いことを明らかにした．

3) 各菌株の発育に際して合成培地中のアミノ酸が

いかに利用されるかを比較検討すると， ミオシン適応

菌， fii!r I凶f，ι時i, 筋炎起炎菌などにおいてはp セリ
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ン，スレオニンがとくによく利用されており，一方ま

たrアミノーn－酪酸が多く産生されていることを認め

た．

4) Surgalla合成培地組成中のグリシンを除いた培

地においては， ミオシン適応菌はセリンまたはスレオ

ニンが加えられると一応発育して，菌も多少増加する

が，これに反して，対照菌では発育が行われないばか

りか，菌は次第に消失した． グリシンが加えられる

と，とくにミオシン適応菌は旺盛な発育を示した．

5) 各菌株の発育に対して ATPはむしろ抑制的に

作用した.myostrainにおいてはセリンの利用はAT

Pの添加によって抑制されたが，これに反してスレオ

ニンの利用は ATPの添加によって全般的に充進し，

とくに Osteostrainにおいてその程度が大であった．

6) ミオシン適応菌，筋汗適応菌および筋炎起炎菌

においてはセリン・デヒドラーゼ能が他の菌株に比べ

てかなり充進していた．これに反して，スレオニン・

デヒドラーゼ能ははっきりした変化を示さなかった．

7) ミオシン適応菌および筋炎起炎菌においてはセ

リン・トランスアミナーゼ能が対照菌に比べて充進し

ており，したがってこの反応によって生ずるアラニン

の生成量も大であった．

8) Surgalla合成培地中のアラニンを除いた培地

においては，ミオシン適応菌はアラニンP セリン，ピ

リドキシンをそれぞれ加えたときに，いずれの場合に

おいても対照菌に比べてより著明にその発育が促進さ

れた．一方焦性ブドウ酸ソーダとアラニン，セリン，

ピリドキ シン とをそれぞれ配合したときには，両菌株

の発育様相の間にはっきりした差異を認めることがで

きず，そのうえいずれに対しても発有促進的であった．

以上のようにp 筋汁適応菌， ミオシン適応菌は勿論

のこと筋炎起炎菌においてもp それらの発育に際して

はとくに培地中のセリンおよびスレオニンをよく利用

しており，一方またこれらの菌株においてはセリン・

デヒドラーゼ能およびトラ ンスア ミナーゼ能が充進し

ていることが明らかになったのである．すなわちセリ

ンより焦性ブドウ酸iをE量生し，一方焦性ブドウ酸とセ

リンよりブドウ球菌の発育に必要なアラニンを合成す

ることが可能である酵素系が，横紋筋親和性を示す菌

株p すなわち筋汁適応菌， ミオシン適応菌，筋炎起炎

菌などの myostrainにおいて冗進していることが実

証されたわけであ乙．このことiわこれらの菌株がp

横紋筋，とくにピタミンB1欠乏状態のそれにおいて多

量に含まれている焦性ブドウ酸から，その発育に必要

なアミノ酸であるアラニンを合成し，ひいては菌体蛋

白を容易に合成しうることを示しているもので，こ》

に著者は多発性筋炎の成因に関するピタミ ンB1欠乏説

（小沢）とわれわれの横紋筋適応説とをむすびつける

興味ある成績を得たものと信ずる ものである．


