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The incorporation of H3-lysine into Bacillus subtilis cells ceased almost
immediately after the addition of siomycin, while the continued incorporation
of C14-uridine and of C14-thymidine into the trichloroacetic acid-insoluble

fraction of the cells was observed for at least a further 20 minutes. In bac-
terialcell free systems {Bacillus subtilis and Escherichia coli) siomycin inhibits

polyadenylic acid directed polylysine synthesis and polyuridylic acid-directed
polyphenylalanine synthesis. However, aminoacyl-transfer RNA synthesis was
hardly affected. The "soluble siomycin", monothiomalic acid-siomycin A, was

found to have an inhibitory action on bacterial protein biosynthesis, similar
to and to roughly the same extent as siomycin A. In contrast to bacterial
protein synthesis, Cu-leucine incorporation into rabbit reticulocyte hemoglobin
was not significantly decreased by the addition of siomycin. Protein biosyn-

thesis in a cell-free system from rabbit reticuloeytes was also found to be
highly resistant to this antibiotic. These results are in harmony with the

previous observation that siomycin showed little toxicity to mammals.

Siomycin was isolated from Streptomyces sioyaensis and was found to be a sulfur
containing peptide antibiotic by Nishimura et al.l) Recent study by Ebata et al.2)
indicated that the usual crude siomycin preparation contained three components (98 %
of A, 1.2-2% of B, and 0.5-1% of C). Precise study of the biological activity of

this antibiotic has been hindered owing to its slight solubility in aqueous solution.
The situation, however, seemed to be much improved by the recent invention of

water soluble siomycin derivatives, for example monothiomalic acid-siomycin A, by
Ebata et al.*>

In this study, the effect of siomycin A and a soluble siomycin (monothiomalic
acid-siomycin A) on the syntheses of macromolecules in Bacillus subtilis cells was

investigated. The results indicated that siomycin preferentially inhibits polypeptide
synthesis as compared with the biosyntheses of RNA and DNA. This inhibitory

effect on protein synthesis was also confirmed by the use of cell-free systems from
Escherichiacoli and B. subtilis. On the other hand, this antibiotic hardly showed

any inhibitory effect on hemoglobin synthesis in rabbit reticulocytes or on the protein
synthesis in the cell-free system from the reticulocytes.

Abbreviations : poly A, polyadenylic acid; poly U, polyuridylic acid.
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Methods and Materials

Incorporation of H3-lysine, C14-uridine and C14-thymidine into B. subtilis cells :
B. subtilis (PCI 219) was cultivated in the synthetic medium containing 10g glucose,

1g KH2PO4, 0.5g MgSCV7H2O, 2.5g NaCl, 1 g(NH4)2SO4, 2mg FeSO4-7H2O, 2mg MnCl2-

4H2O, and 1g tryptone per liter. To 100ml of the fresh medium, 4ml of an overnight
culturewas inoculated, then incubation with shaking at 37°C was continued until expo-
nential growth was observed. Then the cell culture was diluted with fresh medium to
give an absorbancy at 660m// of 0.1. The effect of siomycin on the incorporations of H3-
lysine and Cu-uridine or Cu-thymidine and H3-lysine was examined by the use of the
cell suspension under the conditions stated in each legend to the figures. For the measure-

ment of the incorporation of these radioactive precursors, 1ml aliquots of the culture
medium were withdrawn and added to 1ml of cold 10% TCA (trichloroacetic acid) and
kept in an ice bath for 30 minutes. The precipitate formed was collected on a Millipore
filter(HA0.45ju, 23mm in diameter), washed with 3x3ml of 5% TCA, dried, and then

counted in a liquid scintillation spectrometer with conventional toluene scintillation
mixture.

Protein synthesis in bacterial cell-free system :
Ribosomes and 105,000Xg supernatant fraction were prepared as described by Niren-

berg4). The preparations of tRNA were obtained according to von Ehrenstein and Lipmann5)
and purified by column chromatography on DEAE-cellulose6). The incubation mixture

for peptide synthesis contained the following components in a final volume of 125 jul
(^moles unless otherwise specified) : 6.25 Tris-HCl (pH 7.8), 2.0 magnesium acetate, 8.75
KC1, 1.25 2-mercaptoethanol, 0.375 ATP, 0.0375 GTP, 1.25 phosphoenol pyruvate, 3.75 jug
pyruvate kinase, 50 jug poly A (or poly U), 0.0025 (100 juC/jumole) Cu-lysine (or phenyl-

alanine), ribosomes, 105,000xg supernatant fraction and tRNA. After incubation at 37°C
for15 minutes, reaction tubes were dipped into an ice bath and 2.5 //moles of C12-amino
acid corresponding to the labelled amino acid (25 //I) was added. Aliquots of 10~30 ju\ of
the mixture were applied on paper discs and incorporation of Cu-amino acid into protein
was measured according to Mans-Novelli7). Owing to the high solubility of the lysine
peptide in TCA solution the supernatant of a 1:100 mixture of 25% aqueous sodium
tungstate solution and 5 % TCA was employed for the assay of C14-lysine incorporation in

place of 5% TCA used in other systems8). The products of polylysine synthesis were
analyzed by paper chromatography as described previously9).

Synthesis of aminoacyl tRNA :
Incubation mixture was the same as that of protein synthesis except that mRNA (poly

Aor poly U) and ribosomes were omitted. After incubation at 37°C for 15 minutes, 25
//Iof the cold amino acid (0.1m) correspond to the tracer amino acid was added, then 40
[A of the mixture was applied on a paper disc and incorporation of Cu-amino acid into
cold TCA precipitate was determined by the disc method of Mans-Novelli7) (treatment
with hot TCA was omitted). In the case of aminoacyl-tRNA synthesis from reconstituted

C14-protein hydrolyzate, 5/uC of the hydrolyzate (Schwarz) was employed in 125 ju\ of
incubation mixture instead of 2.5 juC of Cu-lysine or Cu-phenylalanine in the synthesis of
aminoacyl tRNA of these amino acids, and the mixture of C12-amino acids (0.005M for

each amino acid) was used to dilute out the radioactive amino acids after the incubation.
Incorporation of C14-leucine into rabbit reticulocyte cells :
Reticulocytes were induced in a male rabbit, weighing about 2.8 kg by four daily

subcutaneous injections of 2.5 % neutralized phenylhydrazine solution (1 ml/rabbit). Blood
was obtained by heart puncture on the 5th day. The heperinized blood was cooled to 4°C
and centrifuged for 10 minutes at 900xg, and the plasma was discarded. The packed cells
werewashed twice with 5 volume modified Godchaux-Herbert's medium10), which contained
0.011M glucose, 10~3M NaHaPQ*,.0,118M.NaCl, 4xlO-3M KC1, 10"3M CaCl2, 1.5xlO"2M
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MgCl2, 0.026M NaHCO3, 1.8xlO-*M Fe(NH4)2(SO)2, 50 units/ml penicillin G and 20 % (v/v)
rabbitserum. Incubation medium for Cu-leucine incorporation was prepared by the
omission of Fe(NHJ2(SO4)2 and rabbit serum and by the addition of Cu-leucine (0.24 juC,

160 juC/jumole) and L-amino acids other than leucine in the proportions described by
Borsook et al.n) The incorporation of C14-leucine was carried out with approximately

7.5x108 cells/ml at 37°C for 30 minutes. After the incubation period, the reaction tubes
were dipped into an ice bath and added each 0.6ml of cold saline solution, containing

0.01MC12-leucine, 0.13M NaCl, 0.0052M KC1 and 0.0075M MgCl2. The cells were separated

by centrifugation and washed with the same saline solution ; 300p\ of cold 0.005M MgCl2
solution were added to the washed cells which were then homogenized and kept in an ice
bath for 15 minutes. The cell-lyzate was centrifuged and radioactivity in the hot TCA-
insoluble fraction was assayed in an aliquot of the supernatant by the disc method ac-
cording to Mans and Novelli7). The results were expressed in the term of cpm per 100jug
hemoglobin which was calculated from the absorbancies at 540m^ assuming absorbancy

0

.885 for 0.1 % solution of hemoglobin12).

Protein synthesis in reticulocyte cell-free system :
Ribosomes and the soluble enzyme fraction (AS70) were prepared according to Allen

and Schweet13). Rat liver tRNA was prepared by the method of Rosenbaum and BrownU)
and purified by DEAE-cellulose column chromatography15). The incubation mixture con-

tained the following components in a final volume of 70[A (//moles unless otherwise
specified) : 12 jug rat liver tRNA, 5 jug pyruvate kinase, 0.05 ATP, 0.5 phosphoenol pyruvate,

0.0125GTP, 2.5 KC1, 2.5 Tris-HCl (pH 7.5), 5ju\ amino acid mixture, 0.375 MgCl2, 0.625

m^mole C14-leucine (100 //C/^mole), ribosomes (84jug protein) and AS70 enzyme (252 jug
protein). The amino acid mixture (except leucine) was a two-fold diluted solution of that
described by Borsook et al.n) The mixture was incubated at 37°C for 60 minutes, then
10ju\ of 0.1m unlabelled leucine was added. An aliquot (20ju\) of the reaction mixture
was applied on a filter disc and incorporation of C14-leucine into hot TCA-insoluble

m

aterials was assayed according to Mans and Novelli7).
Materials:
H3-Lysine, C14-uridine, C14-thymidine, C14-leucine, Cu-lysine and Cu-phenylalanine

were obtained from Schwarz Biological Research Inc. Orangeburg, N. Y. (U. S. A.). Poly
A (K salt) and GTP (Na salt) were obtained from Sigma Co., Poly U (K salt) was obtained
fromCalbiochem, Los Angeles, Calif., (U. S. A.). Siomycin and monothiomalic acid-sio-

m

ycin were kindly supplied by Dr. M. Ebata and his collaborators in this laboratory.

Results and Discussion

(1) Effect of siomycin on the incorporations of C14-uridine, H3-lysine and Cu~
thymidine into cold TCA-insoluble materials in Bacillus subtilis cells

As shown in Figs. 1^3, the incorporation of H3-lysine into B. subtilis cells was
almost completely inhibited immediately after the addition of siomycin A or its soluble

d

erivative (monothiomalic acid-siomycin A).

The incorporation of C14-thymidine and that of Cu-uridine were found to continue

for at least 20 minutes after cessation of the incorporation of 3H-lysine. Hence in

susceptible bacteria, protein biosynthesis is preferentially inhibited, as compared with

that of RNA or DNA, by monothiomalic acid-siomycin A as well as by siomycin A.

(2) Effect of siomycin on peptide synthesis in cell-free extracts from bacterial

cells
As shown in Tables 1, 2, and 3, the soluble siomycin, as well as siomycin A,

strongly inhibited the poly U-directed polyphenylalanine synthesis and poly A-directed
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Fig. 1. Effect of siomycin A on the
incorporations of Cu-uridine and
of H3-lysine.

The B. subtilis (PCI 219) cells harvested at their
exponential growth phase were resuspended to give
turbidity 0.1 at 660 niju in 12.5ml of the fresh medium
containing C^-uridine (0.5 ftC, 1.02 jraioles) and H3-
lysine (25 fxC, 0.12 //mole), then incubated at 37°C. To

one half on the incubation medium (5ml), 50[A of
dioxan solution of siomycin A (202 jtfg/ml) was added
10 minutes after the start of the incubation. At the
indicated intervals the incorporations of the radio-
active precursors were determined as described in
"MethodsandMaterials".

9, C14-Uridine; A, C14-uridine+siomycin A;
O, H3-lysine; A, H3-lysine+siomycin A.

2.5

.2.0

2 i.oI-

0.5

Fig. 2. Effect of "soluble siomycin" on
the incorporation of C14-uridine and
of H3-lysine.

Experimental conditions were the same as describ-
ed in the legend of Fig. 1 except that the water
solution of monothiomalic acid-siomycin A, in place
of siomycin A, was added to give a final concentra-
tion of 8.5 jug/ml.

O, C14-Uridine; A, C14-uridine+soluble siomycin;
O, H3-lysine; A, H3-lysine+soluble siomycin.

5.0

4.0

c 3.0
E

-2.0

1.0

10 13 !62\ 31 min.

10 13 16 21 3imin.

Table 1. Effect of siomycin A on peptide synthesis
in Escherichia coli cell-free system

polylysine synthesis in the cell-free system from E. coli and B. subtilis.
Paper chromatographic analysis of the reaction product of polylysine synthesis

demonstrated that no signi-
ficant amount of small lysine
peptide soluble in TCA-

tungstate reagent was syn-
thesized in the presence of
an excess of siomycin.

Incubation mixture (125 jul) contained 434 jug (protein, ca. 13.6 O.D.26o
units) of E. coli K-12 ribosomes, 192 jug (protein) of 105,000xg superna-
tant of E. coli K-12, and 2.8O.D.260 units of tRNA from E. coli K-12 in
addition to the components described under "Methods and Materials".Aftertheincubation, 25 ^1 of the C12-amino acid (0.1m) corresponding

to the used C14-amino acids used was added and then an aliquot (10/d)
of the mixture was applied on a disc for the assay.

aminoacyl tRNA synthesis

As shown in Table 4,
aminoacyl tRNA synthesis
was found to be very tesis-
tant to this antibiotic.

S io m y c in  A

a d d e d

JU M .

C u - L y s i n e  in c o r p o r a t i o n C 14 - P h e n y la l a n i n e  i n c o r p o -
directed  b y  P o l y  A r a t i o n  d i r e c t e d  b y  P o l y  U

c p m / d i s c c p m / d i s c

0 4 , 6 7 5  ( 1 0 0 )

2 , 5 4 7  ( 5 4 . 5 )

4 , 4 9 8  ( 1 0 0 )
2 2 7  ( 5 . 1 )

12,  4 0 7 ( 1 0 0 )
4 . 6

0
l l . 5

8 ,  9 5 8 ( 6 0 )
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From these results it may be concluded

that, in the presence of the siomycin,
aminoacyl tRNA synthesis is not inhi-
bited but a later step of the protein
synthesis of the bacterial system is
blocked.

(4) Effect of siomycin on hemoglo-

bin synthesis in reticulocytes
As shown in Table 5, siomycin

showed no inhibitory effect on the hemo-
globin synthesis in reticulocytes cells in
contrast to the protein synthesis in bac-
terial cells.

(5) Effect of siomycin on the hemo-

globin synthesis in cell-free system
Effect of this antibiotic on the hemo-

globin synthesis was also tested in a
cell-free system. As shown in Table
6, no appreciable effect of the antibiotic
was observed at a concentration where
puromycin showed a strong inhibitory

effect.
These findings demonstrated that the

protein synthesis of mammalian system,
represented by hemoglobin synthesis, was

hardly effected by this antibiotic.

Fig. 3. Effect of "soluble siomycin" on the
incorporations of Cu-thymidine and
of H3-lysine.

Experimental conditions were the same as described
in the legend to Fig. 2 except that C14-thymidine (5 fiC,

0

.207 ^mole), H3-lysine (20 j«C, 0.095 jamole) and deoxy-
adenosine 2.5 nig were added in place of the radioactive

precursors used in the experiment cited in Fig. 2.
0, C14-Thymidine; A, C14-thymidine+soluble
siomycin; O, H3-lysine; A, H3-lysine+soluble
siomycin.

5.0

4.0

3.0

2,0

1.0

. CrY

à"£/

1./
H3-Lysine +
"~--^Solu bje_s[qmycin

##**å 

10 13 16

21

3! min.

Table 2. Effect of "soluble siomycin" on
peptide synthesis in Escherichia coli
cell-free system

Incubation mixture(125 ^contained 6.0 0.D.26o units
of preincubated E. coli Q 13 ribosomes, 196 ^g (pro-
tein) of preincubated E. coli Q13 105,000xg superna-

t

ant fraction, and 3.0 O.D.26o units of E. coli Q13

tRNA in addition to the components described under
"Methods and Materials". After the incubation, 25 ^1
of the C12-amino acid (0.1m) corresponding to the
C14-amino acid used was added,and then an aliquot
(30[xY) of the mixture was applied on a disc for the
assay.

S o lu b le

s io m y c in
a d d e d

U M

P o ly A - d ir e c te d P o ly U - d ir e c te d
C 14- 1y sin e C u -p h e n y la la n in e

in c o r p o r a tio n in c o r p o r a tio n

cp m /d isc ( % ) c p m / d i s c  ( % )

0 14, 2 1 6 (1 0 0 ) 4 0 , 6 6 6 (1 0 0 )

5 1 3 , 5 6 8 (9 5 . 4 ) 3 2 , 2 7 2 I (7 9 .4 )

1 0 12, 0 2 8 (8 4 . 5 ) 14, 8 16  (3 6 . 5 )

2 0
1,  311.

(9 . 2 )
6 4 0 4 8 1  ( 1 . 6 ) ( 1 . 2)

40 1 , 1 1 6 ( 7 . 8 )

Table 3. Effect of "soluble siomycin" on
peptide synthesis in Bacillus subtilis
cell-free system

Incubation mixture(125 ,«l)contained 9.1 O.D.26o units
of preincubated B. subtilis ribosomes, 136 //g (protein)

of B. subtilis preincubated 105,000*g supernatant
fraction and 2.80.D.26o units of B. subtilis tRNA in

addition to the components described under "Methods
andMaterials". After the incubation, 25jul of non-
labelled amino acid (0.1 m) corresponding to the C14-

a

mino acid used was added, and then 30j«l of the
mixture was applied for the assay.

'Solublesiomycin"added Poly A-directedcu-1ysineincorporationcpm/disc (%)

P o ly U - d ir e c te d

C 14- p h en y la la n in e

in c o r p o r a tio n

cp m /d isc

0

2. 1

10. 4

! 蝣蝣

I

1, 7 1 0

1, 3 7 81 5 7

(1 0 0 )

(8 1 )

(9 . 2 )

5 2

2 6 0
2 2 4 2 4 9  ( 6 . 4 ) ( 7 . 2)

1 1 3

1 10

(6 . 6 )

(6 . 4 )
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Table 4. Effect of "soluble siomycin" of the synthesis of aminoacyl tRNA
Incubation mixture contained 196//g (protein) of E coli Q13 105,000xg- supernatant, 3 OOD 2eo units of

tRNA from E coh Q13, in addition to the components described under "Methods and Materials"

'Soluble siom ycin" added W A A m inoacyl-tR N A synthesis from

Reconstitutedc14-protein hydrolyzatecpm/disc (%) C u-Phenylalanine C14-L ysine

cpm/disc   ( % )

o !

8

40

����������������������������������������������������������������������������������������������

Table 5. Effect of siomycin on synthesis of hemoglobin (Hb) in rabbit reticulocytes

A n t ib io t ic s  a d d e d

C 14 - L e u c i n e  i n c o r p o r a t i o n  in t o  h e m o g l o b i n  f r a c t io n     i n  t h e  p r e s e n c e  o f

" v S o l u b l e  s i o m y c i n "

m M

E x p .  I     E x p .  I I    C y c l o h e x im i d e

c p m / 1 0 0  ju g H b  ( % ) c p m / 1 0 0 ju g  H b     c p m / 1 0 0 ju g  H b

0 1 ,  8 9 6 ���������������������������� ( 1 0 0 )

9 8 3 ( 9 6 .  5 )7 . 1 4  x  1 0 - 5 1 ,  9 8 6 ( 9 1 .  8 )

7 . 1 4  x  1 (T 4 1 ,  5 8 4 ( 9 4 .  6 ) 4 0 7 ( 3 9 .  9 )

7 . 1 4  x  1 0 - 3 1 , 9 1 3 ( 1 0 1 )      7 2 4 ( 7 1 .  1 ) 1 5 6 ( 1 5 .  3 )

7 . 1 4  x  I O - 2 1 ,  8 5 5

( 9 7 . 8 ) ' ( 8 9 . 5 )  1 , 1 0 3 1 , 0 0 1

( 1 0 8 ) 1 9 5 ( 1 9 .  1 )

7 . 1 4  x  1 0 - 1 1 ,  6 9 7 ( 9 8 .  2 ) 7 2 ( 7 .  1 )

Table 6. Effect of siomycin on protein synthesis
in the cell-free system from rabbit
reticulocytes

C 14-L eu cin e in corporation in th e
A n tib iotics presence of

add ed

m M
"Soluble siomycin"cpm/disc i%) Puromycincpm/disc w

0 2, 393 (100)

2, 3 67 (98 . 9)7. 14 x lO -5 2, 552 (107)

7. 14 x lO -4 2, 265 (94 . 7) 1, 199 (91 . 9)

7. 14 x lO "3 2, 537 (106) 984 (4 1. 1)

7 . 14 x lO -2 2 , 422 (101) 142 (5 . 9)

The results presented here are in
harmony with the fact that siomycin
is highly active against gram positive

bacteria and mycobacteria but ex-
hibits very low toxicity to mammals1).

Peptide synthesis in the cell-free

system from gram negative E. coli
was also inhibited, at a concentration
where inhibition of the growth of

the cells was hardly observed. Hence
the difference in susceptibility of

gram negative and gram positive bacteria to siomycin may be due to a difference in
factor(s) other than those contained in the protein-synthesizing system.
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