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d a t a  i n d i c a t e  t h a t  p l a s m a  p h o s p h o l i p i d s  t u r n o v e r  is also 
r e t a r d e d .  

Af te r  t h e s e  e x p e r i m e n t s  were  comple ted ,  a p a p e r  
f r o m  S~EI~ a n d  STEIN ~a showed  d i rec t  e x p e r i m e n t a l  
ev idence  t h a t  m i c r o s o m a l  p h o s p h o l i p a s e  a c t i v i t y  is de- 
p ressed  in  t h e  r a t  l i ve r  a f t e r  p h e n o b a r b i t a l  t r e a t m e n t ,  
c o n f i r m i n g  t he  d a t a  of t u r n o v e r  r a t e  of HOLTZMA~ ~ a n d  
ou r  o w n  resul ts ,  in t he  sense  of a decrease  in  t h e  phospho -  
l ip id  e a t a b o l i s m  ~. 

n ' e s t  pa s  le r 6 s u l t a t  d ' u n e  a u g m e n t a t i o n  de l eu r  bio-  
s y n t h b s e  et  s emble  6tre  la  consequence  d ' u n  ra len t i s se -  
m e n t  du  ca t abo l i sme .  
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Rdsumd. Apr6s  a d m i n i s t r a t i o n  de p h 6 n o b a r b i t a t  chez  
le r a t  le r e n o u v e l l e m e n t  des  phos pho l i p i de s  m i c r o s o m i a u x  
6tudi6s p a r  d o u b l e  m a r q u a g e  14C-~2P n ' e s t  pa s  a u g m e n t 6  
a lors  que  cetui des  phos pho l i p i de s  p l a s m a t i q u e s  es t  
ra lent i .  L ' h y p e r t r o p h i e  des  m e m b r a n e s  e n d o p l a s m i q u e s  
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Mechanism of Action of Bose imyc in  

B o s e i m y c i n  i, ~, a new  s t r ep t o t h r i c i n - l i ke  an t ib io t i c ,  was  
i so la ted  f rom cu l t u r e  b r o t h  of a n  u n i d e n t i f i e d  Strepto- 
myces sp  Ace 569. I t  is e f fec t ive  aga i n s t  a n u m b e r  of 
g r a m  pos i t ive  a n d  g ra in  n e g a t i v e  bac te r i a ,  fungi  a n d  
y e a s t  in  v i t ro .  The  m e c h a n i s m  of ac t ion  of bose imyc in ,  
i n v e s t i g a t e d  w i t h  Bacillus subtilis, is r e p o r t e d  here.  

Experimental.  A ster i le  aqueous  so lu t ion  of b o s e i m y c i n  
h y d r o c h l o r i d e  was  o b t a i n e d  b y  m e m b r a n e  f i l t r a t ion .  
N u t r i e n t  m e d i u m  c o n t a i n i n g  b a c t o  pep tone ,  5 g/I; beef  
e x t r a c t  (Difco) 10 g/1 a n d  NaC1, 5 g/1 in  d i s t i l l ed  w~te r  
was  u sed  in  a l l  g r o w t h  e x p e r i m e n t s  e x c e p t i n g  t h o s e  w i t h  
r a d i o a c t i v e  precursors ,  w h e n  a s e m i s y n t h e t i c  m e d i u m  
c o n t a i n i n g  pep tone ,  2.5 g/ l ;  NaC1, 5 g/1 a n d  glucose  5 g/1 
in  d i s t i l l ed  w a t e r  was  used.  T h e  p H  of t h e  m e d i a  was  
m a i n t a i n e d  a t  7.4 before  s te r i l i sa t ion .  

F o r  g r o w t h  s tudies ,  t h e  cu l tu re  g rown o v e r n i g h t  was  
d i l u t e d  20-fold w i t h  f r e sh  m ed i um .  L iqu id  cu l tu re s  were  
i n c u b a t e d  a t  37 °C b y  ag i t a t ion .  T h e  cells were  h a r v e s t e d  
in  l o g a r i t h m i c  g r o w t h  p h a s e  ( tu rb id i ty ,  0.5 a t  600 nm) ,  
cen t r i fuged  be low 4°C, w a s h e d  twice  w i t h  0 . 0 5 M  phos-  
p h a t e  buf fe r  a n d  r e s u s p e n d e d  in  l iqu id  m e d i u m .  T h e  
cells were  i n c u b a t e d  for  90 ra in  in  t h e  m e d i u m  pr io r  to  
a n t i b i o t i c  add i t ion .  A b s o r b a n c y  was m e a s u r e d  a t  600 n m  
w i t h  a Bosch  a n d  L o m b  Spec t ron ic  co lor imeter .  V iab le  
cell c o u n t s  were  o b t a i n e d  b y  use of a s p r e a d i n g  p l a t e  
m e t h o d  on  n u t r i e n t  agar .  

Nucle ic  acids a n d  p r o t e i n  s y n t h e s e s  were d e t e r m i n e d  
on  10 m l  a l iquo t s  r e m o v e d  a t  r equ i r ed  in t e rva l s .  D N A ,  
R N A  and  p ro t e in  f r ac t ions  were o b t a i n e d  a f t e r  a modi f i ed  
SCHMIDT-THANHAUSSER 3 m e t h o d  a n d  e s t i m a t e d  colori-  
m e t r i c a l l y  b y  s t a n d a r d  d i p b e n y l a m i n e  4, orc inol  5 a n d  
LOWRY'S ~ m e t h o d s  respec t ive ly .  

Cells a t  ea r ly  l o g a r i t h m i c  p h a s e  were  used  for  t h e  
i n c o r p o r a t i o n  of l*C-lencine a n d  ca r r i e r  free a2P-phos- 
phor i c  ac id  as  p recurso r s  for  t h e  s y n t h e s e s  of ce l lu lar  
p r o t e i n  a n d  nucle ic  acids.  A l i q u o t s  were  t a k e n  a t  in te r -  
va l s  a n d  t h e  r eac t i on  was s t o p p e d  w i t h  ice-cold 5 %  
perch lo r ic  acid.  T h e  p r o t e i n  a n d  nucle ic  acids were  
f r a c t i o n a t e d  as  a b o v e  a n d  t h e  r a t e  of i n c o r p o r a t i o n  was  
expressed  as c p m  p e r  mI  of t h e  s u s p e n d e d  cu l tu re .  

Results and discussion. T h e  effec t  of b o s e i m y c i n  o n  
g rowth  a n d  m a c r o m o t e c u l a r  s y n t h e s e s  of B.  subtilis are  
shown  in F igures  1 a n d  2. I n  t h e  p resence  of 0.2 ~g /ml  
of t he  an t ib io t i c ,  t h e  t u r b i d i t y  of t h e  cu l t u r e  c o n t i n u e d  
to  increase  b u t  a t  a s l igh t ly  lower  r a t e  t h a n  t h a t  of t h e  
cont ro l .  Macromolecu la r  s y n t h e s e s  pa ra l l e led  to  t h e  
g r o w t h  of bac te r i a .  On t h e  o t h e r  h a n d ,  a n  i m m e d i a t e  

cessa t ion  of bac t e r i a l  g r o w t h  was  o b s e r v e d  a f t e r  t h e  
a d d i t i o n  of t he  a n t i b i o t i c  a t  2 ~g/ml.  P r o t e i n  s y n t h e s i s  
was  c o n c u r r e n t l y  i nh ib i t ed ,  w h i c h  could  be  co r re l a t ed  
w i t h  t h e  g r o w t h  inh ib i t i on .  D N A  a n d  R N A  s y n t h e s e s  
were  level led  off c o m p a r a t i v e l y  a t  a l a t e r  s tage.  S imi la r  
r e su l t s  were o b s e r v e d  in  a n o t h e r  se t  of e x p e r i m e n t s  whe re  
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Fig. I. Effect of boseimycin on the growth of B. subtilis. Boseimycin 
was added after 90 rain of incubation raider agitation. The dotted 
and solid lines represent changes in the viable, cell counts and 
optical density respectively. 
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Table I. Effect of boseimycin on the incorporation of l*C-leucine into cellular protein of B. subtilis 

6 4 3  

]Boseimyein 15 min 30 min 60 min 120 rain 180 min 
(~xg/ml) 

cpm/ml % I ~ cpm/ml % I ~ cpm/ml % I • cpm/ml % I= cpm]ml % I ~ 

0 55 - 140 - 262 - 465 - 787 - 
0.2 55 0 141 0 258 0 426 8 577 27 
2.0 25 55 39 71 39 85 39 91 39 95 

% I, % inhibition. 

Table II. Effect of boseimycin on the incorporation of aaP-phosphoric acid into the cellular components of B. subtilis 

Incubation Boseimycin 
time ( [xg/ml)  
(min) 

Acid soluble RNA DNA 

cpm/ml % I ~ cpm]ml % I ~ epm]ml % I ~ 

15 0 101 100 600 100 65 100 
0.2 99 98 588 98 64 98 

2 . 0  84 83 151 25 65 I00 

30 0 256 100 1154 100 151 100 
0.2 240 94 1127 98 150 100 
2.0 168 65 253 22 101 66 

60 0 684 100 2301 100 300 i00 
0.2 681 99 1813 79 296 99 
2.0 216 32 352 15 105 35 

120 0 1766 100 4308 100 608 100 
0.2 1610 91 3516 81 606 100 
2.0 268 15 554 12 104 17 

= % I, % incorporation. 
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Fig. 2. Effect of boseimycin on tile syntheses of protein and nucleic 
acids iu B. subtilis. The values are expressed as relative increase 
per unit  volume of culture to the initial amounts .  

t h e  e f f e c t  o f  b o s e i m y c i n  w a s  t e s t e d  o n  t h e  i n c o r p o r a t i o n  
of  14C-leucine  a n d  z ~ P - p h o s p h o r i c  a c i d  i n t o  p r o t e i n ,  D N A  
a n d  I ~ N A  f r a c t i o n s  i n  B .  subtil is.  A c o m p a r i s o n  o f  t h e  
r e s u l t s  g i v e n  in  T a b l e s  I a n d  I I  i n d i c a t e s  t h a t  t h e  m i n i m u m  
i n h i b i t o r y  c o n c e n t r a t i o n  l eve l  (2.0 ~ g / m l )  a f f e c t s  m o r e  
s e v e r e l y  t h e  a s s i m i l a t i o n  o f  a m i n o  ac id  t h a n  t h a t  of  
p h o s p h a t e .  

T h e  a n t i b i o t i c  w a s  f o u n d  to  c a u s e  n o  m a j o r  d a m a g e  
t o  t h e  b a c t e r i a l  cel l  w a l l  o r  cel l  m e m b r a n e  ( d e t a i l s  o f  t h e  
r e p o r t  wi l l  b e  p u b l i s h e d  e l s e w h e r e ) .  T h e  g r o w t h  k i n e t i c s  
o f  b o s e i m y e i n  t r e a t e d  ce l l s  (5 ~ g / m l  o f  b o s e i m y c i n  for  
30 ra in)  r e t u r n s  to  n o r m a l  w h e n  t h e  a n t i b i o t i c  w a s  r e m o v e d  
b y  w a s h i n g  t h e  ce l l s  w i t h  p h o s p h a t e  b u f f e r  ( 0 . 0 5 M ,  
p H  7.2). 

T h e  p r i m a r y  e f f e c t  of  b o s e i m y c i n  on  b a c t e r i a  a p p e a r s  
t o  b e  d i r e c t e d  o n  a s i t e  o r  s i t e s  c l o s e l y  a s s o c i a t e d  w i t h  
t h e  p r o t e i n  s y n t h e s i s .  F o r m a t i o n  of  D N A  a n d  R N A  a r e  
a p p r e c i a b l y  a f f e c t e d  a f t e r  30 to  60 m i n  o f  i n c u b a t i o n .  
H o w e v e r ,  t h e  a p p a r e n t  s y n t h e s i s  o f  R N A  in  t h e  e a r l y  
p h a s e  in  a b s e n c e  o f  p r o t e i n  s y n t h e s i s  m a y  b e  d u e  t o  
a c c u m u l a t i o n  o f  m - R N A  o w i n g  t o  i t s  s l o w e r  r a t e  o f  
d e g r a d a t i o n  o r  a s t i m u l a t i o n  o f  r i b o s o m a l  R N A  s y n t h e s i s  
in  a n t i b i o t i c  t r e a t e d  ce l l s  s i n c e  t h e  r a t i o  of  a m i n o - a c y l  
s - R N A / s - R N A  is i n c r e a s e d  a s  a r e s u l t  o f  i n h i b i t i o n  o f  
p r o t e i n  s y n t h e s i s .  T h e  a b o v e  r a t i o  c o n t r o l s  r i b o s o m a l  
R N A  s y n t h e s i s  in  b a c t e r i a  w a s  p r o p o s e d  b y  KURLAND 

7 C.G.  KURLAND and O. MaALOE, J. molec. Biol. ,/, 193 (1962}. 
8 t~'. GRO•, J. M. DUBERT, A. TISSlEaES, S. BOURGEOIS, M. MrCt~EL- 

SON, R. SOFFER and L. LEGAULT, Cold Spring Harb. Symp. 
quant.  Biol. 28, 299 (1963). 
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and  MAALOE ~ and  is suppo r t ed  by  the  f indings  of GROSS 
et  al. 8 in a cell-free sys tem.  

The  g r o w t h  rate,  p ro te in  and  R N A  syn theses  of B. 
subtilis, exposed  to  bose imyc in  (0.2 t~g/ml), were  a f fec ted  
keeping  D N A  syn thes i s  un impa i r ed  even dur ing  3 h of 
t r e a t m e n t .  I t  is sugges ted  t h a t  t h e  d rug  af fec ts  t h e  
t r ans l a t iona l  level of t he  p ro t e in  syn thes iz ing  sys tem.  
The  n o r m a l  g rowth  of t he  bac te r i a  res to red  i m m e d i a t e l y  
a f te r  the  r emova l  of t h e  drug  suggests  only  a t r a n s i e n t  
inh ib i t ion  of macromotecu la r  syn thes i s  r a t h e r  t h a n  any  
i r reparable  d a m a g e  caused  to  cellular componen t s .  

Zusammen/assung. U n m i t t e l b a r  nach  Zugabe  yon  
Bose imycin  zu B. subtilis werden  W a c h s t u m  und  Pro-  
t e i n syn these  ve rh inder t .  D N A  und  R N A  werden  ers t  

sp~iter becinflusst .  Die h e m m e n d e  W i r k u n g  von  Bosei-  
myc in  auf  die b e h a n d e l t e n  Zellen ist nach  ~Vaschung mi t  
P h o s p h a t p u f f e r  reversibel .  
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Widespread  Occurrence  of Inhib i tors  of M e l a n o m a  T y r o s i n a s e  in Plant  and M a m m a l i a n  T i s s u e s  

Inh ib i to r s  of ty ros inase  have  been  de t ec t ed  in  melano t ic  
m e l a n o m a s  ~-s. Pa r t i a l  pur i f ica t ion  of some o f  these  
inh ib i to rs  has  been  r epo r t ed  4. These  s tudies  have  impl ied  
t h a t  these  i nh ib i to ry  fac tors  h a v e  a l imi ted  d i s t r ibu t ion  
being r a t h e r  specific for  me lanoma .  T h e y  h a v e  also been  
cons idered  to  have  a role in regula t ing  melanogenesis .  
I t  was t h o u g h t  of in te res t  to  s t u d y  the  na tu ra l  d is t r ibu-  
t ion  of inh ib i tors  of ty ros inase  to  see w h e t h e r  t h e y  are 
specific to  m e l a n o m a  tissue.  

Materials and methods. 1316 m e l a n o m a  was  t r a n s p l a n t e d  
in C57 ]3L/6J mice as p rev ious ly  descr ibed  s. C loudman  
$91 m e l a n o m a  ob ta ined  f rom Jackson  Labora tor ies ,  Bar  
Harbor ,  was found  to  be mos t l y  amelanot ic .  This  t u m o u r  
was  m a i n t a i n e d  by  t r a n s p l a n t a t i o n  in to  D B A / 1 J  mice.  

Tyros inase  ac t iv i ty  was  d e t e r m i n e d  as p rev ious ly  
desc r ibedL  The  ma jo r  source of ty ros inase  for  these  
e x p e r i m e n t s  were  h o m o g e n a t e s  (15% p repa red  in water)  
of p rev ious ly  f rozen B16 melanoma.  Serum f rom mice 
bear ing  ]316 m e l a n o m a  and  an ex t r ac t  of m u s h r o o m  
was also used. The  t i ssue  ex t r ac t s  were  h o m o g e n a t e s  
(90% p r e p a r e d  in water) .  

Results, Table  I shows t h e  effect  of ex t rac t s  f rom a 
va r i e ty  of t issues on ty ros inase  ac t iv i ty .  I t  can  be seen 
t h a t  h o m o g e n a t e s  of liver, k idney,  spleen and  bra in  f rom 
ra t s  and  mice  inh ib i t ed  the  ty ros inase  ac t iv i ty .  This  
i nh ib i to ry  effect  var ied  f rom 20 to  70% depend ing  on 
the  t issues.  H e a t e d  e x t r ac t  of m u s h r o o m  also decreased  
the  ty ros inase  ac t iv i ty .  E x t r a c t  f rom an ame lano t i c  
C loudman  $91 m e l a n o m a  also inh ib i t ed  the  ty ros inase  
ac t iv i ty .  H i g h  concen t r a t ions  of t he  t i ssue  ex t r ac t s  
p roduced  increas ingly  grea te r  inhibi t ion .  H u m a n  sera 
and  s imi lar ly  p r e p a r ed  ex t r ac t s  f rom h u m a n  spleen,  
liver, skin,  k idney  and  b reas t  gave s imi lar  results .  

Table  I I  shows some of t h e  p roper t i e s  of t he  inh ib i to ry  
factor(s) in r a t  liver. E i t h e r  hea t ing  a t  100°C for 15 rain 
or dialysis  pa r t i a l ly  abol i shed  the  inh ib i to ry  cifect,  
whereas  when  the  e x t r a c t  was d ia lyzed and  then  hea ted ,  
the  inh ib i to ry  effect  was  absent .  S imi lar  resul ts  were 
also ob ta ined  wi th  t he  fol lowing t issues - liver, k idney,  
spleen and bra in  f rom mice and  ra ts  and  C loudman  $91 
melanoma.  These  t issues  were  also found  to  inh ib i t  
tyros inase  ac t iv i ty  of pur i f ied  m u s h r o o m  ty ros inase  
(Sigma Chemical  Labora to ry )  and  of se rum f rom mice 
bear ing B16 me lanoma .  

Discussion. The above  resul ts  d e m o n s t r a t e  t he  wide- 
spread  d i s t r ibu t ion  of inhibi tor(s)  of ty ros inase  in a 
va r i e ty  of sources. T h a t  there  is more  t h a n  one inh ib i to ry  

fac tor  is shown  by  the  obse rva t ion  t h a t  e i the r  h e a t i n g  
or dia lysis  alone only  pa r t i a l ly  decreases  t he  inh ib i to ry  
effect,  whereas  t he  c o m b i n a t i o n  of dialysis  and  hea t ing  
a lmos t  comple te ly  abol ishes  a n y  inh ib i to ry  effect.  

Table 5. Effects of extracts from various tissues on tyrosinase 
activity of B16 melanoma homogenate 

Experiment Animal Tissue Tyrosinase Decrease 
No. activity • (%) 

1 - None 18.2 
Rat Liver 7.2 60 
Rat Kidney 7.2 60 
Rat Spleen 11.2 39 
Rat Brain 6.8 62 

2 - None 15.2 - 
Mouse $91 melanoma 9.8 35 

4 - None 3.9 - 
Mouse Liver 2.6 33 
Mouse Kidney 1.2 69 
Mouse Spleen 2.9 25 
Mouse Brain 1.3 33 

5 - None 11.2 - 
Mouse Serum 6.8 39 

6 - None 19.6 - 
Mushroom Shoot 14.6 25 

7 None 15.2 36 
Mouse Cloudman 9.8 

$91 melanoma 

a nmoles of tyrosine oxidized. 
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