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H U ,  OHA,  AOA, a n d  S H A  were  o b t a i n e d  f rom H y n e s  
Chemica l  R e s e a r c h  Corpora t ion ,  D u r h a m ,  N.C., USA.  E .  
coli B a n d  i t s  T 4 b a c t e r i o p h a g e  were  f rom t h e  A m e r i c a n  
T y p e  Cu l tu r e  Collect ion.  Dose- response  r e l a t i onsh ip s  of  
t h e  v i r u s  to  va r i ous  c o n c e n t r a t i o n s  of e ach  c o m p o u n d  
were  assessed fo l lowing a 10 ra in  a b s o r p t i o n  i n t e r v a l  in  
s y n t h e t i c  m e d i u m  is w i t h  t h e  v i ru s  in  a 10 :1  mul t ip l i c i ty .  
U p o n  r e m o v a l  of u n a b s o r b e d  v i rus  b y  c e n t r i f u g a t i o n  a n d  
r e suspens ion  3 t imes ,  t h e  in fec ted  b a c t e r i a  were  resus-  
p e n d e d  to  t he  or ig ina l  v o l u m e  in t h e  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  each  f i l te r -s ter i l ized  c o m p o u n d .  Af te r  90 m i n  

Effects of hydroxyurea (HU), oxamyl hydroxamic acid (OHA), 
salieylhydroxamie acid (SHA), and aeetoxyoxamide (AOA) on the 
yield of Infectious T, bacteriophage from Escherichia eoli B. 

Compound Concentration (M) % inhibition 

HU 10 -5 3 
HU 10-4 13 
HU 10 -8 63 
HU 10 -2 71 

OHA 10 -s 21 
OHA I0 -4 70 
OHA I0 -s 93 
OHA 10 -2 97 

SHA 10 -s 34 
SHA 10 -4 49 
SHA 10 -3 89 
SHA 10 -~ 96 

AOA 10 -5 24 
AOA I0 ~4 33 
AOA 10 -3 43 
AOA 10 -2 95 

All values are averages of 3 experiments. 

a t  37 °C, ch lo ro fo rm was  a d d e d  a n d  t h e  t u b e s  were  s to red  
o v e r n i g h t  a t  5 °C. Fo l lowing  c e n t r i f u g a t i o n  t h e  a m o u n t  
of in fec t ious  v i ru s  in  t h e  s u p e r n a t a n t  so lu t ion  was  de t e r -  
m i n e d  b y  t h e  d o u b l e  a g a r  l aye r  t e c h n i q u e  14. P l a q u e s  
were  c o u n t e d  i n d e p e n d e n t l y  b y  2 o p e r a t o r s  a n d  t h e  
a v e r a g e  va lues  were  ca lcu la ted .  

The  T a b l e  shows t h a t  a t  10 -SM a n d  10 -4M,  OHA,  
SHA,  a n d  A O A  r e t a r d e d  v i rus  rep l i ca t ion  a n d  were some-  
w h a t  more  ac t ive  t h a n  H U .  A t  1 0 - 3 M  A O A  was  less 
ac t ive  t h a n  H U ,  b u t  t h e  3 fo rmer  c o m p o u n d s  i nduced  
95% i n h i b i t i o n  or g rea t e r  a t  1 0 - 2 M  as c o m p a r e d  w i t h  
71% i n h i b i t i o n  o b t a i n e d  w i t h  H U  a t  t h e  s ame  c o n c e n t r a -  
t ion .  O H A  was  t h e  m o s t  ac t ive  c o m p o u n d ,  y ie ld ing  70% 
i n h i b i t i o n  a t  10 -*M.  F u r t h e r  e v a l u a t i o n  of these  a g e n t s  
a n d  o t h e r  h y d r o x a m i c  ac ids  in  a v a r i e t y  of v i rus  s y s t e m s  
c o n s e q u e n t l y  seems c lear ly  i nd i ca t ed  i s  

l?dsumL L 'ac ide  o x a m y l - h y d r o x a m i q u e ,  l ' ac ide  salicyl-  
h y d r o x a m i q u e  e t  l ' a c & o x y o x a m i d e  i n h i b e n t  la r ep roduc -  
t i on  d u  b a c t 6 r i o p h a g e  T 4 d a n s  l'Escherichia colt 13. 
L ' a c t i v i t ~  de c h a c u n  de  ces compos~s  & a f t  p lus  g r a n d e  
que  celle de l ' h y d r o x y u r g e  d a n s  le m~me  sys t~me  d 'essai .  
De ce fair, une  6 v a l u a t i o n  p lus  pouss~e de  ces 3 agen t s  
a ins i  que  d ' a u t r e s  acides  h y d r o x a m i q u e s  d a n s  une  s6rie 
de sys t~mes  d 'essa i  sur  les v i rus  p a r a i t  c l a i r e m e n t  indiqu6e.  
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S o m e  A s p e c t s  o f  N o v o b i o c i n  A c t i o n  o n  Escher ich ia  coli  a n d  S t a p h y l o c o c c u s  a u r e u s  

Novobioc in ,  a n  a n t i b i o t i c  or ig ina l ly  k n o w n  as ' s t r e p t o -  
n iv ic in ' ,  was  desc r ibed  in  19561. I t  is u sua l ly  e m p l o y e d  in  
t h e  fo rm of i t s  m o n o s o d i u m  sal t ,  a n d  is a c t i v e  m a i n l y  
a g a i n s t  G r a m - p o s i t i v e  bac te r i a .  

I n  c o n t r a s t  to  t h e  m a n y  i n v e s t i g a t i o n s  ca r r ied  o u t  o n  
t h e  m e c h a n i s n l s  w h e r e b y  o t h e r  a n t i b a c t e r i a l  s u b s t a n c e s  
e x e r t  t h e i r  effect ,  r e l a t i v e l y  few r e p o r t s  h a v e  b e e n  m a d e  
as  to  t h e  e x a c t  n a t u r e  of t h e  ac t ion  of novob ioc in .  T h e  
fo l lowing are  a m o n g  t h e  effects  o b s e r v e d  in novob ioc in -  
t r e a t e d  b a c t e r i a  : (a) a n  i n h i b i t i o n  of cell wall ,  p r o t e i n  a n d  
nucle ic  ac id  syn theses* ;  (b) i n d u c t i o n  of s phe r op l a s t s  3 
(bu t  c o m p a r e  w i t h  WISHNOW et  a13); (c) a n  increase  in  
t h e  p e r m e a b i l i t y  of Escherichia coli4; (d) a n  i n t r a c e l l u l a r  
def ic iency of m a g n e s i u m  ions ~, a l t h o u g h  c o n t r a r y  evi- 
dence,  viz.  t h a t  t h e  a n t i b i o t i c  a n d  Mg ++ do n o t  f o rm  a 
complex ,  h a s  s ince b e e n  produced~,7;  (e) a n  i n h i b i t i o n  of 
deoxy r ibonuc l e i c  acid (DNA) syn thes i s  p r io r  to  a n y  in-  
h i b i t i o n  of cell wall ,  p r o t e i n  a n d  r ibonuc le ic  acid (RNA)  
s y n t h e s e s  s. 

T h e  fol lowing e x p e r i m e n t s  desc r ibe  t h e  effects  of novo-  
b ioc in  on  v i ab l e  a n d  t o t a l  c o u n t s  a n d  t u r b i d i t y  of g rowing  
a n d  n o n - g r o w i n g  cu l tu res  of E. coli NCTC 9001 a n d  
Staphylococcus aureus NCTC 6571. These  o r g a n i s m s  were 
g rown  o v e r n i g h t  a t  37 °C in  40 ml  of n u t r i e n t  b r o t h  No. 2 

a n d  n u t r i e n t  b r o t h  (bo th  f rom Oxoid  Labo ra to r i e s ,  Ltd . ,  
L o n d o n ,  E n g l a n d )  respec t ive ly .  The  cu l tu re s  were  cen t r i -  
fuged  a t  2500 r p m  for  10 rain,  t h e  s u p e r n a t a n t  f luids  
r e m o v e d ,  a n d  t h e  pe l le t s  w a s h e d  twice  in  s ter i le  wa te r .  
T h e  suspens ions  were  f ina l ly  a d j u s t e d  to  c o n t a i n  a b o u t  
108 v i a b l e  cel ls /ml.  N o v o b i o c i n  m o n o s o d i u m ,  B.P . ,  was  
p u r c h a s e d  f r o m  Merck,  S h a r p e  a n d  D o h m e ,  Ltd . ,  Hoddes -  
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don, Her t fordshire ,  England .  Wate r ,  for  use in the  pre- 
pa ra t ion  of media  and  of washed  suspensions, and as a 
d i luent  in serial d i lut ion in v iable  count ing,  was obta ined  
f rom an all-glass still. 

Fo r  the  de te rmina t ion  of m i n i m u m  inhib i tory  concen- 
t ra t ions  (m.i.c.s) of the  ant ibiot ic ,  a 0.2 ml  v o l u m e  of the  
washed  suspension was included in 10 ml  (final volume)  
of nu t r i en t  medium,  conta in ing  the  desired novobioc in  
concentra t ion,  and of f inal  p H  7.2, in McCar tney  bott les ,  
which were incuba ted  a t  37 °C for 2 days.  The  presence or  
absence of growth  was recorded,  and the  m.i.c.s de ter -  
mined :  these were 4 ~g /ml  and 5 0 0 / , g / m l  for S .  a u r e u s  
and E .  coli, respect ively .  

I n  t u rb id i t y  measurements ,  0.5 ml  vo lumes  of t he  
washed  suspensions were  incorpora ted  in 10 mI (final 
volumes)  of nu t r i en t  medium,  final  p H  7.2, con ta in ing  
the  desired final  concent ra t ion  of  t he  ant ibiot ic ,  in 
nephelos  flasks previous ly  equi l ibra ted  a t  37°C, and 
opera t ing  a t  100 osci l lat ions/min.  Subsequen t  incuba t ion  
was a t  37 °C, and tu rb id i ty  was de te rmined  wi th  the  E E L  
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Fig. 1. Effect  of novobiocin  (added a t  the  t ime  indica ted)  on  loga- 
r i t hmic  phase  E.  coil in nu t r i en t  b ro th  No. 2 a t  37°C. c o, 
novobiociu  absen t ;  I, ,,, novobiocin  1000pg /ml .  

nephe lomete r  (Evans  Etect roselenium,  Ltd. ,  Har low,  
England) .  W i t h  bo th  organisms,  there  was no increase in 
tu rb id i ty  in those  flasks conta in ing concent ra t ions  of 
novobioc in  at ,  or  above,  the  m.i.c., whereas  in control  
flasks (novobiocin absent)  t u rb id i t y  increased rapidly.  I n  
o ther  exper iments ,  the  organisms were pre - incuba ted  into 
the  logar i thmic  phase  before the  addi t ion  of the  ant i -  
biotic.  Turb id i ty  was measured  as before and the  resul ts  
are shown in Figures  1 and 2. I n  these exper iments ,  also, 
samples  were r emoved  from the  nephelos flasks when  
requi red  for (1) v iable  counts ,  using the  pour -p la te  
technique,  and an incubat ion  per iod of 48 h a t  37 °C, (2) 
to t a l  counts ,  in dupl icate ,  by  means  of a He lbe r  slide 
under  t he  phase-cont ras t  microscope ( × 400). 

~X~en novobioc in  was added  to  logar i thmic  phase  E .  
coil (Figure 1), the  t u r b i d i t y  of the  suspension cont inued  
to  increase, a l though  a t  a somewha t  reduced ra te  t h a n  the  
control  (novobiocin absent).  The  same response was 
ob ta ined  a t  h igher  (up to 4000 #g/ml)  concent ra t ions  of 
novobiocin.  However ,  this increased t u rb id i t y  was no t  
accompanied  by  an increase in v iable  numbers ;  on the  
contrary,  novobiocin  had a slow, b u t  definite,  le tha l  effect  
on the  cells (Table I). Samples  of the  cul ture  were r emoved  
before and af ter  the  addi t ion  of the  drug, and examined  
microscopical ly:  under  the  inf luence of novobioc in  the  
cells assumed a f i lamentous  shape, and this increase in 
length  would,  in t he  absence of a corresponding increase 
in viable  numbers ,  be  responsible for the  increased 
nephe lomete r  readings. 

Essent ia l ly  the  same responses were  ob ta ined  when  the  
an t ib io t ic  was added  to  logar i thmic  phase  S .  a u r e u s  in 
nu t r i en t  m e d i u m  (Figure  2, Tab le  I), excep t  t h a t  the  in- 
crease in t u rb id i t y  of t he  novobioc in - t rea ted  cul ture  would  
here p re sumab ly  be  corre la ted wi th  an  increase of cell 
d iameter ,  since f i lamentous  forms were n o t  induced in 
this organism. 

These findings suggest  tha t ,  in bo th  organisms, novo-  
biocin acts by  inhibi t ing  one type  of macromolecu la r  
synthesis,  whils t  al lowing o ther  such syntheses  to proceed.  
F u r t h e r  ev idence  was ob ta ined  by  s tudy ing  the  effect  of 
the  drug  on non-growing bac ter ia  suspended in 0 .05M 
phospha te  buffer, p H  7.2, a t  37°C, where i t  was found 
t h a t  novobiocin  was ineffect ive  agains t  such bac ter ia  
(Table II) .  Al though  i t  has been repor ted  9 t h a t  phospha te  
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Fig. 2. E l f ec t  of novobioc in  (added a t  the t ime  indicated)  on loga- 
r i t hmic  phase  S. aureus in n u t r i e n t  b ro th  a t  37 °C. o o, novo- 
biocin absen t ;  • o,  novobioein  10/~g/ml.  

Table  I .  Bac te r ic ida l  effect of novobiocin  (NB) on logar i thmic  phase  
E.  col~ and  S.  aureus a t  37 °C 

Organ i sm Min af ter  
add i t ion  
of NB 

Viable c o u n t / m l  of suspensions  t r ea t ed  wi th  
NB concent ra t ions  

0 I 0 / z g / m l  1000 /zg/ml 

E.  coli 

ll/z 2 2~fz 3 g/z 4 6~1~ 

n at 37°c 

0 2.7 × 108 
15 4.2 X 108 
30 4.8 × 108 
45 
60 7.0 X 108 

0 1.25 × l 0  s 
15 1.58 × l0 s 
30 2.3 X l0 s 
45 2.4 × 108 
60 4.25 X I0 s 

7 X l0  T 
6.5 X 107 
5.5 × 107 
4.2 × 107 
1.67 × 107 

2.7 × 10 8 
2.7 × los 
1.8 × lO s 
1.6 X lO s 
1.3 × los 

s M. L. Buss ,  K. A. LEES and  V. J .  VERGI~E, J.  Pha rm.  Pharmac .  
I / ,  150T (1959). 
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buffer  has  some effect  on  the  p o t e n c y  of novobioc in  over  
e x t e n d e d  per iods  of s torage,  it  is unl ikely  t h a t  there  is a n y  
decrease  in novobioc in  concen t r a t i on  dur ing  the  sho r t  t e s t  
per iod  (2 h) e m p l o y e d  here.  

The  to t a l  c6un t s  (Table ' I I I )  of logar i thmic  phase  
cul tures  of b o t h  E. coli and  S. aureus t r e a t ed  wi th  novo-  
biocin r ema ined  v i r tua l ly  c o n s t a n t  over  a per iod  of 2 h, 
ind ica t ing  t h a t  t he  an t ib io t ic  does no t  induce  lysis in 
e i ther  organism.  I t  is diff icult  to  corre la te  th is  f inding 

Table If. Effect of novobioein (NB) on the viability of washed 
suspensions of E. coli and S. aureus at 37 °C 

Organism Time 
(rain) 

Viable eountlml of washed suspensions 
treated with NB concentrations 

0 10/~g/ml 1000 /~g/ml 

E. coli 0 1.3 × 107 1.3 X 107 
120 1.3 × 107 1.0 × 107 

S. aureus 0 1.3 × 10 T 1.3 × 107 
120 1.3 X 107 1.0 × 107 

Table III. Effect of novobiocin (NB) on total counts of logarithmic 
phase E, coli and S. aureus at 37 °C 

Organism Min after 
addition 
of NB 

Total count/nil of suspensions treated with 
NB concentrations 

0 i0 pg/ml 1000/zglml 

E. coli 0 3.1 × l0 s 3.16× l0 s 
120 2.74× 108 2.68 × 10 s 

S. aureus 0 1.17 × l0 s 1.30 × l0 s 
120 9.1 × l0 s 1.37× I0 n 

w i th  t h a t  of HAHN 3 who showed  t h a t  novobiocin  induced  
sphe rop la s t  fo rmat ion  in E. coli. Novobioc in  did no t  in- 
duce  sphe rop las t s  in t h e  p re sen t  s t ra in  of E.  coli, and  th is  
resu l t  agrees w i th  o t h e r  f indings*. 

BROCK a0 found  t h a t  Mg ++ ions o v e r c a m e t h e  inh ib i to ry  
effects  of novobioc in  aga ins t  E. coil b u t  n o t  aga ins t  S. 
aureus. W e  h a v e  found,  in p re l iminary  exper imen t s ,  t h a t  
h igh  concen t ra t ions  of Mg ++ have  a s l ight  a l levia t ing 
effect  on novobiocin  ac t ion  aga ins t  E. coli, b u t  no t  S. 
aureus. However ,  these  expe r imen t s  also d e m o n s t r a t e d  
t h a t  f i l amentous  forms were  still induced in E. coli b y  
novobiocin  when  Mg++ ions were present .  The inf luence 
of Mg ++ on novobiocin  ac t ion  could well, therefore ,  be 
re - inves t iga ted .  

Thus,  t he  close s imi lar i ty  in response  (Figures 1, 2; 
Tables  I - I I I )  of E. coli and  S. aureus to  concen t r a t ions  of 
novobioc in  of the  order  of twice  the  m.i.c.,  sugges ts  t h a t  
th is  subs tance  has  the  same ac t ion  aga ins t  bo th  organisms.  
The  wide dif ference in sens i t iv i ty  of the  2 o rgan i sms  to  the  
an t ib io t ic  could be expla ined  in t e r m s  of differences in 
pe rmeab i l i t y  of t he  bacter ia l  cells to  novobiocin,  a l t hough  
evidence for th is  c o n t e n t i o n  m u s t  awai t  t h e  resul ts  of 
fu r the r  exper iments .  

Rdsumd. La  novobioc ine  a r endu  imposs ib le  la crois- 
sance  des o rgan ismes  Escherichia coli et  Staphylococcus 
aureus, mais  n ' a  pas  p r o d u i t  de lyse. Le  t aux  de mor ta l i td  
de ces 2 organismes  a 6td lent.  La  novobioc ine  n ' a g i t  
gu~re sur  les bact6r ies  en suspens ion  dans  l 'eau.  Nous en 
concluons  que  dans  ces 2 organismes  la novobioc ine  
emp~che la synth~se  macromol6culaire .  

A. MORRIS and  A. D. RUSSELL 
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A c t i o n  o f  C l o x a c i l l i n  a n d  N a f c i l l i n  o n  E s c h e r i c h i a  co l i  

Cloxacillin (sodium 3-o-chlorophenyl -5-methyl -4- i soxa-  
zolyl penicillin) and  nafcil l in (sodium 2 - e t h o x y - l - n a p h t h y l  
penicillin) are 2 of the  newer  penici l l ins;  b o t h  are penicil-  
l inase-stable,  are  more  ac t ive  t h a n  methic i t l in  (sodium 
2, 6 - d i m e t h o x y p h e n y l  penicillin) aga ins t  benzylpenici l l in-  
r e s i s t an t  s taphylococci ,  and  m a y  be a d m i n i s t e r e d  oral ly  
as well as b y  in jec t ion  1. 

The  mode  of ac t ion of o the r  new penici l l ins is s imilar  to  
t h a t  of benzylpenic i l l in  2-~. Differences  in sens i t iv i ty  of 
an organism to  various penicil l ins m i g h t  r ep resen t  differ-  
ences be tween  the  penicil l in molecule and  some c o m p o n e n t  
of the  bacter ia l  cell 6. Recent ly ,  WARREN and  colleagues 7-1° 
have  found  t h a t  the re  was  a q u a n t i t a t i v e  difference be- 
tween  nafcill in a n d  the  isoxazolyl  penicillins, oxacil l in 
(sodium 5-methyl -3-phenyl -4- i soxazoly l  penicillin) and  
cloxacill in in t he  d isorganiza t ion  of t he  cell wall  s t ruc tu re  
of Staphylococcus aureus. These  and  o the r  f indings  led 
WARREN and  GRAY 11 to  p ropose  t h a t  oxacil l in and  cloxa- 
cillin had  a d i f fe rent  mode  of ac t ion  f rom t h a t  of nafcill in 
aga ins t  S. aureus. 

In  view of these  l a t t e r  reports ,  i t  was  decided to com- 
pare  the  effects  of one isoxazolyl  penicil l in (cloxacillin) 
and  nafcill in on a G r a m- n e g a t i v e  organism,  Escherichia 

1 B. LYNN, Antibiotica Chemother. I3, 125 (1965). 
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