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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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is T. D. BROCK, J. Bact. 72, 320 (1956). 

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). 
A. D. ROSSELL, J. Pharm, Pharmac. lZ, 390 {1962). 

3 H. J. ROGERS and J. MANDELSTAM, Biochem. J. 84, 299 (1962). 
4 H. BOMANN and K. G. ERIKSSON, J. gen. Mierobiol. 31, 339 (1963). 
s M. M. GRULA and E. A. GRULA, J. gen. Mierobiol. Zl, 155 (1965). 

G. N. ROLINSON, Proc. R. Soe. [B] 163, 417 (1965}. 
v G. H. WARREN and J. GRAY, Proc. Soe. exp. Biol. bled. 113, 251 

(1963). 
s G. H. "WARREN and J. GRAY, Proc. Soc. exp. Biol. Med. I14, 439 

(1963). 
9 G. H. WARREN and J. GRAY, Proe. Soc. exp. BiN. Med. 116, 317 

(I964). 
10 G. H. WARREN, S. B. ROSENMAN and C. HORWITZ, Proc. Soc. exp. 

Biol. Med. 117, 730 (I964). 
n G. H. WARREN and J. GRAY, Proc. Soc. exp. Biol. Med. 120,504 

(1965). 
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coli in  n u t r i e n t  b r o t h  a n d  in  b r o t h  c o n t a i n i n g  0 . 3 3 M  
sucrose  a n d  0 . 0 1 M  m a g n e s i u m  su lpha te ,  MgSO~ • 7 H20.  
T h e  f ina l  p H  of all  m e d i a  was  7.4. Cloxaci l l in  a n d  nafc i l l in  
were gif ts  f rom B e e c h a m  R e s e a r c h  Labora to r i e s ,  L td . ,  
B ren t fo rd ,  E n g l a n d  a n d  W y e t h  Labora to r i e s ,  Inc. ,  
Ph i l ade lph ia .  USA,  respec t ive ly .  

T h e  o rgan i sm,  a l a b o r a t o r y  s t r a i n  of E .  coli t y p e  1, was  
g r o w n  o v e r n i g h t  a t  37 °C in  20 ml  n u t r i e n t  b r o t h .  T h e  
cu l t u r e  was  cen t r i fuged  a t  2000 r p m  for  30 min ,  t h e  pe l l e t  
w a s h e d  twice  w i t h  10 m l  of s ter i le  water ,  a n d  e v e n t u a l l y  
r e s u s p e n d e d  in  10 m l  s ter i le  wa te r .  A 0.5 mI  v o l u m e  of 
t h i s  w a s h e d  suspens ion  was  inc luded  in 10 m l  (final 
vo lume)  of n u t r i e n t  b r o t h ,  c o n t a i n i n g  t h e  r equ i r ed  pen i -  
ci l l in c o n c e n t r a t i o n ,  in  M c C a r t n e y  b o t t l e s  w h i c h  were  
i n c u b a t e d  a t  37 °C. P re sence  or  ab s ence  of g r o w t h  was  
n o t e d  a f t e r  i n c u b a t i o n  for  48 h,  a n d  t h e  m i n i m u m  in-  
h i b i t o r y  c o n c e n t r a t i o n  (m.i.c.) d e t e r m i n e d .  T h e  m.i .c .s  
for  c toxaci l l in  a n d  nafci l l in  were  7.5 a n d  > 20 t~moles/ml, 
r espec t ive ly .  

To  m e a s u r e  cell  lysis, 0.5 m l  of a w a s h e d  suspens ion  
was  a d d e d  t o  n u t r i e n t  b r o t h  in  nephe los  f lasks,  p rev ious ly  
e q u i l i b r a t e d  a t  37 °C, w h i c h  were  o p e r a t e d  a t  100 oscilla- 
t i o n s / m i n  in  a t h e r m o s t a t i c a l l y  con t ro l l ed  w a t e r - b a t h  
37 ° ~ 0.1 °C). "When t h e  cu l tu re s  h a d  r e a c h e d  t h e  loga- 
r i t h m i c  p h a s e  of g rowth ,  0.I  m l  of a penic i l l in  so lu t ion  
was  a d d e d  to  g ive  a f ina l  v o l u m e  of 10 m l  a n d  t h e  des i red  
c o n c e n t r a t i o n  of t h e  an t ib io t i c .  S u b s e q u e n t  i n c u b a t i o n  
was  a t  37°C; t u r b i d i t y  m e a s u r e m e n t s  before  a n d  a f t e r  
t h e  a d d i t i o n  of t he  r equ i s i t e  penic i l l in  were  d e t e r m i n e d  
w i t h  t h e  E E L  n e p h e l o m e t e r  ( E v a n s  E lec t rose len ium,  
Ltd . ,  Har low,  E n g l a n d ) .  T h e  effects of d i f f e ren t  concen-  
t r a t i o n s  of c loxaci l l in  a n d  nafci l l in  o n  l oga r i t hm i c  p h a s e  
cells are  s h o w n  in F igures  1 a n d  2. 

To  d e t e c t  s p h e r o p l a s t  i nduc t ion ,  a 0.5 ml  v o l u m e  of a 
w a s h e d  suspens ion  was i n c o r p o r a t e d  i n to  10 m l  (final 
vo lume)  of t h e  n u t r i e n t  b r o t h  c o n t a i n i n g  sucrose,  mag-  
n e s i u m  s u l p h a t e  a n d  t h e  des i red  penic i l l in  c o n c e n t r a t i o n ,  
in  M c C a r t n e y  bo t t l e s  which  were i n c u b a t e d  a t  37°C. 
Samples  were  r e m o v e d  a f t e r  4 - 5  h, a n d  e x a m i n e d  u n d e r  
t h e  p h a s e - c o n t r a s t  microscope  ( × 400). T h e  re su l t s  of such  
e x p e r i m e n t s  are  s h o w n  in  t h e  Table .  

The  resu l t s  of t he  m.i.c,  e x p e r i m e n t s  showed  t h a t  cloxa-  
cil l in was  cons ide r ab ly  more  ac t ive  t h a n  nafc i l l in  aga in s t  
th i s  s t r a i n  of E. coli, a n d  th i s  is con f i rmed  b y  t h e  r e su l t s  
of e x p e r i m e n t s  m a d e  in h y p e r t o n i c  m e d i a  (Table) .  A 
c o n c e n t r a t i o n  of c loxaci l l in  be low 7.5 / ,moles /ml  i nduced  

Spheroplast induction in Escherichia coli at 37 °C 

Antibiotic Concentration Microscopical appearance of bacteria~ 
(/~moles/ml) 

Absent - Rods, no morphological variants 

Cloxaeillin 5.0 Mostly partial spheroplasts. Few true 
spheroplasts. 

7.5 Mostly true spheroplasts. Few partial 
spheroplasts. 

10.0 True spheroplasts. 

Nafcillin 10.0 Mainly long rods. 
15.0 Partial spheroplasts, no true sphero- 

plasts. 
20.0 Partial spheroplasts, no true sphero- 

plasts. 

m a i n l y  morpho log ica l l y  b i za r r e  forms,  of t h e  t y p e  de-  
sc r ibed  b y  HUGO a n d  RUSSELL lz, a n d  these  are  i n d i c a t i v e  
of t he  effects  of s u b i n h i b i t o r y  c o n c e n t r a t i o n s  of a penic i l l in  
on  a G r a m - n e g a t i v e  o rgan i sm.  S imi la r  b iza r re  forms,  
w i t h o u t  spherop las t s ,  w e r e  i nduced  b y  nafc i l l in  a t  con-  
c e n t r a t i o n s  of 10-20 /~moles /ml .  Thus ,  nafc i l l in  i tself  also 
possesses  a t yp i ca l  ( b u t  weak)  penic i l l in- l ike  ac t ion  on  
t h i s  o rgan i sm.  

F i g u r e  1 shows t h a t  c loxaci l l in  i n d u c e d  lys is  of E.  coli 
in  n u t r i e n t  b r o t h  a t  a c o n c e n t r a t i o n  (7.5/~moles/ml)  w h i c h  
was  i n h i b i t o r y  to  g r o w t h  a n d  w h i c h  wag also t he  m i n i m u m  
c o n c e n t r a t i o n  needed  to  i n d u c e  t r u e  sphe rop la s t s .  How-  
ever ,  e v e n  t h e  h i g h e s t  c o n c e n t r a t i o n  (15 /~moles/ml) of 
nafc i l l in  used  d id  n o t  i n d u c e  lysis, a n d  th i s  f ind ing  sub-  
s t a n t i a t e s  t h a t  in  t h e  Tab le ,  s ince  t h e  morpho log i ca l  
v a r i a n t s  i n d u c e d  b y  t h i s  penic i l l in  a re  n o t  o smot i ca l l y  
fragile,  
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Fig. 1. Effect of concentration of cloxacillin (added at ~) on the 
growth of Escheriehia coli in nutrient broth at 37 °C. Concentrations 
of cloxacillin (]~moles/ml): x x, 0; • ¢, 5.0; o o, 7.5; 

~ ,  10.0. 
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Fig. 2. Effect of concentration of nafcillin (added at ,~) on the 
growth of Escherichia coll in nutrient broth at 37¢C. Concentrations 
of nafciltin (pmoles/ml): x - - x ,  0; e - - e ,  5.0; o - - o ,  7.5; ~ - - ~ ,  
10.0. There was no decrease in nepbelometer readings on prolonged 
incubation. Other experiments indicated that  15/*moleslml nafcillin 
did not induce lysis. 

The term 'partial spheroplast' includes long and btflbous forms, as 
described in detail by HuGo and RtlSSELL 1S. 'True spheroplast' 
denotes a spherical form free from any attachment. xa XV. B. ttuGo and A. D. RUSSELL, J. Baeteriol. 82, 411 (196t). 
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A compar ison of the  effects of these  2 penicil l ins wi th  
o ther  peniciltins~, is and wi th  6-aminopenici l lanic  acid 
(6-APA) ~4 on this  s t ra in  of E. coli is of  interest .  Thus,  
b o t h  cloxacil l in and nafcill in are  considerably  less effec- 
t i ve  in inhibi t ing  growth  and inducing  lysis and  sphero-  
p las t  fo rmat ion  than  are  benzylpenici l l in,  p h e n o x y m e t h y l -  
penicillin, propicill in,  phenethici l l in,  phenbenici l l in  ~, am-  
picill in t3 and  6-APA1L I t  has  recent ly  been observed  s 
tha t ,  in c o m m o n  wi th  o ther  penicillins, cloxacil l in in- 
h ibi ted  bacter ia l  cell divis ion (result ing in t he  fo rmat ion  
of f i laments)  in an  Erwinia species a t  concent ra t ions  far 
below those needed by  nafcillin. According  to ROLINSON e, 
differences in sens i t iv i ty  of an organism to var ious  peni-  
cillins could be re la ted  to  the  re la t ive  af f in i ty  of each ant i -  
b iot ic  for a componen t  of t he  bacter ia l  cell wall. 

The  overal l  conclusion of these  findings is to demon-  
s t ra te  t h a t  each penici l l in has a s imilar  mode  of act ion 
agains t  E. coli. 

Rgsumd. Divers  aspects  de  Fac t ion  de la cloxacil l ine e t  
de la  nafcil l ine sur  Escherichia coli on t  ~t6 6tudi6s. La  

cloxacil l ine s 'est  montr~e plus efficace que  la nafcil l ine 
quand  il s 'agissai t  d ' a r r6 te r  la  croissance e t  d ' amene r  la  
lyse e t  la fo rmat ion  de sph6roplastes;  pa r  eontre,  elle s ' es t  
mont r6e  moins  efficace que  plusieurs aut res  p6nicillines 
(y compris  l ' ac ide  6-aminop6nici l lanique) ~ c e s  6gards. 
Ces r6sultats  t e n d e n t  £ d6mont re r  que  la c loxaci l l ine e t  
la nafci l l ine poss~dent  un mode  d ' ac t ion  qu i  es t  t yp ique  
des p6nicillines sur  cet  organisme.  

A, D. RUSSELL 

Welsh School o/Pharmacy, Welsh College of 
Advanced Technology, Cardiff (Britain) 
8 september 1967. 
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Pregnancy Blocking Capacity and Inbreeding in 

Blocking of lu teal  funct ion  and, hence, implan ta t ion ,  
fol lowing a d iscr iminat ion  of pheromones  in the  ur ine of 
s tud  and s t range  males  is a phenomenon  t h a t  has been 
documented  for a va r i e ty  of types  of l abora to ry  mice~-4, 
wild house mice s, and,  a non-mur id  rodent ,  the  deer- 
m o u s e  e. ~VIARSDEN a n d  BRONSON ? were unable  to  de tec t  
any- effect  of exposure  to  s t range males  in a n y  of the  5 
h ighty  inbred s t ra ins  of mice t h e y  tes ted.  Two  experi-  
ments  deal ing wi th  genetics and the  blocking phenomenon  
are repor ted  here :  (1) an  eva lua t ion  of blocking capac i ty  
in hybr id  mice ob ta ined  f rom crossing 8 inbred lines and 
(2) separa te ly  tes t ing  males  and females of one non- 
blocking,  inbred s t ra in  to de te rmine  if the  loss in blocking 
capac i ty  in t h a t  s t ra in  could be t raced  exclus ively  to 
e i ther  sex. 

E i g h t - w a y  cross hybr ids  used in the  first  expe r imen t  
were obta ined  f rom crossing the  following lines a t  The  
Jackson  L a b o r a t o r y :  S J L / J ,  B A L B / c J ,  C57BL/6J ,  
CBA/J ,  129/J, B D P / J ,  LP/J, and R F / J .  The  first  5 
s trains h a v e  been subjec ted  to in t ra-s t ra in ,  and some 
degree of in ter-s t ra in ,  tes t ing  for p regnancy  blocking 
responses;  al l  w i th  nega t ive  results.  S ix th  genera t ion  
hyb r id  offspring were  eva lua ted  for b locking capac i ty  a t  
75-90 days  of age. Females  were pai red  wi th  non- l i t te r -  
ma te  males  for 4 days.  S tud  males  were r e m o v e d  when  
an insemina t ion  was de tec ted  and  e i ther  t h e  female  
r emained  isolated in her  home  cage as a cont ro l  or  a 
s t range  (8-way cross) male  was p u t  into her  home  cage 
for 2 days  in an a t t e m p t  to block her  implan ta t ion .  
Au topsy  on day  7 pos t  inseminat ion  revealed the  follow- 
ing p regnancy  ra tes :  control ,  75% of 24; s t range  male  
exposed,  92% of 25. The  s t range  male  effect, therefore,  
could no t  be demons t ra ted .  

The  second expe r imen t  subs t i tu ted  C57BL/6J  males 
and females separa te ly  in to  a p roven  blocking sys tem to 
de te rmine  if the  loss in blocking capac i ty  previous ly  
repor ted  for this  s t rain 7 could be  exclusively  t raced  to 
e i ther  sex. All C57BL/6J  mice were reared  in Ba r  H a r b o r  
and shipped to Bur l ing ton  where  the  senior au thor  tes ted 
t h e m  in a sys tem known to  resul t  in a s t range male  
blocking response:  insemina t ion  of Swiss- ICR albino 

Laboratory Mice 

females by  males  of the  same strain,  r emova l  of the  studs,  
and exposure  for 7 days  to a wild house mouse male  in 
t he  female ' s  home  cage6, ' .  Ave rag ing  several  exper iments  
for appropr ia te ly  aged females under  these  condi t ions  
shows a reduc t ion  in imp lan t a t i on  ra te  f rom 92% for 
cont ro l  (isolated) I C R  females to  49% following exposure  
to one s t range  wild male  (Table). A lower p regnancy  ra te  
(as low as 15%) is possible by  s imul taneous  exposure  to  
more  t h a n  1 male  s. Subs t i tu t ing  C57BL/6J  females  in to  
this  sys tem revea led  a eompIe te  lack of  response to  t he  
s t range  wild ma le ;  p regnancy  ra te  being lowered b y  only  

Pregnancy blocking attempts in ICR or C57BL/6J females (ICR 
studs used throughout) 

Inseminated Test exposure No. % Pregnant  
female 

IC R no male • 225 92 
ICR wild male • 218 49 

C57BL]6J no male 27 74 
C57BL/6J  wild male 51 69 

ICR C57BL]6J male 60 80 
ICR ICR male 60 75 

Data in part from CmPMAS and Fox s to illustrate the normal 
degree of blocking found in the standard test system. 
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