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Table 3. Effect of acidic deoxyribonucleoproteins on the inhibition 
produced by histones on DNA-synthesis in vitro 

Specific Range 
activity (%) 
(percent of 
control) 

DNA-polymerase+ DNA 100 
DNA-polymerase + histones + DNA 38 32- 45 
DNA-polymerase + (histones + DNA) + acidic 80 71- 90 
DNA-polymerase + DNA + (histones + acidic) 100 91-108 
(DNA-polymerase + histones) + DNA + acidic 143 125-160 

The source of DNA-polymerase was the nueleoplasm of isolated brain 
nuclei, 100 ~g of protein per reaction tube. Histones were 25 lxg and 
acidic deoxyribonueleoprotein 96 [xg per reaction tube when indicated 
in the table. Substances between brackets were allowed to interact 
at 20~ for 5 min before they were mixed with the other components 
of the DNA polymerase assay. Native DNA from salmon sperm was 
20 [/.g per assay. Spec. act. at 100% 189,400 dpm/mg of enzyme 
protein ~ 20,433. The results are the average of 4 experiments. 
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Polylysine or polyarginine 

Fig. 2. Effect of polylysine and polyarginine on DNA-synthesis in 
vitro using native DNA as template. The reaction mixture and assay 
contitions were as in figure 1. � 9  0, Polylysine; O -  �9 polyarginine. 
The results are the average of 3 experiments. 

po lyg lu tamic  acid, and  max i ma l  (100%) when  the  in ter -  
ac t ion was be tween  po lyg lu tamic  acid and  his tones.  A 
tube  was added  in which  the  DNA-po lymerase  was al- 
lowed to in te rac t  wi th  t he  h i s tones  before the  addi t ion  of 
DNA or po lyg lu tamic  acid, to  see if the  possible  fo rma t ion  
of a complex  be tween  the  enzyme  and  h is tones  could re- 
sult  in an inhib i t ion  of i ts  ac t iv i ty .  The ac t iv i ty  was 100 % 
of t he  control ,  and  so no inh ib i t ion  was observed.  In  all 
the  o the r  tubes,  the  enzyme  was  added  jus t  before t he  be- 
g inning of the  incubat ion .  
In  tab le  2 the  effects of po lyg lu tamic  acid on the  inh ib i t ion  
p roduced  by  polylysine or po lyarg in ine  are shown. The 
condi t ions  are the  same as in tab le  1, excep t  for the  
h is tones  t h a t  are replaced b y  polylys ine  or polyarginine.  
As before,  the  po lyg lu tamic  acid reversed the  inhib i t ion  
p roduced  by  polylysine or polyarginine,  more  effect ively 
in th is  case t h a n  wi th  the  his tones .  As before too, the  re- 
versal  was max ima l  when  po lyg lu tamic  acid was al lowed 
to in te rac t  w i th  the  basic po lypep t ides  and  minimal  when  
the  po lypep t ides  and D N A  were allowed to in teract .  
In  ano the r  set  of expe r imen t s  ( table 3) the  effects of acidic 
deoxyr ibonuc leopro te ins  on the  inh ib i t ion  p roduced  by  
h is tones  on DNA-syn thes i s  were  inves t iga ted .  The in- 
h ib i t ion  is par t i a l ly  reversed in the  case where  the  h i s tones  
were previous ly  allowed to i n t e r ac t  wi th  the  DNA. In  t he  
case where  the  acidic pro te ins  are in te rac ted  wi th  his tones,  
the  reversa l  is comple ted  and  in the  case where  the  DNA-  
po lymerase  is a l lowed to in te rac t  wi th  the  h is tones  a 
s t imula t ion  of ac t iv i ty  is observed,  th is  was to be ex- 
pec ted  because acidic pro te ins  are k n o w n  to act  on the  
t emp l a t e  increasing the  syn thes i s  d i rec ted  by  DNA-  
polymerase .  
The resul ts  of these  expe r imen t s  d e m o n s t r a t e  t h a t  his-  
tones  f rom brain,  polylys ine  and  polyarginine,  inhibi t  the  
repl icat ion of D N A  in vi tro.  The reversal  of inhibi t ion b y  
po lyg lu tamic  acid or acidic p ro te ins  is comple ted  in all 
cases excep t  when  the  D N A  is prev ious ly  complexed  wi th  
his tones ,  polyargin ine  or polylysine.  This  suggest  t h a t  
h i s tones  mask ing  of D N A  t o w ard s  t he  po lymerases  in- 
volves  e lec t ros ta t ic  forces. 

A m u t a n t  of t h e  a n t i b i o t i c  r e s i s t a n c e  fac tor  R124 w i t h  a l t e r e d  c o p y  n u m b e r  
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Summary. A m u t a t i o n  conferr ing increased ant ib io t ic  res is tance  on Salmonella typhimurium s t ra in  11G carrying R124 
was  p lasmid  d e t e r m i n e d ;  s t ra ins  ha rbour ing  the  m u t a n t  p lasmid  con ta ined  more  D N A  as ccc p lasmid  t h a n  those  
ha rbour ing  R124. The increased copy n u m b e r  was man i fes t ed  a t  all g rowth  ra tes  tes ted .  

In  spi te  of a n u m b e r  of s tudies  on the  regulat ion of 
p lasmid  repl icat ion,  the  mechan i sms  governing  p lasmid  
n u m b e r  and  the  t iming  of p lasmid  repl icat ion in the  cell 
cycle are unclear  2, 3. To ob ta in  in format ion  on the  cont ro l  
of p lasmid  repl icat ion,  we are examin ing  the  repl icat ion 
of several  s t r i ngen t  p lasmids  w i t h  d i f ferent  copy n u m b e r s  
a n d  also isolat ing p lasmid  copy  mutan t s .  The proper t ies  
of these  are of in te res t  because  the  posi t ive  and  nega t ive  
theor ies  p roposed  to  expla in  p lasmid  regulat ion can be 
used to  p red ic t  the  occurrence  of copy m u t a n t s  w i th  
specific changes  in, for example ,  p lasmid incompa t ib i l i ty  4. 
A fu r the r  reason for our  in te res t  in copy  m u t a n t s  follows 
f rom a recen t  s t u d y  of p lasmid  ins tab i l i ty  in a t e m p e r a t u r e -  
sensi t ive  dnaC m u t a n t  of Salmonella typhimurium. Flac 

repl icat ion was ab e r r an t  a t  permiss ive  t empe ra tu r e s  in 
th is  s t ra in  (strain l l G )  in t he  presence  of pLT2 or F-l ike 
p lasmids  such as 1~1, R136, R124 and ColB-K98; Flac 
was s t ab ly  ma in t a ined  in th is  s t ra in  in the  absence of 
o the r  p lasmids  5,s. The avai labi l i ty  of copy m u t a n t s  
would  make  it possible to  follow any  changes  in Flac 
s tab i l i ty  in the  dnaC s t ra in  w i th  changing  copy  n u mb er  of 

1 This work was supported by a grant (to R. J. R.) from the Cen- 
tral Research Fund of the University of London and by a 
studentship (to J. J. P.) from the Science Research Council. 

2 D.R.  Helinski, A. Rev. Microbiol. 27, 437 (1973). 
3 R.J .  Rowbury, Prog. Biophys. molec. Biol. 31,271 (1977). 
4 B.E.  Uhlin and K. Nordstrom, J. Bact. 124, 641 (1975). 
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Table 1. The copy number of R124 and RI24-J1 in strains of Sal- 
monella typMm~ri~m 

Strain Percent of total cell R-factor copies per 
DNA as eec plasmid genome equivalent 

M827 pLT2- R124 1.4 0.75 
M827 pLT2- R124-J1 2.8 1.50 
l lG pLT2- R124 1.3 0.70 
l lG pLT2- R124-J1 2.7 1.45 

To organisms growing exponentially at 30~ in glucose minimal 
medium + 1.5 mM uridine, was added 8 H-thymidine (10 [• [zg ml) 
and incubation was continued for 5 h at 30 ~ The plasmid content 
was then analyzed as described in 'materials and methods'. 

Table 2. The growth rates of strains carrying R124 and R124-J1 

Growth 
medium 

Growth rate (doublings/h) 

Strain Strain Strain M827 
M827 pLT2- M827 pLT2- R124 pLT2- R124-J1 

Glucose minimal 
medium 1.05 0.98 0.92 
Casamino acids 
minimal medium 1.38 1.33 1.27 
Nutrient broth 1.62 1.51 1.44 
LB broth 1.79 1.66 1.53 

Organisms were grown with shaking from single colonies in the ap- 
propriate medium at 37 ~ overnight. Cultures were then diluted and 
growth continued until exponential. The growth rate was then fol- 
lowed by measuring the OD of the cultures. 
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Alkaline sucrose gradient centrifugation of R124 and R124-J1. Or- 
ganisms of strains M827 pLT2-R124 and M827 pLT2- R124-J1 
grown overnight at 30~ in glucose minimal medium + 1.5 ram 
uridine, were grown to exponential phase in tile same medium at 
30~ and after addition of 8H-thymidine (10 [~c/2 [zg ml) incubated 
for 5 h at 30 ~ Organisms were tben lyzed and the plasmid DNA 
separated on alkaline sucrose gradients s. The graphs indicate the 
radioactivity in fractions collected from such gradients. The bottom 
of the tubes is to the left. A Plasmid in M827 pLT2- R124 (cec 
plasmid is ca. 1.4% of total DNA); B plasmid in M827 pLT2- 
R124-J1 (tee plasmid is ca. 2.8% of total DNA). 

t he  des tab i l i z ing  p la smid .  W e  descr ibe  here  t he  i so la t ion  
of a p l a s m i d  copy  m u t a n t  (R124-J1)  de r iv ing  f rom t h e  
an t ib io t i c  r e s i s t ance  fac to r  1R124 of i n c o m p a t i b i l i t y  
g roup  F i v  ~. 
Mater ials  and  methods. The  s t r a i n s  of Salmonel la typhi-  
m u r i u m  u s e d  were M827 p L T 2 - ,  11G dnaC p L T 2 -  Flac 
a n d  l l G  dnaC p L T 2 - R 1 2 4 .  T h e  cha rac t e r i s t i c s  of t hese  
h a v e  been  descr ibed  p r e v ious ly  8. S tock  c u l t u r e s  were 
m a i n t a i n e d  on slopes of Oxoid n u t r i e n t  agar .  The  l iquid  
g row th  m e d i a  used  were m i n i m a l  m e d i u m  8 c o n t a i n i n g  
glucose (0.2%) a n d  in some  cases  c a s a m i n o  acids  (0.2%), 
Oxoid n u t r i e n t  b r o t h  No. 2, a nd  L13 b r o t h  9. W h e r e  
a p p r o p r i a t e  these  were solidified w i th  2% Difco Ba c to  
Agar .  To  m e a s u r e  t he  p e r c e n t a g e  of Lac  + a n d  L a c -  
o r g a n i s m s  in a cu l ture ,  su i t ab le  d i lu t ions  were p la ted  on 
lac tose  d e o x y c h o l a t e  aga r l~  a f te r  o v e r n i g h t  g r o w t h  a t  
30~ Lac  + colonies were red, L a c -  colonies  whi te .  
For  i so la t ion  of t he  m u t a n t  wi th  increased  r e s i s t ance  to  
t e t racyc l ine ,  2 • 10 7 cells of s t r a i n  11G dnaC p L T 2 -  R124  
were p l a t e d  on N A  c o n t a i n i n g  100 ~zg/ml t e t racyc l ine .  
Af t e r  48 h i n c u b a t i o n  a t  30~ colonies were pur i f ied  
a n d  t h e n  t e s t e d  for r e s i s t ance  to  ampic i l l in  a n d  t e t r a -  
cycl ine  b y  p l a t i ng  on a series of N A  p la t e s  w i th  t e t r a -  
cycl ine  c o n c e n t r a t i o n s  f rom 0 to 150 ~zg/ml or ampic i l l in  
c o n c e n t r a t i o n s  f rom 0 to 30 ~zg/ml. 
For  g r o w t h  e x p e r i m e n t s ,  o r g a n i s m s  were g rown  wi th  
v igorous  s h a k i n g  a n d  used  in t he  e x p o n e n t i a l  phase .  
P l a s m i d s  were t r a n s f e r r e d  by  c o n j u g a t i o n  as descr ibed  
p r e v ious ly  s. The  t e c h n i q u e s  used  for s e pa ra t i on  and  mol .  
w t  d e t e r m i n a t i o n s  of p l a s m i d  D N A  on a lka l ine  sucrose  
g r a d i e n t s  h a v e  also been  descr ibed  p rev ious ly  ~. 
Results  and  discussion. The  res i s t ance  fac tor  R124  confers  
a low level  of r e s i s t ance  to  t e t r acyc l ine  a nd  ampici l l in .  
I n  t he  s t r a i n s  of S. t y p h i m u r i u m  used  here,  t he  p resence  
of R124  led to  m i n i m u m  inh ib i t o ry  c o n c e n t r a t i o n  (m.i.c.) 
va lue s  of ca. 25 [zg/ml for t e t r acyc l ine  a n d  10-12.5 ~xg/ml 
for ampici l l in .  As s t a t e d  in ' ma t e r i a l s  a nd  m e t h o d s ' ,  
d e r i v a t i v e s  of s t r a i n  l l G  dnaC p L T 2 -  R124  wi th  in-  
c reased  res i s t ance  to  t e t r acyc l ine  were s o u g h t  b y  p l a t i n g  
t he  s t r a i n  on N A  p la tes  c o n t a i n i n g  t e t racyc l ine .  One s u c h  
spontaneo ,us  m u t a n t  was  more  r e s i s t a n t  to  b o t h  t e t r a -  
cycl ine  a n d  ampic i l l in  (m.i.c. va lue s  for s t ra in  l l G  dnaC 
p L T 2 -  R124  were 25 [zg/ml for t e t r acyc l ine  a nd  12.5 ~zg/ml 
for ampic i l l in ;  for t he  m u t a n t  t he  m,i .c,  v a l u e s  were 55 
a n d  22.5 respect ive ly) .  
To t e s t  w h e t h e r  t h e  m u t a t i o n ( s )  c a u s i n g  increased  an t i -  
biot ic  r e s i s t ance  was  p l a s m i d - d e t e r m i n e d  or not ,  t h e  
r e s i s t ance  fac tor  w a s  t r a n s f e r r e d  f rom the  m u t a n t  to  
S. t y p h i m u r i u m  M827 p L T 2 -  a n d  t h e  r e s i s t ance  p a t t e r n  
of t he  r e s u l t i n g  s t r a i n  c o m p a r e d  to t h a t  of  s t r a i n  M827 
p L T 2 -  R124.  T h e  r e s i s t ance  fac to r  t r a n s f e r r e d  ~rom the  
m u t a n t  confer red  increased  res i s t ance  c o m p a r e d  to  t h a t  
in s t r a i n  M827 p L T 2 -  R124 (m.i.c. v a l u e s  for M827 
p L T 2 -  R124  were 25 ~zg/ml w i th  t e t r acyc l ine  a nd  10 v.g/ml 
w i th  ampic i l l in ;  for M827 p L T 2 -  c a r r y i n g  t h e  R124  
de r i va t i ve  f r o m  the  m u t a n t ,  t he  m.i.c,  va lues  were 50 tzg/ml 
for t e t r a c yc l i ne  a n d  20 lxg/ml for ampiei l l in) .  The  in-  
c reased  r e s i s t ance  in t he  or ig inal  m u t a n t  was  e v i d e n t l y  
p l a s m i d  d e t e r m i n e d .  W e  h a v e  t e r m e d  t he  m u t a n t  p lus-  

5 V. Rodriguez Lemoine and R. J. Rowbury, J. gen. Mierobiol, 
90, 360 (1975). 

6 V. Rodriguez Lemoine and R. J. Rowbury, Proe. Soc. gen. 
Mierobiol. 3, 87 (1976). 

7 R .W.  Hedges and N. Datta, J. gen. Mierobio!. 71,403 (1972). 
8 V. Rodriguez Lemoine and R. J. Rowbury, Revta lat.-am. 

Microbiol. 17, 79 (1975). 
9 J. Collins and R. H. Pritchard, J. molec. Biol. 78, 143 (1973). 
10 G.G. Meynell and E. Meynell, Theory and Practice in Experi- 

mental Bacteriology, 2nd ed. Cambridge University Press 1970. 
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mid R124-J1.  Since the  muta t ion(s)  conferr ing increased 
an t ib io t ic  res is tance  is p lasmid  de t e rmined  and affects  
b o t h  the  res is tances  carr ied by  R124, we examined  
the  poss ibi l i ty  t h a t  R124-J1 migh t  be a copy m u t a n t .  
To examine  copy  number ,  we measu red  the  a m o u n t  
of p lasmid  D N A  and  its a p p r o x i m a t e  molecular  size 
in s t ra ins  M827 p L T 2 -  R124-J1 and  11G p L T 2 -  R124-J1.  
Table  1 shows t h a t  s t ra ins  car ry ing  the  m u t a n t  plas-  
mid  had  abou t  twice as m u c h  D N A  in the  ccc plas- 
mid  form a s  s t ra ins  ha rbour ing  the  pa r en t a l  R124. 
Measu remen t s  of the  s ed imen ta t i on  of the  m u t a n t  p lasmid  
on alkaline sucrose grad ien ts  showed a mol. w t  for R124-J  1 
of ca. 65 m d  w i t h  t he  m u t a n t  p la smid  runn ing  ve ry  
s imilar ly  to t he  pa r en t a l  R124 (figure). Such grad ien ts  
showed no indica t ion  of the  presence  of a larger p lasmid  
in s t ra ins  car ry ing  R124-J1.  The copy  n u m b e r  of 1R124-J1 
is there fore  g rea te r  t h a n  t h a t  of R124 in s t ra ins  11G 
p L T 2 -  and  M827 p L T 2 -  (table 1). 
R124 behaves  like R1 ~ in t h a t  the  n u m b e r  of copies per  
ch romosome  equ iva len t  increased wi th  decreas ing g rowth  
ra te .  The same is t rue  for the  copy  m u t a n t  R124-J1 
and  in s t ra in  l l G  dnaC p L T 2 -  over  a range  of g rowth  
ra tes  t he  ra t io  of R124-J  1 copy  n u m b e r / R 1 2 4  copy  n u m b e r  
r ema ined  a t  a b o u t  2. The copy  n u m b e r  of R124 in th is  
s t ra in  a t  30~ increased f rom 0.45 in n u t r i e n t  b r o t h  to 
0.70 in glucose min imal  med ium while t h a t  of R124-J1 
increased f rom 0.93 in n u t r i e n t  b r o t h  to 1.45 in glucose 
min imal  medium.  St ra ins  ha rbour ing  copy  m u t a n t s  of 
Rldrdl9  have  a decreased g rowth  ra te  compa red  to  those  
ha rbour ing  Rldrdl9 i tself  or free of p lasmid  11. The same 

p roved  to  be the  case for s t ra ins  ha rbour ing  R124-J1.  
They  grew at  a s l ight ly  reduced  ra te  in all the  media  
t e s t ed  (table 2). 
We have  t e s t ed  the  effect  of R124-J1 on the  ma in t enance  
of Flac in the  dnaC m u t a n t .  R124-J1 was more  effect ive 
t h a n  R124 in causing Flac ins tabi l i ty .  W i t h  s t ra in  11G 
dnaC p L T 2 -  R124 Flac, overn igh t  g rowth  in b r o t h  a t  
30~ gave rise to 22.4% of L a c -  organisms;  unde r  the  
same condi t ions  81.3% of organisms f rom s t ra in  11G 
dnaC p L T 2 -  R124-J1 Flac lost the  Flac plasmid.  In te r -  
es t ingly  a copy m u t a n t  of R1drd19 (mu t an t  Rldrd19-B42) 
also destabi l izes  Flac more  t h a n  R1drd19 does in s t ra in  
l l G  dnaC whereas  an o t h e r  copy m u t a n t  of R1drd19 
(mu t an t  R1drd19-B2) allows re la t ively  s table  ma in t enance  
of Flac 12. R1drd19-B42 a p p a r e n t l y  has an a l tered  rep-  
l icat ion repressor  ~ and  therefore  the  increased copy 
n u mb er  of R124-J1 m a y  be consequen t  upon an abnor-  
ma l i t y  of th is  kind.  
The repl icat ion behaviour ,  incompat ib i l i ty  proper t ies  
and  o the r  charac ter i s t ics  of R124-J1 will be fu r ther  
compared  to those  of R124. The mol.  w t  s tudies  suggest  
t h a t  subs tan t i a l  a m o u n t s  of D N A  have  no t  been added  
to  or de le ted  f rom R124 in the  fo rma t ion  of R124-J1.  
These 2 p lasmids  are, however ,  be ing  fu r ther  t e s t ed  for 
s t ruc tu ra l  differences using res t r ic t ion  endonucleases.  

11 B. Engberg, K. Hjalmarsson and K. Nordstrom, J. Baet. 124, 
633 (1975). 

12 V. Rodriguez Lemoine and R. J. Rowbury, unpublished ob- 
servations. 
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Summary. The a m m o n i a  up take  in A. nidulans was found to  be l inear  for abou t  2O rain, and  was  p ropor t iona l  up to 
1.5 m g / m l  d ry  cell dens i ty .  The t r a n s p o r t  of a m m o n i a  does n o t  involve energy.  Norma l  and  b io t in  def ic ient  A. nidulans 
showed an ident ica l  Kin-values of 10.26 • 10 _5 M a m m o n i a  for up take .  The up take  of a m m o n i u m  ion has been  shown 
to be  regula ted  b y  the  int racel lular  concen t ra t ion  of ammonia .  

Ear l ier  work  f rom th is  l abora to ry  ind ica ted  t h a t  b iot in  
def ic iency in Aspergillus nidulans causes s ignif icant  in- 
crease in the  cellular syn thes i s  when  a m m o n i u m  n i t r a t e  
was used as a sole n i t rogen  source ~,a. Fur the r ,  i t  was 
d e m o n s t r a t e d  t h a t  the  increase in cellular syn thes i s  is 
associa ted  wi th  the  marked  increase in the  p ro te in  c o n t e n t  
w i th  t he  c o n c o m i t a n t  decrease in the  lipid c o n t e n t  of 
t he  mold  s . Bio t in  def ic iency in th is  cul ture  showed sig- 
n i f ican t  change  in the  pe rmeab i l i t y  p roper t ies  of t he  cell 4. 
The glucose 5-~ and  phosphorus  s up take  sys t ems  have  
a l r eady  been  s tud ied  in A. nidulans and  now we r epo r t  
t he  charac te r i s t i cs  and  the  regu la to ry  aspec t  of i ts  am- 
mon ia  up take  sys tem.  
Materials and methods. The strain,  compos i t ion  of t he  
basa l  m e d i u m  and  cul tura l  condi t ions  are t he  same as 
descr ibed earl ier  3, 5. Cultures grown in the  presence  of 5 
un i t s  of av id in  (General  Biochemicals ,  Ohio, USA) were 
65% lower in the i r  f a t t y  acid con t en t  and  were referred  
as b io t in  def ic ient  a-~. The m e t h o d  of Brown and  R o m a n o  9 
prev ious ly  modif ied  4,5 was followed for t he  up take  
s tudies .  A m m o n i a  was de t e rmined  b y  the  m e t h o d  of 
F a w c e t t  and  Scott1~ 24-h-old cells grown on basal  
m e d i u m  were collected,  washed  and  a b o u t  100 mg  wet  
cells were a d d e d  to  the  fresh med ium con ta in ing  the  

ind ica ted  a m o u n t  of ammonia .  Cells were fu r the r  incu- 
ba t ed  on a r o t a ry  shaker  (200 rpm) a t  30~ for abou t  
24 h and  collected. The in t racel lu lar  concen t ra t ion  of 
a m m o n i u m  ion was ca lcula ted  on the  basis of 4 ~1 wa te r /  
mg  d ry  cell weight  5,11. 
Results and discussion. I t  has  been found  t h a t  when  cells 
were grown on KNO~ as a sole n i t rogen  source, the  up take  
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