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mi tos i s  d u r i n g  t he  f i rs t  6 days  are a d d e d  to  an  a l r eady  
ex i s t ing  cell popu la t ion .  Villi  f rom t he  in te s t ines  of 8-day-  
old pigs are, however ,  s imi lar  in size to  those  seen in t he  
6-day-old  an imals .  This  also appl ies  to  t he  10-day-old 
a n i m a l  (c ryp t  + vi l lus  h e i g h t  211 ~= 7.1 cells). If  label led 
ceils con t inue  to  m i g r a t e  a t  t he  same  ra te ,  one can  p red ic t  
t h a t  t h e y  will  r e a c h  t h e  t ips  of t h e  now  n o n g r o w i n g  vil l i  
b y  d a y  10. I t  is c lear  t h o u g h  t h a t  a n y  loss of phys io logica l  
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Cell migration during early postnatal development in the pig small 
intestine. Measurements taken A 2 h and B 48 h after the injection 
of [3H] thymidine. Cell position 0 ( ~ ) corresponds to the junction 
between crypt and villus, cell positions to the left and right referring 
to distance into crypts or onto villus respectively. The number of 
cells at positions greater than 30 in crypts is small since few crypts 
have depths greater than this value. 3 types of cell are considered: 
those labelled with thymidine which never become vaeuolated (-O-) ; 
unlabelled cells which never become vacuolated (-&-) and unlabelled 
vacuolated cells (-O-). Values give the means of 10 observations. 

f unc t i on  seen to t a k e  place up  to  6 days  a f t e r  b i r t h  m u s t  
be  exp la ined  on  t h e  basis  of an  a l r eady  ex i s t ing  cell 
p o p u l a t i o n  c h a n g i n g  i ts  p roper t i es .  This  inc ludes  t h e  
ab i l i t y  to  change  sod ium t r a n s p o r t  as well  as to  r eac t  
w i t h  i m m u n o g l o b u l i n s  in such a way  as to  s t i m u l a t e  
oxygen  c o n s u m p t i o n .  
E x p e r i m e n t s  showing  the  re la t ive  d i s t r i b u t i o n  of t h y -  
mid ine  label led  a n d  v a c u o l a t e d  ep i the l ia l  cells on  t he  
vil l i  of 2 a n d  48 h old piglets  are  i l l u s t r a t ed  in t h e  figure. 
Vacuo la t ion ,  caused  b y  the  endocy tos i s  of i m m u n o g l o b -  
u l ins  w i t h i n  2 h of inges t ing  co los t rum,  is conf ined  to  cells 
on  the  vi l lus  (figure, A). Labe l led  cells f i rs t  a p p e a r  t owards  
t h e  base  of the  c rypts .  T r a p p e d  b e t w e e n  label led  cells 
a n d  v a c u o l a t e d  cells on  t he  v i l lus  lies a p o p u l a t i o n  of 
non labe l l ed  c r y p t  cells. The  w a y  these  3 popu l a t i ons  
r e d i s t r i b u t e  t h e m s e l v e s  in  t he  succeeding  46 h is shown 
in t he  figure,  B. The  t o t a l  n u m b e r  of non labe l l ed  vacuo-  
l a t ed  a n d  non labe l l ed  u n v a c u o l a t e d  cells r ema ins  c o n s t a n t  
whi le  t he  p o p u l a t i o n  of label led cells increases  b y  a fac tor  
of 4. Cons iderab le  cell m ix ing  t akes  place d u r i n g  th i s  
pe r iod  of d e v e l o p m e n t .  Af te r  48 h one can  f ind some 
label led  cells a h e a d  of non labe l l ed  u n v a c u o l a t e d  cells and  
some of b o t h  of these  popu l a t i ons  a h e a d  of some of the  
v a c u o l a t e d  cells. This  leads to  a r a t h e r  ineff ic ient  dis- 
p l a c e m e n t  of t he  or ig inal  cell popu la t ion .  Some of the  
or ig ina l ly  v a c u o l a t e d  cells will, never the less ,  h a v e  b e e n  
d isp laced  b y  d a y  10. This  is t he  t i m e  a t  wh ich  t he  smal l  
i n t e s t ine  ceases to  r e spond  to  a pe r iod  of s t a r v a t i o n  b y  
increas ing  i ts  t r a n s p o r t  of sod ium 2. 
The  fac t  t h a t  l i t t le  or no cell r e p l a c e m e n t  t akes  place up  
to  d a y  6 al lows to  conc lude  t h a t  deficiencies in  func t ion  
a r i s ing  w i t h i n  th i s  t ime  per iod  m u s t  occur  w i t h i n  t he  
or ig ina l  p o p u l a t i o n  of cells. F u n c t i o n a l  changes  occurr ing  
w i t h  a t i m e  course g rea te r  t h a n  6 days,  p r o b a b l y  arise 
f rom the  phys ica l  d i s p l a c e m e n t  of some of t h e  or iginal  
p o p u l a t i o n  of cells f rom n o n g r o w i n g  villi. 

Effect  of  h i s t o n e s  f r o m  b r a i n  o n  D N A - s y n t h e s i s  in  v i t r o  1 

G. J a h n ,  I. Sz i jan  a n d  J.  A. B u r d m a n  

Departamento de Qutmica Bioldgica, Facultad de Farmacia y Bioqutmica, Universidad de Buenos Aires, Junin  956, 
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Summary. The  resu l t s  of these  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  h i s tones  f rom b r a i n  i nh ib i t  t he  rep l i ca t ion  of D N A  in vi tro.  
A s imi la r  effect  is obse rved  w i t h  po ly lys ine  or po lyarg in ine .  The  reve r s ion  of i n h i b i t i o n  b y  p o l y g l u t a m i c  acid or acidic 
p ro t e in s  is comple t ed  in all  cases excep t  w h e n  t he  D N A  is p rev ious ly  complexed  wit l l  h i s tones ,  po lya rg in ine  or poly-  
lysine.  Th i s  sugges t  t h a t  h i s tones  m a s k i n g  of D N A  towards  t he  po lymerases  involves  e l ec t ros ta t i c  forces. 

Severa l  s tud ies  h a v e  s h o w n  t h a t  h i s tones  i n h i b i t  va r ious  
i ) N A - p o l y m e r a s e  sys t ems  in  v i t ro  2-4. Lys ine- r i ch  h i s tones  
were t he  m o s t  effect ive  a n d  a rg in ine - r i ch  h i s tones  t he  
leas t  e f fec t ive  i nh ib i t o r s  of D N A - s y n t h e s i s  4. T he  h i s tones  
can  cover  t he  D N A - s t r a n d  or  change  i ts  c o n f o r m a t i o n  in 
such  a w a y  as to  r e n d e r  i t  un recogn izab le  b y  t he  poly-  
merases .  
I n  our  l a b o r a t o r y  we are  i n t e r e s t ed  in t he  role of nuc lea r  
p ro t e in s  in  t he  r egu la t i on  of D N A - r ep l i c a t i on  in the  b ra in .  
W e  d e m o n s t r a t e d  in our  p r ev ious  e x p e r i m e n t s  a close re- 
l a t i o n s h i p  b e t w e e n  t he  r a t e  of D N A - r ep l i c a t i on  and  t he  
syn thes i s  of c h r o m a t i n  p ro t e in s  5. La te ly ,  We h a v e  de-  
m o n s t r a t e d  t he  presence  of D N A - p o l y m e r a s e  a n d  endo-  
nuc lease  a c t i v i t y  w i t h i n  t h e  n o n h i s t o n e  p ro t e ins  of t he  
b r a i n  c h r o m a t i n  6, ~. 
As h i s tones  h a v e  a h igh  pos i t ive  charge,  t h e i r  i n t e r a c t i o n  
w i t h  D N A  could  be  due, a t  leas t  in  pa r t ,  to  e lec t ros ta t i c  
forces b e t w e e n  t he  pos i t ive  charges  of t he  histories  a n d  t he  

nega t i ve  charges  of t he  p h o s p h o r i c  acid g roups  in DNA. 
I n  th i s  way,  po lypep t ides  of h igh  pos i t ive  cha rge  such  as 
po lya rg in ine  a n d  po ly lys ine  can  be  used as h i s tone  
analogs .  
I n  the  p r e sen t  s t u d y  we i n v e s t i g a t e d  t he  effects  of un-  
f r a c t i o n a t e d  b r a i n  h is tones ,  po lya rg in ine  and  polylys ine  
on  D N A - s y n t h e s i s  in  v i t ro .  W e  also s tud ied  t he  effect of 
p o l y g l u t a m i c  acid, a h igh ly  an ionic  po lypep t i de  and  acidic 
p ro te ins ,  t h a t  could compe te  w i t h  D N A  in t he  b ind ing  of 
t he  basic  molecules  of po lyarg in ine ,  po ly lys ine  or h is tones .  
Th i s  will p rov ide  ev idence  on t he  degree  of a f f in i ty  of t he  
h is tones ,  po lya rg in ine  and  po ly lys ine  for the  DNA.  We 
can  also see if t he  i n h i b i t i o n  of t he  D N A - p o l y m e r a s e  ac- 
t i v i t y  p roduced  b y  these  can  be  reversed  w i t h  po lyg lu ta -  
mic  and  acidic pro te ins .  
Material and methods. 8-day-old  r a t s  of e i the r  sex f rom a 
h i g h l y  i n b r e d  W i s t a r  s t r a in  were used.  T h e y  were killed b y  
d e c a p i t a t i o n  a n d  u n f r a c t i o n a t e d  h i s tones  a n d  acidic de- 
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Table 1. Effect of polyglutamic acid on the inhibition produced by 
histones on DNA-synthesis in vitro 

Specific Range 
activity (%) 
(percent of 
control) 

DNA-polymerase + DNA 100 
DNA-polymerase + polyG 100 89-110 
DNA-polymerase + histones 23 20- 25 
DNA-polymerase + (DNA + histones) + polyG 53 49- 58 
DNA-polymerase+ (polyG+histones) +DNA 101 93-i09 
DNA-polymerase + (DNA + polyG) + histones 111 100-122 
(DNA-polymerase + histones) + DNA + polyG 100 91-108 

The source of DNA-polymerase was the nucleoptasm of isolated 
brain nuclei, 100 ~zg of protein per reaction tube. Histones were 25 [zg 
and polyglutamic acid (polyG) 25 [xg per reaction tube when in- 
dicated 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 [xg per assay. Spee. act. at 100% 112,000 dpm/mg of 
enzyme protein ~ 12,328. The results are the average of 4 experi- 
ments. 

% 

g 6G 
:*2_- 
- C I  

4s 

2C 

i , i i I 

25 50 75 pg 

Histones 

Fig. 1. Effect of histones on DNA-synthesis in vitro using chromatin 
or native DNA as template. Each assay contained 100 ~zg of enzyme 
protein and 20 [~g of chromatia DNA or native DNA from salmon 
sperm. The reaction mixture and assay conditions were as mentioned 
in the text. 0 - - 0 ,  Chromatin; O--O, native DNA. The results are 
the average of 3 experiments. 

Table 2. Effect of polyglutamic acid on the inhibition produced by 
polylysine and polyarginine on DNA-synthesis in vitro 

Specific Range 
activity (%) 
(percent of 
control) 

DNA-polymerase + DNA 100 
DNA-polymerase + polyL 6 5-7 
DNA-polymerase + polyG 92 81-101 
DNA-polymerase + (DNA + polyL) + PolyG 70 64- 77 
DNA-polymerase + (DNA + polyG) + polyL 86 76- 95 
DNA-polymerase + (polyL + polyG) + DNA 108 89-120 
DNA-polymerase + polyA 20 17- 22 
DNA-polymerase -t- (DNA+polyA)+polyG 79 72- 87 
DNA-polymerase + (DNA + polyG) +polyA 106 94-119 
DNA-polymerase + (polyA + polyG) + DNA 109 98-121 

The source of DNA-polymerase was the nucleoplasm of isolated 
brain nuclei, 100 [zg of protein per reaction tube. Polysine (polyL) 
12.5 [xg/tube; polyarginine (polyA) 12.5 [xg; polyglutamic acid 
(polyG) 25 [zg/tube and native DNA from salmon sperm 20 [zg/tube. 
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. Spee. act. at 100% 174,774 dpm/mg of 
enzyme protein :t= 16,666. The results are the average of 4 experi- 
ments. 

oxyribonucleoproteins p r e p a r e d  f rom the  b ra in  b y  t h e  
m e t h o d  p r e v i o u s l y  descr ibed  5.1%ly L -A rg in ine  HC1, t y p e  
I Ib ,  po ly  L- lys ine  H Br ,  t y p e  V I Ib ,  a n d  p o l y g l u t a m i c  
acid, s o d i u m  salt ,  t y p e  I I b  were p u r c h a s e d  f rom S i g m a  
Chemica l  Co. 
T h e  a s s a y  for D N A - p o l y m e r a s e  a c t i v i t y  m e a s u r e s  t he  in-  
co rpora t ion  of (Me-3H) d e o x y t h y m i d i n e - 5 - t r i p h o s p h a t e ,  
t e t r a s o d i u m  sa l t  (spec.act .  53.7 Ci /mmole)  in to  a n  acid-  
inso luble  p r o d u c t  b y  p rec ip i t a t i on  wi th  t r ich loroace t ic  
acid. T h e  reac t ion  cond i t i ons  a nd  f u r t h e r  p rocess ing  were 
descr ibed  p r e v ious ly  7. T h e  source  of D N A - p o l y m e r a s e  
was  t he  n u c l e o p l a s m  of i so la ted  nucle i  f r om r a t  b r a in  
cells 7. 
Results and discussion. T h e  inco rpo ra t i on  of a H - T T P  in to  
D N A  is inh ib i t ed  b y  his tor ies  a dde d  to the  i n c u b a t i o n  
media ,  e i ther  wi th  D N A  or c h r o m a t i n  as a p r ime r ;  as  can  
be seen i n f i g u r e  1. T h e  inh ib i t i on  is g rea t e r  w h e n  chro-  
m a t i n  is used  as a p r i m e r  i n s t e a d  of n a t i v e  D N A .  Th i s  dif- 
ference would  r e p r e s e n t  t h e  h i s t o n e s  a l r e a dy  p r e s e n t  in 
t he  c h r o m a t i n  while  t he  n a t i v e  D N A  is naked .  
The  inco rpora t ion  of 3I-I-TTP in to  D N A  is i nh ib i t e d  too  
w h e n  p o l y s y n e  or po lya rg in ine  are  a d d e d  to the  i n c u b a -  
t ion  m e d i a  in place of h i s t o n e s  (figure 2). The  inh ib i t i on  is 
p ropo r t i ona l  to  t he  c o n c e n t r a t i o n  of t he  po lypep t ides .  T h e  
m i n i m u m  q u a n t i t y  of t h e  p o l y p e p t i d e s  g iv ing  m a x i m a l  
inh ib i t i on  was  d e t e r m i n e d  g iv ing  12.5 [zg for po ly lys ine  
a n d  25 ~zg for po lya rg in ine  in e a c h  a s s a y  tube .  The  poly-  
lys ine  was  s l i gh t ly  more  ef fec t ive  t h a n  po tyarg in ine .  
W e  t e s t e d  t he  in f luence  of p o l y g l u t a m i c  acid on t he  ac- 
t i v i t y  of D N A - p o l y m e r a s e .  I t  was  f o u n d  t h a t  h igh  q u a n -  
t i t ies  of p o l y g l u t a m i c  acid (more t h a n  50 ~g) i nh ib i t e d  t he  
i nco rpo ra t i on  of 3 H - T T P .  W e  the re fo re  used  the  h i g h e s t  
q u a n t i t y  t h a t  can  be a d d e d  to t he  m e d i a  w i t h o u t  pro-  
duc ing  s igni f ica t ive  i nh ib i t i on  (25 ~xg). 
Once  t he  o p t i m u m  q u a n t i t i e s  of histories,  poly lys ine ,  po ly-  
a rg in ine  a n d  p o l y g l u t a m i c  acid were d e t e r m i n e d ,  t he  ac- 
t i v i t y  of D N A - p o l y m e r a s e  was  a s s a y e d  in the  p resence  of 
t he se  subs t a nc e s ,  as  can  be seen in t ab l e s  1 a nd  2. I n  t ab le  
1 we can  see t he  effect  of p o l y g l u t a m i c  acid on t he  in-  
h ib i t ion  p roduc e d  b y  h / s t o n e s  of D N A - s y n t h e s i s  in vitro.  
As can  be seen in the  table ,  a n y  2 of D N A ,  histories  or  
p o l y g l u t a m i c  acid were a d d e d  f i rs t  a n d  al lowed to i n t e r ac t  
before a d d i n g  t he  3rd n u m b e r .  In  th i s  way ,  we could  see 
if t he  p rev ious  f o r m a t i o n  of a c o m p l e x  be tw e e n  h i s t o n e s  
a nd  D N A  or p o l y g l u t a m i c  acid could  aIfect  t he  a c t i v i t y  
of t he  D N A - p o l y m e r a s e .  The  p o l y g l u t a m i c  acid re- 
ve r sed  in all cases  t he  inh ib i t i on  p r o d u c e d  b y  h i s tones .  
Th i s  reversa l  was  m i n i m a l  (50%) w h e n  t he  h i s t one s  were 
a l lowed to i n t e r ac t  w i th  D N A  p re v ious  to  t he  a dd i t i on  of 

1 These studies were supported by the Consejo Nacional de In- 
vestigaciones Cientifieas y T6cnicas and the Instituto Naeional 
de Farmacologia y Bromatologia, Argentina. 

2 Abbreviations. DNA-polymerase : deoxynueleoside triphosphate: 
DNA deoxynucleotidyl transferase (E.C. 2.7.7.7.). 

3 S. Sehwimmer and j~. Bonner, Bioehim. biophys. Aeta 108, 67 
(1965). 

4 W.G. Wood, ft. L. Irvin and D. J. Holbrook, Jr, Biochemistry 7, 
2256 (1968). 

5 I. Szijan and J. A. Burdman, Biochim. biophys. Acta 299, 344 
(1973). 

6 J .A.  Burdman and I. Szijan, J. Neurocbem. 26, 1245 (1976). 
7 I. Szijan and j .  A. Burdman, Brain Res. 73, 562 (1974). 
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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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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  

j .  j .  P r i t cha rd  and R. J. R o w b u r y  ~ 
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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 
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