
1592 Specialia EXPERIENTIA 33/12 

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.  
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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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Intracellular and extracellular concentrations of ammonia in A. 
nidulans 

Initial concentration (raM) Final concentration (raM) 
Extraeellular Intraeellular 

Normal 10 7.9 8.0 
20 16.0 15.2 
30 20.1 19.6 

Deficient 10 5.0 5.0 
20 9.8 10.0 
30 15.1 15.0 
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Fig. 1. Ammonium ion uptake by normal (0) and biotin-deficient 
( O ) A. nidulans. 
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Fig. 2. Effect of cell density on the uptake of ammonium ion by 
normal (0) and biotin-deficient (�9 A. nidulans. Experimental con- 
ditions are the same as described for uptake studies, except that 
the cell density was adjusted as indicated in figure and after 10 min 
of incubation ammonia uptake was measured. 
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Fig. 3. Lineweaver-Burk plot of uptake of ammonia by normal (0) 
and biotin-deficient (�9 A. nidulans. 

of ammo n i a  was abou t  30% and 50% more t h a n  t h a t  
found  in the  cells grown in presence  of NHdNO a and NHdC1 
as a n i t rogen  source, respect ively .  This m a y  be due  to the  
repression of a m m o n i u m  ion up take  sys tem.  However ,  
the  degree of derepress ion was very  poor  as compared  to  
t h a t  r epor ted  in P. chrysogenum TM. For  fu r the r  s tudies  we 
have  used the  ceils of A.  nidulans grown on NH4NO 3 as a 
n i t rogen source. Figure 1 shows the  l inear i ty  of am-  
mo n i u m ion up take  as a func t ion  of t ime  for abou t  20 
min in bo th  normal  and b io t in  def ic ient  cells. I t  is inter-  
es t ing to note  t h a t  b iot in  def ic iency causes a b o u t  40% 
increase in a m m o n i u m  ion up take  in th is  culture.  The 
up take  of a m m o n i u m  ion was found to be p ropor t iona l  
to the  cell dens i ty  up to  abou t  1.5 mg /ml  d ry  ceils (fig- 
ure 2). 
The int racel lular  concen t ra t ion  of ammo n i a  was found to  
be ident ical  to t h a t  of extracel lu lar  concen t ra t ion  in b o t h  
normal  and  b io t in  def ic ient  A.  nidulans. Fur ther ,  the  
in t racel lular  concen t ra t ion  increased as the  extracel lu lar  
concen t ra t ion  of a m m o n i u m  ion was increased,  and the  
reverse was also t rue  in the  sense t h a t  the  in t racel lu lar  
concen t ra t ion  of ammo n i a  decreased as the  ext racel lu lar  
concen t ra t ion  of ammo n i a  was dereased.  I t  is in te res t ing  
to  note  t h a t  in all cases the  in t racel lular  concen t ra t ion  of 
ammo n i a  was low in b io t in -def ic ien t  cells as compared  to  
t h a t  in no rma l  ceils (table). This observa t ion  sugges ted  
t h a t  the  e n t r y  of a m m o n i u m  ion in A.  nidulans does no t  
occur agains t  the  concen t ra t ion  g rad ien t  and depends  
upon  the  int racel lular  concen t r a t ion  of a m m o n i u m  ions. 
The add i t ion  of KCN, 2,4 D N P  and NaN 3 to t he  up take  
med i u m did no t  cause a n y  s ignif icant  a l te ra t ion  in t he  
up take  ra te  of a m m o n i u m  ion, t hus  indica t ing  tha t ,  for 
the  en t ry  of ammo n i a  in A.  nidulans, energy  is no t  in- 
volved.  The above  resul ts  lead us to suggest  t h a t  the  
e n t r y  of a m m o n i u m  ion in to  the  cell is no t  by  the  act ive  
t r a n s p o r t  mechan i sm b u t  by  the  faci l i ta ted diffusion 
process.  The charac te r i s t ics  of the  ammo n i a  up take  sys- 
t e m  are qui te  d i f fe rent  t h a n  those  of the  o ther  t r a n s p o r t  
sys tems  we have  s tudied  in A.  nidulans 5-s, as well as the  
ammo n i a  up take  sys tem in P. chrysogenum ~. Our resul ts  
are however  in line wi th  those  r epor ted  by  MacMillanlS 
and P a t e m a n  et  al. 1.. 
The up take  of a m m o n i u m  ions in re la t ion to the  am- 
mo n i u m ion concen t ra t ion  follows Michael is-Menten 
kinet ics  w i th  an ident ical  Kin-value of 10,26 • 10 -5 M 
a m m o n i u m  ion in bo th  normal  and b io t in-def ic ien t  
A.  nidulans (figure 3). This  indica ted  t h a t  the  af f in i ty  of 
a m m o n i u m  ion up take  sys t em for the  subs t r a t e  m a y  no t  
be the  cause of h igher  up take  due to biot in  deficiency, as 
shown in figures 1 and  2. Recent ly ,  we have  shown t h a t  
ammo n i a  in A.  nidulans is ass imila ted main ly  via  N A D P -  
g lu tamate  dehydrogenase  route,  and biot in  def ic iency in 
th is  cul ture causes s ignif icant  increase in N A D P - g l u t a m a t e  
dehydrogenase  ac t iv i ty  ~5. Thus,  f rom all these  results ,  i t  
can be sugges ted  t h a t  the  increased up take  of a m m o n i a  
due to biot in  def ic iency in A.  nidulans m a y  be the  resul t  
of its fas ter  convers ion  to  g lu t ama te  thus  lowering the  
int racel lular  a m m o n i u m  ion concen t ra t ion  and  al lowing 
more  up take  of a m m o n i u m  ions f rom the  medium.  
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