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NeuraminiOase treatment 
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Residual sialic acid content and inter- 
feron activity (as a percentage of the 
original) of neuraminidase-treated and 
control samples of rabbit urinary pro- 
teins containing interferon. 

W o r k  now in progress  based  on  isoelectr ic f r a c t i o n a t i o n  of 
n e u r a m i n i d a s e - t r e a t e d  sample  m i g h t  give f u r t h e r  i n fo rma-  
t i on  on  th i s  poin t .  T he  progress ive  loss of a c t i v i t y  is n o t  
due  to  bac te r i a l  c o n t a m i n a t i o n  as samples  were ster i le  a n d  
could be  due  to t r aces  of p ro t eo ly t i c  enzym es  c o n t a i n e d  in  
t he  urine.  The  h i g h  suscep t ib i l i ty  of i n t e r f e ron  to pro-  
teases  is well  k n o w n  5. 

I n  sp i te  of ex tens ive  effor ts  5, t he  comple te  pur i f i ca t ion  
of i n t e r f e ron  sti l l  appea r s  a v e r y  diff icul t  task ,  a n d  for t h e  
t i m e  being,  cons ider ing  t h e  n u m b e r  of glycosidases 
avai lable ,  t h e  s t u d y  of t h e i r  specific effect  on  t he  in te r -  
feron a c t i v i t y  m a y  be  r eward ing  33. 

Riassunto. Pro t e ine  u r ina r i e  di coniglio c o n t e n e n t i  
i n t e r f e rone  con u n a  a t t i v i t ~  di 5000 U/mg sono State  
desia l izzate  m e d i a n t e  neu ramin idas i .  L a  r a p i d a  e com- 
p l e t e  r imozione  del l ,acido sialico non  si a c c o m p a g n a  a l la  

s compar sa  della a t t iv i tA an t iv i r a l e  e p e r t a n t o ,  se l ' in ter -  
ferone con t iene  acido sialico, q u e s t ' u l t i m o  n o n  h a  u n  
ruolo nel l 'a t t ivi t~t  biologica.  
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The Effect of Acridines on the Synthesis  of RNA 

M a n y  acr id ines  a n d  re l a t ed  c o m p o u n d s  h a v e  been  used 
in  c h e m o t h e r a p y ,  b u t  t h e i r  m e c h a n i s m s  of ac t ion  r e m a i n  
obscure  (see ALBERT 1 for  a genera l  review).  A l t h o u g h  t he  
presence  of d i f fe ren t  s u b s t i t u e n t s  in  t he  he te rocyc l ic  
nuc leus  p r o f o u n d l y  affects  ac t iv i ty ,  t he re  is r eason  to  
suppose  t h a t  t he re  is a c o m m o n  m e c h a n i s m  of act ion.  
ALBERT 1 ha s  s h o w n  a cor re la t ion  b e t w e e n  t h e  bac te r io -  
s t a t i c  a n d  basic  p roper t i e s  of t h e  acr id ines  wh ich  ind ica tes  
t h a t  a c t i v i t y  depends  on  t he  presence  of s t rong ly  basic  
a m i n o  groups.  The  aminoac r id ine s  i n t e r a c t  s t rong ly  w i t h  
nucleic  acids  3 a n d  o t h e r  po lyan ions  3, ~ a n d  are  powerfu l  
i nh ib i to r s  of p ro t e i n  a n d  nucle ic  acid m e t a b o l i s m  in  
v ivo  4, 5. T h e i r  effects  in  v ivo  re semble  those  p roduced  b y  
a c t i n o m y c i n  D 5-~ a n d  some of t h e  aminoac r id ine s  wh ich  
h a v e  been  used in c h e m o t h e r a p y  i n h i b i t  !RNA poly-  
merase  in  v i t ro  s. Since t h e  p r i m a r y  ac t ion  of a c t i n o m y c i n  

in Isolated Nucle i  and Intact HeLa Cells 

D is p r o b a b l y  t he  i n h i b i t i o n  of D N A - d e p e n d e n t  syn thes i s  
of RNA,  i t  is poss ible  t h a t  th i s  m a y  be  a c o m m o n  mechan -  
i sm of ac t ion  of t h e  acr idines .  A r a n g e  of acr id ines  has  
the re fore  been  used to see if t h e r e  is a cor re la t ion  be tween  
i n h i b i t i o n  of R N A  syn thes i s  in  i n t a c t  cells and  in  i sola ted 
nuclei .  

Materials and methods. H e L a  cells were g rown and  the i r  
nucle i  i sola ted b y  m e t h o d s  descr ibed  elsewhere ~ Cells 
were label led  b y  i n c u b a t i n g  10 ml  cu l tu re  con ta in ing  
5 • 106 cells a n d  0.4 ~zC 8-14C-adenine or G-14C-guanosine 
(bo th  of specific r a d i o a c t i v i t y  28 m C / m M )  and  acr id ines  
a t  a c o n c e n t r a t i o n  of 61 ~tM, for 30 ra in  a t  37 ~ in the  
dark .  U n d e r  these  cond i t ions  over  90% of t he  radio-  
a c t i v i t y  i nco rpo ra t ed  was in I~NA; t h e r e  was v i r t ua l l y  
no  i n t e r conve r s ion  of t he  precursors .  The  cells were 
col lected b y  cen t r i fuga t ion ,  w a s h e d  w i t h  ice-cold 0 ,6M-  
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Compound RNA synthesis (% of controls) 
Whole cells labelled with 
14C-adenine 14C-guanosine 

Isolated Bacteriostatic pK a 
nuclei index 

4-methoxyacridine 104 101 115 3 5.0 
9-methoxyacridine 96 102 116 
9-mereaptoacridine 92 86 103 
Ethidium bromide 75 50 31 - 
3, 6-diaeetamidoaeridine 72 40 112 
Acridine orange 52 32 62 17 10.1 
Aeriflavine 32 22 49 22 12 
Rivanol 25 15 73 20 11.1 
Acridine orangeR 22 13 46 13 - 
Acridine yellow 20 8 86 21 9.8 
4-hydroxyacridine 12 8 110 12 5.2 
Mepacrine 6 6 113 10 10.0 
9-aminoaeridine 9 5 81 25 9.6 
Proflavine 8 4 67 22 9.3 

t r ichloroacet ic  acid and water .  R N A  was then  ex t r ac t ed  
wi th  3 ml  10% aqueous  sodium chloride solut ion for 1 h a t  
100 ~ and  p rec ip i t a t ed  wi th  3 vols. of e thanol .  

I so la ted  nuclei  were labelled by  incuba t ing  nuclear  
suspension equiva len t  to 150 lag DNA for 45 min at  37 ~ 
in the  da rk  in 0.5 ml  of reac t ion  Inedium t h a t  con ta ined  
0 .1M Tris-HC1 buffer  (pH 7.5), 0.13/I sucrose, 0 .2M 
(NH4)2SO4, 5 InM MgCI~, 3 m M  MnCl~, 60 m3/I KC1, 
20 m M  NaF,  1 m M  CTP, 1 m M  GTP, 1 m M  UTP,  0.01 
~moles 8-14C-ATP (specific r ad ioac t iv i ty  30 mC/m3l ) ,  and  
acr idines  a t  a concen t ra t ion  of 180 ~M. U n d e r  these  con- 
d i t ions  incorpora t ion  of rad ioac t iv i ty  in to  R N A  con- 
t inued  for over 1 h. The react ion was s topped  by  add i t ion  
of 2.5 ml  ice-cold 0 .6M tr ichloroacet ic  acid, and  R N A  was 
ex t r ac t ed  by  the  m e t h o d  used wi th  whole cells. 

The rad ioac t iv i ty  in R N A  was de t e rmined  wi th  a 
scint i l la t ion counte r  g; all counts  were corrected for 
in te rna l  quenching.  

Results and discussion. The Table  shows the  effects  of 
d i f fe rent  acridines on the  incorpora t ion  of labelled pre-  
cursors into the  R N A  of isolated nuclei  and  in tac t  cells. 
In  order  to assist  comparisons ,  the  concen t ra t ions  of 
acridines were chosen to  give only  par t ia l  inhibi t ion of 
incorporat ion.  The values  for p K  a and  bac te r ios ta t i c  
index are t aken  f rom ALBERT1; the  index  is a measure  of 
the  ac t iv i ty  of t he  acr idine agains t  several  bacter ia l  
species and  roughly  parallels p K  a. 

Considering f irs t  the  inhib i t ion  of R N A  synthes is  in 
isolated nuclei, it  appears  t h a t  the  acr idines  fall in to  2 
main  groups:  t he  a lninoacr idines  wi th  h igh  p K  a and  
bac te r ios ta t ie  index  s t rongly  inh ib i t  R N A  synthes i s  in 
vitro,  whils t  the  reverse is t rue  of acridines w i th  low 
pKa and  bac te r ios ta t i c  index. The single except ion  to  th is  
is the  heavi ly  subs t i t u t ed  aminoacr id ine  mepacr ine  which  
at  th is  concen t ra t ion  does no t  inhibi t  R N A  synthes is .  
H igher  concen t ra t ions  (400 ~M) of mepacr ine  are, how- 
ever, ve ry  inhibi tory .  There  is thus  a broad  correla t ion 
be tween  pK~, bac te r ios ta t i c  index,  and inhibi t ion of R N A  
synthes is  in vi tro,  a l though  subs t i tuen t s  in the  molecule 
also influence ac t iv i ty .  

The incorpora t ion  into in tac t  cells of b o t h  14C-adenine 
and ~4C-guanosine was  examined  to ensure t h a t  effects  
p roduced  by  the  acridines did no t  s imply  reflect  inhib i t ion  
of t u rnove r  of adenine  in the  end-groups  of t r ans fe r  RNA.  
Bo th  precursors  gave parallel  sets of results,  a l though  in 
general  the  incorpora t ion  of 14C-guanosine was inh ib i ted  
more  t h a n  was t h a t  of 14C-adenine. The figures for incor- 

pora t ion  of precursors  in to  whole  cells show t h a t  p K  a, 
bac te r ios ta t i e  index  and incorpora t ion  in v i t ro  are again 
corre la ted  a l though  there  are obvious  except ions .  Thus  
mepacr ine  is cons iderably  more  act ive  in vivo t h a n  ex- 
pec ted  f rom the  o ther  pa ramete r s .  In  contras t ,  the  
p h en an t h r i d i n e  e th id iu ln  b romide  is re la t ively  less act ive  
in vivo t h a n  in vi tro.  4 -Hydroxyac r id ine  is qui te  excep-  
t ional,  since the  p K  a and ac t iv i ty  in v i t ro  would indicate  
low ac t iv i ty  in vivo;  as t he  Table  shows, however ,  it  is 
very  inh ib i to ry  to  incorpora t ion  of precursors  in to  the  in- 
t ac t  cell and has a h igher  bac te r ios ta t i c  index t h a n  
mepacr ine .  

I t  seems reasonable  to conclude,  therefore ,  t h a t  inhibi-  
t ion  of I~NA polymerase  is of ten  a ma jo r  fea ture  in the  
act ion of the  aminoacr idines ,  bu t  o the r  factors  con- 
s iderably  Inodify th is  p roper ty .  The presence  of sub- 
s t i tuen t s  in the  acridine molecule affects  no t  only  its 
diffusion into the  cell and nucleus, b u t  also its abi l i ty  to 
inh ib i t  b o t h  R N A  polymerase  and  o the r  enzyme  sys tems.  

Zusammen/assung.  Eine  Reihe  von  Acr id inen wurde  
auf ihre H e m m u n g  der  R N S - S y n t h e s e  in t ak t e r  Zellen 
und  isolierter Kerne  un te r such t .  I n  K e rn en  wurden  
Ahnliche Hemmungsve rh~ l tn i s se  gefunden  wie in Bak- 
terien,  w~hrend  in i n t ak t en  Zellen die Reihenfolge  der  
St~rke der  H e m m w i r k u n g e n  sehr  verschieden ist. 
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