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Table 2. Inhibition of sepiapterin deaminase (%) 

Concentrations 
Compounds 10 -~ M 10 a M 10 -~ M 10 -5 M 10 .6 M 10 .7 M 

KF 72.0 18.6 
p-Chloromercuri- 
benzoate 80.0 11.8 0 
8-Azaguanine 51.3 17.3 0 
Phenyl methyl 
sulfonylfluoride 32.0 6.4 0 
Amethopteriri 76.0 41.5 6.4 
Aminopterin 83.2 14.3 7.9 

sepiapter in ,  0.4 txmoles; 3.5 uni ts  of enzyme,  and inhibi-  
to r  as described.  Af te r  incuba t ion  a t  25~ for 10 min,  
0.5 ml of 0.3 N N a O H  was added  and  the  decrease in 
absorbance  a t  475 n m  was de t e rmined  as previous ly  
descr ibed 3. Sodium azide, KCN, monoiodoacet ic  acid, 
d in i t rophenol ,  propionic  acid, melamine  and E D T A  were 
no t  effect ive as inhibi tors  a t  a f inal  concen t ra t ion  of 10 .3 
M for e i ther  t ype  of deaminase  prepara t ion .  Subs tances  
which  were effect ive as inhib i tors  are l isted in table  2. 
These  compounds  p roduced  t h e  same degree of inh ib i t ion  
wi th  b o t h  t y p e  of enzyme  p repa ra t ion ,  t hus  ind ica t ing  
t h a t  t he  deaminase  ac t iv i ty  found  in the  2 s t ra ins  is due  
to 1 protein .  The suscept ib i l i ty  of the  enzyme to p-chloro-  
mercur ibenzoa te  shows t h a t  sep iap te r in  deaminase  differs 
f rom ra t  l iver p te r in  deaminase5 and B o m b y x  mori  iso- 
x a n t h o p t e r i n  deaminase% W i t h  17.5 uni ts  of purif ied se- 
p i ap te r in  deaminase ,  i soxan thop t e r i n  deaminase  ac t iv i ty  
was e s t ima ted  6, ne i ther  a m m o n i a  nor  p roduc t  7-oxy- 
lumazine  was de tec ted .  These d a t a  prove  t h a t  the  2 

enzymes  differ f rom each other .  Since bacter ia l  p t e r i n  
deaminase  is inhib i ted  by  K F  at  a concen t ra t ion  o f  
3 X 10 -5 M, it too is d i s t inc t  f rom si lkworm sepiap te r in  
deaminase.  
L ineweaver -Burk  plots  of no rma l  and inh ib i ted  deaminase  
ac t iv i ty  are shown i n  the  figure. I t  can be seen t h a t  
a m e t h o p t e r i n  and  8-azaguanine are compe t i t ive  inhibi-  
tors  of the  enzyme,  while p -ch lo romercur ibenzoa te  is a 
non-compe t i t ive  inhibi tor .  F r o m  the  figure, Ki values  for 
the  subs tances  were ca lcula ted  as follows: ame thop te r in ,  
1.9 X 10-5 M ; 8-azaguanine,  6.7 X 10-4 M ; p-chloromercur i -  
benzoate ,  2.4 • 10 .3 M. 
The decreased concen t r a t ion  of sep iap te r in  deaminase  in 
the  i n t e g u m e n t  of the  normal  t ype  s i lkworm is no tewor thy .  
In  the  normal  t ype  s i lkworm, it is p robable  the  sepiapter in  
is conver t ed  to  t e t r a h y d r o b i o p t e r i n  via d ihydrob iop te r in .  
In  the  lemon m u t a n t  s t rain,  a lack of sep iap te r in  reduc tase  
resul ts  ins tead  in the  accumula t ion  of sepiapter in .  The 
excess sepiapter in  is excre ted  af ter  deamina t ion  by  se- 
p iap te r in  deaminase ,  an act ion which produces  a com- 
pound  which  is more  water -soluble  t h a n  sepiapter in  itself. 
The high specific ac t iv i ty  of the  deaminase  in malp ighian  
tubules3 suppor t s  th is  possibi l i ty.  
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Summary. Large scale pur i f ica t ion  and  p repa ra t ion  of calf liver nuclei was accompl ished  by  high speed cen t r i fuga t ion  
of a f rac t ion  enr iched in nuclei  ( 'nuclear  homogena te ' )  t h ro u g h  1.8 M sucrose by  means  of a Beck man  CF-32 Ti con- 
t inuous  flow rotor .  In  compar i son  w i t h  me thods  involving the  use of convent iona l  h igh  capac i ty  rotors,  larger volumes  
of h o m o g e n a t e  could be processed.  This m e t h o d  was used to p repare  nuclei f rom calf l iver for the  p repa ra t ion  of DNA-  
d e p e n d e n t  R N A  polymerases .  The use of cont inuous  flow u l t racen t r i fuga t ion  avoids  t ime-consuming  manipula t ions ,  
t hus  al lowing hand l ing  of large quan t i t i e s  of t issue. 

H i g h - d e n s i t y  sucrose cen t r i fuga t ion  is one of the  mos t  ef- 
fect ive  m e t h o d s  for p repa r ing  nuclei  of animal  cells free of 
c o n t a m i n a t i o n  f rom o the r  subcellular  par t ic les  3-5. This  
po in t  becomes  of crucial  impor t ance  when inves t iga t ing  
enzymes  p re sen t  in mul t ip le  forms  which  are located in 
d i f fe ren t  subcellular  part icles .  The low con t en t  in no rma l  
condi t ions  of such enzymes  of ten  requires  an e n r i c h m e n t  
of t he  selected subcel lular  par t ic les  f rom large quan t i t i e s  
of s t a r t ing  t issue mater ia l .  Whi l s t  s tudy ing  DNA-de -  
p e n d e n t  R N A  po lymerase  f rom di f ferent  calf organs,  we 
deve loped  a m e t h o d  of p repa r ing  nuclei  f rom calf l iver in 
a h igh  yield w i th  a good degree of pur i ty ,  using a con- 
t inuous  flow u l t racen t r i fuga t ion .  
Experimental. Sucrose and  MgC12 were reagen t  grade.  A 
B e c k m a n  CF-32 Ti con t inuous  flow ro to r  in a mode l  L3-50 
Spinco u l t racent r i fuge  was used. Tile flow th rough  the  

ro tor  was  ma in t a ined  by  means  of a Cole P a r m e r  Master-  
f lex model  7565 h igh  capac i ty  per is ta l t ic  p u m p  wi th  
var iable  speed control .  The  t e m p e r a t u r e  dur ing  all ex- 
pe r imen t s  was ma in t a ined  below 4 ~ 
Calf liver, ob ta ined  f rom a local s laughterhouse,  was cu t  
in to  pieces and t ho rough ly  washed  in a few volumes  of 
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chilled 0.32 M sucrose, 3 mM MgC12. The liver f ragments ,  
weighing 1400 g, were minced  in an o rd inary  m e a t  mincer  
and suspended  in 5 volumes  of the  wash ing  solution.  The 
suspension was t h e n  homogenized  in a War ing  Blendor  in 
800 ml a l iquots  for 5 min a t  low speed set t ing.  The homo-  
genate  was f i l tered t h rough  2 layers of cheesecloth  and  a 
paddle  of glass wool in a Buchner  funnel,  t hen  cent r i fuged 
at  2500 •  for 15 min  in the  p repa ra t ive  ro tor  872 of an 
I. E. C. B-20A centr i fuge.  
The crude nuclear  pel let  was resuspended  in a measured  
vo lume of 2.4 M sucrose, 1 mM MgC12 and  b rough t  wi th  
the  same solut ion to  a final votume cor responding  to a 
5 : 1 ra t io  w i th  respec t  to t he  pel le t  volume.  The suspen-  
sion was t h e n  s t i r red  in the  b lendor  for 3 min and  f i l tered 
once again t h rough  two layers of cheesecloth  and used for 
the  following exper iments ,  This suspension ,will be re- 
ferred in the  t e x t  as 'nuclear  homogena te ' .  DNA-depen -  
den t  R N A  polymerase  f rom calf l iver nuclei was p repa red  
and  assayed as descr ibed earlier 6. 
Results and discussion. 2 al iquots  of the  nuclear  homo-  
genate ,  whose  concen t r a t ion  in sucrose was 2.05 M, were 
d i lu ted  wi th  1 mM MgC12 to  a final sucrose concen t ra t ion  
of 1.5 M and 1.7 M respect ively .  The 2 solut ions were used 
for a set  of 2 exper iments ,  Whi le  the  ro tor  was running  at  
low speed, the  per is ta l t ic  p u m p  was used to in t roduce  
125 ml of over lay  solut ion (1.4 M sucrose and  1 . 6 M  
sucrose according to the  concen t ra t ion  of the  nuclear  
homogenate)  followed by  300 ml of the  heavier  solution, 
1.8 M sucrose, 1 mM MgC12, a t  the  outer  edge of the  rotor .  
The ro tor  was then  accelera ted to 30,000 r p m  correspond-  
ing to a m a x i m u m  force of 90,000 •  and  the  sample,  
p u m p e d  t h r o u g h  the  cent re  lines of the  rotor ,  was in t ro-  
duced at  the  lower edge of the  core a t  d i f fe rent  flow rates.  
Nuclei  were sub jec ted  to  75,000-80,000 •  for the  t ime  
requi red  to reach the  top  of the  core and,  a t  the  appro-  
pr ia te  flow rate,  became  t r a p p e d  in the  1.8 M sucrose 
layer,  even tua l ly  pe l le t t ing  to the  ro tor  wall. The effect ive 
removal  of nuclei  f rom the  samples  was checked by  col- 
lect ing the  ef f luent  and pe l le t t ing  residual  nuclei  over  a 
small  1.8 M sucrose cushion in the  JA-21 ro tor  of a Spinco 
J21B centr i fuge a t  50,000 • g for 30 rain. At  the  end of the  
run,  the  ro tor  was  b rough t  to a stop,  the  nuclei  were re- 
moved  f rom the  ro tor  wall w i th  the  aid of one of the  Nory l  
core sector  d iv id ing  pa r t s  and  weighed.  
As shown in the  table,  t he  same recovery  of nuclei  was 
ob ta ined  in t he  2 exper iments ,  indica t ing  t h a t  no t r ap -  
p ing of the  nuclei  occurred at  the  in terface  be tween  the  
h e a v y  and  l ight  solut ions when  the  sucrose concen t ra t ion  
difference be tween  the  2 solut ions was enhanced.  Such 
t r app ing  was observed  when  pel le t t ing  at  similar con- 
di t ions  in no rma l  centr i fuge tubes,  and  is p r e sumab ly  due 
to  the  presence  of a sharp  b o u n d a r y  be tween  the  2 so- 
lut ions;  i t  seemed to  be p reven ted ,  when  the  cont inuous  
flow ro tor  was used, b y  the  fo rma t ion  of a short ,  b u t  de- 
finite,  g rad ien t  be tween  the  h e a v y  and  l ight  solut ions 
when  t h e y  come in con tac t  wi th in  the  rotor .  

Continuous flow centrifugation of nuclear homogenate 

Sample Sucrose Maximal flow rate Recovery* 
concentration for complete clean out (%) 
(M) (l/h) 

1 1.5 2.7 1.57 
2 1.7 2.3 1.66 

*Reeoverywasexpressedaswetweightofnuclearpel let toweight  
ofthetissue. 

Some difficult ies were encoun te red  in p u m p i n g  the  highly  
viscous 1.7 M sucrose solut ion in to  the  rotor .  Since in 
b o t h  cases nuclei  were allowed to  s ed imen t  t h ro u g h  a 
un i form 1.8 M sucrose layer, the  use of the  1.5 M sucrose 
solution,  easier to handle  and to  p u m p  into t he  rotor,  
seemed preferable .  
The use of a h igh dens i ty  sucrose h o m o g e n a t e  res t r ic ted  
the  species of sed iment ing  subcellular  par t ic les  to the  
heavier  ones and  p reven t ed  the  bui ld ing  up of a layer  of 
par t ic les  of in t e rmed ia te  dens i ty  a t  t he  in terface  be tween  
the  1.8 M sucrose layer  and the  sample.  These part icles,  
when  process ing large volumes,  would  in terfere  wi th  the  
sed iment ing  nuclei and even tua l ly  c o n t a m i n a t e  them.  
Phase  con t r a s t  microscopic examina t i on  of the  pe l le t ted  
nuclei  revealed in t ac t  nuclei wi th  ve ry  l i t t le  con tamina -  
t ion.  The isolated nuclei  were also s ta ined  wi th  me thy l  
g reen-pyron ine ;  no r ibosomal  co n t ami n a t i o n  could be 
seen. Nuclei ob ta ined  by  cont inuous  flow u l t racent r i -  
fugat ion  were used to  prepare  D N A - d e p e n d e n t  R N A  poly- 
merases.  The pur i f ica t ion procedure  consis ted of soni- 
ca t ion  at  h igh  ionic s t r eng th  of nuclei, ch roma t in  removal  
and a m m o n i u m  sulphate  prec ip i ta t ion .  The figure shows 
the  elut ion profile of enzyme act ivi t ies  f rom a D E A E -  
Sephadex  A-25 column. The p a t t e r n  of elut ion obta ined  
was essent ia l ly  ident ical  to  t h a t  observed  when  the  en- 
zyme was p repa red  f rom nuclei pur i f ied according to Pogo 
et  al.L 
The high cent r i fugal  force developed in th is  ro tor  allows 
rap id  sed imen ta t ion  of the  nuclei  even  at  the  h igh  sucrose 
concen t ra t ion  necessary  to p r e v e n t  c o n t e m p o r a r y  sedi- 
m e n t a t i o n  of o ther  subcellular  par t ic les .  Tile concen- 
t r a t i on  of the  layer  t h ro u g h  which  nuclei  sed iment ,  can be 
increased to improve  the  degree of pur i ty .  Of course, a t  

6 M.G. Cacace and R. Nucci, Eur. J. Biochem. 36, 286 (1973). 
7 A.O. Pogo, V. G. Allfrey and A. E. Mirsky, Proc. nat. Acad. Sci. 

USA 56, 550 (1966). 
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DEAE-Sephadex chromatography of RNA polymerases from calf 
liver nuclei. 5 ml of a partially purified fraction (204 mg of protein) 
were loaded on a 1 • 13 cm column equilibrated with 50 mM Tris- 
HC1, pH 7.9, 25% (v/v) glycerol, 5 mM MgC12, 0,1 mM EDTA, 5 mM 
dithiothreitol, 20 mM (NH~)2SO 4. The column was eluted with 150 ml 
of a 20-500 mM (NH4)2SO 4 linear gradient; 1.1 ml fractions were col- 
lected and assayed for enzyme activity in the absence (�9 or the 
presence (0) of 1 p.g of ~-amanitin; ( ) ammonium sulphate con- 
centration; ( . . . .  ) absorbance at 280 nm. 
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c o n c e n t r a t i o n s  h ighe r  t h a n  1.8 M sucrose the  yield will 
decrease  p rogress ive ly ;  a compromise  m u s t  be  r eached  
accord ing  to  specific pu r i f i ca t ion  needs.  I f  t h e  nuclei  
c o n t e n t  of t he  h o m o g e n a t e  is known,  t he  t h i cknes s  of t he  
nuc lea r  pe l le t  a t  t he  ro to r  wal l  can  be  ca lcu la ted  con-  
s ider ing  t h a t  a t  1 m m  f rom t he  ro to r  wal l  a 1 m m  b a n d  
will ho ld  a b o u t  41 ml  of nuc lea r  pellet .  A t  the  cond i t ions  
descr ibed  above ,  process ing  10 1 of h o m o g e n a t e  would  re- 
su l t  in t he  f o r m a t i o n  of a b a n d  on ly  a b o u t  2 m m  thick .  
A l t e rna t i ve ly ,  a cush ion  of a dense r  sucrose so lu t ion  

could be  i n t r o d u c e d  b e t w e e n  t he  1.8 M sucrose layer  and  
t he  ro to r  wall ;  in  t h i s  case no pe l l e t t i ng  would  occur  and  
nuclei ,  c o n c e n t r a t e d  in a n a r r o w  b a n d  a t  t he  in te r face  
w i t h  t he  1.8 M sucrose layer ,  could  be col lec ted  b y  e m p t y -  
ing t he  ro to r  w i t h  t h e  same  p rocedure  employed  w h e n  a 
g r ad i en t  e x p e r i m e n t  is pe r fo rmed .  However ,  in  o rder  to  
avo id  t he  t i m e - c o n s u m i n g  g r a d i e n t  e lu t ion  s tep  and  a 
second passage  of nucle i  in  c o n c e n t r a t e d  suspens ion  
t h r o u g h  t he  r o t a t i n g  seal  of t he  ro to r  wh ich  m i g h t  lead to 
damage ,  pe l l e t t i ng  to t he  ro to r  wal l  was  prefer red .  

A m i n o  acid  c o m p o s i t i o n  and s e q u e n c e  of k a s s i n i n ,  a t a c h y k i n i n  d o d e c a p e p t i d e  
f r o m  the  s k i n  of the Afr ican  frog  K a s s i n a  s e n e g a l e n s i s  1 
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Summary. M e t h a n o l  e x t r a c t s  of t he  skin  of t h e  Af r i can  a m p h i b i a n  Kas s ina  senegalensis  c o n t a i n  a dodecapep t ide ,  
kass in in ,  be long ing  to t he  f ami ly  of t a c h y k i n i n s  or physa l aemin - l i ke  pept ides .  Kass in in ,  like all  o t h e r  n a t u r a l  t a c h y -  
kinins ,  possesses t he  cha rac t e r i s t i c  C- t e rmina l  t r i p e p t i d e  G ly -Leu -Me t -NH 2 and  a p h e n y l a l a n i n e  res idue  in pos i t ion  
5 f rom the  C- te rminus .  However ,  t he  amino  acid sequence  in t he  N - m o i e t y  of t he  molecule  differs  s h a r p l y  f rom t h a t  of 
t he  o t h e r  t a c h y k i n i n s .  

A new pep t i de  wh ich  can  be  inc luded  in t he  t a c h y k i n i n  
f ami ly  ha s  been  t r a c e d  in t he  sk in  of t he  Af r i can  frog 
K a s s i n a  senegalensis .  The  pept ide ,  called k a s s i n i n ,  ha s  
been  i so la ted  in a pu re  fo rm a n d  i ts  s t r u c t u r e  iden t i f i ed  

+ 

as follows: + A s p - V a l - P r o - L y s - S e r - A @ - G l n - P h e - V a l -  
G l y - L e u - M e t - N H  v 
I t  m a y  be seen t h a t  kass in in  possesses t he  C- t e rmina l  t r i -  
pep t i de  -Gly-Leu-Met -NH~ and  t he  Phe  res idue  a t  po-  
s i t ion  5 f rom the  C- t e rminus  wh ich  are cha rac t e r i s t i c  for 
all  k n o w n  n a t u r a l  pep t ides  of t he  t a c h y k i n i n  g roup  
(eledoisin, p h y s a l a e m i n ,  phy l lomedus in ,  uperole in ,  sub-  
s t ance  P), and  are essent ia l  for t he  p h y s a l a e m i n - l i k e  
ac t iv i ty .  

However ,  kass in in  differs f rom all t he  o the r  t a c h y k i n i n s  
in t h a t  i t  possesses 12 a m i n o  acid residues,  a n d  s t r ik ing ly  
differs  f rom the  a m p h i b i a n  t a c h y k i n i n s  in  t he  amino  acid 
compos i t i on  of t he  N - m o i e t y  of t he  molecule.  Moreover ,  
l ike s u b s t a n c e  P, kass in in  shows a free N - t e r m i nus ,  in-  
s t ead  of t he  usual  p y r o g l u t a m y l  residue.  

Materials. The  fresh skins  of 1200 spec imens  of Kas s ina  
senegalensis ,  col lected in Ken ia  and  S o u t h  Afr ica  d u r i n g  
t he  per iod  1971-1974 w e r e  used in th i s  s tudy .  T he  ma-  
t e r ia l  weighed  659 g (average  0.55 g pe r  f resh skin).  The  
skins  were r e m o v e d  f rom t he  frogs i m m e d i a t e l y  a f t e r  kil-  
l ing a n d  e x t r a c t e d  twice  w i t h  a vo lume  of m e t h a n o l  5 
t i m e s  t h e  w e i g h t  of t he  t issue.  T he  m e t h a n o l  e x t r a c t s  
were c o m b i n e d  and  f i l tered and  t h e n  s tored  in t he  re- 
f r igera tor .  

Isolation procedure. Samples  of p u r e  pep t i de  were ob-  
t a i n e d  b y  s u b m i t t i n g  t he  e x t r a c t s  to  t he  fol lowing purif i -  
c a t ion  s t eps :  a) wa s h i ng  of the  e v a p o r a t i o n  res idue  w i t h  
p e t r o l e u m  e t h e r  in  order  to  e l imina te  fa t  c o n t a m i n a n t s ;  
b) 120- tubes  c o u n t e r c u r r e n t  d i s t r i b u t i o n  w i t h  t h e  s y s t e m  
n - b u t a n o l :  acet ic  acid : w a t e r  (80 : 12 : 108) ; c) gel f i l t r a t ion  
t h r o u g h  S e p h a d e x  G 10 co lumns  e lu ted  w i t h  0.01 M acet ic  
ac id ;  d) gel f i l t r a t i on  t h r o u g h  S e p h a d e x  G 25 co lumns  
e lu ted  w i t h  0.01 M acet ic  acid. F u r t h e r  pu r i f i ca t ion  could 

be o b t a i n e d  (when needed)  b y  c h r o m a t o g r a p h y  on  alu-  
m i n a  co lumns  a n d / o r  p r e p a r a t i v e  e lec t rophores i s  on 
paper .  
Pu r i f i ca t ion  of kass in in  could be followed, s tep  b y  s tep,  b y  
b ioassay  (guinea-pig i leum) and  b y  p a p e r  e lectrophoresis .  
A t  p H  1.2 t he  pep t ide  showed  an  e lectr ical  m o b i l i t y  of 
0.55 Glu, b u t  no  m o b i l i t y  was  obse rved  a t  p H  5.8. Rf  
va lues  on  p a p e r  c h r o m a t o g r a m s  were 0.54 in t he  s y s t e m  
n - b u t a n o l  : e t h a n o l  : ace t ic  acid : w a t e r  (80 : 16 : 16 i l  28) and  
0.21 in t he  s y s t e m  n - b u t a n o l  : e t h a n o l  : w a t e r  (96 : 16 : 128). 
The  spot  of kass in in  could be revea led  b y  n i n h y d r i n  and  
chlor ine .  
Structure. The  occur rence  in t he  kass in in  molecule  of a 
lysyl  and  a p h e n y l a l a n y l  res idue  ( d e m o n s t r a t e d  b y  t o t a l  
acid hydrolys is )  was  t i le p remise  for t he  t r e a t m e n t  of tile 
molecule  w i t h  t r y p s i n  a n d  c h y m o t r y p s i n .  B y  diges t ion of 
kass in in  w i th  t r yps in ,  2 f r a g m e n t s  were ob ta ined ,  con- 
t a i n i n g  4 a n d  8 a m i n o  acid residues,  respect ive ly .  Sub-  
m i t t i n g  the  o c t a p e p t i d e  to  c h y m o t r y p s i n  digest ion,  i t  spl i t  
i n to  2 t e t r a p e p t i d e  f r agmen t s ,  as shown  below. 

Asp-Val-Pro-Lys- Ser-Asp-Gtn-Phe-Val-Gly-Leu-Met-NH 2 

T-1 T-2 

T-2, C-1 T-2, C-2 

The  same 3 t e t r a p e p t i d e  f r a g m e n t s  were o b t a i n e d  b y  re- 
ve rs ing  t he  succession of enzymes .  
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Ricerehe, Roma. 


