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Circular Dichroism of Acetoacetylated Proteins 

The  use of d ike tene  as a p r o t e c t i n g  group  in pep t ide  
syn thes i s  a n d  as r e agen t  for se lect ive  and  revers ib le  
modi f i ca t ion  of p ro t e in s  in s tud ies  of p r i m a r y  s t r u c t u r e  
and  of s t r u c t u r e - f u n c t i o n  r e l a t ionsh ip  has  been  descr ibed 
elsewhere 1-a. I t  has  been  d e m o n s t r a t e d  t h a t  ace toace ty la -  
t ion  causes a progress ive  i n a c t i v a t i o n  of t h e  e n z y m e  up  
to comple te  loss of t he  e n z y m a t i c  a c t i v i t y  1,2. I t  is n o t  
possible,  a t  t h i s  point ,  to  e s t ab l i sh  w h e t h e r  t he  effect  of 
t he  modi f i ca t ion  of t he  e n z y m a t i c  a c t i v i t y  is the  ind i rec t  
resu l t  of a c o n f o r m a t i o n a l  change  or of t he  b lock ing  of 
groups  wh ich  p a r t i c i p a t e  d i rec t ly  in  b i n d i n g  t he  s u b s t r a t e  
or in  ca t a ly t i c  func t ion .  

In  t h i s  p a p e r  t h e  c o n f o r m a t i o n a l  changes  of bov ine  
p a n c r e a t i c  r ibonuc lease  (RNase  A) and  whi te -egg  lyso- 
zyme  a f t e r  a c e t o a c e t y l a t i o n  w i t h  d i f fe rent  a m o u n t s  of 
d ike tene  were s tud ied  b y  m e a n s  of t he  c i rcular  d ich ro i sm 
techn ique .  

N a t i v e  R N a s e  A a n d  lysozyme were sub jec t ed  to  
d ike tene  t r e a t m e n t ;  t h e  e x t e n t  of t he  a c e t o a c e t y l a t i o n  
a n d  t he  res idua l  e n z y m a t i c  a c t i v i t y  were e s t i m a t e d  
accord ing  to  t he  p rocedure  descr ibed b y  MARZOTTO 1'2. 

Two modi f ied  RNases  were p r e p a r e d  b y  us ing  1:55 
and  1 : 330 mo la r  ra t ios  respec t ive ly  b e t w e e n  p ro t e in  and  
d ike tene ,  The  fo rmer  modi f ied  e n z y m e  showed 10-11 
ace toace ty l a t ed  groups  and  a 3 5 - 4 0 %  res idua l  ac t iv i ty ,  
t h e  l a t t e r  c o n t a i n e d  16-17 ace toace ty l  groups  a n d  was 
comple te ly  inac t ive .  

The  ace toace ty l  lysozyme,  p r e p a r e d  b y  us ing  a 1 :330  
mo la r  r a t io  be tween  p r o t e i n  a n d  diketene ,  c o n t a i n e d  
11-12 modi f ied  groups  and  showed a 1 5 - 2 0 %  res idual  
ac t iv i ty .  

F igure  1, a shows t he  c i rcular  d ichro i sm (CD) b e h a v i o u r  
in  t he  far  u l t r av io l e t  of aqueous  solut ions  of the  2 aceto-  
ace ty l a t ed  RNases  (1:55 and  1 :330 mo la r  rat ios)  com- 
pa red  w i t h  t he  one of n a t i v e  R N a s e  A. In  a n y  case t he  
m i n i m u m  of e l l ip t ic i ty  [0] a t  222 nm,  t yp ica l  of t he  
n-~* pep t ide  t r a n s i t i o n  of t he  e-hel ix  a n d  t he  large 
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a) Circular dichroism in the far ultraviolet of aqueous solutions of 
native RNase A ( - - - ) ;  1:55 acetoacetylated RNase A (----) and 
1:330 aeetoacetylated RNase A ( . . . .  ) by a Roussel-Jouan dichro- 
graph II at 25 ~ The concentrations used were 1 mg/ml. Cylindrical 
quartz ceils were used with 0.05 and 0.01 cm opticaI path. The 
sensitivity was kept at 1.10 -5. The symbol [03 represents the mean 
residue molecular elliptieity expressed in degree em2/deeimole -1. 

d ichroic  b a n d  cen t red  a t  208 nm,  associa ted  w i th  the  
~-~*c~-helical pep t ide  t r a n s i t i o n  ~, 5, are present .  The  mag-  
n i t u d e  of these  dichroic  b a n d s  is no t  too far  f rom those  
of n a t i v e  RNase .  The  d i m i n u t i o n  obse rved  even  for t he  
more  ex tens ive ly  ace toace ty l a t ed  R N a s e  can  be  eva lua t ed  
w i t h i n  a 20% [0] value.  

I t  the re fore  appea r s  t h a t  d ike tene  t r e a t m e n t  induces  
ve ry  l i t t le  c o n f o r m a t i o n a l  change  of RNase .  

These  conclusions  are conf i rmed  b y  t he  CD spec t ra  
of ,nat ive lysozyme a n d  lysozyme ace toace ty l a t ed  w i th  
p ro t e in  d ike tene  1 :330 mo la r  rat io.  F igure  1, b shows 
t he  c i rcular  d ichroic  b e h a v i o u r  in  t he  far  u l t r av io l e t  of 
aqueous  solut ions  of t he  n a t i v e  a n d  modif ied  enzyme.  I n  
th i s  case, even  w i t h  a n  ex tens ive ly  modif ied  lysozyme,  
no  no t iceab le  dif ference is de t ec t ab l e  be tween  t h e  2 
dichroic  curves.  B o t h  t h e  b a n d s  a t  222 n m  and  a t  208 n m  
of t he  ace toace ty l a t ed  lysozyme show a [0] va lue  v e r y  
close to  t h a t  of n a t i v e  lysozyme.  

The  p re sen t  resu l t s  a l low us to  conc lude  t h a t  no 
apprec iab le  con fo rma t iona l  changes  of p ro t e in  molecules  
occur  a f t e r  d ike tene  t r e a t m e n t ,  t h u s  p lay ing  a negligible 
role in  t he  loss of e n z y m a t i c  ac t iv i ty .  This  suppor t s  t he  
v iew t h a t  t he  modi f i ca t ion  of e n z y m a t i c  a c t i v i t y  has  to  
be  a t t r i b u t e d  to  t he  select ive b lock ing  of one or more  
a m i n o  groups  invo lved  in t he  b ind ing  or in t h e  ca ta ly t i c  
f unc t i on  of a n  enzyme.  

F u r t h e r m o r e  these  d a t a  emphas ize  t he  a d v a n t a g e o u s  
use of t h e  ace toace ty l  g roup  as a select ive and  revers ib le  
b lock ing  a g e n t  in  t he  comple te  p ro t ec t i on  of t he  free 
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b) Circular dichroism spectra in the far ultraviolet of aqueous 
solutions of native lysozyme ( - - - )  and 1:330 acetoacetylated lyso- 
zyme (----). The experimental conditions are the same as reported 
in Figure a. 
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amino -g roups  p r e sen t  in  pep t ides  a n d  p ro te ins ,  s ince even  
a v e r y  large excess of d ike t ene  i s  u n a b l e  to  induce  
apprec iab le  c o n f o r m a t i o n a l  changes  of a p ro te in .  

Riassunto. Sono s t a t e  ana l i zza t e  le va r i az ion i  confor. 
maz iona l i  i n d o t t e  ne l la  r ibonuc leas i  p a n c r e a t i c a  di bue  
(RNase  A) e nel  l i soz ima del b i aneo  di  uovo  dopo  ace- 
toace t i l az ione  con d i f fe rent i  quan t i t& di  d iche tene .  
L a  modi f ica  de l l ' a t t iv i t& enz imat ica ,  susseguente  al  
t r a t t a m e n t o  con d ichetene ,  n o n  ~ a t t r i bu i b i l e  a var iaz ion i  
confo rmaz iona l i  delle p ro t e ine  cons idera te  m a  al bloc- 

caggio se le t t ivo  di uno  o pifi g rupp i  a m m i n i c i  co invol t i  
ne l l ' a t t iv i t& ca ta l i t i ca  o n e l  <~binding, col subs t r a to .  
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Molecular Alterations of Human Fibrinogen by U1]trasonic Frequencies 

A l t h o u g h  t he  fac t  t h a t  gaseous c a v i t a t i o n  p roduced  
b y  u l t r a son ic  f requencies  has  been  used to  d i s r up t  p l a n t  
a n d  a n i m a l  ceils 1, 2, a n d  was s h o w n  to  a l t e r  t he  phys ico-  
b iochemica l  cha rac te r i s t i c s  of h u m a n  se rum 3-5, l i t t l e  is 
k n o w n  a b o u t  i ts  effects on  t h e  biological  ac t iv i t i e s  of 
pur i f ied  pro te ins .  Af te r  u l t r a s on i ca t i on  of h u m a n  serum, 
SEARCY a n d  BERQUIST 3 obse rved  t he  d i s a p p e a r a n c e  of 
h e a t  p r ec ip i t ab l e  f ib r inogen  w i t h  no  f ib r in  fo rmed  b y  
t h r o m b i n .  

The  p r e s e n t  r e p o r t  descr ibes  t he  f o r m a t i o n  b y  br ief  
pe r iod  of u l t r a son i ca t i on  of n o n - c l o t t a b l e  w i t h  an  an t i -  
c o a g u l a n t  a c t i v i t y  p r o t e i n  f rom h igh ly  pur i f ied  95% 
c lo t t ab le  h u m a n  f ibr inogen.  S e d i m e n t a t i o n  d a t a  f rom t h e  
ana ly t i ca l  u l t r acen t r i fuge ,  e lec t rophore t i c  m o b i l i t y  on  
p o l y a c r y l a m i d e  gel a n d  c h r o m a t o g r a p h i c  behav ior ,  indi-  
ca ted  no  no t i ceab le  changes  b e t w e e n  t he  n a t i v e  h u m a n  
f ib r inogen  a n d  t h e  2 m i n  u l t r a s o n i c a t e d  f i b r i nogen .  The  
u l t r a son i ca t ed  f ib r inogen  is shown  to  ac t  as an  an t i -  
c o a g u l a n t  a n d  as a n  i n h i b i t o r  of t h r o m b i n  ac t iv i ty .  

Materials and methods. H u m a n  f ibr inogen,  P e n t e x  lo t  44 
pur i f ied  b y  series of sa l t  p r e c i p i t a t i o n  and  adso rp t ion  on  
t r i ca l c ium p h o s p h a t e  6 to  o b t a i n  a 95% c lo t t ab le  pro te in ,  
s e d i m e n t i n g  as a hom ogeneous  s ingle peak  a t  a ve loc i ty  
of 7.35 S. 

A 1% so lu t ion  in physio logica l  sal ine of th i s  f ib r inogen  
was f resh ly  p r e p a r e d  and  exposed  to u l t r a son ic  v i b r a t i o n ,  
us ing  R a y t h e o n  Sonic Osci l la tor  Model  D F  101, 250 W 
a n d  10 kc w i t h  a n  o u t p u t  c u r r e n t  of 0.78 A a n d  60 cycles. 
The  t e m p e r a t u r e  of t he  so lu t ion  was k e p t  a t  0 -4~  
d u r i n g  u l t r a son ica t ion .  Al iquo t s  were w i t h d r a w n  a f t e r  
2, 5, 15, 30 a n d  60 m i n  of u l t r a son ica t ion .  All  t he  a l iquo ts  
were i m m e d i a t e l y  f reeze-dr ied in v a c u u m .  S e d i m e n t a t i o n  
e x p e r i m e n t s  were car r ied  ou t  on  a Spinco  Model  L 
a n a l y t i c a l  U l t r a c e n t r i f u g e  equ ipped  w i t h  a Schl ieren  
sys tem.  

DEAE-ce l lu lose  of 100-200 m e s h  w i t h  0 . 7 0 m E q  
n i t rogen /g  was f i rs t  equ i l i b r a t ed  in 0 . 0 0 5 M  p h o s p h a t e -  
0 . 0 4 0 M  tris, of p H  8.6, t h e n  packed  in to  a c o l u m n  of 
35 • 2.2 cm. 300 m g  of pur i f ied  h u m a n  f ib r inogen  or i t s  
2 or 5 ra in  u l t r a son ica t e  were d issolved in 5 ml  of t h e  
phospha t e - t r i s  buf fer  a n d  equ i l i b r a t ed  a t  4 ~ aga i n s t  t he  
buffer ,  t h e n  appl ied  on to  t he  DEAE-ce l lu lose  co lumn.  
E l u t i o n  was car r ied  ou t  w i t h  a g r ad i en t  p H  us ing  t he  
same  buf fe r  s t a r t i n g  a t  p H  8.6 a n d  g radua l ly  decreas ing  
to p H  4.1 w i t h  a f low r a t e  of 75 m l / h  a n d  15 ml  f rac t ions  
were collected.  Opt ica l  densi t ies  of t he  f rac t ions  were 
m e a s u r e d  a t  280 n m  aga ins t  d is t i l led  w a t e r  as a b l a n k  
in a mode l  D U  B e c k m a n  S p e c t r o p h o t o m e t e r .  

Disc e lec t rophores i s  was  car r ied  ou t  on  co lumns  of 
po lyac ry l amide  gel7 c o n t a i n i n g  0.15 M e -aminocapro ic  
acid ~. 

The  c l o t t a b i l i t y  of t he  u l t r a son i ca t ed  f ib r inogen  was 
c o m p a r e d  w i t h  t h a t  of f ibr inogen.  Solut ions  (2 mg/ml)  
of f ib r inogen  before  and  a f t e r  2, 5, 15, 30 and  60 m i n  
u l t r a son ica t e s  were p r e p a r e d  a n d  i n c u b a t e d  a t  36~ 
1 ml  a l iquo ts  of each  were r e m o v e d  a t  va r ious  t imes ,  
i d rop  of s tock  t h r o m b i n  so lu t ion  was added.  The  t i m e  
of t he  a p p e a r a n c e  of a clot, or f ib r in  s t r a n d s  were noted .  
T h r o m b i n  c lo t t ing  t i m e  9 was d e t e r m i n e d  b y  a d d i n g  
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Fig. 1. DEAE-cellulose chromatography of human fibrinogen and 
its ultrasonieate. Elution patterns of purified human fibrinogen 
(a) - - - - - -  and its 60 rain ultrasonicate (b) . . . . . . . . .  and its 
2 rain ultrasonicate (c) ............ from DEAE-cellulose column. 
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