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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 .  

A. MARZOTTO 6 

Centro Nazionale di Chimica delle Macromolecole 
del C .N .R . ,  1-35700 Padova (Italy), 7 Apr i l  1970. 

e Present address: Laboratorio di Chimica e Tecnologia dei Radio- 
elementi del C.N.R., Padova (Italy). 

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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0.1 ml of t h r o m b i n  solut ion equiva len t  to 0.5 N I H  uni ts  
to  0.2 ml  of the  u l t rason ica ted  solut ions (0.5 to  1.4 mg 
protein/ml)  and 0.2 ml  of t he  purif ied f ibr inogen solut ions 
(2 mg/ml) to  a tes t  tube  and measur ing  the  t ime  needed 
for the  appearance  of clot or f ibrin t h read  fo rma t ion  at  
26~ All solut ions were made  in 0 .04M imidazole buf-  
fered at  p t I  7.5. 

Results and discussion. The sed imen ta t ion  p a t t e r n s  of 
purif ied h u m a n  f ibr inogen and its 2, 5, 15 and 60 min 

u l t rasonica tes  a t  p ro te in  concen t ra t ion  of 10 mg/ml  of 
physiological  saline w i th  p H 7 . 0 ,  yielded one single 
homogeneous  peak, sed iment ing  wi th  t he  veloci ty  of 
$20, w o I  7.35 S, 7.54 S, 7.15 S, 7.05 S and 7.13 S respect -  
ively. 

W h e n  appl ied on DEAE-cel lMose  columns the  purif ied 
h u m a n  f ibr inogen (Figure 1, curve a) as well as the  2 min  
u l t rasonica te  (Figure 1, curve  c) gave one b road  ma jo r  
peak  followed by  a minor  small  peak. The pro te in  f rom 

Fig. 2. Polyacrylamide geI electrophoresis. Electrophoretic behavior 
on polyacrylamide gel containing 0.015M e-aminocaproie acid. 
1. Thrombin treated purified human fibriiiogen. 2. Thrombin 
treated 2-rain ultrasonicated human fibrinogen. 3. Purified human 
fibrinogen. 4. Two miii ultrasonicated human Iibriiiogen. 5. 60 min 
ultrasonicated human fibrinogeii. 
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Fig. 3. Action of ultrasonicated human fibrinogen on thrombin 
coagulation of human plasma. Coagulation of human plasma by 
thrombin is followed by the increase in optical density at 350 rim. 
The coagulation system contained 2.0 ml tris buffer (0.1 M, pH 7.5), 
0.2 ml freshly obtained human plasma, 0.2 ml ultrasouicated human 
fibrinogen (2 mg/ml iii saline solution) aiid 0.1 ml of thrombin 6 NIH 
units. The ordinate shows the increase in optical density, and the 
abscissa gives the time in min after addition of thrombin. The effect 
of 0.4 mg of each of the following: a) Purified human fibrinogen 
( - - - - ) .  b) 2-rain ultrasonicated human Iibrinogeii ( . . . .  ). 
c) 5-min ultrasonicated human fibrinogen ( . . . . . . . . .  ). d) 30-min 
ultrasonieated human fibrinogen ( . . . . . . . .  ). 
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Fig. 4. Antithrombin activity of ultrasonieated human Iibrinogen. 
The correlation between the antithrombiii activity and the concen- 
tration of ultrasonicated human fibrinogen in the system described 
in text. The ordinate is thrombin time in see plotted on semi-log 
scale, and the abscissa represents concentration of the ultrasonicated 
fibrinogen in mg of protein/ml of total volume. IIIcreasing concen- 
trations of the 2, 5, 15 and 60 min ultrasonieated with human 
fibrinogen gave the thrombin time curves (a) - - .  (b) ............. 
(c) - - - - - .  and (d) . . . . . . . . .  , respectively. 

the  major  peak of the  h u m a n  f ibr inogen conta ined  the  
c lo t table  protein ,  while the  p ro te in  f rom the  major  peak  
of the  2 min  u l t rasonica te  con ta ined  non-c lo t tab le  p ro te in  
wi th  an t icoagulan t  ac t iv i ty ,  t h a t  is the  ac t iv i ty  of the  
u l t rasonica te  t h a t  inhib i t s  t h r o m b i n  ac t iv i ty  which 
causes t he  coagulat ion of h u m a n  p lasma  or h u m a n  
f ibr inogen.  The ch roma tograph ic  p a t t e r n  ob ta ined  for 
the  60 min  u l t rasonica ted  a l iquots  shown by  Figure 1, 
curve b, suggest  the  presence  of 2 ma jo r  groups of 
proteins ,  none of which is c lo t table  by  t h rombin .  

Po lyacry lamide  gel e lectrophoresis  suggest  t he  h y d r o -  
lysis of f ibr inogen (Figure 2, t u b e  3) by  t h r o m b i n  
(Figure 2, t u b e  1), and the  hydrolys is  of ti le 2 rain ul t ra-  
sonicate  (Figure 2, tube  4) by  t h r o m b i n  (Figure 2, t ube  2). 
Bo th  the  purif ied h u m a n  f ibr inogen and  its 2 rain ul tra-  
sonicate  showed one pro te in  band,  while the  60 min  
u l t rasonica te  (Figure 2, t ube  5) suggested 2 p ro t e in  
bands .  

Puri f ied h u m a n  f ibr inogen c lo t ted  wi th in  150 4-15 sec 
wi th  solid clot  format ion .  In  solut ions conta in ing  the  2 
or 5 min u l t rasonica te  th in  f ibrin th reads  appeared  af ter  
350 sec which  d isappeared  on slow gentle mixing.  Solu- 
t ions  conta in ing  the  15, 30 and  60 min  u l t rasonica te  
gave no sign of c lo t t ing nor  f ibr in  fo rmat ion  af ter  t h rom-  
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b in  add i t ion .  The  progress ive  increase  in op t ica l  dens i t y  
a t  350 n m  obse rved  d u r i n g  t h e  coagu la t ion  of h u m a n  
p l a s m a  in presence  of 0 . 4 m g  of h u m a n  f ib r inogen  
(Figure 3, cu rve  a) and  in presence  of 0.4 m g  of t h e  2, 5, 
and  30 ra in  u l t r a son ica t e s  are s h o w n  b y  F igure  3, curves  
b, c, a n d  d respect ive ly .  T he  lag phase  and  t he  slope of 
t he  curves  sugges t  t h e  p r o l o n g a t i o n  of p l a s m a  t h r o m b i n  
d o t t i n g  t ime.  

T h e  a n t i t h r o m b i n  a c t i v i t y  of increas ing  a m o u n t s  of 
t he  2 ra in  u l t r a s o n i c a t e d  f ib r inogen  is ev i den t  b y  t he  
increase  in t h r o m b i n  t i m e  shown  b y  F igure  4, cu rve  a. 
Longer  per iods  of u l t r a s o n i c a t i o n  of f ib r inogen  appea r s  
to  decrease  t he  a n t i t h r o m b i n  a c t i v i t y  of t h e  u l t r a son ica t e  
as s h o w n  b y  F igu re  4, curves  b, c, a n d  d. 

]3fief pe r iod  of u l t r a son ica t ion ,  a t  0 -4~  of pur i f ied  
h u m a n  f ib r inogen  resu l ted  in t he  loss of c l o t t ab i l i t y  of 
t he  p ro te in ,  a n d  t he  a p p e a r a n c e  of a n  a n t i c o a g u l a n t  a n d  
a n t i - t h r o m b i n  act iv i t ies .  Since t he  two m i n u t e s  u l t r a -  
son ica te  of t h e  pur i f ied  h u m a n  f ib r inogen  p roduced  no  
no t i ceab le  changes  in t he  s e d i m e n t a t i o n  ra te ,  e lectro-  

phore t i c  m o b i l i t y  and  e lu t ion  f rom DEAE-ce l lu lose  w h e n  
c o m p a r e d  w i t h  t he  pur i f ied  n a t i v e  f ibr inogen,  i t  is sug-  
ges ted  t h a t  t he  c l o t t a b i l i t y  of h u m a n  f ib r inogen  depends  
on t he  c o n f o r m a t i o n a l  s t a t u s  of t h e  p ro t e in  molecule.  

Rdsumd. Plac6e 2 ra in  sous l ' in f luence  de la  v i b r a t i o n  
u l t rason ique ,  la  f ib r inog6ne  h u m a i n e  se t r a n s f o r m e  en  
une  p ro t6 ine  qui  ne se fige pas  et  fonc t ionne  donc  c o m m e  
u n  an t i coagu lan t .  Les propr i6%s phys i co -ch imiques  de 
la pro%ine ,  apr6s  ac t ion  u l t r a son ique ,  r e s s e m b l e n t  for te-  
m e n t  aux  propr i6%s or ig inales  de la f ib r inog6ne  h u m a i n e  
en  voie  de s 6 d i m e n t a t i o n ;  m o u v e m e n t  61ectrophor6t ique 
e t  adso rp t ion  sur  la cellulose D E A E .  
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Posthypertonic Hemolysis  in a Sucrose System 

The  hemolys i s  wh ich  occurs  a f t e r  f reezing b lood appea r s  
to  be  m a i n I y  due to  t he  increase  in solute  c o n c e n t r a t i o n  
w h e n  w a t e r  sepa ra tes  o u t  as ice d u r i n g  f reezing and  to 
t h e  reverse  e v e n t  d u r i n g  thawing1 .  Studies  of p o s t h y p e r -  
ton ic  hemolys i s  m a y  the re fo re  be  of g rea t  i n t e r e s t  for 
b lood -p re se rva t i on  2 5. 

SODERSTR6M ~ f i rs t  exp la ined  t h e  m e c h a n i s m  of pos t -  
h y p e r t o n i c  hemolys i s  in  a n  u n f o r t u n a t e l y  r a t h e r  neg lec ted  
p a p e r  as be ing  due  to  sa l t  en t e r i ng  t h e  cell in  t h e  h y p e r -  
ton ic  p h a s e  a n d  t h e  cell t h e n  r eac t i ng  to  t h e  s u b s e q u e n t  
i so tonic  p h a s e  in a w ay  ana logous  to  a n o r m a l  cell r e ac t i ng  
to a v e r y  h y p o t o n i c  m e d i u m  a n d  des igna ted  i t  ' p a ra -  
doxica l  h y p o t o n i c  hemolys is ' .  B y  m e a s u r i n g  chlor ide 
concen t r a t i ons ,  he  also showed  t h a t  a n  u p t a k e  of sa l t  
occurs  in  a h y p e r t o n i c  m ed i um .  ZADE-OPPEN a p o i n t e d  
ou t  t h a t ,  in  v iew of t he  r ap id  passage  of w a t e r  across t h e  
cell m e m b r a n e ,  a d r i v i ng  force for riet so lu te  inf lux  will 
no t  occur  u n t i l  a ce r t a in  c o n c e n t r a t i o n  in t he  m e d i u m  
has  been  exceeded,  i.e. t h a t  wh ich  is j u s t  suf f ic ient  to  
s h r i n k  t he  cell to  a m i n i m a l  vo lume.  F u r t h e r ,  he  calcu-  
l a t ed  t h a t ,  in  o rder  to  exp la in  his  e x p e r i m e n t a l  resu l t s  on  
a basis  of t h e  SODERSTROM hypothes i s ,  i t  was  r equ i red  
t h a t  t he  solute  p e r m e a b i l i t y  should  increase  w i t h  increas-  
ing e x t e r n a l  so lute  concen t r a t i on :  I n  an  a l m o s t  s imul-  
t a n e o u s  p u b l i c a t i o n  MERYMAN 5 came  to  v e r y  nea r ly  t he  
same conclus ions  as regards  t h e  m e c h a n i s m  of pos t -  
h y p e r t o n i c  hemolys i s  a n d  t h e  increase  in  solute  per-  
meab i l i ty .  B o t h  ZADE-OPPEN ~-4 a n d  MERYMAVT 5 used  
e lec t ro ly te  m e d i a  a nd  b o t h  ~5  also n o t e d  t h a t  s imi la r  
effects were o b t a i n e d  w h e n  sucrose was used to  p roduce  
h y p e r t o n i c i t y .  A l t h o u g h  i t  h a s  tong been  k n o w n  t h a t  
p o s t h y p e r t o n i c  hemolys i s  is o b t a i n e d  a f te r  exposure  to  
h y p e r t o n i c  non-e lec t ro ly te  so lu t ions  (TAKEI 7 used glucose, 
VALmVlESO a n d  H U N ~ R  8 used sucrose),  l i t t le  is k n o w n  
a b o u t  t he  possible  d i f ference in t he  effects of e lec t ro ly tes  
and  non-e lec t ro ly tes .  Th i s  c o m m u n i c a t i o n  descr ibes  
q u a n t i t a t i v e l y  t he  effect  of sucrose  u n d e r  ce r t a in  condi-  
t ions  and  a t t e m p t s  to  c o m p a r e  th i s  effect  w i t h  t he  effect  
of NaC1 in  a s imi la r  sys tem,  so far  as such  a compar i son  
is possible.  

H u m a n  red cells were w a s h e d  in a buf fe red  isotonic  
NaC1 solut ion.  To a n  isotonic  cell suspens ion  (0.25 ml) 
f i rs t  a h y p e r t o n i c  so lu t ion  (1 mt) was  a d d e d  and  then ,  

a f t e r  a ce r t a in  t i m e  in te rva l ,  a large v o l u m e  (20 ml) of 
i sotonic  solut ion.  Hemolys i s  was  e s t i m a t e d  as t h e  per -  
cen tage  of H b  l ibe ra t ed  in to  t he  med ium.  The  p rocedure  
is g iven  in de ta i l  e lsewhere  a. W h e n  sucrose was used to  
v a r y  t he  ton ic i ty ,  the  e lec t ro ly te  c o n c e n t r a t i o n  was k e p t  
c o n s t a n t  a t  t he  isotonic  level. 
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Fig. I. Posthypertonic hemoglobin liberation after varying times of 
hypertonieity. Touicities were varied with sucrose (filled circles) or 
with sodium chloride (open circles). The inset is intended as a short 
description of the sucrose experiment. NaC1 was used at the same 
osmolalities. 
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