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S T U D I O R U M  P R O G R E S S U S  

F r a c t i o n a t i o n  of P r o t e i n s  w i t h  Di f ferent  I s o e l e c t r i c  P o i n t s  b y  R i v a n o l  

Studies  on  t he  i n t e r ac t i on  be t w een  se rum pro te ins  a n d  
acr id ine  dyes ~ a n d  t h e  f ind ing  t h a t  tobacco  mosaic  v i rus  
can  be  p a r t l y  pur i f ied  b y  p r ec ip i t a t i on  w i th  r i vano l  
(2 -e thoxy-6 ,9 -d iamineac r id ine  l ac t a t e  ~) lead to t h e  ap-  
p l i ca t ion  of th i s  r e agen t  for  f r a c t i o n a t i o n  of se rum pro-  
re ins  3-~2. E x c e p t  for  t he  p r e c i p i t a t i o n  of mucopo ly -  
sacchar ide  sulfa tes  13 a n d  t he  per tuss i s  an t i gen  14, ac r id ine  
dyes  were used in c o m b i n a t i o n  w i t h  o the r  r eagen t s  on ly  
for  t he  f r a c t i o n a t i o n  of s e rum prote ins .  No a t t e m p t  was  
m a d e  to  achieve  a s e p a r a t i o n  of p ro te ins  based  on  t h e  
p r o p e r  a d j u s t m e n t  of p H  (or ionic s t r eng th )  of t he  so lven t  
d u r i n g  p r ec ip i t a t i on  b y  r ivanol .  Th i s  c o m m u n i c a t i o n  
shows t he  poss ib i l i ty  a n d  t he  cond i t ions  for s e p a r a t i n g  
p ro t e ins  w i t h  d i f fe ren t  isoelectr ic  po in t s  b y  p r ec ip i t a t i on  
w i t h  r ivanol .  

Methods 1~. The  fol lowing p ro t e ins  were used to s t u d y  
t he  re la t ionsh ip  b e t w e e n  t h e i r  isoelectr ic po in t s  a n d  t h e i r  
p rec ip i t ab i l i t y  b y  r ivano l  ; �9 t r y p s i n  (1 x crystal l ized) ,  
soybean  t r y p s i n  i n h i b i t o r  (3 • crystal l ized) ,  r ibonuclease  
(crystall ized) and  m u r a m i d a s e  ( W o r t h i n g t o n  Biochemica l  
Corp., Freehold ,  N . J . ) ;  papa in ,  e - c h y m o t r y p s i n  a n d  de- 
oxyr ibonuc lease  I (Calbiochem, Los Angeles,  Cal i fornia) ;  
c o n a l b u m i n  a n d  f l - lactoglobul in  (bovine,  3 • crystal l ized)  
(Nut r i t iona l  Biochemicals ,  Cleveland,  Ohio) ;  o v a l b u m i n  
(5 x crystal l ized) ,  b o v i n e  s e r u m  a l b u m i n  (crystal l ized) 
a n d  y-globul in  (Cohn 's  f r ac t ion  II)  (Pentex,  Inc. ,  K a n -  
kakee,  Illinois).  

0.1 ml  of 1% so lu t ions  of each  p r o t e i n  in 0 . 0 1 M  NaC1 
was mixed  w i t h  3 ml  of buf fe r  so lut ions  (pH 4.0-11.5,  
p r e p a r e d  accord ing  to  BRITTON and  ROBINSON 16 a n d  
d i lu ted  3 t imes  w i t h  dis t i l led wate r )  and  w i t h  0.1 ml  of 
a 0.4% solu t ion  of r i vano l  (Calbiochem).  T he  p o r t i o n  
of p ro t e in  which  was  p r e c i p i t a t e d  was d e t e r m i n e d  e i the r  
b y  measu r ing  t he  t u r b i d i t y  a t  600 n m  or b y  spect ro-  
p h o t o m e t r i c  d e t e r m i n a t i o n  of p r o t e i n  17 left  in so lu t ion  
a f t e r  r e m o v a l  of t h e  p r ec i p i t a t e  b y  cen t r i fuga t ion .  The  
resu l t s  o b t a i n e d  b y  e i the r  m e t h o d  were ident ical .  W h e n  
t he  s p e c t r o p h o t o m e t r i c  m e t h o d  was used, r i vano l  was  
f i rs t  p r ec ip i t a t ed  f rom t he  so lu t ions  b y  add i t i on  of K B r  
to  a f ina l  0 . 2 5 M  concen t r a t i on .  

Fo r  s tudies  conce rn ing  t he  s e p a r a t i o n  of enzymes,  t h e  
fol lowing raw ma te r i a l s  were used:  de f a t t ed  cow milk,  
panc rea s  powder  (Nu t r i t i ona l  Biochemicals)  a n d  h u m a n  
serum.  The  panc rea s  powder  (15 g) was  e x t r a c t e d  w i t h  
100 ml  of 0 . 0 2 5 M  NaC1 4 h  a t  4~ and  t he  e x t r a c t  was  
clarif ied b y  cen t r i f uga t i on  a t  8000 r p m  for 1 h. The  p H  
of t he  p ro t e in  m i x t u r e s  was a d j u s t e d  to t he  lowest  va lues  
shown  on t he  F igures  4 -6  b y  add i t i on  of 1 M  ace t a t e  
buf fe r  p H 4 . 7 .  The  prec ip i ta te ,  fo rmed  a f t e r  2.5-3.2 
vo lumes  of 0.4% r i vano l  were added  to 1 vo lume  of each  
p r epa ra t i on ,  was  r e m o v e d  b y  cen t r i f uga t i on  an d  sub-  
s equen t ly  e x t r a c t e d  w i t h  0 . 2 5 M  K B r  in o rder  to  solubi-  
lize p ro te ins  whi le  l e a v i n g  r i vano l  in  t he  prec ip i ta te .  The  
p H  of t he  s u p e r n a t a n t  f luid a f t e r  t he  f i rs t  p r ec ip i t a t i on  
w i t h  r i vano l  was  a d j u s t e d  to t he  n e x t  h igher  va lue  b y  
a d d i t i o n  of 1 N N a O H .  T h u s  a g r adua l  p r ec ip i t a t i on  of 
p ro te ins  could be  ach ieved  b y  increas ing  s tepwise  t he  
p H  of t he  solut ions.  

X a n t h i n e  oxidase  was d e t e r m i n e d  b y  measu r ing  t he  r a t e  
of f o r m a t i o n  of u r a t e  f rom h y p o x a n t h i n e l S .  

Lac tope rox idase  was  a s sayed  in t he  fol lowing w a y ;  
2.15 ml  of 0 .07% benz id ine  in  0 .057% sod ium ace t a t e  
were mixed  a t  22 ~ w i t h  1 m l  of t he  e n z y m e  p r e p a r a t i o n  
a n d  w i t h  0.05 ml  of 15% H~O~. T he  O.D. a t  660 n m  was  
m e a s u r e d  10 ra in  l a t e r  and  i t  was  c o m p a r e d  w i t h  t h e  

O.D. of b l a n k  so lu t ions  c o n t a i n i n g  e i t he r  no s u b s t r a t e  
or no  enzyme.  

E l a s t a se  was  d e t e r m i n e d  accord ing  to  SACHAR et  a l )  ~. 
E l a s t i no rce in  ( W o r t h i n g t o n  Biochemicals )  was used as 
subs t r a t e .  The  l a t t e r  was  i n c u b a t e d  w i t h  t he  e n z y m e  
p r e p a r a t i o n s  a t  37~ for  6 h. The  a m o u n t  of orcein 
re leased was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  a t  590 nm.  

T r y p s i n  was d e t e r m i n e d  in  t he  fol lowing way :  0.5 m l  
of f r ac t ions  o b t a i n e d  a f te r  p r ec ip i t a t i on  w i t h  r ivano l  f rom 
the  p a n c r e a s  e x t r a c t  were mixed  w i t h  0.4 ml  of 0 . 1 M  
p h o s p h a t e  buf fe r  p H  7.2 a n d  w i t h  2 m l  of t he  h e m o g l o b i n  
s u b s t r a t e  so lu t ion  2~ The  m i x t u r e s  were  i n c u b a t e d  a t  
37 ~ for 15 min .  T h e n  1 m l  of 50% t r i ch loroace t ic  acid 
was added,  t he  p rec ip i t a t e  was  r e m o v e d  b y  cen t r i fuga t ion  
a n d  t he  O.D. of t h e  s u p e r n a t a n t  f luid was  measu red  a t  
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Fig. 1. The pH dependence of precipitation of DNAase I (@) and 
of RNAase (m) by rivanol. At pH values higher than 11.4 rivanol 
itself was precipitated. 
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540 nm. In order to account for any non-trypsin proteo- 
lyric activity possibly present in the fractions, the same 
procedure was repeated, but  3 mg of soybean trypsin 
inhibitor was added to the samples and the results of the 
corresponding O.D. measurements were subtracted from 
the results obtained at the absence of the inhibitor. 

IZibonuclease and deoxyribonuclease were determined 
essentially according to the methods of KAL~I~SI~u et 
al. 2r and ALLFREY and MIRSKY ~, respectively. Amylase 
activity was assayed according to the method of BER~- 
V~LD 2a. Cholinesterase and muramidase were measured 
by the nlethods of ]~APPAPORT et al. ~r and SHUGAR 2~, 
respectively. 

Results and discussion. The precipitation of proteins by 
rivanol in relation to their isoelectric points. The precipita- 
tion of different proteins by rivanol depends on the p i t  
of the solution. When the portion of precipitated protein 
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Fig. 2. Relationship between the precipitability of proteins by rivanol 
and their is�9 points. The data concerning lP were obtained 
from references given. Trypsin, �9 (not precipitable by rivanol)~6; 
c~-chymotrypsin, yz~; soybean trypsin inhibitor, �9 DNAase 1, 
�9 ~8; ovalbumin, C) ~9; muramidase, • (not precipitable by rivanol) ~9 ; 
/~-lactoglobulin, t2~ 3o; conalbumin, �9 ~9; bovine serum albmnin �9 30; 
bovine y-globulin, .30; trypsin-soybean trypsin inhibitor complex, 
+27; papain, V31; RNAase, A 3e. At pH higher than 11.4 rivanol 
itself was precipitated. 
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Fig. 3. The pH dependence of precipitation of trypsin (11); soybean 
trypsin inhibitor (O) and the trypsin-inhibitor complex ( I ) .  The 
preparation of the enzyme-inhibitor complex was obtained by 
nfixing equal parts of 1% solutions of trypsin and of the inhibitor. 

was plotted against pH, sigmoid curves were obtained as 
exemplified by the results shown on Figure 1 for deoxy- 
ribonuctease and ribonuclease. When the pH values cor- 
responding to the inflection points of the curves were 
plotted against the is�9 points of each protein, 
results summarized in Figure 2 were obtained. They show 
that  the precipitability of proteins by rivanol is closely 
related to their is�9 point and they suggest the 
possibility of separating proteins, differing in their net 
electrical charge, by precipitation with this acridine dye. 

The occurrence of protein-protein complexes in protein 
mixtures may influence the course of precipitation. An 
example of this kind is demonstrated in Figure 3 showing 
that  the precipitation curve of soybean trypsin inhibitor 
is shifted to higher pH values by the presence of trypsin 
which itself is not precipitated by rivanol throughout 
the entire pH range studied. 

The possibility of separating proteins by precipitation 
with rivanol was examined by at tempts to fractionate 
enzymes from suitable raw materials. As shown for 
lactoperoxidase and xanthine oxidase from milk (Figure 4) ; 
deoxyribonuclease, ribonuclease, trypsin and elastase 
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Fig. 4. Distribution of protein, lactoperoxidase (lOP ~ 9.6) 33 and 
xanthine oxidase (IP = 5.3-5.4; 34 in fractions obtained after pre- 
cipitation of milk proteins by rivanol. Designation of fractions: 6.1 
and 8.1 = precipitates obtained at pH 6.1 and 8.1, respectively; 
s - supernatant fluid after precipitation at the highest pH value 
used in the experiment (8.1). 

21 G. •ALNITSKY, J. P. HUMMEL and C. DIERKS, J. biol. Chem. 234, 
1512 (1959). 

22 V. ALLFREY and A. E. MIRSKV, J. gen. Physiol. 36, 227 (1952). 
2a p. BERNFELD, in Methods in Enzymology (Ed. S. P. COLOWICK 

and N. O. •APLAN; Academic Press, New York 1955), vol. t, p. 149. 
24 F. RAPPAPORT, J. FISCHL and N. PINTO, Clin. chim. Acta d, 227 

(1959). 
2a D. SHUGAR, Biochim. biophys. Act~l 8, 302 (1952). 



6 7 0  Specialia 15. 6. 1969 

10050 f glastase 

0 

100- Trypsin H 
.'=' 50 

B BN  '~ DNAase 

30 

% 

too RNAase ~! 
"~ 51] 

~ ,,,. IM M 

5.5 7.3 8.77 IOA S 
Fraction 

Fig. 5. Distribution of protein, RNAase ( I P -  7.8; z2), DNAase 
(IP = 4.7; 20), trypsin (IP = 10.5-11.0; 20) and elastase (IP ~ 9.5; 85) 
in fractions obtained after precipitation of proteins extracted from 
bovine pancreas, by rivanol. Concerning the designation of fractions 
see Figure 4. 
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Fig. 6. Distribution of protein, cholinesterase activity, muramidase 
( IP> 11.0; s0) and amylase activity in fractions obtained after pre- 
cipitation of serum proteins by rivanol. Concerning the designation 
of fractions see Figure 4. 

f rom pancreas  (Figure 5) and  cholinesterase,  amylase  and  
muramidase  f rom serum (Figure 6), par t ia l  separa t ion  of 
these  enzymes  could be achieved.  The d i s t r ibu t ion  of 
enzymes  in the  d i f ferent  f ract ions  af ter  p rec ip i t a t ion  was 
in ag reemen t  wi th  the i r  isoelectric poin ts  and  the  relat ion-  
ship shown in Figure 2. The higher  t h a n  100% recoveries 
observed wi th  xan th ine  oxidase,  nucleases, t r yps i n  and 
elastase can be a t t r i b u t e d  to  the  removal  of inhibi tors ,  
p r e sen t  in crude  extracts26,35, 3~-39, dur ing  the  frac- 
t iona t ion  procedure .  Recoveries  lower t h a n  10 0 % (Figures 
4 and  6) could be ascr ibed to  incomple te  solubil izat ion 
of the  enzymes  f rom r ivanol -pro te in  prec ip i ta tes .  

In  addi t iona l  e x p e r i m e n t s  i t  was possible to  pur i fy  
par t ia l ly  m u r a m i d a s e  f rom egg white,  ty ros inase  f rom 
mush rooms  and  fl-amylase f rom sweet  po ta toes  36. Frac-  
t i ona t ion  of pro te ins  could be achieved also by  vary ing  
the  ionic s t r eng th  of t he  so lvent  a t  cons t an t  p h i * .  

Interaction between nucleoproteins and rivanol. Histories 
due to  the i r  h igh isoelectric po in t  are no t  p rec ip i t a t ed  
by  rivanol.  On the  o the r  hand,  nucleic acids are precipi-  
t a t e d  a t  low p H  values  (at p H  2.4 comple te  p rec ip i t a t ion  
was observed  36) a t  which  p ro te ins  are no t  p r e c i p i t a t e d .  
Therefore,  i t  seemed to  be of in te res t  to de te rmine  how 
nucleic ac id-his tone complexes  would behave  in the  
presence  of r ivanol .  The results  shown in Figure  7 indicate  
t h a t  r ivanol  is capable  of displacing his tones  f rom such 
complexes.  This  could be conf i rmed by  the  successful 
ex t rac t ion  wi th  r ivanol  of h is tones  f rom calf t h y m u s  
deoxyr ibonucleohis tone .  

The resul ts  p resen ted  here show t h a t  p rec ip i t a t ion  by  
r ivanol  m a y  serve as a useful and  fast  s tep  in a sequence 
of procedures  des igned for the  separa t ion  and  pur i f ica t ion 
of proteins .  The pur i f ica t ion of bac te r iophage  T4 murami -  
dase using rivanol,  descr ibed af ter  th is  work  has  been 

comple ted  4~ serves as an add i t i ona l  example  in suppor t  
of the  above conclusions.  

26 p. DESNUELLE, in The Enzymes, 2nd edn (Ed. P. D. BOYER, 
H. LARDY and K. MYRBXCR; Academic Press, NewYork 1960), 
vol. 4, p. 103. 

~7 M. LASKOWSKI, in Methods in Enzymology (Ed. S. P. COLOWICK 
and N. O. I~APLAN; Academic Press, NewYork 1955), vol. 2, p. 51. 

98 IV[. LASKOWSKI, in The Enzymes. 2nd edn (Ed. P. D. BOY~R, 
H. HARDY and K. MYRBs Academic Press, NewYork 1961), 
vol. 5, p. 125. 

29 R. C. WARNER, in The Proteins (Ed. H. NEURATH and K. BAILEY; 
Academic Press, NewYork 1954), vol. 2, Part A, p. 435. 

30 T. L. McMEEKIN, in The Proteins (Ed. H. NEURAT~ and K. Bai- 
LEY; Academic Press, NewYork 1954), vol. 2, Part A, p. 419. 

8i E. L. SMITH and J. R. KI~MEL, in The Enzymes, 2nd edn (Ed. 
P. D. BOYER, H. LARDY and K. MYRBXCK; Academic Press, 
NewYork 1960), vol. 4, p. 137. 

8~ M. LASKOWSKI, in The Enzymes (Ed. J. B. SUMMER and K. MYR- 
Bi~CK; Academic Press, NewYork 1951), vol. 1, Part 1, p. 959. 

83 K. G. PAUL, in The Enzymes, 2nd edn (Ed, P. D. BOYER, H. LARDY 
and K. MYRBACK; Academic Press, NewYork 1963), vol. 8, p. 241. 

84 R. C. BRAY, in The Enzymes, 2nd edn (Ed. P. D. BOYER, ILl. LARDY 
and K. MYRBKCK; Academic Press, NewYork 1963), vol. 7, p. 358. 

85 U. J.  LEwIs,  D. t~. WILLIAMS and N. G. BRINK, J. biol. Chem. 
222, 705 (1956). 

86 A. R. NEURATtt, Dissertation, Faculty of Natural Sciences, Teeh- 
nische Hochsehule in Wien, 1968. 

87 H. THEORELL, in The Enzymes (Ed. J. B. SUMMER and K. !V[yR- 
BXCK; Academic Press, NewYork 195l), vol. 2, Part 1, p. 353. 

88 N. B. KURNICK, in Methods oJ Biochemical Analysis (Interscience 
Publishers, New York 1962), vol. 9, p. 1. 

80 L. JOSEFFSON and S. LAGERSTEDT, in Methods o] Biochemical 
Analysis (Interseience Publishers, NewYork 1962), vol. 9, p. 39. 

40 A. TSUGITA, M. INOUYE, E. TERZAGtlI and G. STREISINGER, J.  
biol. Chem. 243, 391 (1968). 



EXPERIENTIA 25J6 Specialia 6 7 1  

I00 
O/o 

75 

r 

25 .." r 
:x= 

0 I i F I 

0.4 03 I.Z 1,6 
Rivanol 

pg ItlstDne 

Fig. 7. Conlpetition between rivanol and histones in the reaction 
with RNA (R) and DNA (0). Equal volumes of nucleic acid (highly 
polylnerized RNA from yeast or calf thyums DNA, 500 (xg#nl, both 
froln Calbiocheln) and histone (from calf thynms, 250 [xg/inl) solu- 
tions were Inixed and increasing amounts (0-600 [xg/inl) of rivanol 
in 0.03 M acetate buffer pH 4.7 were added. The precipitate which 
formed was removed by eentrifugation, rivanol was subsequently 
removed from the supematant fluids by precipitation with KBr 
and the concentration of histones was deternfined speetrophoto- 
metrically~L 

Zusammen[assung. Die A n w en d b a rk e i t  von  Rivano l  als 
P ro t e in -F rak t i on i e rungsmi t t e l  wurde  gepri if t  und  an den  
folgenden Beispielen bewiesen:  1. durch gemeinsame 
Trennung  und  teilweise Rein igung  folgender E n z y m e  aus 
geeigneten Rohmate r i a l i en :  Peroxidase  und  X a n t h i n -  
oxidase;  Desoxyr ibonuklease  I, Ribonuklease,  Tryps in  
und  Elas tase ;  Amylase,  Cholinesterase und Muramidase ;  
2. durch  E x t r a k t i o n  yon  H i s t o n en  aus Nukleoprote inen .  

A .  R .  ~NTI~URAT/ -141  and R. B R U N N E R  42 
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P R O  E X P E R I M E N T I S  

A Very  S i m p l e  T r i c k  to P r o d u c e  Contro l l ed  C02  C o n c e n t r a t i o n s  in the  Gas  P h a s e  O v e r l y i n g  Cell  
Cu l tures  

There is more  and more  need for precise p H  control  of 
m a m m a l i a n  cell cul ture meida.  This is usually done by 
adding  carbon dioxide to the  air overlying the  culture 
dishes. As exper ienced by  m a n y  cul tur is ts  and  emphas ized  
again recent ly  by  FERENCZ and NARDONE 1, th is  requires 
gas flow incuba tors  and a high ra te  of gas consumpt ion ,  
which is costly. In  addi t ion,  these sys tems  do no t  allow 
easy a d j u s t m e n t s  of concen t ra t ions  of the  gas mix tu re  
according to needs.  

In  this  labora tory ,  we are using wi th  success a very  
simple trick, c o m m o n l y  used by  chemists ,  t h a t  obvia tes  
all this.  In  large glass vessels t h a t  can be made  air- t ight ,  
the  required a m o u n t  of CO 2 is p roduced  after closing 
the  lid. 

In  practice,  we use large dessicators  or aquar ia  wi th  
ground edges and lids. W a t e r  is pu t  on the  b o t t o m  to 
ma in t a in  water  vapor  sa tura t ion .  On a t r ay  above the  
wa te r  are placed f irs t  the  Pe t r i  dish cultures,  t hen  a 
na r row high beaker  conta in ing  normal  phosphor ic  acid. 
The required a m o u n t  of sodium b ica rbona te  (p.a.) is 
weighed and pu t  in an old-fashioned pha rmaceu t i ca l  
cachet envelope;  jus t  before closing the  lid, the  cachet  is 
d ropped  in the  acid and  a l i t t le  funnel  added  to  p r ev en t  
project ions.  Abou t  1 min  later,  the  cachet  envelope is 
pa r t l y  dissolved and bubbles  of CO 2 appear .  Equ i l ib r ium 
is reached wi th in  less t h a n  1/2 h and  ma in t a ined  for days.  

The CO~ appears  near  the  ceiling of the  sealed chamber ;  
it  mixes  well wi th  the  air and  no difference in p H  of 
the  n ledium (as checked by  the  indica tor  color) is observed 
in replicate dishes placed at  d i f ferent  levels (up to 10 cm). 
There  is only a very  t e m p o r a r y  rise of pressure  (0.02 

A tmosphe re  in several  tests) ,  as the  vessels, ve ry  t i gh t  
when the  pressure  g rad ien t  is f rom outside to inside, 
allow microbubbles  of the  gas mix tu re  to escape be tween  
lid and  vessel even for smal l  pressure  differences when  
the  g rad ien t  is reversed.  

The a m o u n t  of b i ca rbona te  can be de t e rmined  f rom 
the  volume of t he  vessel. Theoret ica l ly  a par t i a l  pressure  
of 0.01 A tmosphe re  a t  37 ~ will be ob ta ined  in a vo lume 
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Schematic view of one of the possible arrangements. 1, water; 
2, Petri dishes containing the cultures on a tray; 3, vessel containing 
phosphoric acid and bicarbonate cachet with funnel to prevent 
projections; 4, ground glass lid and edge. 

1 N. ICERENCZ and R. M. NARDONE, Expl Cell Res. 53, 139 (1968). 


