
' ‘n n d  b ;ic k - titra te < I  w ith  h y d ro c liJo r ic  a c id ,  u s in g  b ro m  th y m o l 
b lu e  a s  iiid ic iilo i ; c q ii iv . w t . ,  125.

l lic «lcl)fiizylu»vil p o ly m e r  w a s  d ia ly te< l a n d  t r e a te d  a s  in 
sc c iio n  a ;  y ie ld  4.(i g .  T iie  m u lt ic l ia in  p o ly g lu ta in ic  a c id  
w a s  h y d ro ly z w l a n d  t l je  h y d r o ly s a te  a n a ly z e d  c h ro m a to -  
g ra p h ic a l ly  a n a lo g o u s ly  t o  t h e  m u U ic h a iti  p o ly ty ro s io e .  'A  
m o la r  r a t i o  o f  g lu ta m ic  a c id  t o  ly s in e . I d  t o  1 , w a s  o b ta in e d .  
T h e  in t a c t  n iu l i ic l ia in  p o ly g lu to m ic  a c id  g a v e  a m in o  N ,  
0 .0 0  (V a n  S ly k e ) ,  a n d  N a , 2 .9 ,  d e te rm in e d  w ith  a  f la m e  
s p e c t ro p h o to m e te r .  T h e  m u l t ic h a in  p o ly g h i ta m ic  a c id  w a s  
d e s a m in a te d  a n a lo g o u s ly  t o  t h e  d e s a m in a t io a  o f  m u lt ic h a io  
p o ly -D L -a lan in e , a n d  t h e  p r o d u c t  h y d r o ly r e d  a s  u s u a l . ^ T h e  
h y d r o ly s a te  w a s  a n a l y z ^  c h ro m a to g ra p h ic a l ly .  u s i n ;  1- 
h u t a n o l 'g h r i a i  a c e t ic  a c i d - w a t e r ' ( 4 : 1 : 6 )  a s  t h e  m o b ile  
p h a s e . 'I 'i ie  c h r o m a to g ra m  c o n ta in e d  s p o t s  o f  ly s in e  a n d  
g lu ta m ic  a c id ,  b u t  n o  s p o ts  c o r re s p o n d in g  t o  t h e  p r o d u c ts  
a p p e a r in g  in  t h e  h y d r o ly s a te  o f d e s a m in a te d  p o ly ly a in e .

P o ly -L - ly s ln e , F r e e  B a g a .— A 's o l u t i d n  o f  p o ly -L > lysine  
h y d ro b ro m id e ,  D P  18 (7 8  m g .) ,  in  w a te r  (6  m l . )  w a s  p a s ^  
th ro u g h  a  c o lu m n  o f  A m b e r l i te  I R A  4 0 0 , a n d  t h e  f ra c t io n  
g iv in g  a  n e g a t iv e  V o lh a rd  a n d  a  p o s i t iv e  n iu h y d r in  t e s t  (2 0  
m l .)  w a s  c o lle c te d  a n d  d r ie d  i n  va cuo; . y i M ,  4 5  m g . o f  a  
w h i te p o w d e r .  . . .  '

A n a l .  C a lc d .  f o r  p o l y - L - I y s i n e '( D P 4 8 ) ;  t te i i t .  e q u iv . ,  
128. F o u n d :  n e u t .  e q u iv . ,  1 3 4 , d e t e r m i n ^  b y  t i t r a t i o n  in  
g lac ia l a c e t ic  a c id  w ith  p e r c h lo r ic  a d d  in  g la c ia l a c e t ic  a c id ,  
u s in g  th y m o l  b lu e  a s  in d ic a to r .  ,, m / , ,

T h e  p o ly ly s in e  f re e  b a s e  ( D P  1 8 ) o b ta in e d  c o u ld  n o t  b e  re> 
d isso lv ed  in  w a te r .  I t  is  so lu b le  i a  g la c ia l  a c e t ic  a c id ,  in  
p h e n o l a n d  in  a q u e o u s  a c id s ,  ' I t  i s  in s o lu b le  in  e th e r ,  di> 
o x a n e . m e th a n o l ,  p y r id in e ,  ’ t r ie th y la m in e .  t r ib u ty la m in e  
a n d  b o il in g  d im e t l iy l f o r m a m id e . , I t  m a y  b e  p r e c ip i ta te d  
fro m  i t s  s o lu tio n  in  g la c ia l  a e e t ic  a c id  b y  ( U o x a n e . .

•

It) ■. • ;>  f j ----------------------

P h y s ic a l  M e a s u r e m e n ts .— T h e  s e d im e n ta t io n  m e a s u re ­
m e n ts  w e re  c a r r i ^  o u t  in  a  S p ln c o  u l t r a c e n t r i f u g e  M o d e l B  
w ith  a  K l t t t  o p t ic a l  s y s te m . T h e  s e d im e n ta t io n  c o n s ta n t  
w a s  c a lc u la te d  a s  a n  a v e r a g e  o f  t h e  v a lu e s  5  2 (* i  — * i ) /
( » i  +  —  / i ) ,  w h e re  x i  a n d  x« a r e  t h e  d is ta n c e s  f ro m
t h e  a x is  o f  r o t a t io n  t o  t h e  b o u n d a r y .a t  t h e  t im e s  a n d  k t  
r e s p e c tiv e ly ,  a n d  w is  t h e  a n g u la r  v e lo c i ty .  F in a l  c o r re c ­
t io n s  w e re  m a d e  in  t h e  c u s to m a ry  m a n n e r  t o  a  s o lv e n t  w ith  
t h e  d e n s i ty  a n d  v is c o s ity  o f  w a te r  a t  2 0 * . F o r  th is  p u rp o s e  
a  p a r t i a l  sp e c ific  v o lu m e  of 0 .7 2  w a s  e m p lo y e d .

. ; D iffu s io n  m e a s u re m e n ts  w ere  c a r r i ^  o u t  in  a  C lae sso n  
'd iffu s ion  cell,** a t  2 0 * , A  T is e l iu s -L o n g s w o r th  a p p a ra tu s* *  
w i th  a  sc h lie re n -4 c a p n ih g  o p t ic a l  s y s te m  w a s  u s e d . I n  t h e  
m e a s u re m e n ts  m a d e  t h e  d if fu s io n  c u rv e s  w e re  fo u n d  t o  b e  
p r a c t ic a l ly  n o r m a l .  T h e  a v e ra g e  d if fu s io n  co e ff ic ie n ts  w e re  
d e r iv e d  u s in g  th e , f o r m u la  D  v / 2 t ,  w h e r«  v  d e n o te s  t h e  
s t a n d a r d  d ^ ^ t l p n  a n d  t  t h e  t im e  o f  d if fu s io n . T h e  s ta n d ­
a r d  d e v ia t io n  w a s  c a lc u la te d  f ro m  th e  f i r s t  a n d  se c o n d  m o ­
m e n ts  m e a s u re d  w i th  a n  A m sle r  I n t e g r a to r .
. .T h e f  r e f r a c t iv e .  In d e x  o f m u lti-p o ly -D L > a lan y l-p o ly -L - 

ly s in e  (fr 3 4 , p  2 2 )  in  g ly c in e  b u f fe r ,  />H 9 ,1  a o d  io n ic  s t r e n g th  
0 .1 ,  a t  20®, w a s  m e a s u re d  b y  m e a n s  o f  a  <Jipptng re f r a c to m e -  
t e r  c o m p e n s a te d  t o  so d iu m  l ig h t .  T h ^ - ^ ^ a c t i v e  in d e x  in -  
c r e m e n tt  d n /d tu  ™ 0 .1 8 2 ,  w a s  c a l< H iliit^  f ro m  th e  s lo p e  o f 
l in e a r  r a t i o n  b e tw e e n  r e f r a c t iv e  in d e x  a n d  c o n c ^ U a t io n  
fo u n d  e x p e r im e n ta l ly  ( t0 is  t h e  r a t io  b e tw e e n  t l ie  w e ig h t o f 
s o lu te  a n d  th e  w e ig h t  o f  so lu t io n ) .

V is c o s i ty .m e a s u re m e n ts  w e re  c a r r ie d  o u t  in  a n  O s tw a ld
viscosimeter at 20^. V

(26) S . CUeuoB, N a t u r $ ,  111, 834 (1948).
. (30) L . O . L o n n w o r th ,  T h is  J odhnai., C l, 620 (t030 ).

;'f ' i 
R b h o v o t ,  I s r a b l

C o n t r i b u t i o n  f r o m  t h e  L a b o r a t o r y  o p  B i o c h b u i s t r y ,  N a t io n a l  C a n c b r  iN S T ir i r rB ,  N a t io n a l  rN S T rro T B S  o p  H b a l t h )

Chromato^aphy, of Proteins, i,,I. Cellulose Ion-exchange Adsorbents 
B y  E l b e r t  A. P e t e r s o n  a n d  H e r b e r t  A. S o d e r

R b c b i v b d  J u l y  1 1 , 1065

T o n -ex ch a n g e  a d s o rb e n ts  h a v e  b e e n  p r e p a r e d  f ro m  c e llu lo se  u n d e r  c o n d i t io n s  s u c h  t h a t  p h y s ic a l  p r o p e r t ie s  s u i ta b le  fo r  
c o lu m n  c h r o m a to g r a p h y  e r e  m a in ta in e d .  T h e s e  a d s o rb e n ts  p o sse ss  h ig h  c a p a c i ty  fo r  t h e  a d s o rp t io n  o f  p ro te in s , y e t  p e r m i t  
e lu tio n  u n d e r  m ild  c o n d i t io n s . T i t r a t i o n  c u r v e s  a r e  p re s e n te d .

• H i

The rem arkable success of chrom atography in 
the separation of am ino acids, lipids, sugars and 
m any o ther substances has been an  im portan t factor 
in recent advances in biochem istry. T he  applica­
tion of clironiatography to ,th e  separation o f,p ro ­
teins, however, has n o t m et w ith  th e  general success 
obtained w ith  sm aller, s im p le  molecules. -The 
large size of th e  pro tein  molecule prevents its  pene- 

' tration  in to  tlie adsorbent particlej therefore only 
the adsorbing sites located o n 'th e  exterior can be 
utilized. An enorm ous su rfa c e ,'a s  provided’.by

• very fine division, then ' becomes necessary fo r 'th e  
attn innicnt of reasoriably high.adsorption capacity. 
The instability  of the  pro tein  moleciile is also a  fac­
tor, no t only because of th e  severe lim itations i t  im­
poses upon the  choice of solvents;ibut.also  because 
profound configurational changes'm ay  accom pany 
the adsorptive and desorptive processes if binding 
sites are sulTiciently num erous and strong to  com­
pete w ith tlie m ultitude of weak bonds which m ain­
tain the  native configuration o f,the  protein. Even 
where tliis does no t occur, too  high a  density  of 
binding sites m ay resu lt in adsorption so firm th a t  
the conditions required for sim ultaneous dissociation 

. of all the adsorptive bonds are  destructive to  the  in- 
' tegrity of the molecule. i  ‘ '■ ‘ '

However, progress has been m ade in recent years, 
particularly  in th e  fid d  of ion-exchange chrom atog­
raphy. Relatively ! stable proteins of ra th e r low 
m olecular, w eight and high isoelectric po int have 
been chrom atographed on cohimns of finely divided 
Am berlite IRC-50, a  weak cation ex c h a n g e r .* T h e  
chrom atography of hemoglobin, a  neutral moltcuJe 
of m ore typical size, has been dem onstrated‘on the 
same resin, b u t tlie conditions required were such as - : 
to  preclude ion exchange as the  adsorption mecha-;;** 
h ism j Very recently  tlie separation of foiu’ kinds'^'', 
of hum an carbon monoxide hemoglobin with IR C - 
50 has been reported.* E arly  work in this Labora­
tory^ achieved th e  frontal analysis of artificial mix- 
tiu-es of typical proteins on ^ e  strong cation ex- * 
changer, Dowex-50, b u t  th e  c a p ac i^  was very 
low.* T he  sam e resin has been used for the chroma-

(1) C . A. ZltU«, 44<fffOHm «̂i £ » iy m o to |y , 14, 810 (1968); B. M u k O ' 
U u b , N a i u r t ,  170, 1014 (1062); B i o e h im .  J . ,  IS , 020. 588 (1088);
C . H . W . H in .  S. M oor« > ad  W .  H . S te la , J .  tOO, 403
(lOfiS); C . H . W . H lra , ib id . .  >08, 93 (1083){ c T X  CrftmptOB, S. 
M oore  knct W . H . S te lo , i b id . ,  S l l .  787 (1065).
* (2) N . K . B oftrd tnan a o d  S. M . P*rtrldgB . iVa(M r«..tTl, 208 (1058); 

B i o i h i m .  J „  80 , 648 (1056).
(8) H . K . P r in s  a n d  T .  H . J . H ulam ao, N a l u r t i  I T i )  008 (1068). \
(4) H . A. S ober, O . KeBctei ao d  P . J .  C u tte r ,  T n t i  J o u k n a l ,  T4, 

2734.U(k62ft S e i t n c 4 , 110, &A4 (1040).
J(c I



tography of p rosta tic  phosphatase,* and the appli­
cation of ail anion cxchanjjcr, Dowex-2, to  th c frac - 
tionation of hunuui seiuni proteins has very re­
cently  been reported.® T he use of inorganic geJs 
such as calciiuii phosphate has been promising in 
tljc  chrom atography of typical p ro ten is / b u t ad ­
sorbents w ith greater chcniica! and physical stab il­
ity, allowing a wider selection of eluents, and w ith 
be tte r defined ionizing groups are to  be desired^

In  the  following pages the  preparation and prop­
erties of new adsorbents derived from  cell^ose, 
having these characteristics as well 03 relatively 
large capacities for the  adsorption of proteins, will 
be described. T he effectiveness of su d i adsorbents 
containing carboxyinethyl (C M -), diethylam ino- 
ethyl (D E A E -) and phosphate  (P -)  groups in tlie 
chrom atographic purification of enzymes an d  other 
proteins has been reported  in prelim inary com m u­
nications from  th is Laboratory.® A com panion 
paper dem otistratcs th e  resolution achieved in  tlie  
separation of scrum proteins on DEA E-cellulose, an  
anion exchanger.* F u rtlie r inform ation concern­
ing the  use of these adsorbents in th e  chrom atog­
raphy  of enzyme preparations will be published a t  a 
la te r date.

Anotlier adsorbent prei>ared in  th is Laboratory, 
ECTEOLA-cellulose,*” containing basic groups de­
rived from  triethanolam ine bound to  cellulose 
tJirough reaction w ith cpiclilorohydrin, was found 
to  be less promising in protein adsorption experi­
m ents b u t will be described here because of its  ex­
ceptional m erit in the  chrom atography of nucleic 
acids, as shown by  work carried ou t in o ther labora­
tories.”

A num ber of cellulose ion exchangers have ap ­
peared in the  literature, including oxycellulose,^* 
cellulose succinic half ester, and a  varie ty  of 
trea ted  co tton  fabrics.** A lthough oxycellulose 
has been used for tlie purification of A C T H  oligo­
peptide preparations by b atch  adsorption,** no a t ­
tem p t to  em ploy m aterials of th is type for ..the ad ­
sorption of proteins has been r e p o r t^ i  vln>several 
instances, however, th e  adsorption of euzyraes'by 
ccUulose, itself, has been observed and  u tilized 'for

(6) H . O. Domfto, Bioehim. Biophys. Aeta, 24S (1 9 5 6 iil’ ' I ' * ' '
(0) H. O. B om tn , y<i(Krf, m ,  808 (1P66). ’ '
(7) E . AgDer, Diochtm. J.,  1 3 , 1702 (1038): 8. M . Swingl« u id  A. 

TlMltus. 48. 171 (1961); A. Tisellus, A rk if  K tm i,  7, 443 (lOM).
(8) H. A. an<i B. A. Pct.ersoa, Tntft J oukmai., T9,1711 (IQEi);

B. A. Peterion «nd H. A. Sober, FtAtrnfton Pree., I I ,  278 (IBM); 
H . A. Sober and B. A. Peterson, AbsttRcU 126th NBtlooal M ectinf, 
Am. Chem. Soc., 90-C, Sept., 1064. ‘ ^ ''

(0) H . A. Sober, P . J. G utter, M . M. Wyctcoff and B. A. Petercoa, 
Ticia JouHHAf., T8, 760 (1966).'  ̂ ' i

(10) T h e  Intended reactlont Involved ether forcn«t{on betwM n th« 
h fd ro x rl group* of trlethanol*mlMe and the epoxide rlnc ol eplchloro> 
hydrin, welt fts betweeo the halogen function of th e  U tte r  and the 
NaO -Rroupi of th e  sodium celluloie. However, iloce o ther reaction! 
are possible (iticludlHC polymerization) th e  ttru c tu re  of th e  attached 
group)* canno t be ipeclQed, and the a«itorbent h a i been deslitnated 
ECTBOLA-celUiIoso to identify the reactanti.

(11) A. DeniHcb, J . R . Freaco, H. S. R otenkran t and 9. M. Beiser, 
T h is  J ouknal , 77, ^671 (1966); D. F. Bradley and A. Rich, Abstracts 
128th N ational M eeting, Am, Cliem. Soc., 3>C, Sept., 1966.

(12) n .  C. Yackei and W. O. Kenyon, T in s  J o v k n a l ,  « 4 , 121 (1942).
(13) F . C. M clntlre nnd J. R .  Schenek. ifctrf.. 70, 1193 (1948).
(14) C. L . HofTpeiiir nnd J. D. G uthrie, T t * l lU  Restarch J., tO, 017 

(1060): W. A. Reeves and J. D. O tithrie. ibid.. M , 622 (1963); 
L. M. Roller on<1 E. C arpenter, ibid.. 94, 847 (196G).

(16) n . D. Astwood, M. S. Raben, R . W, Payne and A. D. Grady, 
TnJS jouRNAi., T8, 2909 (1961).

purification.”  Such adsorption can probably be a t­
tribu ted  to  a  very  sm all carboxyl con ten t nonnally 
present in cellulose.

G eneral C onsiderations.—^Alpha cellulose ofl’ered 
particu lar prom ise as a  support for ionizing groups 
intended to bind proteins becausc of its  hydrophilic 
n a tu re  and  en o rm o u s' surface. I t  was readily 
available a t  low cost, an d  sim ple inodificatious of a 
reaction extensively used m the industrial m anu­
facture of cellulose derivatives provided the means 
of attach ing  a varie ty  • o f ionizable groups. The 
preparation  of ion exchangers of tliis type is, how­
ever, subject to  a  lim itation  arising from  the  nature 
of th e  crosS'Uflking .bonds in cellulose. Hydrogen 
bonding between the  hydroxyl groups is responsible 
for the  insolubility of th a t  m aterial, and  the  attach* 
m ent of small am ounts of any  substituen t to  the 
chain tends to  increase swelling in w ater by  in ter­
fering w ith  hydrogen bonding. A larger num ber 
of groups will cause th e  c ^ u lo se  derivative to 
become water-soluble, like tlie carboxym ethylcellu- 
lose of industry . A lthough a  certain  am ount of 
swelling is advantageous in protein chrom atog­
raphy  in  th a t, greater, accessibility to  tlie binding 
sites is afforded, there  is a  concom itant increase in 
resistance to  th e  flow of aqueous soUitions which is 
of considerable im portance when tlie m aterial is to  
be used in adsorption columns. In  tlie procedures 
to  be described th e  degree of incorporation is con­
trolled to  keep 'tlie physical proi>crUes of the prod­
u ct witliin the  range 'u sefu l for chrom atographic 
purposes. I t  h as  been regarded as essential to 
avoid conditions' which m igh t solubilize o r disperse 
the  product, even tem porarily, for in those cases 
where reprecip itatio ii' w as possible a  gelatinous 
m a te r ia l ' having extrem ely high resistance to  tlie 
dow of aqueous solutions was obtained. Such an 
adsorbent m a ^ 'b e  u s ^ u l in  b atch  operations when 
sedim entation can b e  employed for separation of 
the  phases, b u t  i t  is ill-suited to  colunm chrom atog­
raphy  or Jbatch filtration. AltJiough insoluble prep­
arations of b o th ’;p]Vi!;f, and  DEA E-cellulose con­
taining 2 jneq . i>er gram  haye been obtained, prod­
ucts.contain ing 'm uch, m ore than  1 meq. per gram 
had  a  tendency to  be, gelatinous, w ith  a  high resist­
ance to  the  flow of w ater. T his lunitation on the 
num ber of groups incorporated proved to  be not 
serious, for the  capacity  for protein adsorption was 
very high, on a  m ass basis, even when th e  acid-base 
capacity  of the  adsorbent was of the  order of 1 ineq. 
per gram. Since inultiple-site binding is undoubtedly 
involved in the  p ro tein-adsorbent com bination, a 
low density of binding sites on tlie adsorbent is ad ­
vantageous (provided th a t  the  capacity  is adequate) 
in th a t i t  m ust*.contribute tow ard ease of de­
sorption of polyel^ctrolytes, A low buffering capac­
ity  (desirable in  gradient elution chrom atograpliy) 
and a  low capacity, for th e  adsorption of small elec­
trolytes are additional favorable consequences.

T h e  cellulose ion exchangers described here have 
all been prepared by  the  reaction of a  chloro com ­
pound w ith  cellulose which has been allowed to 
swell in strong a lk a li.. In  general, th e  num ber of

(10) H. T auber, J . B M .  Cktm ., I I* . 763 (1936); R. W. Payne. 
M. S. Raben and E. B. Astwood, ibid., 187, 719 (1950); R . O. ffurst 
and C . C. B utier, ibid.. m ,  91 (19S1).



g r o u p s  a t t a c h e d  per gram  of d ry  p roduct was ap ­
p r o x i m a t e l y  a  linear function of th e  am oun t of 
/■hJoro cf)j»p()uiHl used, provided sufTicient alkali 
was present, and so long as th e  incorporation, did 
not g r e a t l y  excewl 1 mmole per gram : T h e  degree of 
r e a c t i o n  a p p e a r e d  to  be  largely independent of th e  
] ) a r ( i c l e  size of t h e  cellulose em ployed, a t  least over 
t h e  range of KXJ incsh to  finer th an  325 niesl*. Good 
r e i ) r o d i J c i b i l i t y  w ith respcct to  num ber of groups 
a ttach ed  and gross physical properties was obtained 
im der th e  conditions d e s c r i b e d . • If, however,, the  
incorporation were carried to  a  point approaching 
(iia t a t  which gels were obtained, poor reproducibil­
ity  of bo th  incorporation and physical properties 
was observed. i .f,

Experim ental ■
C e llu lo s e .— T h e  c a t io n  e x c h a n g e rs ,  C M -  a n d  P -c e llu fo s e , 

w e re  p r e p a r e d  f ro m  W h a tm a n  a s h le s s  s t a n d a r d  ce llu lo se  
p o w tle r ,'*  w h ic h  h a s  a  c o t to n  o r ig in .  ' I n  p r e p a r a t io n s  o f 
l l i is  t y p e ,  w o o tl c e llu lo se  o ffe red  l i t t le  a d v a n ta g e  w i th  re ­
sp e c t  t o  r tJ ic U v ity , w J ie rea s  t h e  w h i te  c c J o ro f  t h e  W h a tm a n  
p r o d u c t  w a s  h ig h ly  d e s i ra b le .  ' T h e  a n io n  e x c h a n g e r , 
D K A E -c e llu lo s e , w a s  p r e fe ra b ly  m a d e  f ro m  w o o d  ce llu lo se , 
fo r  (h e  r e a c t iv i t y  o f t h e  l a t t e r  w a s  a b o u t  tw ic e  t h a t  o f  c o t to n  
cc lliilo sc  in  th i s  r e a c t io n .  P o ly c e l, '*  a  w o o d  c e llu lo se , w a s  
in i t ia l ly  e m p lo y e d  in  |> re p a ra t to n s  o f  D IJ A E -c e llu lo s e .

• T h fs t-  p jo f ln c ls  po!>.scsHe<l e j tc e l le n t  p ro p e r t ie #  fo r  th e  c o lu m n  
c h r o m a to g ra p h y  of p r o t e i n s . . a n d  co n sid (^ rab lc  u se  w a s  
m a d e  o f  th em * ’* b e fo re  i t  b e c a m e  k n o w n  t h a t  P o ly c e l  w a s  
n o  lo n g e r  b e in g  m a n u f a c tu r e d .  S u b s e q u e n t  e x p e r im e n ts  
h a v e  e n jp ln y e d  S o lk a -P lo c , a n o th e r  w o o d  c e llu lo se  o f h ig h  
p u r i ty .*  O f t h e  se v e ra l gra<lea a v a i la b le ,  S W -A , S W - B ,a n d  
JIW  h a v e  bci;jj tc s fc d  in  th e  jm ’p a r a t io n  o f D E A l? -c eJJu Io se . 
A ll w ere  (com parable- lo  l ’o ly « ;l  in  r e a c t iv i ty .  F r o d u d s m a d e  
fro m  t l ic S W -A  a n d  B W  g ra d e s , h o w e v e r /e x h ib i te d  a  g re a te r  
te n d e n c y  t o  s h e d  “ rm e s”  o n  w a s h in g  a n d  a  s o m e w h a t  g r e a te r  
r e s is ta n c e  t o  t h e  flow  of a q u e o u s  so lu t io n s  w h ic h  w a s  p a r t i c u ­
la r ly  m a rk e d  in  s t r o n g  a lk a l i .  P r o d u c t s  m a d e  f ro m  th e  
S W -H  g ra d e  w ere  in te r m e d ia te  in  th e s e  r e s p e c ts .  A d e q u a te  
a m o u n ts  o f a l l  t h e  p a r t ic le  s iz e s  u s e d  i a  th e s e  e x p e r im e n ts  
w ere  o b ta in e d  b y  s ie v in g  c o m r o e r d a l ,  4 0 .  o r  ; 1 0 0 'm e sh  
m a te r ia l .

2 -C h lo ro tr ie th y la m in e  H y d ro c h lo r id e .— T h e  c o m n te rd a l ly  
a v a i la b le  tn a te r ia i  ( E a s tm a n  K o d a k ,  P 6 4 3 6 )  w a s  recrys>  
ta lliz e d  f ro m  a b s o lu te  m e th a n o l  t o  r e m o v e  h ig h ly  co lo red  
im p u r i t ie s .

O th e r  M a te r i a l s .— C h io ro a c e t ic  a c id ,  e p ic h lo ro h y d r in  
a n d  t r ie th a n o la n i in e  ( 2 ,2 ',2 '- n i t r i l o t r i e t h a n o l )  w e re  w h ite  
la b e l p ro < lu c ts  o f  t h e  E a s tm a n  K o d a k  C o m p a n y  a n d  w ere  
u se d  w i th o u t  f u r th e r  p u r i f ic a t io n .

P re p a ra t io n  o f  D E A E - S F .— A  s o lu t io n  o f  4 0  g .  o f  N a O H  
in  170 m l .  o f w a te r  w a s  s t i r r e d * ' in to  6 0  g .  o f S o lk a -P lo c . 
T h e  m ix tu re ,  d r y  tn  a p p e a r a n c e ,  w a s  a llo w e d  t o  s t a n d  in  a n  
ic e -b a th  fo r  3 0  m in u tes ,* *  w ith  o c c a s io n a l  s t i r r in g .  A  so lu ­
t io n  of 3 5  g . o f  r e c ry s ta l l iz e d  2 - c h lo ro tr ie th y la m in e  h y d ro ­
c h lo r id e  ill 4 5  rril. o f  w a te r  w a s  a d d e d  in  s e v e ra l  p o r t io n s . 
A fte r  th o r o u g h  b le n d in g ,  t h e  m ix tu re  w a s  im m e rs e d  in  a n  
80-86®  o i l - b a th  fo r  3 5  m in u te s  a n d  s t i r r e d  o c c a s io n a lly .

(17) Id six p r e p a r a t io n s  of D R A B -SF, fo llo w lD g  t h e  s a m e  p ro c e ­
d u re . t h e  a v e r a g e  d e v ia t io n  f r o m  t h e  m e o n  n it ro g e n  c o n t e n t  v t m  2 % .

(18) II. Reeve Ao^e) m vti,Com pany, Joe., 53 D u a a e  S treet, N ew  
York 7, New York.

(10) The Polycel wa# a Rift of the Intliistrlal Chemical Sale* Division 
of the West Virginia PuJp and Paper Company, Covington, V triinla.

(20) T he Solka-Ploc was generously provided b j  the Brown Com* 
p toy , 600 F irm  Avenue, New York 30, N . V.

(21) Since the volume of Ihe M<i6eri IJriui/] was restricted to  increase 
the efTtcieiicy of the reaction if ith  cellulose, uniform distrlhutlon of the 
alkali aaiong the partic lei was difficult. Therefore, the nlkall was 
added in several sm all portions and the ralztore was stJrred well after 
cach addition to  break up  th e  wet lum ps and coat the fragm ents with 
relatively dry m aterial.

(22) Decause th e  mercerization ol cellulose proceeds a t  lower concen­
trations of alkali when the tem perature is low, th e  swelling process was 
carried out fn an (ee-foath to prom ote penetration of the particles while 
at the same tim e dimloishInK reaction of th e  itro n fly  alkaline cellulose 
irith osygen.

T h e  p r o d u c t  w a s  c o o le d  In  a n  ic e -b a th  a n d  2 5 0  m l. o f  2  A f  
N aC l**  w a s  a d d e d  in  s e v e ra l  p o r t io n s ,  c a r e  b e in g  t a k e n  t o  
a c h ie v e  c o m p le te  m ix in g .

T h e  r e s u l t in g  th ic k  su s p e n s io n  w a s  f ilte re d  w itJi g e n t le  
s u c t io n  in  a  6* iuch  c o a r s e  s in te r e d  g la s s  fu n n e l ,  a n d  th e  f i l te r  
c a k e  w a s  w a s h e d  w i th  1 N  N n O H  u n t i l  t h e  e m e rg in g  fd tra te -  
w a s  n o  lo n g e r  d e e p ly  c o lo re d . T h e  p r o d u c t  w a s  th e n  re -  
a u s p e n d e d  o n  th e  f i lte r  in  sufT icient 1 N  H C l ( a b o u t  350  
m l . )  t o  m a k e  a  s t r o n g ly  a c id  su s p e n s io n , a n d  th i s  w a s  im m e ­
d ia te ly  f i l te r e d .  S u c c e s s iv e  w a s h in g  w ith  2 5 0 -m l. p o r t io n s  
o f 1 N  N a O H , 1 N  H C l  a n d  1 N  N a O H  fo llo w e d . T h e  c a k e  
w a s  ta m p e d  d o w n  a n d  p u lle d  d r y  t o  t h e  c r a c k in g  p o in t  b e ­
tw e e n  w a s h in g s  b u t  w a s  n o t  r in s e d  w ith  w a te r .  F in a l ly , 
t h e  c a k e  w a s  a g a in  s u s p e n d e d  In  2S 0  m l .  of 1 N  N a O H , 
th e n  t r a n s f e r r e d  t o  a  la rg e  v e sse l a n d  d i lu te d  w ith  w a te r  to  
3  l i t e r s . ' . '  A f te r  l a n d i n g  o v e r n ig h t ,  t h e  c lo u d y  s u p e r n a ta n t  
l iq u id  w k s  d e c a n te d ,  a n d  th e  s e d im e n t  w a s  w a s h e d  6  o r  6  
t im e s  b y  d e c a n ta t lo n  t o  re m o v e  p a r t ic le s  t h a t  w o u ld  n o t  
se ttle .* *  T h e  f in a l s u p e r n a t a n t  l iq u id  w a s  a lm o s t  c le a r  a n d  
w a s  f re e  o f  a lk a l i .  T h e  s e d im e n t  w a s  f i l te re d  t o  re m o v e  a s  
m u c h  w a te r  a s  p o s s ib le , th e n  w a s h e d  w i th  a b o u t  5 0 0  m l .  o f  
e th a n o l  i n ' 3  p o r t io n s ,  t h e  l a s t  o n e  a b s o lu te  e th a n o l .  A s  
m u c h  of t h e  a lc o h o l a s  p o s s ib le  w a s  d r a w n  off o n  t h e  f i l te r ,  
t h e n  t h e  p a r t i a l ly  d r ie d  iM-oduct w a s  a b r a d e d  t o  a  p o w d e r . 
T h e  r e m a in in g  a lc o h o l w a s  e v a p o r a te d  i n  vacuo.** w i th  & 
s in te r e d  g la s s  d isc  In s e r te d  a t  t h e  m o u th  o f t h e  f la sk  t o  pre> 
v e n t  t h e  e s c a p e  o f  t h e  l i g h t  p o w d e r  i n t o  t h e  c o ld  t r a p  a n d  
p u m p . ''! 'W h e n ''c e I lu Io s e ’ f in e r  t h a n  S 2 5  m e s h  w a s  u s e ^  
a b o u t  4 6  g . o f  a d s o r b e n t  c o n ta in in g  a p p ro x im a te ly  1 .4 %  
n i t ro g e n  ( 1 .0  m e q , p e r  g r a m )  w a s  o b ta in e d .  W ith  c o a rse r  
c e llu lo se  t h e  y ie ld s  w e re  s o m e w h a t  g r e a te r .

P r e p a ra t io n  o f  C M - W .— A  s o lu tio n  o f  DO g .  o f N a O H  in  
2 0 0  m l ,  o f  w a te r  w a s  s t i r r e d  i n t o  6 0  g . o f  W h a tm a n  ce llu lo se  
p o w d e r  ( s ie v e d  t o  r e m o v e  m a te r ia l  c o a r s e r  t h a n  3 2 6  m e s h )  
t o  fo rm  f t 's t i f f ,  f r ia b le 'm a w .* *  T h e  f la sk  w a s  th e n  Im ­
m e r s e d - In ,  a n  Ic e -b a th  fo r  3 0  m in u tes,* *  a n d  th e  c o n te n ts  
w e re  s t i r r ^  o c c a s io n a lly . - A  so lu tio n  o f  3 0  g . o f  c h io ro a c e tic  
Q c id 'in  4 0  m l .  o f w a te r  w a s  a d d e d  in  3  o r  4. p o r t io n s  a n d  
m ix e d  w e ll a f t e r  e a c h  A d d it io n . T h e  s o f t , ’ d o u g h y  m a s s  
w a s  t h e n  h e a te d  in  a  TT)** o U -b a th  fo r  2 0  m in u te s ,  w ith  o c ­
c a s i o n a l 's t i r r i n g .  A f te r  r e m o ^ ^ l  f ro m  th e  o i l - b a th ,  th e  
b r i g h t  y e llo w  p r o d u c t  w a s  c o o le d  In  a n  ic e - b a th ,  a n d  500  
m l .  o f  1 0 %  a c e t ic  a c id  ( o r  ftn  e q u iv a le n t  a m o u n t  o f  d i lu te  
H C l)  w a s  a d d e d  i n  s e v e ra l  p o r t io n s .  T h e  su s p e n s io n , 
w h ic h  w a s  s t i l l  s t r o n g ly  a lk a l in e ,  w a s  th e n  d i lu te d  t o  2  l i te r s  
w ith  w a te r  a n d  a llo w ed  t o  s e t t l e .  A f te r  c a re fu l d e c a n ta t io n  
o f t h e  c lo u d y  y e llo w , s u p e r n a t a n t  f lu id , t h e  s e d im e n t  w a s  
w a s h e d  r e p e a te d ly  in  a  s im ila r  m a n n ^  t o  re m o v e  p a r t ic le s  
w h ic h  w o u ld  n o t  s e d im e n t,  a s  w ell a s  c o lo r  a n d  alkali.**  
A b o u t  1 0  m l. o f  g la c ia l a c e t ic  a c id  w a s  th e n  a d d e d  t o  t h e  d i ­
l u te d  su s p e n s io n  t o  m a k e  i t  j u s t  a c id  t o  C ongo r e d ,  a n d  
a f t e r  s e t t l in g  a n d  d e c a n ta t io n  o f  t h e  s u p e r n a t a n t  l iq u id ,  a  
s lu r r y  o f t h e  s e d im e n t  w a s  p o u re d  in to  a  5  in c h  c o n rse  s in ­
te r e d  g la s s  fu n n e l  a n d  w a s h o l  w ith  w a te r  u n t i l  t h e  f i l t r a te  
w a s  n o  lo n g e r  a c i d . . T h e  c a k e  w a s  p u lle d  a s  d r y  a s  p o ss ib le  
o n  th e  f i l te r ,  th e n  w a sh e d  w ith  e th a n o l  a n d  d r ie d  in  t h e  m a n ­
n e r  d e s c r ib e d  fo r  t h e  p r e p a r a t io n  o f D E A E - S F .  A b o u t  
4 5  g .  o f  w h i te  p o w d e r  c o n ta in in g  0 .7  m e q . o f  a c id ic  g ro u p s  
p e r  g ra m  w a s  o b ta in e d .

P re p a ra t io n  o f  P - W . — A  s o lu t io n  o f 7 6  g . o f N a O H  in  
185 m l .  o f  w a te r  w a s  s t i r r e d  i n t o  6 0  g .  o f  W h a tm a n  c e llu -

(23) The prescncQ of KaC) controlled swelling and facliltated Gltra- 
tioo, wbleb was otfierwlse socoetfmes estrem ely under the
stroR(ty alkaline conditions required for th e  removal of colored side 
products from th e  anion exchanners.

(2 i)  B e ca tiK  o l  variations 2n se ttlln s  ra te  under different coadltloo* 
of ^11 and Ionic atrencth, as well as variations among the different 
kinds of cellulose used, a  fixed settling tim e cannot be speeined. .U su­
ally 1 '2  ho«rs was soflicleat. At tome  f>olnt In the procedure the 
small am ount of coarse, aKsregated mnterlal present In the suspension 
was eilmlnnted by careful decantation of th e  dilute suspension after 
i t  bed been perm itted to  se ttle  t o m  few mlatttes,

(2S) All of th e  adsorbents prepared In th is study were dried before 
use la order to facllUnte charnctcrir.ntlun and stnrnRe. U is only re> 
sonable to assiime th n t th e  wet products were suitable lor uie at any  
stfi;e after the washing process, and storage as the alcohol-damp powder 
may be most convealent, a t least (u th e  case of the anion exchangers. 
Portiai esterlScatloa might be e*f>ected If the C M - and P-ee>lulo«e« 
are stored for long periods in alcohol. The vacuum  method of re« 
moving the alcohol was adopted when initial attera]>t» to uir-dry 
CM -cellu]»se preparations on a filter, a fter washing wllh sicohni and 
ether, yielded hard, lum py m aterial.
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jo se  ancj tJ)c wcJJ m i x e d , f r i ; i J ) J e  m a s s  w a s  a JJo w ed  f o  s t a n d  
in  a n  iv c - h a lh  fo r  3 0  m in u te s .* *  T l ie n  3 3 0  m l .  o f  w a te r  
w a s  a d f lc d  s lo w ly .  T h e  s u s p e n s io n  w a s  s t i r r e d  m e c l ia n i -  
p l l y  a t  a  s lo w  r a l e ,  w i th  t h e  b o t t o m  o f  t h e  f la s k  im m e rs e d  
in  a n  i c c - l ) a lh .  A f te r  a b o u t  I!) m in u te s  t h e  d ro p w is e  a d d i ­
t io n  o f  8 0  m l .  o f  a n  e t h e r  s o lu t io n  c o n ta in in g  4 0  m l .  o f  r e ­
a g e n t  g r a d e  I ’O C li  w a s  b e g u n .  T l i r o u g h o u t  t h e  a d d i t i o n ,  
w h ic h  w a s  c o m jj lc te d  in  6 0  m i n u t e s ,  t h e  t e m p e r a t u r e  o f  t h e  
s u s p e n s io n  w a s  m a in t a in e d  a t  2 5 -3 0 ® . I t s  f in a l  p H  w a s  
a p p r o x im a te ly  0 .

A f te r  a  few  m in u te s  t h e  s u s p e n s io n  w a s  d i lu t e d  w i th  w a te r  
t o  2  l i t e r s  i ji a  l a r g e  p r e c ip i t a t i o n  j a r  a n d  a l lo w e d  t o  s e t t l e  
o v e r n ig h t .  T h e  s e d im e n t  w a s  w a s h e d  r e p e a t e d ly  b y  d e c a n -  
ta tio n * *  u n t i l  a n  a lm o s t  c le a r  s u p e r n a t a n t  l iq u id  w a s  o b ­
t a i n e d .  I t  w a s  t h e n  f i l t e r e d ,  w a s h e d  w i th  a lc o h o l  a n d  d r ie d  
a s  d e s c r ib e d  fo r  t h e  p r e p a r a t i o n  o f  D E A E - S F .  T h e  p r o d ­
u c t  w a s  a  w h i te  p o w d e r  w e ig h in g  3 8  g .  a n d  c o n ta in in g  1 .9 %  
p h o s p h o r u s  ( 0 .6  m m o le  p h o s p h a te  p e r  g r a m ) .

P r e p a r a t i o n  o f  E C T E O L A - S F .— A  s o lu t io n  o f  6 0  g .  o f 
N a O H  in  1 5 0  m l .  o f w a t e r  w a s  s t i r r e d  i n t o  6 0  g .  o f  S o lk a -  
F lo c  a n d  th e  w e ll b le n d e d  m ix tu re * *  w a s  im m e rs e d  i n  a n  ic e -  
b a t h  f o r  3 0  m in u te s .* *  T h e n  a  m ix tu r e  o f  3 5  m l .  o f  t r i e th -  
a n o la m in e  a n d  GO m l .  o f  e p ic b lo r o h y d r in  w a s  a d d e d  l a  s e v ­
e r a l  p o r t io n s .  T h e  f r i a b le  m a s s  w a s  s t i r r e d  f o r  s e v e ra l  
m in u te s  t o  a s s u r e  th o r o u g h  m ix in g  a n d  p e n e t r a t i o n .  I t  w a s  
th e n  im m e rs e d  in  a  7 6 -8 0 '*  o i l - b a th  fo r  3 0  m i n u t e s  a n d  
S t i r r e d  a t  i n t e r v a l s .

A p p r o x im a te ly  10  m in u te s  a f t e r  im m e rs io n  a n  e x o th e r m ic  
r e a c t io n  s u d d e n ly  b e c a m e  m a n i f e s t  b y  a  s h a r p  r i s e  i n  i n t e r ­
n a l  t e m p e r a t u r e  t o  w e ll  o v e r  1 0 0 ° ,  a c c o m p a n ie d  b y  a  r a p i d  
e v o lu t io n  o f  v a p o r .  T h i s  r e a c t io n  s u b s id e d  v e r y  q u ic ld y ,  
le a v in g  a  g u m m y  a m b e r  m a s s .  A t  t h e  e n d  o f  t h e  h e a t in g  
p e r io d  t h e  c o n t e n t s  o f  t h e  f la s k  w e r e  c o o le d  in  a n  i c e - b a th ,  
a n d  2 5 0  n iJ . o f  2  A f  N aC J**  w a s  a d d e d  in  p o r t io n s ,  s t J r r in g  
w e ll a f t e r  e a c h  a d d i t i o n  t o  o b t a i n  a  s m o o th  s u s p e n s io n .  
T h e  p r o d u c t  w a s  t h e n  f i l t e r e d ,  w a s h e d  a n d  d r i e d  in  t h e  
m a n n e r  d e s c r ib e d  f o r  t h e  p r e p a r a t io n  o f  D E A B - S F . . A b o u t  
6 0  g .  o f  a d s o r b e n t  c o n ta in in g  0 .2 5  t o  0 .3 0  m e q .  o f  b a s ic  
n i t r o g e n  p e r  g r a m  w a s  o b t a i n e d .

I n  o n e  e x p e r im e n t  t h e  m i x t u r e  o f  t r i e th a n o la m in e ,  e p i-  
c h lo r o h y d r in  a n d  N a O H - c e J lu J o s e  w a s  a l lo w e d  t o  s t a n d  
o v e r n ig h t ' a t  r o o m  t e m p e r a t u r e  b e f o re  h e a t i n g .  A  v e r y  
s lo w  a n d  m o d e r a t e  r i s e  in  t e m p e r a t u r e  o c c u r r e d  s p o n ta n e ­

o u s ly  d u r i n g  t h e  f i r s t  tw o  h o u r s  o f  s t a n d in g ,  a n d  th e r e  w a s  
n o  e v id e n c e  o f  f u r t h e r  r e a c t io n  w h e n  a  p o r t io n  o f  t h e  m ix tu r e  
w a s  h e a t e d  t h e  n e x t  d a y .  A f te r  w a s h in g  a n d  d r y i n g ,  i d e n ­
t i c a l  n i t r o g e n  c o n t e n t s  ( 0 .4 2  m e q .  b a s ic  n i t r o g e n  p e r  g r a m )  
a n d  t i t r a t i o n  c u r v e s  w e r e  o b t a in e d  f ro m  t h e  h e a t e d  a n d  u n ­
h e a t e d  p r o d u c t s .  T h e i r  a d s o r p t io n  b e h a v io r  h a s  n o t  y e t  
b e e n  e v a l u a t e d .

A c id  o r  B a s e  C o n te n t .— T h e  e x t e n t  o f  i n c o r p o r a t io n  o f  
io n iz in g  g r o u p s  w a s  d e t e r m in e d  r e a d i ly  in  t h e  D E A E - ,  
E C T E O L A -  a n d  P - c e l lu lo s e s  b y  n i t r o g e n  o r  p h o s p h o r u s  
a n a ly s i s ,  a s  w e ll a s  b y  p o te n t io m e t r i c  t i t r a t io n .* *  W h e re  
i t  w a s  a v a i l a b l e ,  t h e  e le m e n ta l  a n a ly s i s  w a s  t a k e n  a s  t h e  
b a s is  f o r  c a l c u l a t i n g  t h e  c o n t e n t  o f  s u c h  g r o u p s ,  b u t  a g r e e ­
m e n t  b e tw e e n  t h e  tw o  m e th o d s  w a s  g o o d . T h e  c a r t o x y l  
c o n t e n t  o f  t h e  C M - c e l lu lo s e s  w a s  o b ta in e d  s o le ly  b y  t i t r a ­
t i o n  w i th  H C I  a f t e r  t h e  a d d i t i o n  o f  a  s m a l l  e x c e s s  o f  N a O H . 
T h e  m a g n e t i c a l l y  s t i r r e d  s u s p e n s io n s  r e a c h e d  a  s t e a d y  
v a lu e  v e r y  r a p i d l y  a f t e r  e a c h  a d d i t i o n  o f  a c i d ,  p e r n i i t tm g  
t h e  t i t r a t i o n s  t o  b e  c a r r ie d  o u t  a s  f o r  h o m o g e n e o u s  s y s te m s .  
T h is  w a s  f u r t h e r  s u b s t a n t i a t e d  b y  t h e  f a c t  t h a t  p o in t s  o b ­
t a i n e d  a f t e r  a  2 0 - h o u r  e q u i l i b r a t i o n  o f  C M - W  o r  D E A E -  
S F  w i th  m e a s u re d  a m o u n t s  o f  a c id  fe l l  u p o n  c u r v e s  o b ta in e d  
b y  r a p i d  t i t r a t i o n .  A n  o r d i n a r y  g la s s  e le c t r o d e  w a s  e m ­
p lo y e d  w i t h o u t  a p p ly in g  a  s o d iu m  c o r r e c t io n ,  b u t  t h e  p r o ­
c e d u r e  p r o v id e d  q u ic k ly  a  v a l id  e s t im a t e  o f  t h e  io n iz a b le  
g r o u p s  a t t a c h e d  t o  t h e  c e l lu lo s e  a n d  a  c lo s e  a p p r o x im a t io n  o f  
t h e  a p p a r e n t  d is s o c ia t io n  c o n s t a n t .

T i t r a t i o n  C u r r e s . — R e p r e s e n t a t i v e  t i t r a t i o n  c u r v e s  a p ­
p e a r  i n  F ig .  1 . I n  e v e r y  c a s e ,  t i t r a t i o n  i n  w a t e r  a lo n e  y ie ld e d

T A B L B  I

E p f b c t s  o f  T v p b  o p  C b l l u l o s b  a n d  N u m d b r  o p  G r o u p s

ON TUB p K '  OP CBLLULOSB IO N  ExCIlA N O IlR a

F ig u r e  1 .— T i t r a t i o n  c u r v e s  o f  f o u r  c e l lu lo s e  io n  e x ­
c h a n g e r s :  1 . E C T E O L A - S F :  2 . C M - W j  3 ,  D E A E - S F ;  
4 , P - \ V .  ( a )  C u r v e s  o b t a in e d  in  w a te r  a lo n e ,  ( 6 )  t h o s e  o b ­
t a i n e d  in  0 .5  M  N a C l .  B r o k e n  l in e s  a r e  c o r r e c t e d  f o r  w a te r  
b l a n k .  T h e  s m a ll  s h o u ld e r  o n  t h e  a c id  s id e  o f  t h e  D E A E ~  
S F  w a s  a p p a r e n t l y  d u e  t o  b i c a r b o n a te  f o r m a t io n  d u r in g  t h e  
w a s h in g  p r o c e d u r e .  I t  w a s  r e d u c e d  b u t  n o t  e l im in a t e d  b y  
a lk a l i  t r o a i n i c n t  f o l lo w e d  b y  w a s h in g  w i th  b o i le d  w a te r .  
K s l in m tio i i s  o f  t h e  p K '  in  t h i s  c a s e  w e re  b a s e d  u p o n  th e  
s y m m e t r ic a l  p o r t io n  o f  t h e  r e s t  o f  t h e  c u r v e .

Cellulose"

loQlzing
groups,

m m ote/g.
p K ’ III 
w ater*

p K ' 
io 0.5 M  

NftCI

D E A E - c e l lu lo s e

S o lk a - F lo c  S W -A , 3 2 5 - 0 .4 5 7 . 5 9 . 5

S o lk a - F lo c  S W -A , 3 2 5 - 0 .9 9 8 . 0 9 . 5

S o lk a -F Io c  S W -A , 3 2 6 - 1 .3 4 8 . 5 9 . 5

S o lk a - F lo c  B W , 2 3 0 -3 2 5 0 . 9 9 8 . 0 9 . 5
S o lk a - F lo c  B W , 1 0 0 -2 3 0 .9 7 8 .1 9 . 5

S o lk a - F lo c  S ^ - B ,  3 2 5 .9 4 8 . 0 9 . 5

S o lk a - F lo c  S W - B , 1 0 0 -2 3 0 .9 0 7 . 6 9 . 5

P o ly c e l ,  2 ? 0 - 3 2 5  . .7 8 7 . 5

P o ly c e l ,  3 2 6 - .9 2 7 . 5 9 . 5

P o ly c e l ,  3 2 5 - 1 .0 3 7 . 5

P o ly c e l ,  3 2 5 -  , 1 .9 8 8 . 0 9 . 4

W h a t m a n ,  3 2 6 - ( , , 
W h a t m a n ,  3 2 & - ■

0 .1 8 0 . 5
.3 1 6 . 5

E C T E O L A - c e l lu lo s e  ,,

S o lk a - F lo c  S W -A ; 3 2 5 t .2 9 5 . 9 7 . 4

S o lk a - F lo c  B W ; 3 2 5 - .2 5 0 . 0 7 . 0

S o lk a - F lo c  B W , ,3 2 5 - .4 2 5 . 8 7 . 5

C M ~ c e llu lo se

W h a tm a n ,  3 2 6 -  • .7 5 4 . 2 3 . 5

W h a t m a n ;  32& - 1 .1 0 3 . 8

W h a t m a n ,  3 2 5 - 1 .5 7 3 . 8

S o lk a - F lo c  B W , 3 2 5 - 0 . 5 9 4 , 3

S o lk a -F lo c  B W , 3 2 5 - .0 7 4 . 3 3 . 7

P -c e l lu Io s e

W h a tm a n ,  3 2 5 - .6 0 6 . 7 6 . 0

W h a t m a n ,  3 2 5 - .5 0 6 . 8

•  F ig u re s  in d i c a t e  m e s h  :s i r e .  F in e r th a n 3 2 5  m e s h  is

t i t r a t i o n  o f  C M -  a n d  P - c e l lu lo s e s ,  t h o s e  t i t r a t i o n s  w e re  n o t  
c a r r ie d  o u t  i n  s a l t - f r e e  w a t e r .  T h e  c o n c e n t r a t i o n  d i d  n o t  
e x c e e d  0 .0 3  M  a t  t h e  m id - p o in t  o f  t h e  t i t r a t i o n  in  m o s t  
c a s e s ,  h o w e v e r .

(26) W e t r a  lo d e b t« d  to  M r .  R .  J .  K oegel nu d  b is  s ta f l fo r liie  de- 
term lD fttloat o f n itro g en  a n d  p h o s p h o ru t and  to  M rs . M « ry  M . 
W yckoS  for tecbnkftl a i iU tu ic e  lo titra tin g  th e  «r!sorbeiit<i.



lose and Ibc well mixed,*' friable mass was allowed to  stand 
ill an ice-bjith for 30 m inutes.’* Then 330 ml. of water 
was added slowly. The .suspension was stirred mechani­
cally a t  a  slow ra te , with the bottom  of the  flask immersed 
in an  icc-bath. After about 15 m inutes the dropwise addi­
tion of 80 ml. of an ether solution containing 40 ml. of re­
agent grade I’OCl* was begun. Throughout the addition, 
which was con;pleted in 60 m inutes, the tem perature of the 
suspension was mai;»tained at 25-30*^. I ts  final p H  was 
approxim ately 0 .

After a few minutes the suspension was diluted with water 
to  2 liters in a large precipitation ja r  and allowed to  settle 
overnight. The sediment was washed repeatedly by decan- 
tation** until an  almost clear supernatant liquid was ob­
tained. I t  was then filtered, washed with alcohol and dried 
as described for the preparation of D E A E -SF. The prod­
uct was a white powder weighing 38 g. and containing 1.9%  
phosphorus (0.6 mmole phosphate per gram).

Preparation of ECTEOLA-SF.—A solution of 60 g. of 
NaOU in 150 ml. of w ater was stirred into 60 g. of Soika- 
Floc and the well blended mixture** was immersed in an  ice- 
bath  for 30 minutes.*’ Then a m ixture of 36 ml. of trieth- 
anolamine and CO ml. of epichlorohydrin was added in sev­
eral portions. The friable mass was stirred for several 
m inutes to  assure thorough mixing and penetration. I t  was 
then itnmersed in a  75-80® oiUbath for 30 m inutes and 
stirred a t  intervals.

Approximately 10 m inutes after immersion an  exothermic 
reaction suddenly became m anifest by  a  sharp rise in inter­
nal tem perature to  well over 100®, accompanied by a rapid 
evolution of vapor. This reaction subsided very quickly, 
leaving a gummy amber mass. A t the  end of the heating 
period the contents of the flask were cooled in an ice-bath, 
and 250 m l. of 2 M  NaCl*> was added in portions, stirring 
well after each addition to  obtain a smooth suspension. 
The product was then filtered, washed and dried in the 
manner described for the preparation of D E A B -S F ., About 
60 g, of adsorbent containing 0.25 to 0.30 meq. of basic 
nitrogen per gram was obtained.

In  one experiment the m ixture of triethanolam inej epi- 
chloroliydrin and NaOH-cellulose was allowed to  stand 
overnight a t  room tem perature before heating. A very 
slow and m oderate rise in tem perature occurred spontane­

ously dariag  the first two hours of standing:, and there was 
no evidence of further reaction when a portion of the mixture 
was heated the  next day. After washing and drying, iden­
tical nitrogen contents (0.42 meq. basic nitrogen per gram) 
and titra tion  curves were obtained from the heated and un­
heated products. Their adsorption behavior iias not yet 
been evaluated.

Acid or Base Content.—The extent of incorporation of 
ionizing groups was determined readily in the D EA E -, 
ECTEO LA - and P-celluloses by nitrogen or phosphorus 
analysis, as well as by  potentiom etric titra tio n .”  Where 
It was available, the elemental analysis was taken as the 
basis for calculating the  content of such groups, bu t agree­
m ent between the two m ethods was g o ^ .  The carboxyl 
content of the  CM-K:eUuloses was obtained solely by titra ­
tion w ith HCl after th e  addition of a  small excess of NaOH. 
The m agnetically stirred suspensions reached a  steadjr 
value very rapidly after each addition of acid, perm itting 
the titrations to  be carried ou t £is for homogeneous systems. 
This was further substantiated by  the fact th a t  points ob­
tained after a 20-hour equilibration of CM -W  or D E A E - 
SF with measured am ounts of acid fell upon curves obtained 
b y  rapid titra tion . An ordinary glass electrode was em­
ployed w ithout applying a  sodium correction, bu t the pro­
cedure provided quickly a  valid estim ate of the ionizable 
groups attached  to  the  cellulose and a  close approximatiofl of 
the apparent dis.sociation constant.

Titration Curves.—Representative titra tion  curves ^p *  
pear in Fig. 1. In  every case, titration  in w ater alone yielded

I 1 T a b l b  I  
E f p b c t s  o f  T v p b  o f  C b l l u l o s b  a n d  N u m b b r  o f  G r o u p s  

O N  T iiB  p K ' O F C b l l u l o s b  I o n  E x c h a n g r r s

Figure 1.—T itra tion  curves of four cellulose ion ex­
changers; 1, EC TEO LA -SF; 2, C M -W ; 3. D EA E -SF; 
4, P -W . (a) Curves obtained in water alone, (b) those ob­
tained in 0.6 M  NaCl. Broken lines are corrected for w ater 
blatik. The small shoulder on the acid side of the D E A E - 
SF was apparently due to blm»»'rMiate formation during the 
washing procedure. I* ed b u t not eliminated by
alkali treatm ent fo r ishfng with boiled water.

Ionizing
groups, P K'  In

PK'  
in 0.5 M

Cellulose* mmo1e/K- water NaCI

DEAE-cellulose 
Solka-Floc SW-A. 3 2 5 - 0 .4 5 7 . 5 9 . 5  .
Solka-Floc SW-A, 3 2 5 - 0 .9 9 8 .0 9 .5
Solka-Floc SW-A, 3 2 5 - 1 .3 4 8 .5 9 .5
Solka-Floc BW, 2 3 0 -3 2 5 0 .9 9 8 .0 9 .5
Solka-Floc BW, 1 0 0 -2 3 0 .9 7 8 .1 9 .5
Solka-Floc S^y-B, 3 2 5 .9 4 8 .0 9 .5
Solka-Floc SW-B, 1 0 0 -2 3 0 .9 0 7 .6 9 . 5

Polycel, 2 ^ 0 -3 2 5 .7 8 7 .5
Polycel, 3 2 5 -  ‘ .9 2 7 .5 9 .5
Polycel, 3 2 5 - 1 .0 3 7 .5
Polycel, 3 2 5 -  , 1 .9 8 8 .0 9 .4

W hatm an, 3 2 5 - |j  
W hatm an, 3 2 5 -  . .

0 .1 8 G .5
.31 0 . 5

ECTEOLA-cellulose.,,
Solka-Floc SW-A; 325t .2 9 5 .9 7 .4

Solka-Floc BW; 3 2 5 - .2 5 G.O 7 .6

Solka-Floc BW, 3 2 5 - .4 2 5 .8 7 .&

CM-cellulose ■ ■

W hatm an, 3 2 5 -  ■ .7 5 4 .2 3 .5

W hatm an; 3 2 5 - 1 .1 0 3 .8

W hatm an, 3 2 5 - 1 .5 7 3 .8
Solka-Floc BW, 3 2 5 - 0 .5 9 4 .3
Solka-Floc BW, 3 2 5 - .0 7 4 .3 3 .7

P-cellulose
W hatm an, 3 2 5 - .6 0 6 .7 ^ .0
W hatm an, 3 2 5 - .50 6 . 8

® Figures indicate mesh isize. Finer than 3 2 5  nicsh

titra tion  of C M - and P-celliiloses, those titrations were no 
carried out in salt-free w ater. The concentration did nc 
exceed 0.03 M  a t the m id-point of the titration  in mos 
cases, however.

(26) W e  a r«  in d e b te d  t o  M r .  R . J .  K o eg e l u o d  b ln s t a 0  fo r t lie  di
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* a p K '  corresponding to  m uch weaker acidity  or basicity 
Ihaii th a t exliibited by similar ^ o u p s  in free solution.*’ 
However, tlie addition of NaCl a t  the s ta r t of the titration  
resulted in p K '  values which were closer to  those expected. 
This phenomenon is characteristic of insoluble polyelectro- 
lytes and appears to  be a reflection of the relative inaccessi­
bility of interior groups to the titra ting  agent.** The data  
of Table I dem onstrate this effect and also differences in 
p K ' arising from the kind of cellulose used and the number 
of groups incorporated. T hus, am ong the DEA E-cellu- 
loses, values obtained in w ater alone ranged from 6.6  (cot­
ton cellulose, 0.18 meq. per g.) to  8.5 (wood cellulose, 1.34 
i n c f | .  per g .), whereas w ith a given cellulose and a given 
number of attached groups rcproducibility within 0.2 p \l  
unit was obtained. The p K '  values obtained by titration  
in the  presence of 0.5 M  N aCl, however, were characteristic 
only of the  groups involved and were not affected' by  the 
kind of ceUulose and the num ber of groups attached . Pre­
sum ably, the accessibility of the ionizing sites to  hydrogen 
ions is dependent to  some extent upon the factors mentioned. 
T hat accessibility of the sites to protein is similarly affected 
is suggested by the following adsorption experiments.

Protein Adsorption Capacity.—The specific adsorption 
vafties h'stcd in Table I I  represent the am ount of protein 
adsorlied by  100 ing. of adsorbent suspended in a  buffer 
in which the protein concentration was gradually in­
creased to  2 mg. per m i. over a  period of about; two hours 
by the  addition of a concentrated solution a t  a constant 
rate . A t higher concentrations of protein additional ad-

T a b l b  I I  , •

A D S o n rT J O N  C a p a c i t i e s  o f  C b l l u l o s b  I o n  E x c h a n g e r s

A d s o rb e n t C e U u fo se *

I o n i( in g
g ro u p s

m e q ./ f .

.S p e c i ­
fic  ad> 
s o rp -  
t fo o *

A o io n  exchangers^

D E A R - S F S o lk a -F lo c  S W -A , 3 2 5 - 0 . 4 5 16

D E A R - S F S o lk a -F io c  S W - A . 3 2 6 - 0 . 9 6 7 8  .
D E A B - S F S o lk a -F lo c  S W -A , 3 2 5 - 1 . 3 4 122
D K A E - S F S o lk a -P lo c  B W , 1 0 0 - 2 3 0 0 . 9 7 7 6

D E A R - S P S o lk a -F lo c  S W -B . 8 2 5 - .9 4 66
D B A R - P o l . P o ly c e l , 2 7 0 - 3 2 5 .10 7

D E A R - F o l . P o ly c e l , 2 7 0 - 3 2 5 .7 8 3 6

D R A E - P o l . P o ly c e l , 3 2 5 - .91 54

E C T E O L A - S F S o lk a -P lo c  S W -A , 3 2 5 - .20 6

C a tio n  excliaagcrd*^

C M - W W b a tm a n , 3 2 5 - .7 8 9 8

C M - S F S o lk a - F lo c  B W . 3 2 5 - .6 7 9 8

P - W W h a tra a n . 3 2 S - 2  X 0 . 6 0 63

• Figures indicate mesh size. Finer than 325 mesh is 
designated by 325—. * Expressed as mg. protein adsorbed
per 100 mg. atlsorbent when final protein concentration is
2 nig. per ml. “ Tested with crystalline bovine plasma 
albumin*® in 0 .0 1  M  sodium phosphate a t  pH  7 .0 .   ̂Tested 
with horse carbon monoxide hemoglobin* in 0.01 Jlf sodium 
phosphate a t  p \ \  6 .0 .

sorption occurred, b u t in this region the slope of the iso­
therm was m uch l o w e r . S i n c e  a measure of the adsorp­
tion capacity was desired, conditions of and salt con­
centration were selected under which desorption of the pro­
tein was negligible. The table dem onstrates the  very high 
capacity of these adsorbents for bovine plasm a albumin 
and for carbon monoxide hemoglobin of the  horse, as well 
as the influence of the kind of cellulose and the number of

(27) G ljc o l ic  acif), d ie tb y iao iin o e tfa aQ o l, a o d  trie tb a a o lc m io ie  
were t i t r a te d  in  w a te r  io  t h e  s a m e  m a o a e r ,  g iv in g  p K ^  T a lu e s  o f  3 .7 , 
O.B ao d  7 .8 , re sp e c tiv e ly . T h e  c o rre sp o n d in g  v a lu e a  o b ta in e d  i s  0 .0  

I f  N aC I w ere  3 .6 , 10.0 a o d  8.o!
(28) I I .  P . G re g o r  a n d  J .  I .  B re g ra a n , T h i s  JouR N A t., 70 , 2370 

(1948); R . K u n in  a n d  R . J .  M y e rs . 6 9 , 2874  (1 8 4 7 ); P . Alexander* 
• n d  J .  A. K itc lic n e r , T e x tile  R esearch  J . ,  20, 203  ( I9 6 0 ) .

(29) A rm o u r  L a b o ra to r ie s ,  C h ica g o , Illin o is .
(30) G . K cg e les a n d  F . J .  G u t te r ,  T n iS  J o u r n a l .  7 J , 3770  (19 5 1 ).

’ (SI) A m o re  c o m p le te  r e p o r t  o n  a d s o rp t io o  Iso th e rm a  w ill b e  p u b ­
lished a t  a  l a te r  d a te .

incorporated groups on the adsorption capacity. D EA E - 
cellulose prepared from Polycel possessed an adsorption 
capacity for crystalline bovine plasma albumin significantly 
lower th an  th a t  of a similar adsorbent prepared from Solka- 
Floc SW-A or BW , whereas Solka-l'loc SW-B yielded a 
m aterial w ith interm ediate adsorption capacity. The 
capacity increased rapidly with increasing incorporation of 
ionizing groups beyond the range compatible with physical 
properties suitable for column chromatography, and it is 
reasonable to  believe th a t  gelatinous adsorbents having 
m uch higher capacities could be prepared for special pur­
poses. The experiments with DEAB-celluIosc indicated 
th a t  adsorbents m ade from 100-230 mesh cellulose pos­
sessed the  same adsorption capacity as those made, from 
m aterial finer than  326 mesh.

The adsorbed albumin could be eluted quantitatively 
w ith 0.05 M  sodium phosphate a t  5.0.

The adsorption capacities of the cation exchangers were 
evaluated w ith solutions of horse carbon monoxide hemo­
globin. The d a ta  available in Table II  show th a t both the 
carboxylated and the phosphorylated celluloses adsorbed a 
quantity  of this protein approximately equal to  their own 
weight under the conditions indicated. I t  could be eluted 
quantitatively  w ith 0.02 M  phosphate buffer a t  pH  7.5, 
CM-K:clluloses m ade from W hatm an powder and from 
Solka-Floc displayed identical capacities. I t  should be 
mentioned th a t  a  value of 180 mg. of protein per 100 rag. 
of adsorbent was obtained when a narrow ammonium sul­
fate subfraction of crystalline CO-hemoglobin'was adsorbed 
on C M -W . ' There is reason to believe th a t this is a re­
flection ' of heterogeneity of crystalline CO-hemoglobin, 
since chromatographic ocperiments performed in this Lab­
oratory  have indicated the presence of several components 
in the usual preparation which exhibited markedly different 
ai!inlties for CM-cellulose although their adsorption spectra 
were nearly iden tical."  <
: Physical CharacterlsticB and Stability.—Columns were 
prepared from slurries of these adsorbents, adjusted to  the 
proper pH  and m olarity of buffer, by  allowing the material 
to  settle in glass tubes fitted w ith coarse sintered glass 
bottoms under flow conditions induced by gravity alone, 
then applying air pressure (10  p .s.i.) to  compact the adsor­
bent. Colimins prepared in this manner possessed the 
ability to  hold the buffer level a t  the  top of the  adsorbent 
against the pull of gravity. Flow rates suitable for chro­
m atographic purposes were attainable in columns as long 
40 cm. by  means df an  adjustable hydrostatic head. Ir 
the case of C M - and />-celluloses prepared from W hatm ar 
powder the  head required for a  flow rate of 5 ml. per cm .’ 
per hour was generally less than the height of the column 
itself. DEAE-celluiose prepared from Solka-FIoc finej 
than 325 mesh required a head equal to 2-3 times the columr 
height to  atta in  a similar rate . Since the particle size die 
not appear to  affect the adsorption capacity m arkedly, th» 
use of coarser cellulose to  obtain higher flow rates is sug 
gested. There was little or no change in the dimension: 
of the columns in passing through a  4 -8  range, b u t verj 
high salt concentrations caused some shrinkage in the catiot 
exchangers. These comments are based upon experiena 
with sodium phosphate and chloride solutions. Other ion: 
m ay alter the properties of these adsorbents m aterially.

These exchangers could be used repeatedly and sufferec 
no apparent deterioration upon m onths of storage in a colc 
room in contact w ith aqueous solutions ranging from 0.05 M 
NaHjP04 to  1 iV NaOH.** Prolonged exposure to  solution! 
more acid than pH  4 was avoided, although it  is known that 
brief contact with 1 N  HCl is not significantly harmful 
After each use the anion exchangers were treated with an 
equal volume of 1 N  NaOH to  remove any residual protein; 
then washed w ith w ater to  remove the alkali. A mixtur( 
of 0.5 M  N aC l-0.6 N  NaOII was used in tlie case of CM- 
eellulose to  control the  swelling effect of strong alkali or 
this adsorbent.

B e t i i e s d a  14, M a r y l a n d

(3 2 ) U n p u b lish e d  w o rk .
(3 3 ) P h o sp b o r y in te d  ce ilu lo se  is  a  p ro b a b le  e x c ep tio n . I t  w a s  noi

su b je c te d  to  th e  co o d Jtlo o * d e ic r ib e d , b u t  tu n c e p tib ility  o f  its  M t«  
b on d  to  a c id  o r  a licatine h y d r o ly s is  c a n  b e  exp ected . «
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Chromatography of Proteins. II. Fractionation of Serum Protein on Anion-exchange 
Cellulose

B y I I k ru ert  A. S obicr, F r e d e r ic k  J .  G u ttbr , M ary M . W yckoff and  E l b e r t  A. P eterso n

Rbcbivbo J uly 11, 1955

C h r o in a lo g r a p l i i c  a n a ly s i s  o n  a  c c l lu lo s c  n i i io n - e x c h a n jc  a d s o r b e n t  o f  t h e  n a t u r a l  m i x t u r e  o f  t n ) i c n l  p r o te in s  fo iu u l  in  
s w u m  h a s  b e e n  d e s c r ib e d .  G r a d i e n t s  o f  a n d  s a l t  c o n c e n l r a U o n  w e re  e m p lo y e d  f o r  e lu t io n .  I o n  e x c h a n g e  a p |) e a r e d  t o  
p l a y  a  p r i m a r y  r o le  m  t h a t  m o s t  o f  t h e  p r o t e in  c o m p o n e n ts  e m e rg e d  in  t h e  o r d e r  o f  d e c r e a s in g  is o e le c tr ic  p o in t  in  t h e  d e -  
c r e a s m g  p H .  in c r e a s in g  s a l t  g r a d i e n t .  E fB u e n t  f r a c t i o n s  w e re  e x a m in e d  b y  u l t r a v io l e t  s p e c t r o p h o to m e t r y  a n d  c h a ra c te r iz e < I  
b y  c l c c t r o p l io r e t i c  t c c h i im n e s  P r a c t i c a l l y  Q u a n t i t a t i v e  p r o t e i n  n i t r o g e n  r e c o v e r y  ttos o b t a in e d .  T h e  c h r o m a to e r a p h ic  
p a t t e r n s  w e r e  r e p r j ^ u c i b l e ,  a n d  lo a d s  a s  h ig h  a s  1 7 0  m g . p r o t e i n  p e r  g r a m  o f  a d s o r b e n t  c o u ld  b e  c h r o m a to g r a p h e d  w ith  
go<xl r e s o lu t io n .  S e v e r a l  c h r o m a to g r a p h ic  c o r a p o n e a t s  w e re  o b t a in e d  i n  e a c h  o f  t h e  g lo b u l in  s u b d iv is io n s .  B a n d s  o f  
c o lo r e d  p r o t e i n  c o m p o n e n ts  c o u ld  b e  fo llo w e d  d o w n  t h e  c o lu m n  a n d  c h a r a c t e r i z e d  in  t h e  e f f lu e n t .  O t h e r  sp e c if ic  c o m p o n e n ts  
w e re  d e t e c t e d  b y  c h e m ic a l  a n d  im m u n o lo g ic a l  te c h n iq u e s .

M o st p ro te in  frac tiona tion  procedures have  been 
designed for th e  purpose o f f)urification o f specific 
conipojien ls of coinplcx m ix tures. R ela tive ly  few 
a t te m p ts  have  been m ade in th e  d irection  of in ­
c lusive schem es of frac tiona tion  w hich w ould si­
m u ltan eo u sly  sei)aratc  as m an y  com ponents of a  
m ix tu re  as possible. T hese  h av e  relied, in  general, 
on so lub ility  difTcrenccs o r differences in m igration  
velocity  induced  by  various force fields. P a rticu ­
larly  for th e  frac tio n a tio n  o f th e  p ro te ins of blood 
serum , does i t  ap p e a r necessaiy  t l ia t  inclusive p ro ­
cedures of g re a t resolving pow er be  developed for 
p rep a ra tiv e  o r an a ly tica l pur|>oses.

Several g roups o f investiga to rs h av e  a ttem p ted  
tliis w ith  v a ry in g  degrees of success. T h e  elegant 
m etliods b a s ^  on so lubility  phenom ena developed 
b y  C ohn a n d  liis group  for th e  frac tiona tion  of 
blood ̂  h av e  provided  am ple evidence of th e  v aluab le  
resu lts to  be o b ta in ed  b y  such procedures. O ther 
investigato rs, b y  tlie sy stem atic  rem oval of salts by  
ion-exchange resins* o r by  th e  careful an d  controlled 
ad d ition  of am m onium  sulfate® h av e  prov ided  th e  
basis fo r still o th e r inclusive frac tionation  schem es 
based on so lubility .

T h e  physico-chem ical m ethods such  as electro­
phoresis a n d  u ltracen trifu g a tio n  have, in  general, 
been used  as ana ly tica l ra tlie r  th a n  fractionation  
procedures a lthough  separations in to  groups of sim ­
ilar charge o r w eight d is trib u tio n  hav e  long been 
practicetl. T h e  m ore reccn t developm ents in  elec­
tro p h o re tic  convection^ and zone electrophoresis in 
supportive media* offer considerable prom ise fo r th e  
sim ultaneous a n d  possibly con tinuous separa tion  of 
various com ponents of p ro te in  m ixtures.

T h e  chrom atographic m etliod  w ith  ion-exchange 
^ulsorbcnts, which h as been so successful w ith  sim ­
ple a n d  wcll-defmed organic s tru c tu res , has ju s t 
begun to  find applica tion  in th e  separation  of th e  
m ore com plex, h igh  m olecular w eight compounds.*

0 )  “ Blood Cell* nnd Plusm a Protein* ." J . L . Tullin, « ! .. A cademic 
Press, Inc ., New  Y ork , N , V ,. Ift.'iS, mnd W. L. HiiKbcfl In " T h e  P ro ­
teins I I ."  D, 11. N c u ra tb  an<{ K. Hmlcy. eda.. Acmdentic PrcM, Inc .. 
New  Y ork. N . Y ., J0r,3. |>.

(2) A. !■'. Reid and  F . Jo»ics. /nrf. C htm ., 43, 1074 (IftS l).
(3) V . Ilcrricti, Tiioehiin. Hiol>hyt. Aela, 8 , 031 (1962); K. P. 

S lcy ti-I’nrvc and A. J .  Van l>rn llin it, ihid.. 10, 320 (10G3).
(4) J .  R . C nnn nnd J . O . K.irkwoo<l. Cold  S p r in t  R a rh o r  Sym fw sia  

Qtintit. lUol.. 14, fl (lO M ).
(5) A. Tixclius nnd P . Flm lin, Ailnoticrs in  PrHleiti Chem., 8 , 401

(lftr.3): R . J . Ulock, E . L. n » r n n n  nn.l O. "A  M anual of P aper
C lironm tonnipliy and I’aiw r Rlcctr»pl>"r^"'*i*’ Acadetnlc Prea*. Inc.,
New York, N. Y., lOOn.I- « A.t...... . w. . . . 4 A 'ttn /<nKn\

H ere again, how ever, excep t for a recen t rep o rt,’ 
th e  em phasis h a s  b ^ n  on th e  s tu d y  of specific 
ra th e r  th a n  general com ponents of a  p ro te in  m ix­
tu re .

T h e  developm ent in  th is  L alx ira to ry  of cellulose 
ion-exchange ad so rb en ts  of re la tive ly  high protein 
cap ac ity  a n d  low  irreversib le adsorp tion , and  the 
prom isiiig p re lim in ary  resu lts acliieved in a  varie ty  
o f p ro te in  s y s te m s ,p r o m p te d  an  investigation  of 
th e  use of these  ad ro rb en ts  in ana ly tica l and  prejiar- 
a tiv e  frac tiona tion  schem es fpr tlie  pro tein  com po­
n en ts  o f serum . T h e  experience to  d a te  affords 
evidence fo r th e  feasib ility  of th e  chrom atograijh ic 
procedure em ploying ceUuiose ion exchangers and 
fo r th e  resolviog pow er an d  reproducib ility  of th e  
technique, as w ^  as fo r th e  te n ta tiv e  identification 
of specific com ponents in  som e areas of th e  ch rom a­
togram . T h e  procedures to  be described arc  no t 
p resen ted  a$ estab lished  m ethods, b u t  ra tlie r  as a 
basis fo r fu rtlie r developm ent along th e  diverse 
lines un d o u b ted ly  requ ired  for th e  app lica tion  of 
th is  principle to  th e  h igh ly  ram ified stud ies of sc­
ru m  proteins.

E xperim enta l
P r e p a r a t i o n  o f  t h e  S a m p le .— T h r e e  d i f f e r e n t  s e ru m  p r e p a ­

r a t i o n s  w e r e  u s e d .  H o r s e  s e ru m  w a s  p r e p a r e d  f ro m  th e  
f r e s h  w h ip p e d  b lo o d - o f  a  s in g le  d o n o r .  O D  h u m a n  s c ru m «  
w a s  p r e p a r e d  f ro m  t h e  o u t d a t e d  p l a s m a  s a m p le s  o f  3  n o r m a l  
d o n o r s . T h e  p la s m a  .w ^s c lo t t e d  b y  t h e  a d d i t i o n  o f  t h r o m ­
b i n ,  c e n t r i f u g e d ,  d ia ly z e d  a g a i n s t  t a p  w a te r  f o r  4  d a y s ,  a n d  
f in a l ly ,  a f t e r  d ia ly s i s  a g a i n s t  d i s t i l l e d  w a t e r ,  i t  w a s  ly o -  
p h i l iz e d  a n d  s to r e d  in  a  r e f r i g e r a to r .  F P  h u m a n  s c ru m  w a s  
c o l l e c te d "  f r o m  a n o t h e r  g r o u p  o f  3  n o r m a l  v o lu n te e r s  a n d  
a l lo w e d  t o  c lo t  w i t l i o u t  t h e  a d d i t i o n  o f  t h r o m b i n .  T h e  
s e r u m ,  a f t e r  c e n t r i f u g a t io n  w a s  o r a n g e - y e l lo w  a n d  q u i t e  
c l o u d y .  S o m e  w a s  u s e d  im m e d ia t e ly ,  a n d  t h e  r e m a in d e r  
w a s  d ia ly z e d  f o r  2 4  h o u r s  a g a i n s t  d i s t i l l e d  w a t e r  b e f o re  lyo> 
p h i l i r a t i o n  a n d  s to r a g e  in  a  r e f r i g e r a to r .

T h e  f re s h  o r  ly o p h i l iz e d  p r o t e in  s a m p le s  t o  Ik: c l i r o n iu to -  
g r a p h e d  w e re  d ia ly z e d  in  t h e  c o ld  a g a i n s t  t h e  s t a r t i n g  b u f fe r ,  
OiOQ5 M  s o d iu m  i p h o s p h a te  a t  p H  7 .0 ,  t h e  s a m e  b u f fe r  w ith  
w h ic h  t h e  c o lu m n s  w e r e  e q u i l i b r a te d .  T h e  s m a ll  a m o u n t  o f 
w h i te  f lo c c u le n t  p r e c i p i t a t e  ( g lo b u l in )  w h ic h  f o rm e d  w a s  
s e p a r a te d  b y  c e n t r i f u g a t io n ,  n n d  th e  c le a r  a in h e r  s u p e r n a ­
t a n t  l iq u id  w a s  a p p l ie d  t o  t h e  c o h t iu n  a n d  a l lo w e d  t o  e n t e r  
t h e  a d s o r b e n t  u n d e r  f lo w  c o n d i t io n s  im lu c e d  b y  g r a v i t y .  
S a m p le s  c o n ta in in g  1 0 0 - 1 5 0  m g .  o f  N  ( 0 0 0 - 9 0 0  m g .  p ro -

(7) H . O. Bom on. Nature.  17#. S 9 8  (I05S).
(8) n . A. Peterson »od H. A. Sober, T iim  J o u r n a i . ,  78. 7Sl (lor»fl).
(0) I I . A. Snl)cr *nd B. A. Peterson, ibid., 78, 1711 flfl.**-!); H. A.

Peterson and  H . A. Sober, Ftdernlion  Proe., 13, 273 (lOfH); It. A.
Sober and  B. A. P eterson. A bstracts 12Gth N ational M eeting, Amer. 
Chem. Soc., DOc. New  Y ork. Sept., 10/54

(10) W e are indeb ted  to  th e  N ational In s titu te s  of l lc R lth  Dlood 
tlftMk to r AuLctktArf wm tile* »n«l f«>r the PolUrHon
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Ic in )  in  8 -10  n i l .  w l t c  u s e d ,  c x c c p t  in  t h e  e x p c r im e u t  s h o w n  
ill F ig .  0 ,  w h e re  7 7 5  m g . N  ( a b o u t  5  g .  p r o t e i n )  in  3 0 .5  n i l .  
w a s  t h e  c o h im n - c h a tg e .

P r e p a r a t i o n  o f  t h e  A d s o r b e n t  C o lu m n .— T h e  a i i io n -  
c x c h a n g e  c e l lu lo s e  a d s o r b e n t s  D I iA E - P o ly c e l  o r  D E A E -  
SF* w e re  u s e d .  A f t e r  t h e  e x c h a n g e  h a d  b e e n  a d j u s t e d  t o  
t h e  d e s i r e d  b y  t h e  a d d i t i o n  o f  N a H jP O *  s o lu t io n ,  t h e y  
w ere  w a s h e d  w i th  b u f fe r  o f  t h e  c h o s e n  p H  a n d  io n ic  s t r e n g t h  
s e v e ra l  t im e s  o n  n  f i l t e r .  N o n - s e d im e n t in g  m a t e r i a l  w a s  
t h e n  r e m o v e d  b y  d e c a n t a t i o n .  T h e  a d s o r b e n t  w a s  p o u r e d  
a s  a  s l u r r y  i n t o  a  g la s s  t u b e  f i t t e d  a t  t h e  b o t t o m  w i th  a  
c o a r s e  f r i t t e d  d i s c  a n d  w a s  a l lo w e d  t o  s e t t l e  u n d e r  f lo w  
c o n d i t io n s  in d u c e d  b y  g r a v i t y .  A f te r  g r a v i t y  s e t t l i n g  w a s  
n e a r ly  c o in p le le ,  t h e  a d s o r b e n t  w a s  f u r t h e r  c o m p a c te d  b y  
th e  a |) |> lic a tirm  o f  a i r  p r e s s u r e  a t  10 p . s . i .  u n t i l  a  c o n s t a n t  
c o lu m n  h e ig h t  w a s  a c h i e v e d .  A f t e r  s u c h  p r e p a r a t i o n ,  t h e  
c o lu m n  w o u ld  n o t  r u n  d r y  u n d e r  g r a v i t y  f lo w .

T h e  j ) a c k e d  a d s o r b e n t  c o lu m n  w a s  t h e n  m o u n te d  ab o V e  
a  f r a c t i o n  c o l le c to r  in  a  c o ld  ro o m  ( 6 ®) a n d  w a s h e d  w i th  
s e v e ra l  c o h n n n  v o lu m e s  o f  t h e  s a m e  b u f fe r  t o  e n s u re  p Y i  a n d  
t e i n p e r a t u r e  e q u i l i l j r iu m .  A p p r o x im a te ly  2 8  g .  o f  a d s o r b ­
e n t  w a s  u s e d  t o  p r e p a r e  p a c k e d  c o lu m n s  o f  4 0 - 4 7  X  2 .5  c m .  
T lie  e x a c t  h e ig h t  d e p e « id e d  o n  t h e  a d s o r b e n t  e m p lo y e d .*

D e v e lo p m e n t  o f  t h e  C h r o m a to g r a m .— T h e  e q u i l i b r a te d  
p r o te in  s ;jm p Je s  w e re  w a s h e d  i n t o  t l i e  c o lu m n  w i th  s e v e ra l  
1- in l .  p o r t io n s  o f  b u f f e r  b e f o re  t h e  c o n t in u o u s  f lo w  o f  b u f fe r  
w a s  b c g im .  G r a d i e n t s  o f  s a l t  o r  p H — o r  b o t h — w e r e  e m ­
p lo y e d  fo r  e lu t i o n  i n  o r d e r  t o  a c h ie v e  t h e  r e q u i r e d  r a n g e  o f  
c lu l in g  p o w e r  w i t h o u t  s h a r p  c h a n g e s  in  t h e  c o m p o s i t io n  o f 
t h e  d u n n t .  S o d iu m  p h o s p h a t e  b u f fe r s  c o n ta in in g  to lu e n e  
w e re  u s e d ,  w i th  t h e  a d d i t i o n  o f  N a C I  in  t h e  l a t e r  p a r t s  o f 
t h e  e lu t i o n  s c h e d t t le  t o  r a i s e  t h e  s a l t  c o n c e n t r a t i o n .  F lo w  
r a t e s  o f  10 t o  12 m l .  p e r  h o u r  w e re  a c h ie v e d  w i th  a  t o t a l  
h y d r o s t a t i c  h e a d  o f  a b o u t  4 0  in .  A t  t h e  c o m p le t io n  o f  t h e  
r u n ,  t h e  a d s o r b e n t s  w e re  r e g e n e r a te d  w i th  1 N  N a O H .*

G r a d i e n t s  w e re  e s ta b lis h e d * *  in  t h e  u s u a l  w a y  b y  4 n tro -  
tU ic 'm g , f r o m  a  M a r i o l t e - t u b e  c o n t r o l le d  s e p a r a to r y  f u n n e l ,  
b u f fe r  h a v in g  t h e  c o m p o s i t io n  o f  t h e  g r a d i e n t  l im i t  i n t o  a  
c o n s t a n t  v o lu m e  ( 2 5 0  n d . )  m ix in g  c h a m b e r .  I n  t h e  fo llo w ­
in g  d is c u s s io n  g r a d i e n t  s o lu t io n s  w il l  b e  d e s ig n a te d  in  t h e  
t e x t  a n d  in  t h e  le g e n d s  o f  t h e  f ig u re s  b y  t h e i r  l im i t  c o n c e n ­
t r a t i o n s ,  a l t h o u g h  th e s e  w e re  n e v e r  r e a c h e d  in  th e s e  e x p e r i-  
m r n l s .

A ll < lia ly s is  a n d  c d lu n in  o p e r a t i o n s  w e re  p e r fo r m e d  in  t h e  
c o ld  ro o m  a n d  e f l lu e n t  t a b e s  w e re  c o v e r e d  a n d  s to r e d  i n  a  
r e f r i g e r a to r .  I n d i v id u a l  t u b e  c o l le c t io n s  o f  a b o u t  0  m l .  
w e re  d e t e r m in e d  l)y  a  d r o p  c o u n te r  b u t  t h e  v o lu m e  o f  e a c h  
tu b e  w a s  m e a s u re d  d i r e c t l y .

E ) f a m in a t io n  o f  t h e  E f f lu e n t .— T h e  e f f lu e n t  f r a c t io n s  w e re  
r t i t i l i i ie ly  e x a m in e d  in  u  U e c k m a n  D U  s p e c t r o p h o to m e te r  a t  
2()0 a n d  2 8 0  m ^ .  O c c a s io n a l ly ,  o t h e r  a p p r o p r i a t e  w a v e  
le n g th s  w e re  e m p lo y e d  w h e n  c o lo re d  c o m p o n e n ts  w e re  
e l u t e d .  V o h u n e  a n d  p l l  d e t e r m i n a t i o n s  w e re  p e r fo r m e d  
a l r o o m  t e m p e r a t u r e  o n  t h e  c o n t e n t s  o f  i n d iv id u a l  t u b e s .  
N i t r o g e n  w a s  d e t e r n u i i e d  o n  a l i q u o t s  f ro m  p o o le d  f r a c t i o n s  
b y  a  m o d if ic a t io n  o f  t h e  F r i e d e r i c k  m e t h o d .*•

E le c t r o p h o r e t i c  E x a m in a t i o n .— E ff lu e n t  f r a c t i o n s  f ro m  t h e ' 
c o lu m n  w e r e  a l s o  r o u t in e ly  e x a m in e d  b y  e le c t r o p h o r e t i c  
tc :c lin i( |u e s . R a t h e r  l a r g e  v o lu m e s  o f  e f f lu e n t ,  i n d i c a t e d  b y  
th e  d o t t e d  v e r t i c a l  l in e s  in  t h e  f ig u re s  a n d  d e s ig n a te d  b y  
u p p e r  c a s e  l e t t e r s  ( in  b lo c k  c a p i t a l  a n d  in  i t a l i c s  f o r  h o r s e  
a n d  h u m a n  s e r u m ,  r e s p e c t iv e ly )  .w e re  c o n c e n t r a t e d  b y  
“ p e r v a p o r a t io n ” ’* a n d  s u b je c t e d  t o  b o u n d a r y  e le c t r o p h o ­
r e t ic  a n a ly s i s  a t  p H  8 .fi in  0.1  *» v e r o n a l  a t  1® in  t h e  s t a n d a r d
I I  m l .  c e ll o f t h e  K I c t t  a p p a r a t u s .  M o b i l i t i e s  a n d  r e l a t i v e  
a M i ic n t r a t i o n s  w e re  c a l c u l a t e d  f ro m  th e  d e s c e n d in g  b o u n d -  
a r i f s .  'I 'h e  g ro s s  sa m i> lin g  w a s  n e c e s s a ry  in  o r d e r  t o  p r o ­
v id e  s u l f ic ic n t  p r o t e in  fo r  e a c h  d e t e r m in a t io n .

In  o r d e r  t o  u t i l i z e  m o r e  f u l ly  t h e  r e s o lv in g  p o w e r  o f  t h e

< 11) Tbu clear ftiipcriiataiil was alw ays used for th e  fiaal d e te rm in a­
tion  of p il .

(12) K. Donulclsiiii. V. J . T iilaiie iificl L. M. M nrahall, 
fhein., a ,  ISO (!tiS -); K. S. Aim, U. J. 1*. W illiam  and A. Tiscliua, 
Aela  (h e w . So iu d ..  6, 82U (l!»r)2); A. CberLin, P . E. M artlnex  and 
M. .S. D iim t. T jiia  JouKNAt.. 78, 1244 (10.'i3).

(1^) Wu are indc-ljtcil (t> k . J . Koei;cl and  liis staff fur th e  ultra* 
violet spc<-tru obtaiia-il on n C a ry  si>ectro|ihotom eter and  for th e  n itro- 
Kcii Quaiyscs vvhicli were t'criorn ied  by th e  m ethod of Q . ]{. Secor, 
M. C. Li>ag, M . D- K ilpatrick  and L, M . W hite , J .  A s t o c .  O JfU . A t r .  
Chem itU ,  33, 872 (lUSO).

(14) I'. A. K obcr, T in s  JuuuNAi., 39, U14 (li>17): L. F arber, 5<i<nc«, 
s a ,  158 (1035)..

c l i r o m a to g r u p h ic  c o lu n u i ,  s m a lle r  c u n ib in a t :  
f r a c t i o n s  w e re  e x a m in e d  b y  p a p e r  e lc c tro p l io rc .  
s a m p le s  a r e  d e s ig n a te d  in  ( h e  f ig u re s  a n d  t h e  t e x t  u . 
c a s e  l e t t e r s  a n d  im m b e r s  in  i ta l i c s  a n d  r e p r e s e n t  3  
t u b e s  ( 1 8 ^ 0  m l . )  a t  p e t i t i o n s  im m e d ia te ly  a b o v e  o r  be low  
t h e  a p p r o p r i a t e  s y m b o l .  T h e  s o lu t io n s  w e re  c o n c e n t r a te d  
b y  u l t r a f i l t r a t i o n  i n  t h e  c o ld  r o o m  t o  0 .3 - 0 .5  m l .  in  U ic 
m a n n e r  d e s c r ib e d  b e lo w .

T h e  p a p e r  e l e c t r o p h o r e t i c  d e te r m in a t io n s  w e re  m a d e  o n  
0 .0 1 - 0 .0 3  m l .  o f  s u c h  c o n c e n t r a t e d  e ilU ie n t in  a  h a n g in g *  
s t r i p  ce ll* '“  in  0 .0 7 5  n  v e r o n a l  a t  p H  8 .0 .  E i g h t  W h a tm a n  
3  M M  s t r i p s  w e re  r u n  s im u l ta n e o u s ly  in  o n e  c e lt  f o r  18  h o u r s  
a t  r o o m  t e m p e r a t u r e  u n d e r  c o n s U u it  c u r r e n t  c o n d i t io n s  o f
6 m il l ia m p .  p e r  c e l l  a n d  u n d e r  a  p o t e n t i a l  o f  G 8 -7 2  v o l t s .  
T h e  s t r i p s  w e re  s t a in e d  In  b r o m  p h e n o l  b lu e  u n d e r  t h e  c o n ­
d i t i o n s  r e c o m m e n d e d  b y  J e n c k s ,  e l  a i . ‘* T h e  p a p e r  s t r i p  
p a t t e r n s  w e re  e v a l u a t e d  b y  t r a n s m is s io n  d e n s i to m e t r y  w ith  
t h e  A n a ly tro l ,^ ^  u s in g  a  c o m  w h ic h  p r o v id e d  l in e a r  r e s p o n s e  
f o r  a lb u m in  d y e - b in d in g .  E a c h  e le c t r o p h o r e t i c  r u n  in  a  
g iv e n  c e l l  i n c lu d e d  a t  l e a s t  1 s t r i p  w h ic h  c o n ta in e d  0.01  m l .  
o f  a  s t a n d a r d  3 %  a lb u m in * *  ( B P A ) .  M ig r a t io n  d i s ta n c e s  
o c  " p a p e r  m o b i l i t ie s '*  w e r e  c a lc u la te d  r e l a t i v e  t o  t h e  m o v e ­
m e n t  o f  t h i s  s t a n d a r d .

T h e  b o u n d a r y  e le c t r o p h o re s is  p a t t e r n s  ( u p p e r  c a s e  
l e t t e r s )  w e r e  t r a c e d  f ro rn  a  p r o j e c t e d  im a g e  a u d  h a v e  b e e n  
a d j u s t e d  a lo n g  t h e  m o b i l i ty  a x is  so  t h a t  t h e  v a r io u s  p a t t e r n s  
c a n  b e  c o m p a r e d  d i r e c t l y  fo r  m o b i l i t ie s ,  a l t h o u g h  n o t  fo r  
t o t a l  c o n c e n t r a t i o n .  T h e  p e a k  a t  t h e  z e ro  m o b i l i ty  p o in t  
i s  d u e  t o  t h e  s t a r t i n g  s a l t  b o u n d a r y  a u d  is  n o t  a  p r o te in  
c o m p o n e n t .  T h e  p a p e r  e le c t r o p h o re s is  p a t t e r n s  ( lo w e r  c a se  
d e s ig n a t io n s )  w e r e  s y m m e t r ic a l ly  r e d u c e d  w i th  t h e  a id  o f  a  
p a n t o g r a p h  a n d  h a v e  n o t  b e e n  a d j u s te d  w i th  r e g a r d ,  t o  c o n ­
c e n t r a t i o n  o r  m o b i l i ty .

I n  t h e  d is c u s s io n  t h a t  f o llo w s , a  c h r o m a to g r a p h ic  c o m p o ­
n e n t  w il l  b e  c la s s i f ie d , i n  t h e  a b s e n c e  o f  d a t a  p e r t a in in g  t o  a  
sp e c if ic  c h a r a c t e r i s t i c ,  o n  t h e  b a s is  o f  i t s  m o b i l i ty  in  a n  e le c ­
t r o p h o r e t i c  f ie ld  a t  p H  8 .6 . T h e  v a lu e s  e^ tp ressc d  s ljo u ld  
b e  m u l t ip l i e d  b y  1 0 “ * c m .*  s e c . “ ‘ volt"*^. C o m p o n e n ts  w i th  
m o b i l i t ie s  le s s  t h a n  — 2.1  w il l  b e  d e s ig n a te d  7 -g lo b u lin s ;  
b e tw e e n  — 2 .1  a n d  — 3 ,4 ,  |9 -g lo b u lin s ; b e tw e e n  — 3 .4  a n d  
—4 .0 ,  a t - g lo b u l in s ;  b e tw e e n  — 4 .0  a n d  — 5 .5 ,  o i -g lo b u l in s ;  
a n d  b e tw e e n  — 5 .5  a n d  — 7 .0 ,  a lb u m in s .  I t  w il l  b e c o m e  
a p p a r e n t  t h a t  th e s e  d e s ig n a t io n s  a r c  a r b i t r a r y  a n d  w il l  h a v e  
t o  b e  m o d if ie d  in  t h e  f u t u r e  s in c e  s e v e ra l  d i s t i n c t  c h r o m a ­
to g r a p h ic  c o m p o n e n t s  h a v e  a p p e a r e d  in  m o s t  o f  th e s e  c a t e ­
g o r ie s .

U l t r a f i l t r a t io n  A p p a r a tu s .—-A  2 0  c m . t l is c  w a s  c u t  f ro m  
V f  in .  b r a s s  s to c k  a n d  e q u ip p e d  w i th  a  V i  «n. r u b b e r  g a s k e t  
t o  f i t  t h e  g r o u n d  s u r f a c e  o f  t h e  lo w e r  p a r t  o f  a  s m a ll  d e s ic c a ­
t o r  ( C o r n in g  3 0 7 8 ) .  S e v e n te e n  */# i n .  h o le s  w e re  d r i l le d  
t h r o u g h  t h e  d i s c  a n d  a ls o  a  s m a ll  h o le  c o n n e c t in g  t h e  e d g e  
w i th  t h e  b o t t o m  s u r f a c e .  A  s h o r t  b r a s s  t u b e  f a s te n e d  a t  
t h e  s id e  o p e n in g  p e r m i t t e d  c o n n e c t io n  t o  a  v a c u u m  l in e . .  
A f te r  lu b r ic a t io n  o f  t h e  g a s k e t  w i th  s i l ic o n e  g r e a s e ,  t h e  d i s c ' 
w a s  m o u n te d  o n  t h e  d e s ic c a to r .  R e s e r v o i r s  o f  4 0  m l. c a ­
p a c i t y  w e re  f o rm e d  b y  s e a l in g  5  c m . l e n g th s  o f  s e le c te d  C -7  
m m .  o .d .  g la s s  t u b in g  t o  12  c m .  l e n g th s  o f  20  n u n .  tu b in g .  
T h e  t i p  o f  e a c h  r e s e r v o i r  w a s  in s e r t e d  i n t o  a  N o . 1 r u b b e r  
s t o p p e r ,  a n d  a  c e l lo p h a n e  d ia ly s i s  s a c , ‘A  X  2 ' / i  in . a n d  
k n o t t e d  a t  o n e  e n d ,  w a s  s l ip p e d  o v e r  t h e  p r o t r u d i j ig  e n d  
u n t i l  t h e  k n o t  w a s  4  c tn .  f r o m  t h e  e n d  o f  t h e  g la s s  tu b in g .  
I t  w a s  t h e n  b o u n d  t i g h t l y  t o  t h e  g la s s  w i th  a  w e l l - s t r e tc h e d  
r u b b e r  b a n d .  A f t e r  t h e  a d d i t i o n  o f  t h e  s a m p le  a n d  th e  r e ­
m o v a l  o f  b u b b le s  f r o m  t h e  s a c ,  t h e  u n i t  w a s  in s e r te d  in to  
o n e  o f  t h e  h o le s  in  t h e  b r a s s  d is c -d c s ic c a to r  a.<>sembly. 
W h e n  a ll  t h e  h o le s  w e r e  f i l le d , t h e  in te r n a l  s p a c e  w a s  e v a c u ­
a t e d ,  a n d  a  c y l in d r ic a l  b a t t e r y  j a r  o f  s u i t a b le  s iz e  w a s  i n ­
v e r t e d  o v e r  t h e  r e s e r v o i r s  t o  p r e v e n t  e v a p o r a t io n  a n d  c o n ­
ta m i n a t i o n  f ro m  d u s t .  W i th  a  f i l te r in g  s a c  4  c m . lo n g  a n d  
a  p r e s s u re  d if fe r e n c e  o f  V i  o f  a n  a tm o s p h e re ,  a b o u t  C till, o f 
l iq u id  p a s s e d  t h r o u g h  e a c h  m e m b r a n e  |>er d a y .  U s u a l ly  
t h e  u l t r a f i l t r a t e  w a s  c o l le c te d  in  v ia ls  m o u n te d  b e lo w  th e  
s a c s  in  a  p l a s t i c  t r a y .  P r o t e in  s o lu t io n  c o n c e n t r a te d  a t  t h e

(16) P. G. W lllianu. J r ., IS. G . PickuU ami U. I.. iJnrriiiii, ibid,, 121, 
820 (105&).

(IQ) W. P. Jenck f, M . K. Je tto n  and  |{. l„ D urran i, Biofhtiii. J., 
60, 205 (ig so ).

(17) T he electrophore tic  ccU, power piick uml A iialylrul were ob­
tained from  th e  Splnco Divisiooi Beckm an Instru incn ta , Inc.. Dclm ont, 
California.

(18) C rytttallitcd  bovin* pluaAia ulbum in. A rm our I.ubs., ChtcuKO, 
Ullooli.
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ic in )  in 8 - l f i  tn l .  w ere u sed , cx cep t in  th e  cxpCTimcat show n 
in  F ig . f». w here 775 in g . N  (a b o u t 5 g . p ro te in )  i a  3 9 .5  m l. 
w:is th e  co h im n-charge .

p re p a ra tio n  o f tb e  A d so rb e n t C olom n.— T h e an ion - 
cxclxanKC cc.]julo<ie a d s o rb e n ts  D E A E -P o ly ee l o r D E A E - 
SF* w ere u sed . A k e r  th e  exchange h a d  been  ad ju s te d  to  
th e  desired  p W '  b y  tb e  addJlion  of N aH jPO * so lu tion , th e y  
w ere w ashed w ith  buffer of th e  chosen an d  ionic s tre n g th  
severa l tim e s  on  a  f ilte r . N o n -sed im en tin g  m ate ria l w as 
th e n  rem oved  b y  d e c a n ta tio n . T h e  ad so rb e n t w as p o u red  
a s  a  slu rry  in to  a  g lass  tu b e  fitted  a t  th e  b o tto m  w ith  a 
coarse f r it te d  d isc  an d  w as allow ed to  s e ttle  u n d e r flow 
co n d itio n s in d u ced  b y  g ra v ity . A fter g rav ity  se ttlin g  w as 
n ea rly  co m p le te , tb e  a d so rb e n t w as fu rth e r  co m pacted  by  
th e  ap p lica tio n  of a i r  p ressu re  a t  10 p .s .i .  u n til a  c o n s ta n t 
colum n he ig h t w as ach iev ed . A fte r such  p re p a ra tio n , th e  
co lum n  w ould n o t  r u n  d ry  u n d e r g ra v ity  flow.

T h e  p .icked a d so rb e n t co lum n  w as th e n  m o un ted  ab o v e  
a  frac tio n  co llec to r in  a  cold room  (5®) an d  w ashed w ith  
severa l co lum n  v o lu m es of th e  sam e bufier to  ensu re  #>H an d  
te m p e ra tu re  eq u ilib riu m . A p p ro x im ate ly  28 g . of a d so rb ­
en t w as used to  p re p a re  pack ed  co lum ns of 40 -4 7  X  2 .5  cm . 
T h e  exrict h e ig h t depen d ed  on th e  a d so rb e n t em ployed.* 

D ev e lo p m en t of th e  C h ro m ato g ram .— T h e  eq u ilib ra te d  
p ro te in  sam ples w ere w ashed  in to  th e  co lum n  w ith  sev era l 
1-ral. p o r tio n s  of b u ffer before th e  co n tinuo tis flow of buffer 
w as b e g u n . G ra d ie n ts  sa l t  o r o r  b o th —w ere  e m ­
ployed fo r e lu tio n  in  o rd er to  ach ieve th e  requ ired  ra n g e  of 
e lu tin g  pow er w ith o u t s h a rp  changes in  th e  com position  of 
th e  e lu a n t. S o d iu m  p h o sp h a te  buffers con ta in ing  to lu en e  
w ere u sed , w ith  th e  a idd itioa  of N a C l in  th e  la te r  p a r t s  of 
th e  e lu tio n  sc hedu le  to  ra ise  th e  sa lt co n cen tra tio n . F low  
ra te s  o f 10 to  12 m l. pe r h o u r  w ere ach ieved  w ith  a  to ta l  
h y d ro s ta tic  h ead  of a b o u t 40  in . A t th e  com pletion  o f th e  
ru n , th e  a d so rb e n ts  w ere regenera ted  w ith  1 N  N aO H .*
* G ra d ie n ts  w ere established** in  th e  u su a l w ay  b y  in tro ­

d u c in g , from  a  M a rio tte - tu b e  con tro lled  sep ara to ry  funnel, 
buffer h a v in g  th e  co m position  of th e  g rad ien t lim it in to  a  
co n s ta n t vo lu m e (250  m l.)  m ix ing  ch am b er. I n  th e  follow ­
ing d iscussion  g ra d ie n t so lu tio n s will be designated  in  tb e  

K j-  te x t a n d  In th e  legends of th e  figures b y  th e ir  lim it concen ­
t s  tra t io n s , a lth o u g h  th e se  w ere nev er reach ed  in  these experi-

: .m e n ts -  I
All d ialysis a n d  co lu m n  o p era tio n s w ere perform ed  in  th e  

coM  ro o m  a n d  e ffluen t t u b «  w ere  covered  a n d  s to re d  in  a
* re fr ig e ra to r . ■ In d iv id u a l tu b e  co llections of ab o u t 6  m l. 

iit, w im  d e te rm in ed  b y  a  d ro p  co u n te r  b u t  t h e  v o lu m e  of each  
5'-■•-'tube w as m easu red  d ire c tly .

'■ ;• E x am in a tio n  of th e  E fflu en t.— T h e  effluen t frac tio n s w ere 
ro u tin e ly  exam ined  l a  a  B eck m an  D U  sp e c tro p h o to m ete r  a t  

,- 260 a n d  280 m ^ . O ccasionally , o th e r  a p p ro p ria te  w ave 
lengU is w ere em p lo y ed  w h en  co lored  co m p o n en ts  w ere 

j’ ”' e h ite d . V olum e a n d  p H  d e te rm iu a tio n s  w ere perfo rm ed  
a t  room  te m p e ra tu re  o n  th e  c o n te n ts  o f ind iv idual tu b e s .

iV’ -N itro g en  w as d e te rm in ed  o n  a liq u o ts  from  pooled frac tio n s
 ̂ b y  B m odifica tion  of th e  F rie d e rick  m ethod.** 

i ’l;, : .  E lec tro p h o re tic  E x a m in a tio n .— E ffluen t frac tio n s from  th e  
‘ C (4um n' w ere a lso  ro u tin e ly  ex am in ed  b y  e lec trophore tic  

I? ;'; ' • tech n iq u es . R a th e r  la rg e  vo lum es of e fflu en t, in d ica ted  b y  
th e  d o tte d  v e r tic a l lines in  th e  figures a n d  d e a g n a te d  by  

'.  tipper case le t te rs  ( in  b lo ck  ca p ita ls  a n d  in  ita lics fo r horse  
. and  h u m an  se ru m , re sp ec tiv e ly ) w ere  co n cen tra ted  b y  
J?-* V p « v a p o ra lio n ” *̂* a n d  su b je c ted  t o  b o u n d a ry  e lec tio p h o - 

. r e t ie  a n a ly s is  a t  p K  8 .6  in  0 .1  n  vero n a l a t  1° iu tlie s ta n d a rd  
I L  m l. cell o f th e  E l e t t  a p p a ra tu s . M ob ilities and  re la tiv e  
co iicen tra tio n s w ere  ca lcu la ted  from  th e  descending  b o u n d - 

,1 . a n e s -  T h e  g ross sa m pling  w as n ecessa ry  in o rd e r  to  p ro -
jfj. • • v id e  sufU den t p ro te in  for each  d e te rm in a tio n .

■ In  o rder to  u til iz e  m o re  fu lly  th e  reso lv ing  pow er of th e

.T h e  d e& r s u p e m f t t a n t  w a a  « I w a j i  u ie d  f o r  t h e  f io « l d e te r m in A -  
o( ^H.

t (1 2 )  K .  O . D o D o J d so B , V . J .  T u la n e  a n d  L .  M .  M a r tfa a l! . A iu i l .
C ^ r w ..  U ,  1 8 5  (1 8 5 2 ) ; '  R .  S .  A t w ,  R .  J .  P .  W iU i i t o  a n d  A .

j f e *  ,  - « .  8 2 6  ( 1 9 5 ? ) :  A . C h e r k J n , P .  E . M a r t lD e c  a n d
K ? /  ^  T h i s  J o u » n a l . 7 8 ,  1 2 M  ( 1 M 3 ) .

W e  a r e  iod ';l> te< l t o  R .  J .  K o « i;e l a n d  h is  i t a f f  fo r  t b e  u ltr a *  
s p e c t r a  o b ta iD e d  o o  a  C a r y  ip e c t r o p h o t o r a e t e r  a n d  fo r  t h e  u U r o -  

V '’’ ’ ' w h ic h  w e r e  p e r f o r m e d  b y  t b e  m e t h o d  o f  G . B .  S e c o t ,
^  L o o p ,  M .  D .  K i lp a t r ic k  a n d  L . M .  W h it e .  J .  A ts o e .  A g r .

S 7 2  ( 1 9 5 0 ) .
^  P - A .  K o b e r . T m s  J o o K .iA L . 3 9 .  9 4 4  ( 1 9 1 7 ) :  L . F a r b e r .

^  1 5 8  ( J M 5 ) .

cliro m a lo g rap h ic  co lum n, sm aller cm nbituitioiis of eflliient 
tra c tio n s  w ere exam ined  by  p ap e r electrophuresis. T hese 
sam ples a re  desig n a ted  in th e  figures and  th e  tex t by lower 
case le tte rs  an d  nu m b ers in ita lics  and  represciil 3 to  5 
tulx^s (1 8 -3 0  m l.)  a t  positions im m ediately  above o r below 
th e  a p p ro p ria te  sym bo l. T h e  solu tions were co n cen tra ted  
by  u ltra filtra tio n  in  th e  cold room  to  0 .3 -0 .5  m l. in th e  
m a n n e r  described  below.

T b e  p a p e r  e lec tro p h o re tic  d e ten n io a tio n s  w ere m ad e  on 
0 .0 1 -0 .0 3  m l. of such co n cen tra ted  effluent in a  hang ing- 
s tr ip  cell*'** in  0 .076  fi veronal a t  p H  8 .6 . E ig h t W h a tm an  
3 M M  s tr ip s  w ere ru n  sim u ltaneously  in one celt for 18 hours 
a t  ro o m  te m p e ra tu re  u n d er co n s ta n t c u rre n t co nd itions of 
6  m iU iam p. per cell a n d  u n d e r a  p o ten tia l of 68-72  vo lts. 
T h e  s tr ip s  w ere sta in e d  in  b rom  phenol b lue u n d e r th e  con­
d itio n s  recom m ended  b y  Je n ck s , el al.'* T h e  p a p e r  strip  
p a t te rn s  w ere e v a lu a ted  b y  transm ission  d en s ito m e try  w ith  
th e  A n a ly tro l,”  using  a  cam  w hich  prov ided  linear response 
fo r a lb u m io  dye-b in d in g . E a c h  electrophore tic  ru n  in  a  
g iv en  cell inc luded  a t  leas t 1 s tr ip  w hich co n ta in ed  0 .01 m l. 
of a  s ta n d a rd  3 %  albumin** (B P A ). M ig ra tion  d istances 
o r  ' ‘p ap e r m o b ilitie s”  w ere ca lcu la ted  re la tiv e  to  th e  m ove­
m e n t of th is  s ta n d a rd .

T h e  b o u n d ary  electrophoresis p a tte rn s  (u p p er case 
le tte rs )  w ere tra c e d  from  a  p ro jec ted  im age and  hav e  been 
a d ju s te d  a lo n g  th e  m o b ility  ax is so  t h a t  t h e  various p a tte rn s  
c a n  b e  com p ared  d irec tly  lo r  m obilities, a lth o u g h  n o t  for 
to ta l  co n c e n tra tio n , T b e  p eak  a t  th e  zero  m ob ility  po in t 
is  d u e  to  th e  s ta r t in g  s a lt  b o u n d ary  and  is n o t  a  p ro te in  
co m p o n en t. T h e  p a p e r  electrophoresis p a tte rn s  (low er case 
designaU ons) w ere sy m m etrica lly  reduced w ith  th e  a id  of a 
p a n to g ra p h  a n d  h av e  n o t been  ^ j u s t e d  w ith  reg a rd  to  con­
c e n tra tio n  o r  m o b ility .

In  th e  d iscussion  t h a t  follow s, a chrom atograph ic  com po­
n e n t w ill be  classified, in th e  absence  of d a ta  p e rta in in g  to  n 
specific c h a rac te ris tic , on th e  basis of i ts  m o b ility  in a n  elec­
tro p h o re tic  field a t  p H  8 .6 . T h e  values expressed should 
b e  m u ltip lie d  b y  1 0 "‘ cm.* sec.~* v o lf* -. C om p o n en ts  w ith  
m ob ilitie s less th a n  —2.1 w ill be designated  -y-globulins; 
be tw een  —2.1 a n d  —3 .4 , j3-globulins; betw een —3 .4  and
— 4 .0 , o j-g lobu iin s; betw een —4.6  a n d  —5.5 , o j-g lobulins; 
a n d  betw een  —5 .5  an d  —7 .0 , a lb u n in s . I t  will becom e 
a p p a re n t  t h a t  th ese  d es ignations a re  a rb itra ry  a n d  w ill have 
to  b e  m odified  in  th e  fu tu re  since several d is tin c t ch ro m a­
to g ra p h ic  c o m p o n en ts  h a v e  a p p e a re d  in  m o st of th ese  c a te ­
gories.

n itrafiltr& tion  A ppara tu s.— A  20 cm . d isc w as c u t  from  
*/i in .  b rass stock  and  eq u ip p ed  w ith  a  * / i in .  ru b b e r  g ask e t 
to  f it th e  ^ o u n d  surface of th e  low er p a r t  of a  sm all desicca­
to r  (C o rn in g  3078). S evftn teen  */g in . holes w ere d rilled  
th ro u g h  th e  d isc  a n d  also  a  sm a ll bo le  connecting  th e  edge 
w ith  th e  b o tto m  su rface . A  Short b ra ss  tu b e  fa sten ed  a t , 
th e  side o pen ing  p e rm itte d  connection  to  a  v acu u m  line . 
A fte r lu b ric a tio n  of th e  g ask e t w ith  silicone grease, th e  disc 
w as m o u n ted  on tb e  des icca to r. R eservo irs of 40 m l. ca ­
p a c ity  w ere fo rm ed  b y  sealing  5  cm. leng ths of se lected  6 -7  
m m . o .d . g lass tu b in g  t o  12 c m . leng ths of 20  m m , tu b in g . 
T h e  t ip  of each  rese rv o ir w as in se rted  in to  a  N o. 1 ru b b e r 
s to p p e r, an d  a  cellophane d ia ly sis sac, X  2*/» in . an d  
k n o tte d  a t  o ne  e n d , w as s l i p p ^  over th e  p ro tru d in g  end 
u n til  th e  k n o t w as 4 cm . from  th e  end  of th e  glass tu b in g . 
I t  w as^then b o u n d  t ig h tly  to  th e  glass w ith  a  w e l l - s t r e tc h i  
ru b b e r  b a n d . A fter th e  a d d itio n  ol th e  sam ple  an d  t l ie  re ­
m o v al of b u b b le s  from  th e  sac, th e  u n i t  w as in se rted  in to  
o n e  o f t h e  ho les in  th e  b ra ss  d isc~desiccator assem bly . 
W h en  a ll th e  ho les were filled, th e  in te rn a l space w as ev acu ­
a te d ,  an d  a  cy lind rica l b a t te ry  j a r  o f su itab le  size w as in ­
v e r te d  over th e  reservo irs to  p re v e n t ev ap o ra tio n  a n d  con­
ta m in a tio n  from  d u s t. W ith  a  filtering  sac 4 cm . long an d  
a  p ressu re  difference of * /t o f a n  a tm osphere , a b o u t 6 m l, of 
liq u id  passed  th ro u g h  each  m em brane p e r  d ay . U sually  
th e  u l tra filtra te  w as collected in  v ials m o u n ted  below  th e  
sacs in  a  p lasU c t r a y .  P ro te in  so lu tion  co n cen tra ted  a t  th e

( 1 5 )  F .  G . W’i l l i e m s ,  J r .,  B .  G . P ic k e t s  a n d  E .  L . D u r r u m , ibid.. I l l ,  
8 2 9  ( I 9 S S ) .

(1 8 )  W . P . J e n c k » , M .  R .  J e t t o n  a n d  E .  L . D u r r u m , B io c ke m . J . ,
eO, 205 (1955).

( 1 7 )  T h e  e l e c t r o p h o r e t ic  c e l l ,  p o w e r  p A c k .B a d  A a a ly t r o l  w e r e  o b -  
t a i s e d  fr o m  t h e  S p i o c o  D i v i s io a ,  B e c k m a n  I n s t r u m e n t s ,  l a e ; ,  B e lm o n t .  
C a lifo r n ia .

( 1 8 )  C r y s t a l l i s e d  b o v in e  p U s n a  a lb n m in .  A r m o u r  L a S c . ,  C h ic a g o ,  
I l l in o i t .
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w all san k  to  th e  b o tto m  of th e  sac a o d  in  severa l cases 
b rig h tly  colorcd lay e rs  were fo rm ed . Losses d ue  to  th e  d ry ­
ing o( p ro te in  on. th e  w all of th e  sa c  were m u ch  sm aller th a n  
those  en co u n te red  w hen " p e rv a p o ra tio n ”  w as u se d , be­
cause a  very  sm a ll a re a  of cellophane w as em ployed  an d  
o n ly  a  frac tio n  o f th a t  w as allow ed to  becom e d ry  in  th e  
co u rse  of c o u c c n tra tiu g  th e  sam p le  to  0 .3 -0 .5  m l. U pon  
com pletion  of t h r  u H ra filtra tio n  th e  sacs an d  th e ir  co n ten ts  
w ere in se rted  in to  sm a ll v ials a n d  c u t  aw ay  from  th e  reservo ir 
t ip s  w ith  a  razo r b lad e , th e n  s to re d  in  a  re frig era to r u n til 
u sed .

Results
Horse Serum.—In Fig. 1 is shown the elution dia­

gram obtained when dialyzed and lyophilized horse 
serum protein was chromatographed on the anion 
exchanger, DEAE-Polycel. The starting buffer, 
0.005 M  sodium phosphate a t  #>H 7.0, was con­
tinued to point II, after which decreasing and 
increasing salt gradients were instituted a t points 
indicated in the figure. T he first three chromato­
graphic components (in A and B, Fig. 1) had mo­
bilities in the 7 -globuIin range as represented by 
the shaded areas a t  the top of the figtire» Observa­
tions made in other experiments indicate that all 
the protein emerging before point I I I  belonged in 
that category. Inc the subsequent fractions there 
was a general trend toward increasing mobility, but 
none of the combinations of fractions examined 
electrophoretically were homogeneous. In this 
chromatogram, material with albumin mobilities 
did not begin to appear until fraction G, after 
about 900 irj, of effluent had emerged.

peak as in the previous figmre. As a  result, fewer 
chromatographic peaks appeared in fractions A 
and B. Another change in elution schedule, the 
introduction of a gradient to 0.05 M  NaH*PO« at 
250 ml. (I ll, Fig. 2) resulted in the emergence of a 
new, •well resolved peak, E. This component ap­
peared in Fig. 1 as a small hump on the leading edge 
of the large peak, E. The remainder of the chro­
matogram was less well resolved than in Fig. 1. I t  is 
noteworthy that in both of these chromatograms a 
component which moved faster than albimiin in the 
electrophoretic field became apparent only after 
chromatographic separation (see original and G in 
Figs. 1 ,2) ^ d  emerged before the biilk of the albu­
min. . -

Fijj. 1.— E (nu en t d ia g ra m  of h o tse  se ru m ; G T O m g.d ialy ied  
and  lyophilized p ro te in  (79 m g. N )  iti 6 ml. ap p lied  t o 25 g. of 
ad so rb e n t; e ffluen t'co llec ted  in S-'O m l. frac tions . B uffers: 
I. 0.005 M  N a  p h o sp h a te , p H  7 .0 ; I I ,  ^ a d i e n t  to  0 .02 A{ 
N a p hospha te , p l l  5 .9 ; I I I ,  g ra d ie n t to  0.1 N aC I-0 .05
M  N 'aH .P O c  IV , g ra d ie n t to  0 .5  M  N aC l-0 .1  M  N a H -P 04. 
M ixing cham ber vo lum e, 250 m l. S h ad ed  areas a re  bound* 
a ry  e lec trophore tic  p a t te rn s  of th e  frac tio n s included  b e­
tw een th e  b roken v e r tic a l iines. P eak s  a t  th e  zero  m ob ility  
poin t a re  d ue  to  th e  s ta r t in g  sa lt b o u n d a ry  an d  a re  n o t  p ro ­
tein  com poneots . M o b ility  scale  u n its  — —1 X  10~* cm.* 
sec."* ToIt~>.

.Another diroinatogram of horse serum protein 
which differs frou^tliat just mentioned only in re­
gard to the elution schedule is shown in Fig. 2. 
In this case, a gradient to 0.02 M sodium phosphate, 
p H  6.0, was introduced at about 72 ml. (II), a t the 
beginning of peak A rather than a t the end of the

Fig. 2 .— E ffluen t d iag ram  of horse sc rum  wiUi a ltered  
e lu tion  schedu le : 880 m g. d isly zc d  and  lyophilized  p ro te in  
in S . l  m l. ap p lied  to  24  g. o f ad so rb e n t; e ffluen t co llected  
in 6 -7  m l. frac tions . B uffers: I , 0.005 Af N a  pho sp h a te , 
^ i r  7 .0 ; I I ,  g ra d ie n t to  0 .02 M  N a  p h o sp a te , 6 .0 ; 
I I I ,  g ra d ie n t to  0 .05 Af N aH iPO <; IV , g rad ien t to  0.1  A f  
N aC I-0 .0 5  M  N aH iP O «; V , g rad ien t to  0.5  M  N aC l-0 .1  Af 
N aH tP O i. R e m a in d e r a s  to F ig . 1.

Human Serum.—A standardized elution sched­
ule derived from our experience with horse serum 
has been applied to two different sainples of human 
serum, and the effluent diagrams th a t have re-, 
suited are shown in Figs. 3, 4 and 6 . The pro­
tein was applied to. the adsorbent in 0.(X)5 M  
sodium phosphate, 7.0, a t  I, and gradients were 
instituted as indicated in the figures.

The effluent pattern obtained from dialyzed and 
lyophilized outdated human scrum (OD) is shown 
in Fig. 3, and a comparable** chromatogram ob­
tained from the fresh serum of other donors (FP) is 
given in Fig. 4. Comparison of these elution dia­
grams showed th a t an additional sharp peak, g, 
(Fig. 4) was obtained from the fresh seriim, al­
though absent from the OD serum chromatogram. 
Chromatography of lyophilized F P  sertmi resulted 
in an elution diagram essentially identical to that 
shown in Fig. 4. However, dialysis of tlie lyophil­
ized FP scrum against the starting buffer, 0.005 M  
sodium phosphate a t  pH 7.0, for 5o hours rather 
tlian 18 hoiu’s, produced a chromatogram in which

( 1 9 )  K o  d if lfer« B ec in  r e s o lu t io n  h a s  b e t a  c o c o u o t « r e d  h e t w e t n  
D B A C - P o l y c e l  « tu l  D C A .C 'S F  ^ ( .h o u c b  tb .e U U e c  s h o w e d  •  h l t l i e r  
r e « ls t k i ie e  t o  t h e  f lo w  o f  b u ffe r .*
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F ig . 3 .— E O lu e iit d ia g ra m  o f  O D  liu rua ii s e ru m : 9 7 0  ing . 
d ia ly z c d  a n d  ly o p b il iz e d  p r o te in  (1 2 8  m g . N )  in  7 .5  m l. a p -  
plied t o  29  g. o f  a d s o rb e n t ;  e f l lu c n t  c o lie c tc d  io  6 -m l. f r a c ­
t io n s ;  flow  r a te ,  1 5 -1 0  m l . / h r .  B u ffe rs : I ,  0 .0 0 5  M  N a  
p h o s p h a te ,  7 .0 ;  I I ,  g r a d ie n t  t o  0 .0 2  Af N a  p h o s p h a te ,  
p H  6 .0 ;  111, in ^ d ie n t  t o  0 .0 5  N a H ,P O « ; IV , g r a d ie n t  to  
0 .0 2  Af N a C l-0 .0 6  Af N a H ,P O » ;  V , g r a d ie n t  t o  0 .0 6  A f  

^  . N aC I-O .U o A f  N a l l tP O i ;  V I .  g r a d ie n t  t o  0 .1  U  N a C l-0 .0 6  
I f  K a l l iP O t .  M « b |  c h u n b c r  v o lu m e  3 .6 0  tn L  S e e  t« x t  
for t tp If tQ f ttio n  of ty tn b o l i .  *

peak i  w as'^absen t Pcrhnps prolonged dialysis 
a fte r Ivophiltx&iioti rem oved ft snuUl molecule from 

' « an  "album in complex’’ 90 th a t  the  chrom atographic 
' . behavior of th e  rcsitlual album in was no longer dif- 

 ̂ ^ f»;en,t (ro ia th a t  of the bulk of th e  album in in serum.
apporeftt absence of an oi peak in F ig. 4  is a 

v>: cohtequeticG of the  broadening of the  bands of 
slighUv retarded protein as a  result of the applica- 

^ !^ ^ > |: tfo d  of the  Sample, in twice th e  usual volum e (un-
Chromatographyf of lyo*  ̂

:phillzed'PP senim« applied in 'a 'sm ^er! volume, 
demonstrate^)the^presence^ 0( 1 this ‘ component. 

other differences in^^e elution d ia ^ m s  .

F ig . 4 .— E ff lu e n t d ia g ra m  of F P  h u m a n  s e ru m : 2 0  m l. o f 
d ia ly z e d  I re s h  F P  se ru m  (1 5 6  m g . N )  a p p lie d  t o  2 8  g . of 
a d s o rb e n t ;  e f f lu e n t c o lle c te d  in  G -7 m l. f ra c tio n s ;  flow  
r a te ,  11 m l . / h r .  B ro k e n  l in e  a n d  sca le  a t  r ig h t  re p re s e n t  
p H  o f  e ff lu e n t. R e m a in d e r  a s  in  F ig . 3.
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ap p ear to  reflect real VBriation in  the  coinposition o f }

^ ^ ^ f j ^ L o a d , '  R e c p v ^ ^ o n d  Reproducibllity.-i-Tfie usual ' 
^^*S>K®5lu m a c h a r r t- in 'th e  htxman serum  fractionation 

; stud ies w a s '130 to  160 mg. of p ro td n  N  for 28 to 
29 gj of adsorbent, abou t 5 m g. N  per g. (Figs. 3 

v <md h as been i n c r e a ^  6-fold in Fig. 6,
J y o ’wWle m ain ta in in g ' good resolving power, and  it 

j’ibecamcf^ easy to  (follow th e  m igration of colored 
j-4 ;V b ^ d s  ^ o n g  th e  column. T he  effluent pattern  of
4>, . 0 w gM crally sim ilar to  th a t  of Fig. 4  in  th a t

..corresponding com ponents emerged a t  approxi- 
; J^ te lyv  th e  sam e effluent volumes’ (compare frac- 

I  ^  ® w ith  I ,  S, and 38),  ̂ Additional de-
in  th e  form  of small peaks has appeared in Fig. 

6 | b u t  the  com ponents lab e led /i, f t  and g in Fig. 4
^ ®T® poorly resolved in the  corresponding reeton of

R « » v e iy  of protein from  th e  columns was de- 
*^jterm m ed in  27 different chrom atographic experi- 

dealing w ith  serum  or serum  fractions. W ith  
'• 9°^uinn loads of 3 to  23 rag. of protein N  per g. of 

*‘̂ r b e ? i t ,  the  nitrogen recovery a v e ra g ^  87 ±  
which in view of the  large nm nber of sub- 

<»llected (as m any as 400) and th e  m any 
w * '*^P u lations involved, can be considered quanti- 

ta tiv e . '* t '
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F ig . 5 .— C o m p a r iso n  o f  p a p e r  a n d  b o u n d a ry  e le c tro p h o re ­
sis  p a t t e r n s  o f  c h ro m a to g ra p h ic  f ra c tio n s  fro m  F ig . 4 . S e e  
t e x t  f o r  s y m b o b  a n d  e le c tro p h o re tic  c o n d itio n s .

W ith a  given elution schedule and a given senim  
the reproducibility of the  positions and m agnitudes 
of th e  chrom atographic peaks was excellent. When 
sertims from  different donors were chromatographed 
the peaks varied in size, b u t  corresponding com­
ponents emerged a t  th e  sam e points. A pooled 
fraction sim ilar to  th a t  tocorapassed by G Ifl  o f Fig.
3 was concentrated  by "pcrvaporation” and  re­
chrom atographed on the same adsorbent column 
(regenerated) w ith  the  original elution sdiedule- 
The center of the  resulting peak emerged a t  1080 
m l., closely m atching its  appearance in the  original 
chrom atogram  a t  1670 ml. A small second peak 
appeared a t  th e  position occupied by the  succeed-



F ig . 6 .— E fflu e n t d ia g ra m  of 5 -fo ld  a m o u n ts  o f  F P  h u m a n  
s e ru m : 5 .0  g. of d ia ly z e d  a n d  ly o p h ilized  p ro te in  (776  m g . N )  
in 39 .5  m l. a p p lie d  to  3 0  g. o f a d s o rb e n t ; e ffluen t co llec ted  in 
7-m I. f ra c tio n s : flow  ra te ,  12 m l . /h r .  T h e  d ia g o n a l, a-ossed  
d ia g o n a l a n d  s tip p le d  a re a s  r e p re se n t th e  re d , ta n  a n d  b lu e  
b an d s , re sp e c tiv e ly , w ith  th e  d is ta n c e  o f th e  b a n d  fro m  th e  
b o tto m  of th e  co lu m n  in d ic a te d  b y  th e  sca le  a t  th e  r ig h t. 
B rokcit line r e p re se n ts  D u i m //. d a s h e d -d o tte d  line, D«m m;». 
R e m a in d e r  a s  in F ig . 3.

ing component of the original chromatograph (cor­
responding t o j  in Fig. 3). Since the original peaks 
overlapped, the presence of the second component 
in the rechromatographed sample was to  be ex­
pected.

Elution Schedule, the E£fect of pH. and Salt.—
Early experiments had indicated th a t the affinity 
of the anion exchange adsorbents for a specific 
component could, in general, be reduced in at 
least three ways: ( 1) a decrease in the of the 
solution, reducing the anionic character of the 
protein; (2) a  rise in partially repressing the
ionization of the tertiary amine groups of the ad­
sorbent* and thus curtailing the anion-binding capac­
ity of the exchanger itself; and (3) an increase in 
the ionic strcngtli of the buffer. Cliromatograms 
have been developed witli increasing or decreasing 
pH  gradients and with salt gradients alone. Each 
of these procedures resulted in some degree of reso­
lution.

Because the isoclectric points of the recognized 
components in serum range from pH  3 to 8,̂  and 
they are generally stable in the slightly acid range, 
the serum protein mixtures have been applied to 
the adsorbent a t pH  7.0, accomplishing elution by 
the gradual retluction of and the simultaneous
increase in salt concentration. Relatively little 
work has been done on tiie improvement of elutiop 
schedules. Probably no single scheme can be ex­
pected to suit all purposes. The schedules em­
ployed here have given a fair degree of resolution, 
particularly with Uie serum proteins of high isoelec­
tric points, but exploration in this area has been 
deferred in favor of developnientiil work on tlie 
characterization of,a umltiplicity of small fractions.

F ig . 7 .— P a p e r  e le c tro p h o re tic  p a t te r n s  o f c h ro m a to ­
g rap h ic  f ra c tio n s  fro m  F ig . 6. S ee  te x t  fo r  sy m b o ls  a n d  
e le c tro p h o re tic  co n d id o o s .

I t  should be emphasized th a t while the elution 
schedules in the legends to  the figures are designated 
in terms of the gradient limit, protein eluted from 
the column during the period in which th a t gradient 
was being used was never in contact with solution 
of that composition since the gradients were riot 
permitted to  run long enough, and tlie buffering 
action of the adsorbent, as well as th a t of the pro­
tein, tended to  modify the pH  and salt gradients.

As an illustration -of the effect of the adsorbent 
and the protein in modifying the eluting solution, 
the pH  of the effluent (broken line) is included in 
Fig. 4. The pH  remained a t  the initial value of 
7.0 for about 250 ml. A gradual rise to a  maximum 
of pH  7.27 a t peak ci occurred, followed by a slow 
decrease. The pH  was 6.40 a t  IV, 5.90 a t  V, and 
5.44 a t  VI. A t the end of peak p, the pH  had only 
dropped to a value of 4.80, although N aH 2P04 had 
been entering the column since 350 nil. (III). 
Although NaCl was introduced a t  900 ml. of ef­
fluent (IV) chloride did not emerge from tlie col­
umn imtil about 1500 ml. had appeared. Since 
the maximiun mechanical hold-up of the column 
was about 73 ml. (the volimie a t  which the first 
peak appeared), retardation of chloride by the 
adsorbent is evident. The addition of NaCl was 
a convenient means of increasing the salt concen­
tration of the eluent without contributing addi­
tional buffer components (e.g., NaHjPOO which 
would undergo acid-base reaction with tlie in­
completely titrated  adsorbent. The observed bind­
ing of chloride by the adsorbent was the result of 
excliange with phosphate already bound.

Electrophoretic Characterization.—An inspec­
tion of the electrophoretic patterns in Figs. I, 2, 5
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und 7 shows that there was a general trend towj^d 
higher elcctrophorctic mobilities in successive 
fractions, as one would czpect if ion exchange 
w o t  playing a  dom inant role. The proteins with 
hirii isoclcctric points lost their anionic character 
earlier in the declining gradient than those with 
lower ones. This generalization bolds for fractions 
A through F in Figs. 1 and 2, for samples o through 
I  in Figs. 3, 4 and 5; and for samples 1-16 in Figs.
6 and 7. It can be most easily demonstrated from 
Fig. 2 in which tlie first four peaks, A, B, C and D 
were clectrophorctically homogeneous in veronal at 

8.6, with mean mobilities of — 0.S6, —1.32,
— 1.53 and —1.84 X 10"^ cm ,' sec."^ vo lt“ S re- 
^ c c tiv d y . A combination of peak A and D (jtt =  
—0.86 and —1.32) resulted in a  single peak in the 
clectrophoretic BeJd with a mean mobility of —1.13. 
Fraction E  hnM 2 components w ith mobilities of 
>^2.29 and ***3.00 and fraction F  contained compo- 
neuU wiUi mobUitlcs of —2.73, —3.59 and —4.33 
X  lOr* cm.* Bee."* volt"*. <; w w v ' 

j^rdimlnftry'chfosn&iographjc studies, with Red 
C roat Y^obulin** have prcrvided fractions which 
c m e ra ^ iro m  ihe  iLUioti exchanger with a decreas­
ing and incrcAsing salt gradient in the order of 
Iticreailttg mobilities. Oti the other hand, elution 
from a catioti exchatiger, CM<elluk>0e,* with: a gra> 
<licnt of increnslufl: and ja ltco n cen ira tio a  pro­
vided fractions wulcli.ettierged,iiij,UM;0rdee.0f:de- 
cfMfflng ftiobilltieii; <. -■ 'iMV'ivV'rtVfi

K icclrophoretic' exADiixiationVof j^thei frACtions, 
emerging from tlie anion excbangeC fl^ond.P^in   ̂
Figfl. X atwl 2 . g .ia  Pigtr 3  and ftnd'iA^iniPig/Tir'; 
reveal several ^ u i)o n e o tt;  which do >not appear.'to.^, 
follow the: generaii»tioR>ijust^presentedi^{rhese; 
anomaltei m ay result fromY(l)*a :diiterence'in .thet. ' 
.relative order of decreasing electrostatiq.>charge oa-^ 
the proteins within^the'bufTer*column'{milieu,Has‘ 
compared wiUi tlm t obtaintng'ln tlie veronal buf-f: 
fer used for electrophoresis; • (2) the  fonhation of 
protein con\plcxes' w hich. ore stable . under - the 
dtronm tographic .conditions employed {pH 7 .0-
4.B) b u t unstable n t  p l l  8.6 in veronal; or (3) tlie 
existence of spcciCc aninitics of a non-clectrostatic 
nature between Uvc adsorbent and the protein.

The constituent mentioned above which moves 
fosier tlian albuiniu in the electrophoretic field 
would be expected, on a purely ion-exchange basis, 
to move more slowly on tlic anion exchanger than 
albumin itself. This was actually the case for 

, both lots of Imman serutn, where the faster-than- 
albuttiiu component (p =  —7.7) emerged after al­
bumin (ft «  - 0 .4  to -6 .9 )  a t  Uie end of the chro­
matogram (see N O  and o, Fig. 5; and 2 S - 3 0 ,  Fig. 7). 
However, in Uie horse semm clu-omatograms tlie 
corresponding component =  —S ^) emerged 
before albumin in fraction G (Figs. 1 and 2). A 
coinponent in normal untlialyzed plasma with 
similar elcctrophorctic properties in 0.1 M  NaCl a t 
pH S has been rc{>orted.-‘

comparison of the diagrams obtained from 
specific areas of a senun chromatogram (Fig. 4) by 
paper and boun<Iar>’ clcctrophoresis is given in Fig.
5. Gejieral agreement is aj>parent The differ-

(2 0 )  O b t * i t i « I  ( b r o u x b  t lie  c o u r t « y  o f  D r .  J .  N .  A s l iw o r t h  o f  th e

(2 1 )  n .  H o c b  ■0.1 A .  C h a n i i t i n ,  J .  Hint. C hem .. 9 0 0 ,  2 4 1  ( I9 S 3 ) .

eiices th a t do occur are a reflection of the fact that 
the paper electrophoresis was perfonned on smaller 
combinations of effluent tubes than the boundar>' 
electrophoresis. A careful examination of Fig. fi 
as well as Fig. 7, which contains the patterns ob­
tained from specific areas of tlie chromatojrram 
shown in Fig. 6, indicates the difficulty encoun­
tered in attem pting to classify components solely on 
the basis of electrophoretic mobility. Samples a-ct 
(Fig. 5) and i - 4  (Fig. 7) showed only mobilities in 
the 7  range, whereas the effluent diagrams (Fig. 4 
and 6 , respectively) clearly indicated several com­
ponents. Protein with mobilities in the 0 range 
appeared first in samples Ct and 5 and continued 
through f i  and lo . The heterogeneity of this 0- 
protein, apparent in the chromatograms, was sub­
stantiated by sharp differences in the color of the 
fractions.

Mobilities in tlie aj range were present to a con­
siderable extent in samples /  and g and J2- I 6 but 
were practically absent in samples k, i  and 17-19. 
More than 95%  of the  latter samples consisted of 
material with the mobility of albumin. In fraction 
20, a peak in the /3-region was again discernible and 
atr and ai-mobilities began to appear. Fractions 
21-23 showed a  progressive increase in relative con­
ten t of a "fast" Or and an ai-component, concomi­
tantly  with a  relative decrease in material, in the 
albumin range. Samples 26-29 shovyed 0. progres­
sive redistribution of m aterial having ar'anci orrnio- 
bilities, the first decreasing while the latter in- 
ereftsed^;'.rJn. f r a c t i o n s ' ( F i g .  7) the faster- 
ihan-albuminji component appeared. T he ' same 
gentfal .trends^ could b e  observed in other serum 
nm s •
4/ Specific identification pf-each of-the components 
indicated. by« this combination of chromatographic 
a n d ' electroph6retic(; tochniques f requires '• further 
separation o r th e  use of other criteria.

^  Colored',Components.**“ The application of the 
yellow serum protein solution to the top of the 
adsorbent column quickly produced a series of dis­
tinct colored bands. In  the order of ina-easing 
adsorption, they appeared buff, red, tan, yellow 
and blue.. During elution in the usual clm}mato- 
grams, where 1 g. of protein was added to a 30-g. 
adsorbent column, the buff band was visible for 
only a short time. The red and tan bands moved 
down the  column a t  different rates and could be 
foDowed for some distance. The yellow band 
broadened and moved away from the  top  of the 
column leaving a  narrow blue band which was the 
last to  move. In  the  usual runs (Figs. 3 and 4) 
none of the bands could be followed out of the col­
umn although the  blue band was discernible for 
about 80% of the column length. Concentration 
of the effluent fractions by ultrafiltration revealed a 
deep red in fraction d  and a deep blue in fraction o 
(Fig. 4). T he intervening fractions were very 
faintly yellow.

In  the chromatographic run shown in Fig. 6 
where the initial serum load was 5 times the usual 
amount, th e  colored bands were so intense th a t 
some of them could be followed all the way down 
the column into the effluent. The movement of 
the red, tan  and blue bands is shown in Fig. G by



Uie diagonal, crossed diagonal and stippled areas, 
respectively. The yellow band between the tan  
and blue was not plotted since it  became very broad, 
with diffuse boundaries, and appeared to  contain 
three inaxiroa which could not be defined reliably. 
The fUstrihution of the red color (458 and the 
tan  color (400 nî x) is shown in the figure by broken 
and dashed-dott«i lines, respectively. The blue 
color was followed to  the bottom  of the  column b u t 
unlike the red and tan  components could n o t be 
scon in the unconcentralcd cfTluent.

Concentration of the effluent tube combinations 
some 50-fold by ultrafiltration produced colorless 
solutions in fractions 2-7, deep red in 8, orange in 
9, yellow in 10-13, yellow-amber in 14, and deep 
tan  in 15. Fractions 16-27 were yellow w ith max­
im a a t  fractions 16-17 and 19-20. Thereafter the 
intensity of the yellow color decreased. Fraction
28 was a deep blue and 29-30 were colorless. -

T he red component in fraction 8 had the  elec­
trophoretic mobility of a |S-globulin a t  8.6 (Fig. 
7), and m aterial with ih is  m obility accounted for 
90%  of the sample. The solution showed maxima 
a t  278 and 462 m/i.** It^  properties agreed .with 
those of the ^i-metal-combining protein which was 
first described by Schade and Choline** and later 
named siderophilin**, or transferrin ." ' I t  was 
concentrated by Surgenor, el and crystallized 
by Koechlin*^ and Laurcll,** ............. .

T he tan band emerged in fraction 15 fFig. 6), the 
point a t which albumin first appeared (Fig. 7). I t  
showed maxima a t  278 and 407 mix with a  278/407 
ra tio  of about 10. This colored component resem­
bled in absorption spectrum and dectrophoretic 
m obility the “metheinalbumin” prepared by  Rosen- 
feld and Surgenor^ and reported to  occur as an  ab­
normal component of blood plasma in certain dis­
eases associated with excessive hemolysis.**

The yellow fractions, 16-17 and 19-20 which 
c o n ta in ^  primarily aibumin-type mobilities may 
well be complexes of albumin and' various small 
molecules stable under chromatographic conditions 
b u t dissociated in veronal a t  pH  8.6 . However, it 
has been obser\’ed, in these studies, th a t the mo­
bility of tlie albumin component in successive frac­
tions varied in electrophoretic mobility from — 6.40 
to  — 6.85 X 10“* cm.^ sec.“ * voIt~‘.

The appearance of the blue component a t  the end 
of the cliromatogram in fraction 2S coincided witli 
the appearance of a “ fast” aj-component in paper

(22) C. B. Lauren Chtm. Scard.. 1. U07 (1953)) h u  described
■ hfchly purified *od retrysiftUjieH p^efMmtioa ol "tr»osrerrin" from 
pig's Ilium*. He augKeite.l that the abvitptloa ratios 278 ni»i/470 
Ri^ mad 470 m>«/40S IB* 6« used u  eriten'a of puritT reported 23 
and 1.4 M the respective values obtained from <-6 times crystallized 
material. Our fractina r f  ( F i r ,  4) from hum aa serum fave valuta of 
21 and 1-3 for 278 m;i/4Q3 m«i and 462 mji/408 m*. reapeetively. irith- 
out further piiriGcadoa.

<23) A. L. Schade and L. CaroUne. Seufice, 104. 340 (1046).
(24) A. L. Schade, R. W. Retabart and H. Levy, A r e h .  B io e h tm .,  M , 

170
(25) C. C. IlolmberK and C. B. Laurell, Aela Cfitm. ScetiJ., 1, B44 

(1947).
(26) D. M. Surjeoor. B A. Koechlie and L, B. Strong, J . 'C l in .

M, 7.1 (1049).
(27) B. A. fCoechbo, Tais /OWRMAI,, 74, 2649 (I«S2).
(28) M. RoMDleld aad D. M. Surgeaor, / .  Biol. Chem., 183, 663 

(1050).
(29) M. Roteafeld. C- C. 7.ubrod, W. D. Blake and J. A. SbannoB. 

J. Clin. Jnresl.. ST, (1948).

electrophoresis (Fig. 7). This fraction showed ab­
sorption maxima a t  278 and a t  602 m^- T he blue 
color and the  absorption a t  602 m u  disappeared 
in the presence of ascorbic a d d  and was regenerated 
by exposure to  atmospheric oxygen. The blue 
component exhibited th e  properties attributed to 
caeruloplasmin**-*®-*  ̂ and comprised about 30% 
of this fraction, on the basis of spectrophotometric 
d a ta . . A deficiency of caeruloplasmin has been re­
ported** in the serum of patients w ith hepatolentic- 
ulas degeneration (Wilson's disease) by Schein- 
berg and Gitlin, who suggested th a t  this disease 
was another example of a pathologic condition re­
lated to a congenital deficiency of specific plasm a» 
protein.

O ther Specific Components.—^The distribution of 
hexosamine in the column effluent t^as examined.** 
I t  was found, in a run  similar to th a t shown in Fig. 
3, th a t  2 maxima of hexosamine concentration oc­
curred: one a t  fraction d  (1 .8%  hexosamine in pro­
tein) and one a t  o (4% ). Fractions a and h, i  con­
tained 0.4% hexosamine, a  value as low as th a t ob­
tained for crystalline album in.“  This distribution 
of hexosamine is in general accord with the reported 
distribution' among the  •electrophoretically char­
acterized proteins. ̂  However, as much as 7.25% 
hexosamine has been found in a  terminal peak of a 
chromatogram of pathological senmi.

Thrombin activity, as measured by the ability to 
form a clot with fibrinogen, was localized** in frac­
tion 29 (Fig. 7). None was detected in fractions 28 
o r 30. Since caeruloplasmin preparations have al­
ways shown thrombin activity** and since fraction 
28 contained the btilk of the caeruloplasmin but 
no thrombin activity, i t  can be concluded th a t 
thrombin was a contam inant in previous caerulo­
plasmin preparations.

Immunological examination** of effluent frac­
tions (Fig. 6) for albumin by the Oudin*^ technique 
showed th a t albumin was just detectable in fraction 
9 b u t absent in earlier ones. Albumin reaction rose 
to  a maximum in the area encompassed by frac­
tions 16r22 and then decreased. Slight albumin 
activity was detected beyond fraction p.

Effluent fractions were also examined^ for oroso- 
mucoid.”  Nearly all of the orosomucoid was 
found in an area corresponding to n, o and p of 
Fig. 3, which is also the area with tlie highest

(30) K. Laki, Abstract Communications, X V II, fnttrn. Physiol. 
C on rtss,  Oxford. 373 (1947); C. G. Holmberg aod C. B. Laurell, 
Atta Chem. Stand., S, 550 (1948).

(31) We are iodebted to Dr. D. R. IComiDs for unpublished results 
which he kindly made available to  u b .

(32) I. H. Scbeinberf and D. Oitlio, Stitnct. 116, 484 (IP5?).
(33) We are indebted to  Dr. N . F. Boas and Mr. J. B. Foley for the 

hexosamiae determioatioos ( / .  Biat. CArm:. 304. S53 (1953).
(34) We are iodebted to Dr. K. Laki for these detenoinationa.
(35) Personal commuoication from Dr. IC. Laki.
(3^) We are grateful to  Dr. B. L. Becker ot the Army Medical Serv­

ice Cradoate School. W aahio|ton, D. C ,  who performed this examioa* 
tion m th  sheep antf-mercaptafbumfQ.

(37) J. Oudin, Compl. rend. Acad. Sei., S3S, IIS  (1946).
(38) We are Indebted to Dr. R. J. Wioiler of the University of 

Illiflois CoUexe of Medidoe, Chicago. Illiools, for the exacnioation of 
the chromatographic fractions by a quantitative immunological 
method with cbicken anti-orosmucoid.

(30) R. J. W iniler. A. W. Devor, J. W. MebI aod I. M. Smyth.
Ciiii. /mteU.. IT, 609 (1948); H . E. Weimar, J. W. Mebl, and R. J. 

Wlocler. J . B M .  Chent. I tS . S61 (1950); K .  Schmid. T b is Jou b n a l, 
78 ,60  (1953).
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hcxosamine content. A sub-fraction contained 
74% orosomucoid. Orosomucoid, with its low 
isoelecLric point of 2.8 emerged from the column a t 
a  position in accord with the assumption th a t ion 
exchange was primarily responsible for the chroma- 
togmphic separatioiL

Discussion
T he procedures described were time consuming 

(S-9 days), and the protein emerged from the  col­
umn considerably diluted. Concentration by *'per- 
vaporation" involves the risk of losses by drying 
on the cellophane walls and ultrafiltration is rela­
tively slow. However, preliminary experiments 
have indicated the feasibihty of concentrating 
larBe volumes of dilute protein solution of low 
ionjc strength by adsorption on very short cation- 
excliange columns a t  pH  5.0, followed by displace­
m ent in a  sharp band with a  strong eluting agent 
« ich  as 0.05 M  NaCl-0.05 M  NaH,PO<.

W ork In prbgrefis has indicated th a t the complex 
m ixture of proteins in scrum  can be separated into 

t fro tip f b y  stepwise elution from short columns in 
5*10011 dfty<V'Piitther resolution of these groups can

Y.-

then be attem pted on separate columns of the 
(^ n o  Wpe under different elution conditions or 
with other cellulose ion-exchangers.
' The chronuitogratns presented here demonstrate 
the Nparfttion of Y'globulint from whole leruin mto 
doctfxmhoreticaUy hofflogeoeoui > fnctlon i < hav- 

, big diucrent mpblUtieg t t^ H  8,6. 'Am indicated in
- ;/>X' the.discuMion of the hone terum chromAtogrami 

in FIgi, 1  luid 2, r^obuU n fraetioni with diiUnctly 
' *“‘*’"^*liuumobllitletmay •p p e a r a a iin -

properties of albumin was found throughout the 
latter half of each serum chromatogram. I t  is 
unlikely th a t th is was merely a consequence of 
poor desorption of albumin and mercaptatbumin or 
an  artifact of the chromatographic procedure. 
Evidence for the multiple nature of the albumins, 
either as distinct molecular species or as complexes 
w ith small molecules, is afforded by the distribu­
tion of color, the differences in the electrophoretic 
mobility of successive fractions, and the chromato­
graphic integrity of an albumin fraction rechroma- 
tographed under the original conditions. More­
over, preliminary results obtained in the chromatog­
raphy of Red Cross serum albumin (Fraction V)*® 
on a cdUulose anion-exchanger demonstrated the 
presence of a t  least three components which dif­
fered in electrophoretic properties a t  4.0, in 
sugar content, in tyrosine-tryptophan ratios, and 
in immunological b^avior.^^

I t  is unfortunate th a t the poor separation in 
the albimiin and o-globulin regions tends to  ob­
scure the rather good separation of the specific pro­
teins examined. Recourse to  the use of oUier elu­
tion schedules or rechromatography on other ad­
sorbents* will be necessary.

Results obtained to  date have shown th a t the 
chromatographic procedure with the ccllulose ex­
changers can become the basis for the separation of 
a variety of protein mixtures. Preliminary studies 
with C ^S 9 Y-globulin“  have indicated that 
immunological proi>erties have been retained and 
fractionated. ' Studies with crystalline bovine se­
rum  album in^ have ihown th a t the sedimentation 
constim t and^the'elcctrophoretic mobility a t  pH'.  dUIerentlBdlvjdi

A r {()Q5d6ctit>phmtlOrpeak'(rWben;'ODmblnedj.r^TlieM ^ 8.6 have remained unchanged after the protein has 
obM rvatioaiTfupjx>rt{thevooncept 'or^a/:indre! o r .^.been^chroniatom phed three times on the anion- 
IcM contlnuoui alltributioa-of mobUitlei w i t l ^  the exchange' adsorbenUf^ Effluent fractions subjected 
Y’globulia r t n n  is 'n o t resolved'byf c(mveQ--<«i,to ultracentrifugatipa'before concentration or stor-

i i  tioDAl'electropaoreUc.techniques but>hiri(^bra in->Aage:have’8hQwnfa['CTeat.reduction, if not complete
W ___ I u l. _i_______ •_'  '‘- r—__ • _______^___ n____5__xf̂cJ>'" .^;,cUcatcd by results .obtained by  elcctrophoretic con- • r^ovaI/v<rf|thV^heavy »cbmponent usually present 

vcclioH’ ond ‘ inununological’. m ethods.*“\? re l im i- -  in  th ia c i^ ta l l in e p ro t^ )^ '^  <
'X a /  Cross 7 -gIobuUa'o^

>5:; - 0. lon-excbAUgers have also r e n te d  in the separation 
' of *cveml component*.*

Protein witii. „ . the  mobility and*immunological
W  a. H. J. a  Ptlcwwxl fUMi A. V, Kpy«r,

M . »W J .  a .  C m .  » .  K  Brewa, J. O. Ktrk«oo4
/ .  BW . Cfcm„ U f .  0 « l (I9W )I J . R . ColTia, D. B. Smith

^These preliminary oblervations as well as more 
extensive chemical, immunological and enzymatic 
characterization of the serum fractions are being 
further dev^oped and the isolation of specific com­
ponents on a  preparative scale is contemplated.
B b tk b sd a , M d . ■. '

collmbontlon with Dr. B. L. Becker.




