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S t ' M M + k I / Y  

The use of foamed polyurethane sponge as a supportiag medium in electrophu~esis 
has been investigated. Segments of sponge were cut to fill horizontal and vertical cells 
which are described. The use of the described apparatus is recommended because of 
the ease of recovery of a product free from contaminat ion and because of the latitude 
afforded in investigating migration through heterogeneous pathways.  Thus, these cells 
were used in studies on zone electrophoresis and isoelectric migratfim employing 
serum, albumin and preparations of human prostatic acid phosphatase. The appli- 
cabil ity of the segmental  sponge, systt:m to e£ectrophoretic studies requiring either one 
or s imultaneously s~'.etal gradients snch as density,  pH and/or ionic strength has 
been demonstrated.  

l N T R ( )  D U C T I O N  

Preliminary efforts to isolate human prostatic acid phosphatase by electrophoresis 
wi th  starch gel as the supporting mediu,n gave a product heavily contaminated with 

* P r e s e n z  a d d r e s s :  L677 B e a c o n  S t r e e t ,  B r o o l d i n e  4 6 ,  ~ [ a s s . ,  U . E . A ,  

Relere~ves  # 7 A'. 
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soluble s tarch and  protein. In an a t t e m p t  to  avoid such con tamina t ion  it was decided 
to investigate the possibili ty of subs t i tu t ing  an inert  ttexible plastic foam for the 
s tarch gel. l~esides avoiding the in t roduct ion  of ext raneous  mat te r ,  the spongy mat r ix  
offered the addi t ional  advan tage  of permi t t ing  electrophoresis in a segmental  system.  
Such a sys tem composed of a series of contiguous segments  of sponge could be used 
to s t u d y  migrat ion n6t only  within a medium of uniform composit ion but  also along 
a p a t h w a y  of heterogeneous composit ion.  Wi th  a cell so constructed,  it should be 
possible to s tudy  wi thout  difficulty the influence of variables like pH. ionic s t rength  
and dens i ty  separate ly  or s imultaneously.  The fact tha t  an uncon t amina t ed  product  
might  be easily recovered by sq,)eezitag ou t  the contents  of each segment  separa te ly  
opened these a t t rac t ive  possibilities to investigation.  Accordingly exper iments  have  
been done to ex.plore these possibilities and the results which demons t ra te  the 
potential i t ies of po!ylwethane foam in such invest igat ions are repor ted in detail.  
Pre l iminary  reports of this work have appcaredl ,  2. 

MATERIALS .\N]~ METIIODS 

P o l v ,  relhane fl,a,m 

The plastic foam used in these exper iments  was preferably of the smallest pore 
size s tocked by the Nat ional  Foam ancl Rubber  Co., Boston,  Mass. Rec tangula r  
segments could be cut  by  hand  most  convenient ly  from the d ry  plastic wi th  a Stadie 
blade. Disks of foam were s t amped  out  of sheeting by  the Palm.is Die Cut-Outs  
Company,  Boston,  Mass. 

Horizontal  ce/l 

Several different ilorizoutal cells were employed.  The s t a n d a r d  ceil (Fig. x, A) was 
made from five strips of o.318 cm thick Plexiglass of the foUowing dimensions:  o n e  

B 

Rep:,',',,,-e., p. 78. 
F~g. I .  ] J . r ' z ( m t a l  cells. 
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p iece  3o.4  / 5.08 cm,  t w o  p ieces  3 0 4  - 1.27 cm,  a n d  t w o  p ieces  5.o8 ." 1.27 cut. 
T h e  a b o v e  p ieces  we re  c e m e n t e d  t o g e t h e :  w i t h  P Iex ig l a s s  C e m e n t  ( T r a n s p l a s t i e s  Co. 
of  B o s t o n )  to  f o r m  a t r o u g h  m e a s u r i n g  30.4 c m  tong 4-34 e m  wide .: 1 . 2 7  c m  high.  
T h e  t w o  sma l l  p ieces  on  the  e n d  were  a t t a c h e d  o.2 c m  a b o v e  tile level  of tile ba se  
o f  t h e  t r o u g h  so as to  a c c o m m o d a t e  a loop  of f i l ter  t ) ape r  ( k V h a t m a n  3}- T h e  we t  
p a p e r  s e r v e d  as a b r i dge  to  the  bu f fe r  in a zSo -ml  b e a k e r  c o n t a i n i n g  a silx-t,r ch lo r ide  
e l e c t r o d e  ( P e r k i n - E l m e r ) .  I n  ndd i t i on  to  t he  e l ec t rode  each  buf fe r  Vessel c o n t a i n e d  
~-o m l  of a s o l u t i o n  of  12 ",, .~odiuFn ch lo r ide  in wat,~r wh ich  w a s  lny,~red b e n e a t h  
2oo m l  of bu f fe r  so lu t ion .  S o m e  e x p e r i m e n t s  were  m a d e  l i s i n g  a cell w i th  a t r o u g h  
4 ° c m  long  :,: 4,o5 c m  wide  : 1.27 c m  high  (Fig. I ,  C). "rite l a t t e r  cell was  of one  
p i ece  w i t h ' i t s  e l e c t r o d e  vessels .  "rhe e n d  sec t i ons  of sponge  were, c u t  in the  s h a p e  of 
t h e  l e t t e r  L,  one  e n d  of  w h i c h  d i p p e d  in to  the  buf [er  >,<.qution of t he  e l e c t r o d e  vessels ,  
t h u s  r e p l a c i n g  the  f i l ter  p a p e r  b r idges .  F o r  w o r k  w i th  m i c r o  a m o u n t s  of p ro te in ,  
a h o r i z o n t a l  cell (Fig.  I ,  B) w i th  a t r o u g h  m e a s u r i n g  30. 4 cm o.5 cm I.O c m  
w a s  a lso  c o n s t r u c t e d  °. 

T h e  i n d i v i d u a l  s e g m e n t s  of  s p o n g e  were  filled b y  ho ld ing  t h e m  be low the  s u r f a c e  
of  t h e  l iqu id  a n d  r e p e a t e d l y  squeez ing  t h e m  to r e m o v e  as m u c h  t r a p p e d  a i r  as  poss ibh: .  
W h e n  a n u m b e r  of  s e g m e n t s  were  to be  filled w i th  the  ~ame buffer ,  it w a s  m o r e  
c o n v e n i e n t  t o  p u t  t h e m  i n t o  a b e a k e r  of  buf fe r  so lu t i on  a n d  h e a t  the  m i x t u r e  to  
bo i l ing .  A f t e r  t he  a i r  h a d  been  d r i v e n  o u t  b y  th is  memas,  t he . sec t ions  of  s p o n g e  r e a d i l y  
f i l led w i t h  l iqu id  on  cool ing .  I n  a s s e m b l i n g  the  cell. f irst  t h e  p a p e r  b r idges  w e t t e d  
w i t h  bu f f e r  s o l u t i o n  were  l o o p e d  o v e r  the  e n d  pieces  mid  t h e n  the  c e n t r a l  sec t ion  w a s  
b u i l t  u p  b y  fil l ing t h e  t r o u g h  w i t h  t h e  l o a d e d  s e g m e n t s  of  f lexible  p o l y u r e t h a n e  foam.  
T h e  s e g m e n t  c o n t a i n i n g  the  s o l u t i o n  of p r o t e i n  w a s  g e n e r a l l y  a d d e d  l a s t  a f t e r  t en l -  
p e r a t u r e  e q u i l i b r i u m  h a d  been  r e a c h e d .  

N e x t ,  t he  h o r i z o n t a l  cell  was  p l aced  on  a t e s t  t u b e  r a c k  in the  r e f r i ge r a to r ,  
t h e  b r i dges  of  f i l ter  p a p e r  were  d i p p e d  in to  t he  lmffe r  vessels ,  a n d  the  c e n t r a l  ~ect ion 
h o l d i n g  the  s p o n g e s  was  c o v e r e d  w i t h  a piece  of  glass .  L e a d s  f r o m  an  e x t e r n a l  c o n s t a n t  
v o l t a g e  p o w e r  s u p p l y  ( H e a t h k i t  Co. o r  R e s e a r c h  Spec ia l t i e s  Co.) were  c l i pped  to  the  
s i l ve r  ch lo r ide  e l e c t r o d e s  a n d  the  t e m p e r a t u r e  of  the  r e f r i g e r a t o r  w a s  k e p t  a t  5:. 

T o  emtSty  t h e  h o r i z o n t a l  cell a t  the  e n d  of the  run  tt~e i n d i v i d u a l  sponges  were  
l i f t ed  o u t  w i t h  a s p a t u l a  a n d  sl id in to  a sy r inge .  T h e  c o n t e n t s  of  t h e  s p o n g e  were  t h e n  
s q u e e z e d  o u t  i n to  a n u m b e r e d  g r a d u a t e d  con ica l  c e n t r i f u g e  tube .  T h e  las t  t r a c e  of 
t h e  c o n t e n t s  c o u l d  be  r e m o v e d  b y  r ins ing  the  sec t ion  w i t h  f resh  so lu t ion .  A smal l  
a m o u n t  of  deb r i s  t o r n  f r o m  t h e  slgonge r e a d i l y  s e t t l e d  o n  c e n t r i f u g a t i o n .  

V e r t i c a l  c e l l  

T h e  v e r t i c a l  a p p a r a t u s  (Fig. 2) c o n s i s t e d  f i rs t  of  a 25o m l  E r l e n m e y e r  f lask  wh ich  
s e r v e d  as  o n e  e l e c t r o d e  vessel .  T h e  f lask  was  f i t t ed  w i th  a t w o - h o l e d  r u b b e r  s t o p p e r  
in o n e  ho le  of  w h i c h  w a s  a silve~ ch lo r ide  e l ec t rode  sea led  wi th  P y s c a l  C e m e n t  
{Maca las te r ) .  T h e  s e c o n d  hole  c o n t a i n e d  a g lass  t u b e  t o p p e d  b y  the  inne r  c o n n e c t i o n  
of a s t a n d a r d  t a p e r  g r o u n d  g lass  j o i n t  (size 2t~ 2~)). T h e  inne r  c o n n e c t i o n  h a d  been  
f i t t ed  o r i g i n a l l y  w i t h  a p e r f o r a t e d  p la t e .  T h e  c e n t r a l  p o r t i o n  of th i s  p l a t e  h a d  been  
c u t  o u t  w i t h  a v i b r a t i n g  too l  to  leave  on ly  an  inner  r im  w h i c h  s e r v e d  to  s u p p o r t  t h e  
c o l u m n  of sponges ,  

" The micro cell was used by (). ~. I'E rrv.x~;tt.t. ,~[ , ,ur  lah:,rat~bry in the purification of urinary 
/~-glucuronidase ,:tf m~mst'. 

Re/eve~ces p.  7,~. 
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i~  Assembly of the cell was begun first with the lower electrode vessel. 
~e._~k~c~Thus, buffer solution was put  into the Er lenmeyer  flask so t ha t  wi th  the 

~ ~ s topper  in place liquid was jus t  forced upward  into the  glass tube. Then 
• [~ /"~\ 20 ml of I 2  o~ NaC1 were in t roduced th rough  the  joint  wi th  a long needle 

[ ]  ~ _ ~  reaching to the bo t tom of the flask. I f  the level of liquid now did not  
cover the  sponge support ing rim, after  the contents  had  been cooled to 
3 o addi t ional  buffer solution was added  as required. 

Next ,  a glass column 23 cm long with  a ma tch ing  29/26 s t anda rd  
taper  jo int  was placed securely on the inner piece and  then  filled wi th  
disks of sponge conta ining liquid of the desired composit ion.  The 

Fig.  z. 
V e r t i c a l  cell .  

in order not  to  con tamina te  succeeding sections t h a t  were to be placed 
higher up in the ceil, At the end of the run  the contents  of each disk were collected 
separately.  Most of the  liquid from each section was expressed wi thin  the column i~ 
sit~ so tha t  the segment  of sponge was modera te ly  d ry  before wi thdrawal .  This pro- 
cednre was adopted  to avoid losses tha t  a lways occurred M m n  a l iquid-laden section 
touched the inner  wall o~ the glass column as the sponge was being wi thdrawn.  The 
expressed l iquid remaining in the column was aspirated b y  a syringe f i t ted wi th  a 
long needle and  was added to whatever  residual liquid could be squeezed from the  
wi thd rawn  segment,  A convenient  tool used bo th  in set t ing up and  tak ing  down the 
column was a piece of glass tubing  50 cm long, one end of which was closed off as a 
small  sharp hook for manipu la t ing  the  disks while the  o ther  held a wad of absorbent  
paper ' for  dry ing  the inside wall of the  column. 

After  the  requisite number  of sponges had  been inserted, the  rest of the column 
was filled wi th  buffer solution. At  this point  in the  procedure the appara tus  was placed 
in the refrigerator and  clamped to a ring s t and  for support .  A second Er lenmeyer  flask 
containing buffer and  salt solutions and  a silver chloride electrode was placed 
adjacent  to the top of the column and  supported on a second s tand.  The bridge 
between the liquid at  the  top of the  column and  t h a t  in the  upper  electrode was 
established by  s imul taneously  drawing buffer solution into two arms of a U-tube from 
the  column on one side and  from the flask on the  other.  When  the  intersection of the  
U-tube had  filled with buffcr solution and  the bfidgc was formed, the  th i rd  a rm was 
c lamped  shut  thus  holding the liquid bridge in place. 

column of buffer ex tending  from the interior of the  flask to the top of 
the inner connection served as a bridge between the lower electrode :~ 
vessel and  the sponges. 

Certain precautions had  to  be observed in assembling and  disas- 
sembling the  column of sponges in the vertical cell. Because the  vert ical  
cell is basically only  a column of liquid, it was necessary to add  addi t ional  
l iquid after insert ing each disk of sponge in order to  raise tim level of 
l iquid in the column to the upper  edge of the disk. The addi t iona l  l iquid 
was needed to compensate  for the space not filled b y  the  sponge a n d  its 
contents  as well as for wha tever  liquid was lost f rom the  sponge as i t  
brushed against  the inner wall of the  glass column during insertion. In  
this connection,  i t  was also necessary to wipe off the  inner wall occasionally 

E xperi#zental ~mterial 

Studies were carried out  wi th  pooled h u m a n  serum, bovine crystal l ine a lbumin  

References p. 78. 
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{Armour) and  preparat ions  of h u m a n  prostatic phosphatase  at  various levels of puri ty.  
The bet ter  preparat ions  containing phosphatase  "were 5o to IOO times more act ive 
per mg than  the initial ex t rac t  of prostate  gland from which they  had  beetl i.solated a. 
Solutions of proteins were dialyzed against the appropria te  buffer solution for at  least 
18 h before electrophoresis.  

The buffer solutions listed below were used in the exper iments  wi th  serum. The 
composi t ion of the  buffer solutions used in other  experiments  is given most  con- 
venient ly  in the description of the relevant  experiment .  

Veronal-sodium citrate, o.x ionic strength, pH  8. 7 

One liter of buffer solution contained 12.37 g of sodium barbital ,  1.47 g of sodium 
c i t ra te .  2 H20  and o.521 g of citric acid.  I H , O  and water.  This buffer was employed 
for the  s t anda rd  bounda ry  eleetrophoresis (Figs. 9 and  io). 

Tris-~itrate, o d  ionic strangth, pH  8.8 

One 1 conta ined  3o .33g  t r i s - ( twdroxymethyl ) -aminomethane ,  3-5g citric 
acid.  I H . O  and  w a t e r ' .  This buffer d i lu ted 3 par ts  to 7 of water  was employed in the 
sponge electrophoresis of serum (Fig. 3). Protein  was determ'~ne8 turbidimetr ica l ly  by 
the m e t h o d  of KtJNla'Z a and  acid phosphatase  by the phenol l iberated from phenyl  
phosphate  under  condit ions described elsewhere a. 

Horizontal zone deetrophoresis o /sermn 

The dis t r ibut ion of protein from pooled h u m a n  serum at  the end of ~ run last ing 
~I.5 h is shown in Fig. 3- The ~oltage was graduaUy lowered during the  first IO h of the 
run in order  to  main ta in  a current  of 7 mA. For  this reason, the  s t rength  of the  field 
is expressed in terms of the V*h uni t  which amoun ted  to about  5800 in this case. The 
current  rose to 5o mA by the end of the run, probably  because of diffusion of salt into 
the  cell proper  from the  electrode vessels. 

The protein i-xttern was reminiscent of the one generally seen with normal  
h u m a n  serum in bonnda ry  electrophoresis. Al though no proteins migra ted  into  tim 
electrode vessels some moved  onto the anodic filter paper bridge and  accounted for 
the peak in advance  of the  ma jo r  one. 

Other  experiments  on the migrat ion of serum in the horizontal  cM1 indicated tha t  
the d is t r ibut ion of protein was de termined by ~ combinat ion of influences. For  
instance,  under  the same condit ions as those obta ining in the exper iment  of Fig. 3 more 
protein could be retained near  the cathodic side s imply by dis turbing the  salt layer  in 
the  cathodic  vessel and  thus  hastening diffusion of sal t  into the ceil. The result ing 
increase in conduc t iv i ty  tended to re tard migrat ion of the protein in tha t  vicinity.  
Similar effects could be induced a t  tim other  end of the cell by  st irr ing up the  salt  
solut ion in the  anodic vesse l  

In  addi t ion  peaking of protein has been obscr~-ed under  other  circumstances.  
When  two contigtlous segments  of sponge were of different porosities and  nei ther  was 

• complete ly  rifled, liquid was d rawn by  capi l lary ~ction into the segment  wi th  the 
greater  poros i ty  (smaUer pores). Al though two such contiguous segments  m a y  have  
conta ined  solutions a t  the  same concent ra t ion  of protein, more protein  was found in the  

" Abbreviations tl~ed ill this p~tper are Tris for tris(hydroxymethyl)-aminometharle and "SA 
for specific activity {units of i:cid phosphatase activity/rag of protein}. 

:: ]~e/ere~zces p. 78. 
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Fig.  3- l l o r i z o n t a i  zone  electroph~Jresis  ~Jf 
poo led  ht ,n ,  an  s e r u m .  400 m g  of p r o t e i n  in 5 m l  
of  s e r u m  d ia lyzed  a g a i n s t  o .o  3 ionic  s t r e n g t h  
Tr is - -c i t ra te ,  p H  8.8. were  p l aced  in a s ec t ion  
of s p o n g e  5 c m  f r o m  t h e  c a t h o d i c  e d g e  of t i le 
cell. T h e  rent  of  t h e  s p o n g e s  c o n t a i n e d  o,o 3 
ionic  s t r e n g t h  T r i s - c i t r a t e  bu t l e r .  T o t a l  fields. 
5 8 o o V - h .  E a c h  f r ac t ion  r e p r e s e n t s  a s e g m e n t  
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Fig.  4. D i s t r i b u t i o n  of s e r u m  p r o t e i n  a f t e r  
e l e c t r o p h o r e s i s  on nxoist  s p o n g e .  4 m l  of 
s e r u n t  w e re  p l aced  in a s e g m e n t  a t  5 .9 -6 .5  c m 
f r o m  t h e  a n o d i e  e n d  of t h e  h o r i z o n t a l  celt. 
The rest of i:h0 Spolzges were llloistt~lled with 
o.o83-1, Tris-citrate, pl-I 8.8. 500 V were 

applied for 45 h at -" mA. 

segment with the smaller pores because it held tile greater volume of liquid. This 
phenomenon would sometimes account for the peaks and depressions observed in a 
plot of total  protein per sponge against mg of protein/era and could be avoided by  
using sponge of uniform capillarity throughout  the length of the cell. However, it is 
concei'¢abte tha t  tile principle of this phenomenon may  be used to introduce liquid 
constrictions into the cell without  having to change the shape of the horizontal 
apparatus.  

PLn addit ional  feature tha t  had to be taken into account especially in the electro- 
phor~ sis of undiluted serum was the movement  of material s imply because of differences 
in densi ty of solutions in contiguous segments. By  using sucrose to equalize the  
densizy of the buffer solution with tha t  of serum it was possible to decrease the 
spreading of dense solutions of protein often observed in aged sponge. In this con- 
nection, bet ter  control of spreading appeared po.~ible in a vertical column stabilized 
by a density gradient,  vCde iq~[ra. 

Diffusion from the s tar t ing segment of dense solutions of protein began imme- 
diately in otc[ sponge. Such movement  without  the application of an electric field 
seemed to be inhibited in new or unused polyurethane foam probably because of the 
hydrophobic finish on the surface of the material.  Microscopic observations have 
shown tha t  after repeated use, the plastic material contained fewer cell facings and 
fewer residual, unfoamed particles of polyurethane than  fresh foam. Also with 
reference to diffusion it was observed in electrophoresis of serum on new sponge tha t  
had  been moistened but  not filled with buffer tha t  even alter 45 h at  z mA the spread 
of serum was minimal and protein remained in two sharp peaks close to the origin 
(Fig. 4). ] 'his shows tha t  the protein would not move as a result of diffusion in unfilled 
sponges. 

J~e[e~¢nces p, 7 8. 
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:) 

Zone ele~lrophoresis o / sa id  phosphatase a¢ross c¢ p H  gradient 

Migration hor izonta l ly  along a p a t h w a y  in ~h ich  the concentrat ion of hydrogen 
ion of the l iquid varied from section to section was carried out using a preparat ion 
containing acid phosphatase  (Fig. 5). The sections were filled with acetate buffers 
ranging from pH 4.o to pH 6.o but  all o.o3 M in sodium acetate.  Besides the pH 
gradient  there was therefore,  a second gradient  of acetate  concentrat ion at  the s tar t  
of the  run.  The enzyme a t  the  beginning was placed a t  pH 4-4 close to the region of 
m a x i m u m  concentra t ion of ace ta te  which wa,~ at  pH 4-0. The current  was allowed 
to flow in the direction of increasing pH and decreasing concentra t ion of acetate.  Most 
of the  protein migra ted  along with  the ac t iv i ty  away  from the s tar t ing point at  pH 4-4 
but  mater ia l  found a t  high ac6tate  concent ra t ion  and  at  pH 4.r5 was ohserved to have 
more t han  twice the initial specific ac t iv i ty  (units /ms).  It was also noted  tha t  the pH 
decreased across the  gradient  dur ing the course of the run. Although the pH did not  
fMl below 4.0 a t  any  point,  the range of the gradient  narrowed during the run and  at  
the  end of exper iment  ex tended  only  from pI l  4.o to pH 5.z within a region of the cell 
now occupied by  protein.  About  85% of the original ac t iv i ty  was recovered. 

As a consequence of finding t h a t  the protein richest in enzyme was located in 
the vic ini ty  of high acetate  concent ra t ion  at  pH 4.15, the electrophoretic separation 
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F i g .  5- Z o n e  e l e e t r o p h o r e s i s  o f  a p r e p a -  
r a t i o n  c o n t a i n i n g  p r o s t a t i c  a c i d  p h o s -  
p h a t a s e  a c r o s s  a p H  g r a d i e n t  m a d e  
w i t h  a c e t a t e  b u f f e r  s o l u t i o n s .  3-7  m l  
w i t h  z 2 o  m g  o f  p r o t e i n  a t  3 1 o  u n i t s / r a g  
a t  p H  4 .4  w e r e  p l a c e d  a t  9 . 5 - I o  e m  
f r o m  t h e  c a t h o d i c  e n d .  16o  V w e r e  a p -  
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F i g .  6.  A p r e p a r a t i o n  o f  h u m a n  p r o s t a t i c  a c i d  p h o s -  
p h a t a s e  w i t h  13. 3 m g  e l  p r o t e i n  a t  t .5oo u n i t s / m s  o f  
p r o t e i n  w a s  p l a c e d  in  a o .  5 c u t  w i d e  s e c t i o n  o f  s p o n g e  1 r 
c m  fr,  m t  t h e  ~tnt~lc. S p o n g e s  f r o m  o t o  t o  c m  a n d  f r o m  
3 t t o  49  c r n  c o n t a i n e d  0 . 0 2  a I  a c e t a t e  b u t t e r  s o l u t i o n  
a t  p H  4 - [ 5 -  Al l  o t h e r  s p o n g e s  c n n t u i n e d  o ,2  3 t  a c e t a t e  
b u l t e r  a t  p H  4 . ~ 5 . 3 o o  V a t  a n  i n i t i a l  c u c r e n t  o f  2 .2  m A  
~xere a p p l i e d  fo r  m 7 h .  F i n a l  cxx r r en t  w a s  4 , o  r e X .  T h e  

s h a d e d  a r e a  i n d i c a t e s  t h e  s p e c i f t c  a c t i v i t y  ( S A ) .  
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of enzyme in such a buffer solution was next  a t t empted .  A preparat ion wi th  z5zo 
units /rag of protein served a.s s ta r t ing  mater ia l  for this experiment .  The sponges were 
filled with an acetic ac id-sodium aceta te  buffer which was prepared by  bringing a 
mixture  of zo ml of 3 :]Z sodium aceta te  and  I4o ml of 3 f  acetic acid to I ] wi th  water .  
Al though here, also, much of the ac t iv i ty  moved ahead  with  the non-enzymic 
protein, a fraction was recovered containing protein with a specific ac t iv i ty  of 5oo% 
a level of pu r i ty  h i ther to  unequaled (Fig. 6). 83% of the ac t iv i ty  was recovered. 

Isodectric voncentratio.~ o /prote in  i~ the horizontal celt, (Fig. 7) 

The principle under ly ing separa t ion in a combined pH and potent ia l  gradient  is 
t h a t  when the current  flows in the direction of increasing pH,  proteins within the field 
migrate  to and  remain at  the pH corresponding to their  respective isoelectric points.  
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F ig ,  7- I s o e l e c t r i c  c o n c e n t r a t i o n  of  a l b u m i n .  I{~v ine  c r y s t a l l i n e  a l b u m i n  a t  fi.~ m g , ; c m  ( s h a d e d  a r e a )  
w a s  p l a c e d  a t  t h e  s t a r t  o v e r  a p H  r a n g e  of  4 - S .  T h e  s o l i d  l ine  s h o w s  t h e  d i s t r i b u t i o n  o f  a l b u m i n  

a f t e r  2 h a t  250 V, 2o 2 5 nx.k. T h e  b r o k e n  l ine  s h o w s  t h e  p ] l  a t  t h e  e n d  tff t h e  r u n .  

This technique has been applied by  TISELIUS z and  by  KOLIN e for the  separa t ion of 
mixtures  iu free solution and by  HOCH AND BARR 7 and  by  M C D O S , X L D  AN D *~VILLIAMSON s 

in filter paper.  
In  order to test  this  principle in the horizontal  sponge al)paraLus exper iments  

were done with  albumin.  Thus  in a typical  exper iment  approx imate ly  IOO mg of 
crystall ine bovine plasma albumin (Armour) in 25 ml were dialyzed overnight  a t  5 ° 
against  distilled water.  Fif teen 2-ml port ions containing 7.I z m g  of a lbumin were each 
mixed with :t ml of a combina t ion  of two buffer solutions of KOLZN (B and  C) so as to  
obta in  solutions of 3 ml of a lbumin over a range of pH from 4 to 8. Solution B 
conta ined 3oo ml o.I  N HC1, 60 mi HzO and xoo ml of Solution A per liter. Solution A 
consisted of z9.43 g sodium ace ta t e ,3  HzO and 29.43 g sodium barbi ta l  in wate r  in a 
final volume of I 1. Solution C was prepared by mixing 8o0 ml of Solution A with  
2oo ml of Solution ]3. 

JC¢leven~es p. 78. 
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The anode electrode vessel con ta ined  2oo ml of /3 and  2o ml of a solution of 
1 2 0  NaC1 in water ;  the cathode,  2oo mt of A and  2o ml of I2% NaCi solution.  
Sponge segments  of the  first 14 cm of the ceil on the  anodic side conta ined Solution B. 
Segments  of 0. 5 em from z 4 em to  ~x cm were each filled wi th  the a lbumin-containing 
solutions arranged in order of increasing pH. The remainder  of the cell on the cathodic 
side was filled wi th  seg::~:;nts containing Solution C. In such a system,  the a lbumin 
moved  from both sides of the pH range to peak at  a position I7.8 cm from the anode. 
The pH of the solution at  tim position oi the peak of protein was 4-4 (Fig. 7)- 

A similar exper iment  was carried out  with the center section containing buffered 
solutions of a preparat ion of h u m a n  prostat ic  acid phosphatase  assaying I73o units /rag 
of protein (Fig. 8). Under the  condit ions of this experiment  employing the same 
buffers as in the previous exper iment  the protein and  the ac t iv i ty  were d is t r ibu tcd  in 
two major  peaks. Protein of the highest specific ac t iv i ty  Stwice t h a t  of the s ta r t ing  
material)  was not  associated with these two peaks. 
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F i g .  8. l s o e l e c t r i c  f r ~ c t i o n a t i o n  ,~f l a u n t a | t  p r o s t a t i c  p r o t e i n s  in  v e r o n a l - a c e t a t e - H ¢ . ' ]  b u f f e r s .  
P r o t e i n  w a s  p l a c e d  i n  t h e  s e g m e n t s  f r o m  t z  to z8 c a .  2oo  V w e r e  a p p l i e d  fo r  5 Ix. I n  t h e  u p p e r  
g r a p h s  t h e  s o l i d  l i n e  s h o w s  t h e  d i s t r i b t , t i o n  o f  un ; - t s :  t h e  d o t t e d  l i ne ,  t h e  s p e c i f i c  , xc t i x ' i t y .  I n  
t h e  l o w e r  g r a p h s ,  t h e  s o l i d  l i n e  s h o w s  t h e  d i s t r i b u t i o n  o f  p r l~ te in ;  t h e  d o t t e d  l i ne ,  t h e  f ina l  p H .  

S o m e  p r o t e i n  w a s  t e s t  i n  a n  i n s o l u l f l e  p r e c i p i t a t e  t h a t  c o n c e n t r a t e d  a t  t 6 c a .  

:i)? 

Vertical zone electrophorcsis o/ser.ttm 

•Vith the vert ical  appara tus  (Fig. z) par t icular  a t t en t ion  had  to be paid to 
differences in dens i ty  t h a t  exist  at  the s ta r t  or tha t  might  develop owing to the 
concent ra t ing  of a component  during the course o~ "he run. Therefore, care had  to be 
t aken  to set up the  column in such a manner  not only  that. solutions of lesser dens i ty  
were placed above denser ones, bu t  tha t  the gradient  was ma in ta ined  th roughout  the 
run.  Because the design of the  appara tus  pe rmi t t ed  placement of the  test  mater ia l  
anywhere  in the column, the protein m a y  be st) placed as to migrate  upwards  th rough  
a negat ive  or downwards  th rough  a positive dens i ty  gradient .  The subject  of dens i ty  
gradient  electrophoresis in free solution has been explored in detai l  elsewhere a-xx. 

Fig. 9 shows the  d is t r ibut ion of protein from pooled h u m a n  serum which was 
placed near  the  bo t t om of the column and  allowed to migrate  upwards  in the  direct ion 
of decreasing densi ty .  In  addi t ion  to the  dens i ty  gradient  the ionic s t r eng th  increased 

Re/erenves p. 7:¢. 
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in the same dh'ection so tha t  the  pro te in  moved  UF th rough  a region of increasing 
conduc t iv i ty .  The effect of employ ing  a gradient  of  ionic s t reng th  which increased in 
the direct ion of migra t ion  was to  r e t a rd  the  advance  of the  fastest  components .  At 
the end of the exper iment ,  b o u n d a r y  pa t t e rns  were ob ta ined  on the  mate r ia l  isolated 
f rom the s ta r t ing  point  and from the  forward  edge of the  migrat ion.  The difference in 
the patterHs indicated  tha t  t rue  e lec t rophore t ic  separa t ion  had  occurred,  
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lsoeleetr.i¢ coucanlration and/ract.io~alion o / s e r u m  proteins i~ the vert.iaal cell 

In the exper iment  shown in Fig. IO. a steeper dens i ty  gradient  -,','as used in order 
to accommodate  the  high protein concentra t ion expected at  the point where the 
serum al lmmin might  accumulate .  The pH range of the buffers and  their  composit ion 
in this  exper iment  were the same as had  been used in previous horizontal  isoelectric 
concent ra t ion  experiments ,  rid,: stt.~ra, except t ha t  the buffer solutions here conta ined 
vary ing  amounts  of sucrose. Protein precipi ta ted in the region where it was expected 
to and  ac tua l ly  did concentra te .  This precipitate dissolved easily upon addi t ion of a 
few ml of 0.9% NaC1. Bounda ry  elcctropho~esis pa t terns  even of the adjacent  fractions, 
~-5 and  24, showed differences. No sponge conta ined  protein corresponding to the 
serum g a m m a  globulin fraction.  I t  was suspected tha t  the g a m m a  globulin must  have  
moved  out  of the cell into the cathodic  electrodes ve.~sel, which, in fact, was found to 
contain a subs tan t ia l  amoun t  of protein. 

1.tlSC U S S I O S  

These invest igat ions were under taken  in an effort to avoid contaminat ion  t h a t  
resul ted from the use of s ta rch  gel as a suppocting m~dium in the purification of 
enzymes by  zone electrophoresis. Ex t rac t s  of the gel alone gave a positive reaction 
in the  LowI1Y I-° de te rmina t ion  of protein as well as a positive iodine test  for starch. 
The subs t i tu t ion  of a suppor t ing medium made  of po lyure thane  foam el iminated the 
problem of con tamina t ion  of the  product  wi th  s tarch and  foreign protein and  at  the 
same t ime in t roduced  certain o ther  advan tages  inherent  it1 the properties of the plastic 
mater ia l  especially when ar ranged in segments.  

One ma jo r  advan tage  s temming  from the  use of pre-cut segment~ of flexible 
foam is the  ease of recovery of each fraction at  the end of the run. In  addi t ion once 
a set of sponges had  been cut  to  fit a cell, the set could be used repeatedly.  The most  
a t t rac t ive  feature of working with this material ,  however, was the la t i tude it afforded 
in designing ceils t h a t  varied in composi t ion from section to section. Accordingly, it 
was possible to  car ry  out  eleetrophoretic exper iments  not only  in the convent ional  
manner  in a medium of cons tan t  buffer composit ion th roughou t  the cell but  also in 
cells in which, for instance,  the pH, ionic s t rength  and  dens i ty  were varied at  will 
along the  pa th  oi expected migrat ion.  I t  thus  became possible to apply the segmental  
cell to the  s t u d y  of the  electrophoretie behavior  of mixtures  of proteins Mien subjected 
to the  influence of one or more gradients  of these three types.  

The sponge sys tem was especially useful for performing exper iments  based on the 
technique of isoelectric f ract ionat ion which requires a pH gradient .  The ra ther  
considerable concent ra t ion  of protein which occurs as a consequence of the isoelectric 
technique is an a t t rac t ive  feature where the objective is s imply one of concent ra t ing  
di lute protein solution.  

F rom these exper iments  it  is recommended tha t  when dense solutions are 
invest igated electrophoret ical ly in the sponge system, the zones should be stabilized 
by  employing a dens i ty  gradient ,  This was done convenient ly  in the vertical ceil. This 
objective is met  also by  the appara tus  of SvENSON n. I t  should be pointed out  t h a t  
the  problem of droplets  tha t  form during zone electrophoresis in a sucrose dens i ty  
gradient  (Bm,KKE ~°) was not encountered in the sponge system. 

i~ii: The meri ts  of foamed polymers o ther  tharL the polyurethanes  available to us 

::::: Relerences P. 7& 
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have not  been explored here. Besides the wide var ie ty  of po lyure thane  foams, there 
are other  materials  such as polyether  and  rubber  which might  offer unique advantages  
in electrophoretic studies especially in view of the possibil i ty of synthesizing them to 
conform to the special requirements  of electrophoresis investigations.  MtTCHgLL AXD 
HERZENBERG ~a have  reported on the use of foam rubber  in zone electrophoresis and  
very recently Wn.I.S ~ has reported on the purification of hog pancreat ic  lipase using 
zone electrophoresis on a flexible plastic foam, 

I t  should be no ted  tha t  eleetrophoresis th rough a suppor t ing medium of plastic 
foam involving migrat ion through the holes of a lat t ice is quite different from electro- 
phoresis th rough a medium of packed particles (e.g., s tarch granules). The sorption 
effects so pronounced in the la t te r  process which m a y  or m a y  not  assist the resolution 
of the  components  in the  mix ture  should be minimal  in an essent ial ly open system.  
I t  is conceivable, however, tha t  wi th  a sponge mat r ix  of the appropr ia te  chemical  
composition beneficial sorption effects m a y  be reintroduced into the  sys tem wi thou t  
sacrificing other  desirable ones s temming from the peculiar features of the sponge 
materiaI  in electrophoresis. 

Final ly  it would appear  tha t  the segmental  sponge sys tem would offer some 
addi t ional  advan tage  should the invest igat ion require the use of mult iple  gradients  or 
especially one or more regions of ma rked  d i scont inu i ty  of composi t ion wi thin  a dens i ty  
gradient .  In  this regard it is not unlikely t h a t  one might  incorporate  adsorbents  or ion 
exchange mater ia ls  within one el  the segments  of sponge of the column if such an 
inclusion promised to promote  the isolation of a desired product .  
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