
[n the last few years several methods have been d, 
• ation of substances by  zone electrophoresis (c[. TISELI 
:ophoresis in its usual form is not suitable since only 
'ated. Electrophoresis in piles of paper (KuNKEL A 

~d with silica gel (CONSDEN et al.8), paper  powder or s" 
gives good results. However, the reproducibility is r 

'ations are not always clear-cut. BUTLER AND ST 
JOS e used columns packed with asbestos fibres and 
Lgement of the last mentioned authors has formed th, 
dque described in the present B, 
t ly published the details of an apparatus in which as 
ins were separated with paper  powder as supporting 
Irreversible adsorption of high molecular weight sub, 
ulties in this type of work and makes the proper ch, 
t ter  of utmost  importance. In order to minimize a~ 
:les must  be relatively large (o.I m m  diameter), which 
ult the control of the displacement of the liquid ii 
ioned above, only starch was satisfactory for use with 
~neral the adsorption on starch was found to be sm~ 
;ed proteins gave the unsymmetrical  peaks and trail 
non. In addition, a good quality starch is easily obta 

medium. 
substances is a common cause 

choice of a supporting medim 
adsorption on glass beads tt  

is undesirable, since it mak, 
in the column. Of the med 

the mixtures analysed by u 
small, although some positive] 

trails, characteristic of this ph. 
obtained, easily packed and giv~ 

)wever, starch is not always the ideal supporting medim 
orption and strong electro-osmosis may arise in certai 
~r media. 

EXPERIMENTAL TECHNIQUE 

'.riment of the type to be described here is made in thre 
ttion of the zone, the electrophoresis and the elution. A 
mt  if good results are to be obtained, and, therefore, tl~ 
:ted so that  they all can be performed as conveniently an 

pparatus, the column, consists of a glass tube 50 × 3 c~ 
;s filter, c, at the bot tom supports the starch. The porosit 
s filter must be chosen so that  the electrical resistance wi 

difficul 
a mat te r  
particles must  
difficult 
mentioned 
In general 
charged 
nomenon 
low electro-osmotic flow. However  
and difficulties such as adsor 
systems or with certain buffer 

The apparatus. An experiment 
main operations: the application 
three operations are important  
apparatus  should be constructq 
reliably as possible. 

The main part  of the ap 
(Fig. I). A coarse porous glass 
and the thickness of the glass 
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/ ]  convent iona l  s i lver-s i l  
t ype  used in the  Tiseli 
used in all exper iments  

L Schematic drawing of the 
n and the U-tube arrangement, coulomb. Since electro 
ss tube 5 ° x 3 cm filled with in the  e lect rode reacti(  
; b, glass filter; c, glass tube; 

d, rubber tubing, levels in the  e lectrode 
a na r row rubber  tubi 

:l to  move t h r o u g h  the  column by  inequal i t ies  in h y d  
en a t  one poin t  to allow for changes in the  to ta l  vol 
e ra tu re  changes.  
~'acking o / t h e  column. Ord ina ry  commercia l  po t a to  st 
[ng wi th  buffer solut ion and  decan t ing  four t imes  wfi 
r to  use t ha t  f ract ion of the  s ta rch  which passes a 300 
s in qua l i ty  from ba t ch  to batch,  it  is recommende(  
ut ing a su i t ab ly  coloured zone as descr ibed  below. 
When packing  the  column, cer ta in  precaut ions  mus t  l 
lass tube  be kep t  ver t ical .  Air  bubbles  in the  glass fi 
,ge of current ,  are avo ided  by  d ipp ing  the e m p t y  tu  
ion and le t t ing  the  buffer pene t r a t e  the  filter. F i l te  
lass fi l ter and  a suspension of s ta rch  in buffer solutio: 

s ta rcn  was usea  af ter  r epea te  
wi th  the  buffer. I t  is somewh~ 
ao-mesh sieve. Since the  starc 

r e c o m m e n d e d  to test  the  packed  colum 

be taken.  I t  is necessary  th~ 
filter, which m a y  p reven t  an 

tube  into a beake r  wi th  buff~ 
F i l t e r  papers  are then  placed c 

solut ion (I : 4 wet  volume) is poure 
to set t le .  An ind ica t ion  of good packing  is t ha t  a boundaI  
• W h e n  most  of the  s ta rch  has sed imented ,  the  near ly  cle; 
ano the r  por t ion  is poured  in. This procedure  is continue 

as reached a level abou t  5 cm below the side tube.  If  tt  
: omple te ly  before a new por t ion  is a d d e d  discontinui t i ,  
ones passing through.  Af te r  washing with  abou t  half a lib 
Ln is r e a d y  for use. 
l zone. In  o rder  to make  the  ini t ia l  zone na r row and  wel 
t ha t  the  upper  s tarch-buffer  interface is horizontal .  Th 
lp  about  one cm of the  s ta rch  column in a few ml of supe 
nt. Ju s t  when the buffer surface coincides wi th  tha t  of tt  
column is s topped  and  the mix tu re  to be ana lysed  add ,  ~ 
d i s tu rb  the  s ta rch  surface, this  should be done by  caref  

s m a n u f a c t u r e d  b y  A B  L K B - p r o d u k t e r ,  S t o c k h o h n  .2 .  

b e t t e r  
var ies  
b y  e lu t ing  

W h e n  
the  g 
passag 
solut ion 
the g 
in and  the  par t ic les  a l lowed to 
can be seen moving  upwards•  
supe rna t an t  is r emoved  and  
unt i l  the  s ta rch  b o u n d a r y  has 
s ta rch  is a l lowed to se t t le  com 
appear ,  which m a y  d is turb  zones 
of buffer solution,  the  column 

App l i ca t ion  o~ the in i t ia l  
defined i t  is of impor tance  
can be achieved b y  s t i r r ing  up  
n a t a n t  and  le t t ing  i t  sediment .  
s t a rch  the  flow th rough  the 
on top  of it. In  order  not  to 

* An apparatus of this type is 
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V glass filter (@2) from a glass filter 
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vessels. The o ther  e lectrode ve 
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the electrophoresis  is finished, 
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ratus immersed in a thermostat and voltage app: 
5er limiting variations in the voltage to about one i 
hal buffer of pH 8.6, /~ 0.05, 700 volts were applied g 
fred for the electrophoretic part of the experiment is I 
Elut ion .  At the end of the electrophoresis, the starcf 
olution displaced with fresh buffer. The eluate is col 
h in most cases was a time-regulated one. Too rapid 
• With the column used by us, a flow rate of about 
s• Generally 50 fractions of 2 ml were taken. The 
mined according to the modified Folin reaction as & 
:tempt was made to obtain strictly quantitative res~ 
egeneration takes place in the same operation as the 
~d can be used many times, e.g. ten experiments have t 
mt any detectable changes in its properties (provide 

[t was, of course, desirable to investigate some of th 
~d in the electrophoresis in starch columns. This is n 
ment of a zone during different conditions is follow~ 
containing phycoerythrin was introduced for such pm 
in is not adsorbed by the starch under the conditioi 

nave oeen perIormea m one comrn 
(provided growth of microorganisn 

PROPERTIES OF THE COLUMN 

the more important factors iJ 
most conveniently done if tt 

followed directly on the column. 
purposes. This strongly colourc 

conditions used in the present stud: 
hycoerythrin is rather strongly adsorbed in filter paper. 
To determine the evenness of packing, the cross-section 
e, a narrow zone of phycoerythrin dissolved in buffer w~ 
n. In an ideal column the eluted zone should have the sarr 
In the best columns with 2-ml starting zone, more tha 
d emerged in 6 ml. 
ration of the zone against the effluent volume, a straigt 
~tained. The slope of this line gives the cross-sectional arc 
City calculations. I t  was found to be approximately 1. 9 cn 

ratio (starch volume/mobile liquid volume) can now t 
) be 2/1. KUNKEL AND SEATER 4, weighing the starch dI 
ading ratio to be I /I .  The discrepancy is probably due t 
part of the water is firmly bound to the starch and tht 
liquid determinations made by us. 

is avoided). 

It  
volve, 
movement 
zone 
protem 
It  may be mentioned that phycoery 

Cross-sect ional  area etc. To 
area and the hold-up volume, 
displaced through the column. 
volume as the one applied. 
90% of the coloured material 

When plotting the migration 
line relationship should be obtain, 
which may be used for mobilit~ 
in all our experiments. The 
calculated and was found to 
and wet, found the corresponding 
the fact that a considerable 
not detectable by the mobile 
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or, better, a syringe• When all t' 
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~nd the electrode vessels are now c 
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~ver, these large var ia t ions  d id  not  subs t an t i a l l y  influe 
ven when ve ry  h ighly  concen t r a t ed  samples  were ana 
7.1ectro-osmosis. The e lect ro-osmotic  flow is most  col 
ance of zero mobi l i ty ,  for ins tance dex t r an  or glucose. 
ys tem can be d i rec t ly  measured  bu t  the  volume c 
ions mus t  be t aken  into considerat ion.  The electro-osm 
e buffer sys tem used. Whi le  Veronal  buffers gave lm 
{EL AND SLATER 4, phospha te  buffers in the  same p 
o-osmosis mak ing  it difficult to ob ta in  c lear-cut  res 
te buffers were used exclus ively  in this  inves t iga t ion .  
7ooling. At  first, the  expe r imen t s  were made  in a colt 
separa t ions  were ob ta ined  bu t  the  cooling was ine: 

: terably. When  only 0.075 w a t t / e m  length  of the  colt 
z~' = i2/q) the  cur ren t  increased 2o-3o o,o dur ing  an exp 
namersed in a wa te r  t he rmos ta t ,  o.I3 wa t t / cm  gave on] 
mt too grea t  a spreading  of the  zones. Still  h igher  wa 
ones because of t e m p e r a t u r e  g rad ien t s  inside the  c¢ 
of HAGLUND AND TISELIUS 6 allows the use of a high, 
nsable  if columns of a larger  d i a m e t e r  are to be used 
7apacity o~ the column. The zone spreading  l imi ts  the 
te rmined  by  severa l  factors  such as fi l tering proper l  
ons. The ex t en t  to which the loading  of the  column eff{ 

column were a p p u e a  tcammate 
)er iment .  When  the a p p a r a t t  

only  small  change in the  curre i  
wa t tages  were found to d is tn i  
column. A cooling device li!, 

gher  power  and  is p robab ly  il 
used. 

the  resolut ion of a mix tu re  an 
r t ies  of the  med ium and co~ 

effects the  zone spreading  durir  
s tudied as follows. Two exper imen t s  were first performe 
ar t ing  zone was the  same (2 ml). In  the  first one 1.53o, 
in  serum a lbumin  solut ion was used. A to ta l  recovery  
,etween 8o and 9o 3g of which was found in a volume thr~ 
e solut ion added.  As the  spreading  of the  zone is rough 
iments,  it  is ev ident  t ha t  the  resolving power  cannot  t 
: reas ing the  amoun t  of substance.  
st to find out  to wha t  an ex ten t  the  column can be loade 
e pe r fo rmed  with  a lO% a lbumin  solution. Even  with  th 
does not  widen apprec iab ly  more than  in the  experimel  

m (see Fig.  2). Thus, the  amoun t  of subs tance  (in a vel 
uence on zone spreading  than  o the r  factors,  which obvious 
t rat ive purposes .  
~m the good recoveries  of serum albumin,  the fact  th  

was imm~ 
and  not  
the  zones 
tha t  of 
d ispensable  

Ca 
is det  
vections.  
an e lectrophoresis  run  was s tud ied  
in which the  wid th  of the  s t a r tm  
the  second one o.15% h u m a n  
the  a lbumin  was obta ined ,  be t  
t imes  as large as t ha t  of the  
the  same in the  two exper iments ,  
increased  apprec iab ly  by  decreasin 

I t  is of pa r t i cu l a r  in te res t  
An expe r imen t  was therefore  
high concent ra t ion  the  zone 
wi th  o.15 % a lbumin  solut ion 
wide range) has a smal ler  influence 
is of g rea t  in te res t  for p r e p a r a t i v e  

Adsorplio,a. As seen from 
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s tarch-buffer  ra t io  is in i t ia l ly  cons  
is also constant .  However ,  bet  

md  glass f i l ter-buffer in terfaces  w 
to conduc t iv i ty  g rad ien t s  in the  c 
onnda ry  e lect rophores is  the  subs ta  

to the  conduc t iv i t y  changes.  I t  c~ 
3' curve will be ob ta ined  when m 
f the  effluent conduc t iv i ty  was t~ 
re was ve ry  l i t t le  corre la t ion betw 
i tv  changes do occur. This  could a] 
?nal buffers have high molar  ex t  

z influence the  s( 
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ml. Protein concentra t ions:  present tec 
.15 % ; b, IO %. In  a the entire fractions, b u t  with paper  
, o . I  ml of each fraction were used for the The mobilit 

and y-globl 
:trophoresis have been calculated. The values obtain 

c u r v e s  o o t a m e t l  o y  OLiler Z 

~horesis methods. In Table I, s( 
plasma experiments with 

technique are compared to res~ 
and boundary electrophor~ 

The mobilities relative to those of albm 
lobulin as determined by bound 

obtained vary very little from sel 

I 

5~on' 

to 20 JO 4.0 50 
Tube number 

ta ined from an exper iment  with normal  h u m a n  p lasma with  phi. 
p H  8.6,/~ = o.I ,  18 hours  wi th  3 ° mA. The dis t r ibut ion of the ph,. 

ectrophotometr ical ly at  535 m/~. The p lasma protein was determi 
by  the modified Folin reaction. 

perimc 
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fract ion abou t  2 
a ,  0 . I  

in b 
Folin reaction. 

electro 

E t" / 

~o 
A / b  

0.50 /~ I 

Fig. 3. Dis t r ibut ion  curves obtained 
e ry thr in  added. Veronal  buffer 
e ry thr in  (X) was measured spectro r 

References p. 182. 

he column by an amount  of liquid 
~ape of the curves obtained, it ap 

does not occurs. Sin 
tained with all ne E 
stances tried. Electr 
however, gave a m 
tailing. The curve t 
that  found by KUNI~ 
can be explained by i 
of the positively cha 

5~at~ 
1 Separations per 

)lasma have be( 
therefore repre 

mixtures for comp~ 
diagram of 

some ph 
starch colum 
)oints refer t 

5 m~. T~ 
)eaks is sm 

most of 
peak completely fr 

The diag 
curves ok 

. . . . . . . .  l -  

tdsorption 
were ob- 

Lrged sub- 
lysozyme, 
zone with 
e shape as 
ATER 4 and 
~dsorption 

~od serum 
dy studied 
ent model 
ies. Fig. 3 
ad plasma 
as obtain- 
aresis. The 
hrin meas- 
ing of the 
it possible 
al in each 
at in the 
very well 

~ther zone 
some 

the 
results 

)horesis. 
)f albumin 
boundary 

serum 

phyco-  
phyco-  

determined 



Experiment 

I (plasma) 
2 (serum) 
3 (serum) 
4 (serum)* 
KUNKEL-TISELIUS (1951)** 
Boundary electrophoresis 

• About 30o mg protein in a starting zone of 6 ml 
• * Average values 

kn an t ib io t ic  mix tu re  conta in ing  bac i t r ac in  has bern 
t for separa t ion  s tudies  because  i t  conta ins  pep t ides  
it (14oo--15oo) and  amino  ac id  composi t ion.  Fig.  4 sh, 
e exper imen t .  The  bulk  of ac t i v i t y  was concentrate ,  
~ncentra t ions  were ra ised  i t  was found t ha t  the  oveI 
rbing only  a t  concent ra t ions  h igher  than  2o%. Zone 
su i tab le  for p re l imina ry  separa t ions  of these polype: 
ioned, however ,  t ha t  the  ma te r i a l  in the  two ma in  pc 
ms b y  o the r  me thods  (J. PORATH, to be publ ished) .  

of abou t  the  same molecuk 
shows the  ma te r i a l  d i s t r ibu t i c  

concen t r a t ed  in the  largest  peak .  Whe 
over lapp ing  of the  zones becar~ 

e lect rophores is  is, the re for  
ypep t ide  mixtures .  I t  should  L 

maks was found to be heterc 

I V - -  UV 252  m/~. 

UV 2 9 a  n~t¢~ 

¢20 
Tube nu,,rTbef 

p o l y p e p t i d e s .  A c e t a t e  b u f f e r  p H  4.5, /~ = o . I 5 ;  44 h o u r s ,  35 m t  
g peptides. The UV absorption was measured at 252 m/~ (O) an 

in one 
the  con( 
d i s turb in  
ve ry  
men t ioned  
geneous 

£ ~ g o . o d e  

20a 

fO0 

4O 20 30 

Fig. 4. Distribution of bacitracin 
One ml buffer containing IOO mg 
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x. ,.l~Vl~ll~, j .  YuIx..~IH 

t ha t  an expe r imen t  wi th  high p~ 
~t 4). The  re la t ive  mobi l i t ies  arc 
sis t han  are those from pape r  e 
on absolute  mobi l i t ies  in this  st1 
or the  cross-section de t e rmined  

TABLE I 

ERUM PROTEIN FRACTIONS. COMPARISON 
UNDARY ELECTROPHORESIS. MOBILITY Vt 
ARY ELECTROPHORESIS) USED FOR ALB 

RESPECTIVELY 

Globulin 
ctl at 

5 .82 4 ' 5 9  
5-87 4.64 
5.65 4.60 
- -  4.52 

5-05 3.74 
5.49 4-5 I 
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t o  s o  oo ro ao 9a taa t/0 
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g r a m  h a v e  b e e n  s epa ra t ed .  I t  m a y ,  h o w e v e r ,  be  p( 

t i t i es  b y  i nc rea s ing  t h e  d i m e n s i o n s  of t h e  a p p a r a t u s .  

l a rge r  co lumns ,  i t  wil l  c e r t a i n l y  be  n e c e s s a r y  to  use 

dso  e l ec t rode  vesse ls  of  l a rge r  capac i ty .  P e r h a p s  con 

l ec t rodes  wil l  p r o v e  to  be  t h e  bes t  so lu t ion  to  t h e  

Lated t h a t  a t e n - g r a m  scale can  be  r e a c h e d  w i t h o u t  in 

ems.  W o r k  is in p rogress  to  e x t e n d  the  a p p l i c a b i l i  
ans. 

¢¢e wish  to  t h a n k  P ro fes so r  ARNE TISELIUS for  h e l p f u  

['his i n v e s t i g a t i o n  has  b e e n  f inanced  b y  g r a n t s  to  tl 

T h e  S w e d i s h  N a t u r a l  Sc ience  R e s e a r c h  Counci l ,  The  

:. A n  a p p a r a t u s  fo r  zone  e l e c t r o p h o r e s i s  in a s t a r c h  c o l u m i  

:. S o m e  p r o p e r t i e s  of  t h e  c o l u m n  a r e  d i scussed .  
~. Separations of artificial and natural mixtures as well as the u 

!. The advantages of the method described as compared to ot 

um l n ~ u m t e  o~ D l o c n e m l s n  
T h e  R o c k e f e l l e r  F o u n d a t i o n  an 

column with subsequent elution into 

as the use of the apparatus on preparati~ 

t t other zone electrophoresis metho( 

rophor~se sur colonne d'amidon suivie d'61ution sur collecteur C 

me sont discut6es. 
lges naturels et artificiels ainsi que l'emploi de l'appareil ~, l'6chel 

ode d6crite par rapport aux autres m~thodes d'61ectrophorSses soi 

ZUSAMMENFASSUNG 
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