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X. T h e  e l e c t r o p h o r e t i c  m o b i l i t y  o f  n a t i v e  and  s i a l idase - t r ea ted  h u m a n - s e r u m  
cho t i ne s t e r a se  was  d e t e r m i n e d  b y  p a p e r  elect+upLc, lesis o v e r  t h e  p H  range  __...8--9.6; 
t he  d e t e r m i n a t i o n  inc luded  co r r~ : t i ons  f~,;+ e.tt~'~r~-osrno~, e v a p o r a t i o n ,  p ap e r -  
s t r u c t u r e  a n d  a d s o r p t i o n  o f  p ro t e in  to  the  paper .  T h e  p e r f o r m a n c e  o f  the  m e t h o d  
wa_,~ con t ro l l ed  w i th  p ro te ins  o f  k n o w n  mobi l i t y ,  o r o s o m u c o i d  and  coeru iop lasmin .  

2. T h e  i soelec t r ic  po in t  o f  n a t i v e  chedinestera-se was  found  to  be  2. 9 3.o and  t h a t  
o f  s i a l i dase - t r ea t ed  cho l ines t e rase  6.7--7.o. Th is  is in a g r e e m e n t  ~with p r ev io u s  f indings 
t h a t  h u m a n - s e r u m  chq~l~nes,eram., con t a in s  a large n u m b e r  o f  sialic ac id  res idues  in 
a t e r m i n a l  pos i t ion .  

3. At  p H  8.6 t h e  e lec t . tophore t ic  m o b i l i t y  o f  n a t i v e  cho l ines t e rase  was - 3 .  t • to  ~ 
cma/V/sec  a n d  t h a t  o f  s i a l i da se - t r ea t ed  cho l ines te rase  - - o . 2 .  xo-* cruZ[V/see. 

4, B e t w e e n  p H  4 a n d  9 6  the  mob i l i t y  o f  siali~'lase-treated cholinestera~-~e wang 
2. 9 • ~o -~ tmi ts  a b o v e  th~ t of  na t ive  chol~.ne,~tera,~e. 

5- At p H  2._ ~ th'~s 0iff~'r.:~a¢,, de.clea.~et~ to a b o u t  z - x o  .s units .  
6. I t  is sugges t ed  t h a t  t he  m 0 b i a i t y - p H  c u r v e  m i g h t  be o f  v a l u e  in the  d i f fe ren t ia -  

t ion  b e t w e e n  c lose ly  re la ted  t., 'pes of  chol inestera~es .  

t x ' rRO,UcTtox  

T h e  dec rease  in e l e c h o p h o t e t i c  m o b i l i t y  o f  human- .~r rum cho l ines te rase  b y  e n z y m i c  
re lease  o f  sialic ac id  i nd i ca t e s  *.hat s e r u m  cho l ines t e rase  is a m u c o p r o t e i n  wi th  
s eve ra l  sialic ac id  res iduos  in ,t t e rmina l  pos i t ion  t,l. This  suggests  t h a t  t h e  e n z y m e  
is a p r o t e i n  w i th  a low isoel~,ctric po in t .  P a p e r  e lec t rophores i s  a t  p H  4.4 d id  in fac t  
show the  ac id  c h a r a c t e r  o f  t he  e n z y m e  in t h a t  it m i g r a t e d  t o w a r d s  t h e  an o d e  f a s t e r  
t h a n  a l b u m i n  a. 

T i le  a im  o f  t he  p resen t  i n v ~ t i g a t i o n  w~_q to  d e t e r m i n e  t h e  isoe~ectric po in t  o f  
h u m a n - s e r u m  eho l ines t e rase  in t he  n a t i v e  and  the  sialic a c i d - f r ~  s ta te .  F o r  th i s  
p u ~  t h e  e l e c t r o p h o r e t m  mob i l i t y  o f  t he  e n z y m e  was  d e t e r m i n e d  on p a p e r  a t  
d i f fe ren t  p H  values .  T h e  e n z y m e  was  local ized on  t h e  p a p e r  b y  i t s  e n z y m i c  ac t iv i ty .  
Cor r ec t i ons  were  m a d e  for e v a p o r a t i o n ,  e lec t ro-osmosis ,  s t r u c t u r e  o f  the  p a p e r  a n d  
a d s o r p t i o n  o f  p r o t e in  b y  c o m p a r i n g  t he  m i g r a t i o n  o f  the  e n z y m e  wi th  t h a t  o f  d e x t r a n  
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as an uncharged r~:fere.nce subs tance  4.n. TtJ cont ro l  the per formance  or the  m e t h ~ l  
with. a,~id .~iat,~pro.teins, the e lec t rophore t ic  m o b i l i t i ~  of  oro .~mucoid  and  coerulo- 
plasmin on p a l e r  were compared  with their  frec e lec t rophore t ic  mobii~ties as re- 
Forted in the  l i terature.  A pre l iminary report  of  this ~tudy has been publ ished ~. 

METHODS 

l'rcparation of human-serum clwlineslerase, orosomucoid a~ut ¢oeruloplasmin 

General procedures : The  prepara t ion  of  the  proteins  used in thi~ s t u d y  included 
fract ional  precipi ta t ion with a m m o n i u m  sulphate ,  c h r o m a t o g r a p h y  on DEAE,- 
cellulose and p r e p a ra t o r y  electr~phoresis.  

C h roma tog ra p hy  on I)EAE-cel lulose (Wha tman  DE  50} was carried out  a t  
rtJum tempera ture .  Elut ion  was per formed ~'ith the  salt and  pH  gradients  des- 
t r i l led below ~ the eluates  were collected in xo -25-ml fractions and  their  c o n d u c t i v i t y  
anti  I,H were de te rmined  (conduc t iv i ty  me te r  CDM 2 and p H - m e t e r  P H M  22, 
Radiometer ,  Copenhagen).  

Before electrophoresis,  the e luates  were desal ted on a column of  Sephadex  
(;-25 (Pharmacia ,  Upsala, (.~;weden)) or by  dialysis. Concent ra t ion  was pe r fo rmed  
by  adsorpt ion to  a shor t  co lumn of  DEAE-cel lu lose  and subsequent  e lut ion with 
x M NaC1, Finally,  the  pr~tei~, was t rans fe r red  to the  appropr ia te  buffer  by  ex- 
change on a column of  Sephadex  G-25. 

Prel ; ; t ratory electrophoresis  was carr ied out  on a ct~lumn (xoo cm × 3.x cm ~ 
(see ref. 7)) packed with e t h a n . l y z e d  cellulose (blunktell ,  Sweden) in o.x M Tris 
Imffer (pH 86)  or in o.x M sodium ace ta te  buffer  (pH 4,65) with 3.5 V/cm for 8o h 
at ao:. After complet ion of tt~e run, the  liquid phase v'as displaced b y  means  of  a 
pnmp (Miniflow, L K B ,  Stockholm) at  a rate of  z5 ml/h .and the  e luate  was col lected 
in fr3ctions of  xo-25 rot. 

The  protein com, e~atlatiutl was ~st imated by  contin~:ous recording ( L K B  Uvi-  
cord~ 3-ram light path)  of  the t ransmission at 254 mkt o~ by  mea-~urement of  the  
ex t inc t ion  coefficient at  z80 m/x (Beckman spectrophot~,, to.ter DBj.  Sialic acid was 
dete.rmined according to X V A R R E N S .  

].c, ea]ization of  choline.~ter:t.';e in the eluates  was carried t~ut with the  ~ - n a p h t h y l  
acetate-Fa.st  Blue B n:et|-~c~tl z-'. The  cholinestera~e ac t iv i ty  in the preparation-,; was  
de te rmined  titrim~.trically at  p}I 7.o and 25 ° with 5 mM of  hu ty ry l cho | i ne  i~Kt.ide as 
subst ra te  in pure water  by  means  of  a recording con-stant-pH t i t ra tor .  

H uma n- s e rum cholinesterase was p repa red  f rom o u t d a t e d  p lasma (provided b y  
the hloott hank, Univers i ty  Ho.,;pital, Copenhagen).  To  x I of plas~aa, x I of ~a tura ted  
a m m o n i u m  sulphate  was added.  After  cent~fugz~t:.en, the supern~ttttnt ,a'a~ b rough t  
to pH  4-5 with x N Ht~_qO * and the prec ip i ta te  was rentoved by  centr i fugat ion.  
The  superna tan t  was brought  to pH  7.3 with z N ,N aOH and .saturated a m m o n i u m  
sulphate  solution was added to a sa tura t ion  of  67~  o. These s teps  were ca,rried ou t  
at 5 °. The  prec ip i ta te  was collected by  cent r i fugat ion ,  dissolved in distilled wa te r  
anti dialyz.~t for x8 h against  running  t ap  water .  A ~light p rec ip i t a t t  was r emoved  
by  cent r i fugat ion  and the  supe r na t an t  was then  chromatographec '  on  D E A E -  
cellulose (Fig. x A). The  f ract ion conta in ing  cholinesterase (fraction I) was d ia lyzed  
against  running  t ap  wate r  for x8 h aatd re -chromatogxaphed  on DE  E-cellulose 
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(Fig.  z B) T h e  fract;.:)n exhibiting cholinesterase activity (fraction I[) was con- 
centrated and prepar~_to~" electrophoresis performed a.t pH 8.6 (Fig. z C). Af t e r  
con~:entratioJ~ of  ¢||oli:te~terase fraction 111, eh'ctrophoresi.s was performed at 
pFI4.65 (Fig. ~ D). The ch~line~terase fi,~ctio,~ IV ,,a.s finally concentrated and 
desalted. The purification factor was 5~oo u~d ti~e rick! 8.~'~,g. An,~ther preparation 
(purification factor z85) was obtain~d b.,, D E A E  ccllttlose chromat()gr~ph,: and 
preparatory electrophoresis at pH 8.6. 
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F i g .  L P r e p a r a t i o n  of  h u m a n - s e r u m  c h o l i n e s t e t a s e +  (A) i ) E , \ E - c e l l u l o . q e  c h r o r a a t o g r a p h y  of  
huraan-.,iertlm cho l i n t mt e r a .~e  purifi~-'d I>y a m m o n i u m  sulp ,~at~:  f r a c t i o n a t i o n .  " rhc  c o l u m n  ( ; o o  c m  × 
5 cram) wzl.g t:lutt.-tl w i t h  s o l u t i o n s  u f  g r a d u a l l y  itR:rc-';Lgit:g m ~ l a r i t y  f r o m  j m M  N ~ H : P O ~  {pH 7.o) 
t o  50  r a ~ l  N a H a P O  4 ~ o. 3 g l  N a C I .  T h e  h e i g h t  (if t h e  b l a c k  t :u lum,~s  i n t l i c a t c s  c h o l i n c s t c r a . ~ -  
a c t i v i t y  a.~ d e t e r m i n e d  h y  t h e  . ,~2mi -qu :mt i t a t i v t "  gptJ t  a- ,~ay.  T h e  u p p e r  c u r v ~  s h a w  t h e  c a n -  
d u c t i v i t y  a n d  t h e  pl-[ oi  t h e  e f f l u e n t .  {B} D E A E - c e l l u l o s e  c h r o m a t o g r a p h y  o f  F r a c t i ( m  I (F ig .  ~ , \) .  
T h e  c o l u m n  {3o e r n  × 5 cmZ} w a s  e lu ted  w i t h  so lu t ions  of  g r a d u a l l y  ,.'ncreasing molar i ty  from 
.5 m M  NaHsI-'¢O, (pH 7+0) to .50 rrL~t Nallal-~Oa I - o . z  M NaCI. (C) Preparatory electvophovesig 
a t  p H  8 . 6  o f  F r a c t i o n  l l .  (D) P r e p a r a t o r y  e l ec trophores i s  a t  p l !  4.6_5 o f  Fract ion  i I [  Fract ion  [%" 

wiLq conccnttrtatt.-(I a n d  ut,c(I in  tht~ t : x l x ' r i m c n L s .  

Sialic acid-free human-serun~ cht)lin~stera~ was prepared from a partially 
purified preparation of  human-serum cholinesterase (purification factor 285). z ml 
of  the preparation was incubated for one week at z5 ~ wath x ml of  buffer (o.z M 
NaCl-o.z  M CHaCOONa-zo mM C~tCI=. adju.~texl t~ pH 5-5 with 6 N HCI) and 5o/zl 
o f  a purified siatidase p-epalation (Neurammidase, Behringw,,rkc, Marbmg (Ger- 
many)). One drop of  toluene was added to prevent bacterial contamination. E~ .ry  
day paper elctrophoresis was performed on a sample o f  the incubation mixture.  
Aider four days the migration distance o f  cholin,'~terase became constant.  Desalting 
and separation from sialidase was carried out on a column of  Sephadex G-75. By the 
same procedure a preparatkm was obtained from unpurified human-serum choli- 
nesterase. 
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Human r)rosomuc~id was prepared from x 1 of ou tda ted  plasma x0. The pre- 
par-ation thus obta ined was electrophoretically inhomogeneou.~ at  pH 8.6 (Fig. 2 B). 
Thcreft  re. it was chromatographed on DEAP-ce l lu lo~  (Fig. z A) and resolved into 
thrt~e fractions. Fract ions ! and II  were discarded ; frac~iex I 1I was electrophoretically 
hom~geneous at pH 8.6 (Fig. 2 C) and slat)wed the same mobi l i ty  as human  a t- 
globulin (Fig. z I)). Fract ion I I I  was concentra ted  and de~c.altett on Sephadex (; 25; 
!t  cut, rained about  to°..~ of sialic acid, in agreement  wi th  the value of POPEN*~. ^~r) 
D R  l;.~%,t t. 
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Fig.  ~. P r e p a r a t i o n  of  h u m a n  or( ,s tmJucoid.  (A) D E A E - c e i l u l o ~  c h r o m a t o g r a p h y  of  o r ~ o m u c , ~ i d  
p r e p a r e d  by  f r ac t i ona l  a m m o n i u m  s u l p h a t e  f r a c t i o n a t i o n .  T h e  c o l u m n  (16 c m x  5 cm l) wn.~ 
e l a t e d  ~a th  solutSons inct~ar~in-U g r a d u a l l y  firom 5o m M  N a H ~ P O  t t o  5o uibt  NaI - I tPO ~ + 0.3 M 
l~aCl+ "I'he u p p e r  c u r ~ ' ~  8ho~, t h e  c o n d u c t i v i t y  a n d  p H  o f  t h e  e f f l u e n t  F r a c t i o n s  I ~tnd I!  were  
dJ-~ca.rded ; I ; rac t ion  I ! I wP._~ c o a c t n t r a t e d  a n d  tt~ed in  t h e  exper imct~ ts .  (B) I ' a p e r  e |~e t r t )phore~is  
i ba rb i t a l  buf fer  (l)H 8÷6)1 of  t he  p r e p a r a t i o n  be fo r e  t : h r o m t o K t a p h y .  (C) P a p e r  e l ee t rophor~d i s  

(pH 8.6) o f  F r a c t i o n  l i t .  (D) I ~ l m r  electrophotc,~d4t ( p l l  8.61 of  h u m a n  ~et-um. 

H u m a n  coeruloplasmin was prepar.*<l from x 1 of  human  plasma obta ined  from 
ou tda t ed  blood. The plasma was dialyzed against  running  tap  water  for x8 h. The 
fibrin clot was centrifuged off and the  superna ta~t  was chromatographe4  on a 
cohtmn of  DEAE-cellulose (80 cm × 2x crn s) ; it was d u t e d  wi th  solutions of  gra- 
dual ly increasing molaxity from 5 mM N a H t P O  4 (pH 7.0) to 50 mM NaHaPO , + 
0.4 M NaC1. The fractions containing eoeruloplasmin were easily recogniz~l by  their  
d is t inct ly  blue color. They  were pooled, dia lyzed against running  tap  water ,  and  
rechromatographed on DEAE-ceUulose (x8 e m ×  5 cm2); they  were e la ted  wi th  
solutions of increasing molar i ty  from 5o mM N a H t P O  6 to 5o mM N a l t t P O  4 + o.2 M 
NaCl. After concentra t ion and  de,a i r ing E |  %era a t  ~ rn~ was 83.2 and  t h a t  at  
6o5 rata. 3.4o. The ratio of E ~  to E m indicates a pur i ty  of 6o--70% (see ref. x2). 
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The  impur i t i e s  in the  p r epa ra t i on  did  not  a f fe t t  tht: (b.~termination of  the d i s tance  
of  m ig ra t i on ,  becau .~  c0trruloF, lasmin wa.~ %l~ecifically localized on the p ; t ~ ' r  by  its 
b lue  color.  

Determimdion of electrophoretic mobiiil 3, 

F a i ~ r  e lec t rophores i~  was u~,..d in the ,h: terminati~m ,,f elect rophore t ic  m~)bility ~--~ . 
Minor  modi f i ca t ions  were  i n t r o d u c e d  with respect  t,} the cuz~centrati,m o f  d e x t r a n ,  
t e m p e r a t u r e ,  m e a s u r e m e n t  o f  the  p~,tential g rad ien t  wi th in  the paper  r:,trip-;, and 
i m p r e g n a t i o n  o f  the  paper .  These  n~}dilic~,ttons and  the  app l ica t ion  of  e q u i p m v n t  
d i f fe ren t  fr:~m t h a t  u.,~ed h y  ,~CHII.LING AND WAI.I)MANN-t~[EYER "l necess i ta te  a bri(,f 
de.,,cription of  the  pre~cedure e m p l o y e d  in this  s tudv .  

T h e  L K B  electrophtw~_-qi.~ a p l m r a t u s  was  modif ied in the fi)llowing w a y :  To  
a p p l y  the  .samples w i t h o u t  r e m o v i n g  the lid of  tht. casse t te  an  e x t r a  t ransversa l  .<lit 
was  m a d e  in the  lid at  a d i s t ance  tff x4.t5 cm from the  catl~odic slit. "re m , ' a su rc  the 
Ix~tential g r a d i e n t  in the pape r  strips,  f imr e lec t rode h,,hlers were in,~:rteO thrmlgla 
t h e  b o t t o m  of  the  ca.~sette (f~w I.'wati~m ~ee Fig. 3). The  electr~xte~, consiqtcd of  
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Fig. 3 Filter paper strips l ~ o  z and 3- l~,~ncil !inc.~ wore dra~¢'n transvers:xtly { a  and. a'l~ The 
application poin,s t'c)r tlcxtr-,¢tm (I)t a, , l  protein ~i':, and tb<- location of th~ pl~dit~um cl~::'~r~J',h:~ 
{PE) axe i,¢lic,LteLl. Migratic~n ;list;~nce~ of <Lextran I¢~j a,~l <.~._) aml of l)r~,t~,in (~v~ an~t ~v-) <tre 

o. 4 m m  p l a t i n u m  wire ben t  a~ triangle~ wi th  a ~icl¢ length  o f  3 m m  and  placed so 
t h a t  ~,nc .~i(le t o u c h e d  the  p a p e r  t ransver~al ly .  To avo id  cnnduc.t ion a long  the  rn~i.~t 
su r face  o f  the  c a s ~ t t e ,  the  e lec t rode  holders  were c o ,  ted  wi th  siLicone grease. A 
c o n s t a n t  cu r r en t  power  supp ly  was  u~ed [ o u t p u t  i m p e d a n c e  a t  4 mA wa_~ I5 M.Q). 
The  po t en t i a l  d i f ference 1.~tween the p l a t i n u m  electrncle~ wa~ m e a s u r e d  wi th  an  
e lec t ronic  v o l t m e t e r  wi th  an i npu t  res is tance  o f  4o M.(2 and  f loat ing input .  The  
h igh  r e s i s t ance  in the  c i rcui t  m a d e  the  ~ l a r i z a t i c m  negligible. 

The  e x p e r i m e n t s  were pe r fo rmed  in the cold rnom (2-7~1. The  t e m p e r a t u r e  was  
m e a s u r e d  before  a n d  a f t e r  the  e l ec t rophore t i c  run or  it was  recorded,  d u r i n g  the  run,  
b y  m e a n s  o f  a t h e r m i s t o r  t h e r m o m e t e r .  The a v e r a g e  of  the initial a n d  the  f i n ~  t em-  
p e r a t u r e s  was  t a k e n  as the  e x p e r i m e n t a l  temperatut-e .  The  t e m p e r a t u r e  va r i a t ion  
d u r i n g  an  e x p e r i m e n t  d id  no t  exceed  I .  

The  p ro t e in  samples  were t r ans fe r r ed  to the  app.-opr ia te  buffers  b y  c x c h a u g e  
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on a Sephadex G-25 column,  or by  dialysis for 48 h. The  prote ins  were u~cl  in the 
following concent ra t ions :  Nat ive  cholinesterase (purification fac tor  285} 0.o6 mg/ml,  
nat ive  cholinesterase (purification fac tor  5000) o.oI  mg/ml,  sialida--:-treated cho~ 
lir, esterase Ipurification fac tor  285) 0.03 mg/ml,  orosnmucoid 3 mg/ml,  and eoerulo- 
p l i smin zo--2omg/ml.  The reference substance,  Dex t r an  80 (Pharmacia) ,  was 
di luted to a final concen t ra t ion  o f  x %  (w/v) f rom a 20% stock solution. When  
higher  concen t ra t ions  were used, e.g. 4 % ,  as r ecommended  by  'WALD.~A,~u-blEY~a 
a~t_* St:HIr.HX~ s. the  migra t ion dis tance of the dex t r an  spot  was reduced,  p robab ly  
due to the  high viscosity o f  the  sample (Table I). 

T A  B L E ,  I 

MIC.I,tATIc~'.'M n l S T A N C E  O F  D I ~ X T H A N  A S  A I P U M C T 1 O N  O F  D I K X T R A ,  N C O N C E N t R A t I O N  

A c e t a t e - b a r b i t a l  b u f f e r  (pF! 6 .0 )  a t  60 f o r  z8 h .  

C-on.6c~v,.~icm M ~gs, wtr.on dl~,1.ce 

(*:bY (mm,J 

2 0 . 0  7 

] 4 - 3  z2 
i o . o  i 4 

5 . 0  x 7 
2 .{) 2 ! 

t o 2 t  . 5  

0 .5  2 : - 5  
0 . 2 5  21,5  

Four  paper  strips ( W h a t m a n  3 M?,i, -to × 425 mm) were m a r k e d  wi th  pencil 
lines (a end a', Fig. 3)- The  str ips were wet ted  in a o.z % solution of h u m a n  y-globulin 
(Statens Serumins t i tu t .  Copenhagen) in the buffer  to  be u.seci in the  exper iment .  
The gtrips were b lo t ted  on a sheet  of  filter paper  and placed in the  casset te  with the  
tran.~x'er.~e pencil lines exac t ly  below the ~lits in the  lid and equi l ibra ted  for a t  
least 3 h. The samples (z #t) were applied on the  two middle  s tr ips  (No. 2 and No. 3, 
Fig. 3) and tire power was switched on. After  abou t  x8 h the  po ten t ia l  difference 
b e t w e e n  t h e  t w o  s e t s  o f  p l a t i n u m  e l e c t r c ~ i e s  w a s  m e a s u r e d ,  a_rtd t h e  p o w e r  s w i t c h e d  

~,- -r~^ durat i(m :)f t h t :  t :xperiment  - : ' ~  determin_,~l. ~ t ~ ; n  2_ xoo sec. 8 cm of  the  qJ t t *  t , ~  

T A B L E  I I  

CHXNt-.E i.~ p , t t  OV r t l E  r'APE.R STRtP DuR n~G ]~LlroCTROPHOli'd~SI$ ].N DIFFBREN'I  IIUIaF'ERS 

E | e c t r o p h o r e s i ~  a t  2 - 7  ° f o r  1 ~ h .  

N ~  
Bullet #H "~I .i pll 4- S.E .  

P h o s p h a t e  z . 7 5  4 o . ~  
A c e t a t e  a - 9 - 4 . 9  t 7  + o . x 2  -.&" o .o~  
A c e t a t e  S . o - b . 3  l o  - -  0 . 0 6  :~ o . o t  
A c o t a t e - b a r b J t a t  G+ 4 8 , 0  1 2. - -  o + o i  ~ o+o t  
A c e t ~ c - t m r b i t a l  8 . t - 9 . . 6  x o  - -  o . o  7 ~. o . o z  

Bio~kim. Btophys. ,4c~s, 67 (~963) 44x-45~ 
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m i d d l e  p a r t  o f  s t r ip  No. I were  e l u t e d  w i t h  IO ml  of  f l e sh ly  de ion ized  w a t e r  a n d  the  
p H  of  the  c lua t e  w a s  d e t e r m i n e d  anti  corrt.~:tt~d i-or d i lu t ion  s. T k e  m e a n  v a l u e  o f  t he  
p H  o f  t he  buffer  a n d  of  t he  c o r r e c t e d  pl.l o f  t h e  p a p e r  ~ample  was  t a k e n  as the  ex-  
p e r i m e n t a l  p H .  T h e  d i f fe rence  b e t w e e n  the  in i t ia l  a n d  t h e  final p i t  was  h ighes t  in 
t h e  a c i d - a c e t a t e  buffer~ (Tab l e  II). T h e  p l I  o f  the  buf fe r  w a s  d e t e r m i n e d  in each  o f  
t he  t w o  e l ec t rode  c o m p a r t m e n t s  a f t e r  the. e l c c t r o p h ~ r e t i c  r u n ;  t hese  va lue s  n e v e r  
dev i~ ' . ed  b y  m o r e  t h a n  0. x o f  a p H  uni t .  S t r ip  No, 4 s e rved  to  m a i n t a i n  s y m m e t r i c a l  
e v a p o r a t i o n  in the  a p p a r a t u s  a n d  should ,  thercfi>re, no t  be  o m i t t e d .  

BlJff'ers: B e t w e e n  p H  2.8 a n d  p[-[ ¢~.o, a c e t a t e  buf fe rs  were  used. T o  I l o f  a 
s t o c k  so lu t i on  of  o.x6 M s o d i u m  a c e t a t e ,  95 ° ml  of  w a t e r  were  a d d e d  a n d  the  pl-I 
w a s  b r o u g h t  to  the  a p p r o p r i a t e  va lue  wi th  b N F{(.I, a n d  the  .~ lu t inn  was  t h e n  
m a d e  u p  to  a v o l u m e  o f  2 I wi th  wa te r .  F r o m  p H  6. 4 to  9.6 a c e t a t e - b a r b i t a l  b r f f e r s  
w e r e  used.  T h e y  w e r e  p r e p a r e d  f r o m  a st~.:k m)lut ion o f  s o d i u m  a c e t a t e  (o.o.S M) 
a n d  s o d i u m  d i e t h y i  b a r b i t u r a t ~  (o.~x~ M) in th,,  ~,m~. w a y  ~ the  acetate,  l ,uffers. , \ t  
p H  2.75 a ph~rsphate  buf fe r  was  used  (o.o77 M N a H . , P O ~ - o . o x z  N HCI). T h e  ionic 
s t r e n g t h  o f  t he~,~e buffer~ w a s  o.o8. 

S t a i n i n g  

Cho! ine s t e r a sc  w a s  r e n d e r e d  vis ible  b y  the  , , - ,~aphthyl  a c e t a t e - F a s t  Blue  B 
m e t h o d  °. D e x t r a n  ant i  t > r o ~ m u c o i d  were  s t a ined  b y  the  imriodic acid  SCHIFF 
pr4meclure xa. Coeruk~p lasmin  w a s  d i r ec t l y  v is ib le  on the  pape r .  Af t e r  ~ta in ing,  the  
s t r i p s  were  d r ied  a t  r o o m  t e m p e r a t u r e .  

Calcu la t ion  

A f t e r  s t a i n i n g  a n d  dt3"ing o f  t he  s t r ips ,  the  d i s t ance  o f  m i g r a t i o n  f r o m  t h e  t-xfint 
o f  a p p l i c a t i o n  to  t h e  c e n t r e  o f  t h e  spq)t was  d e t e r m i n e d .  Mig ra t i on  d i s t a n c e  t o w a r d s  
t h e  c a t h o d e  w a s  c a l c u l a t e d  as  pos i t i ve  a n d  t h a t  t o w a r d s  t h e  a n o d e  ,as n e g a t i v e .  T h e  
m o b i l i t y  w a s  c=!c'-t!ated a c c o r d i n g  to  W A I . I ) M A N N - M E Y E R  AND ~CHILLINGtt :  

U T --= ((sot /o)  - -  sat)~( q I/e t) 

w h e r e  U T, m o b i l i t y  a t  e x p e r i m e n t a l  t e m p e r a t u r e  T ° ( t ro t /V / see ) ;  s~l ,  p ro t e in  

m i g r a t i o n  d i s t a n c e  (cm) ; sal, d e x t r a n  m i g r a t i o n  d i s t ance  (era) ; o. (spt --  so2)/(s~ 1 - 

sat) ,  ad.~o~ption f a c t o r ;  q, c o n d u c t i v i t y  r a t i o  (see be low) ;  Ft,  v o l t a g e  pe r  c m  a t  the  
conc lu s ion  o f  t he  e x p e r i m e n t  (V/cm)  ; t, d u r a t i o n  o f  the  e x p e r i m e n t  (see). 

F ina l ly ,  t he  m o b i l i t y  a t  t h e  e x p e r i m e n t a l  t e m p e r a t u r e  T ~ wa_~ c o n v e r t e d  to  x ° 
b y  m u l t i p l y i n g  U r  w i t h  q r / v h  where  ~T is the  v i s cos i t y  o f  w a t e r  a t  "/"~ a n d  7/: the  
v i ~ t z c i t v  o f  w a t e r  a t  t °. 

Ad$orp~/on/au~ 

T h e  c h o l i n e s t e r a ~  p r e p a r a t i o n s  were  ad.~orhed m o r e  or  less b y  t h e  follo~ving 
u n t r e a t e d  p a p e r s :  Sch le icher  & Schttll  zo43  b m g l ,  Munk te l l  z o / r s o ,  W h a t m a n  zo, 
3 x E T ,  54 a n d  3MM. A d e c r e a s e  in t he  m i g r a t i o n  r a t e  d u e  to  r eve r s ib l e  a d s o r p t i o n  
c o u l d  be  a v o i d e d  b y  i m p r e g n a t i n g  ~,Vhatman 3MM p a p e r  w i t h  v -g lobu l in  o r  a l b u m i n .  
A s l igh t  " t a i l i n g "  i n d i c a t e s  an  i r r eve r s ib l e  a d s o r p t i o n  w h i c h  does  no t  a f fec t  t h e  

8iochim. Biophys. Ac~. 67 (z963) 44z-45~ 
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determina t ion  of the  mobil i ty.  The adsorpt ion  factor  was de te rmined  in each ex- 
periment  (Table 1 II). 

The conduc t iv i ty  ratio,  i.e., the ra t io  o f  paper  conduc t iv i ty  to buffer conduc-  
t ivi ty ,  was calculated according to: 

q " il(Vt wx )  

where i, current  per str ip {A) ; V~, vol tage per cm in the middle par t  of the str ip a t  

T A I q I . E  I [ I  

t. l t~4OICPT1C~N F . J , U ' f O R  O F  O R O g O M I ' C O I D .  C O E R t l L O P I , A S M | . ' N  A N r J  C M O L ] ~ E ~ T V . . R A S F .  P R E P A R A T I O N ' . ~  

O N  ~ * * ' H A T M A N  .~ M.~I P A P E R  I M P R E G N A T E D  W I T H  H U M A N  ", t-Gi.OBt,t . l lq 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

J~r¢ffctn 

{ . , r o s o m u c o i d  
C o v r u l o p l a s m i n  
N a t i v e  h u m a n - s e r u m  c h o l i n e s t e r a ~ e  

U l l p u r i f i c d  
p u r i f i e d  a 8 5  .~ 

p u r i f i e d  500")  :.: 

.%ia l i d ~ , ~ . - t  f r a  t e d  h u n ) & n - . ~ + r u  m 
t + h c ~tl , v t  ."~ t er+L~e 
u n p u r i f i e d  
p u r i f i e d  2 8 5  

.~ w, ml~.tn, 
~t Ad~o,~ i tm [aCtoe 

t = p ¢ t i m e n / $  l i nco ln  : -  .'~./'.'.J 

¢) I . O 1  _~ 0 . O 1  

7 o . 8 0  _t: 0 . 0 3  

8 0 . 9 7  ~. o . o z  
a 7 i . ~ z  t :  o o ;  
2C) I . O I  ~ O , O 1  

t 2  ] , o 2  + o ~ o 1  

:~" i . o x  _i: 0 . 0 0 4  

current  i (V;cm); w, the amount  of buffer lx~r cm length of  paper  (cm2); x, buffer 
con<luctivitv {A/\ ' lcn 0. 

Determinat ion  of  the  conduc t iv i ty  ra t io  was carried out  with paper  strips im- 
pregnated  with 7-globulin and equi l ibra ted for a t  least 3 h in the a p p a r a t u s  5. In  
z6 exper iments  it was 0.68o (S.E. ~ o.oo6). 

The rise ill t empe ra t u r e  of  the  str ip dur ing electrophoresis  was de t e rmined  f rom 
tile initial rise in paper  conduc t iv i ty  5, Wi th  the  small power  input  u ~ d  in these ex- 
i~ r imen t s  (r mA per  str ip at 8 o  z2o V) the  ri.~e in t e m p e r a t u r e  averaged  o.9 °, in 
agreement  with findings in similar apparatn_~es6, n~. 

The ionic s t reng th  in the paper  str ip increa'~ed dur ing electrophoresis  due to 
evapora t ion  of  water .  The  final ionic s t reng th  t/~/) was calculated from the initial 
ionic s t rength  {pj) using the  migra t ion  of  dex t r an  (corrected for electro-osmosis) as 
a r,-tcasule of  the evaporat ionS:  

~t! - I t t ' 1 4 . 0 / { X 4 . { ~  -" (s~l t "-" Sds)) 

where I4.0 is the  distance in cen t imete rs  between the points  of  appl icat ion.  In 95 
exper imen t s  the average i n c r e a ~  o f  the ionic s t rength  was o.oi  7 ( S . E  -- 0o006) .  

The extension of  the  zone o f  uni form buffer  concent ra t ion  was de t e rmined  in 
two exper iments  with barbi ta l  buffer  o f p H  8.{> a f te r  IS1". The  str ips were cut  in to  t rans-  
verse sect ions of  x cm each and e luted wi th  water .  The  concen t ra t ion  of d i e thy l  
ba rb i t u r a t e  was dc t emf ined  f rom the difference in ab so rbancy  at  240 mp when 
measured  at  pH  9 and at  pH  ~. The  buffer con ten t  througl tout  the  ho r i~mta i  pa r t  
o f  the  str ip was un i fo rm within --- 3 5 %  of  the  mean  value.  

1 3 i o t h i m ,  B i o p k y s +  .4vta~ b 7 { t ~ 3 )  4 4 1 - 4 5 2  
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Performance of the metlmd 

The  e l ec t rophore t i c  mobilitie.~ over  the r ange  of  p [ I  4 to pH  9 were determirle(1 
b y  WALD~iANN-MEYt-;R AND St~tttt.L].x'G a for h u m a n  a l b u m i n  and y -g lobu l in ;  the  
va lues  ag reed  wi th  the  d e t e r m i n a t i o n s  o b t a i n e d  on free electrophor,.~:ig. To con t ro l  
the  s l igh t ly  modif ied  t e c h n i q u e  u.,~d in ou t  exlmrirP.~nt- and  the  pei 'fc,;ma;:cc t;f the  
m e t h o d  wi th  ac id  s ia lo-prote ins ,  we h a v e  det,~rmin~.d the rttohilitie_~ o f  h u m a n  
oro~omucoid  a n d  coeruh)pla~;min at  different  pF[ va lues ;  the_q,~ values  have  t h a n  
beell comF'arecl wi th  the resul ts  o b t a i n e d  b~" ,~thet.~ o,~ fret: e lec t r : )phores i ,  (Fig. 4). 

-= .  

~2 

C t  
=. 0 

- 2  

- 3  

- - t .  

• * G 

~ 6 ~ " ' 8  

P ~-tO..~o VLe "r tr A C E T ~ r F  . . . . . . .  ~ C  v.. "~ " r  b - U ~  R'~,  ' rAL 

4 

: t 
pH 

I;tg+ 4- EIg~ctrop.horetic rt~)bility at t" :~ a fu.~ctton of pl-I G,r humatl orosomucold ~ -;---.:..I at~d 
coeruh~pl~min (,~ :'~) as det('rnfin~,l by paper ,-!tT¢:trt,|'Ph,,r..,,~ts (14 = 0 .080) .  F3t|frt,r t',,mt~J~i~ton 
is in~ticated on the ab.~cL-~i,. Each point rcprt:.-,t:nL~ :t s i n g l e  d e t e r m i n a t i o n .  ( ' o r r¢ .~pond i r lg  value~ 
ol)ta.ined in frc~ electrophoresis: OrosoLluG(|icl ~ .  in phosphate nr.:t acetate ~)nffers (pH 2+~i-3); 
~ .  in phosphate bufl'~rs (p[-I 5 8) {.";.C~l[Mtt'Jt*); ~ ,  e x p e t a m * - n t  of Sel~ltJt.rev: e t  a t  ~ Coerulo. 

pla*4min : )<, experiment of  Hf)LMBERC. AX'D | .AUREL1. tt. A- ~,xt)eriment of SCI]I;LT?.F- ,'t al. TM. 

The  i.~mlectric po in t  o f  t>ro.~mucoid ":'a.~ a t  p H  2. 7. i . e . ,  the  same  a t  fi,~]~ft by  
~CHMID Is. The  m o b i l i t y  at  p H  g.6 was - 5 . o "  I o  -s cm" :V/see a_~ d e t e r m i n e d  b y  in ter -  
p o l a t i o n ;  this agrees  wi th  SCRULTZE a al. t¢ bu t  is o . 3 '  IO -s L, ni ts  a b o v e  the  va lue  
f o u n d  b y  SCHMID ts. T h e  d i s a g r e e m e n t  t~e*'.:'~::n ::~;.- d e t e r m i n a t i o n s  in , c e t a t e  a n d  
a c e t a t e - b a r b i t a l  buffers  a n d  th t~c  o f  ~K;HM/O ls in p h o s p h a t e  buffers  f r o m  p H  5 to  
p H  8 is p r o b a b l y  due  to  the  d i f ferent  buffer  ions. The  m o b i l i t y  o f  h u m a n  coerutopl,xg- 
m m  was d e t e r m i n e d  a t  p H  3.6--6 a n d  the  isoelectric poin t  d e t e r m i n e d  h.v inter-  
p.~latiqn t o  4-3-4.4- This  agrees  wi th  H o L ~ [ ~ t ;  Axr~ LAL'RELL'S It  vaJue for porc ine  
a n d  h u m a n  coe ru lop l a smin  (4.4)- At  p H  8.6 we found  a mob i l i t y  o f - -  4.5" IO-~ cmt /V/ sec  
as e o m p a r c d  w i t h  - - 4 - 6 "  xo-6 found  b y  SCltULTZE a a l .  t~  on free e lectrophoresis .  

The  s t a n d a r d  cle¢iation o f  the  c le te rmina t ion  was o o 8 -  to -*  un i t s  as d e t e r m i n e d  
f rom tile differences be tween  dup l i ca te  d e t e r m i n a t i o n s  (60 experimenL~). 

B~ock~m. Biopkys. AcCa. G7 (1963) 44;-452 
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R E S U L T S  

T h e  e l e c t r o p h o r e t i c  m o b i l i t y  o f  n a t i v e  h u m a n - s e r u m  c h o l i n ~ t e r a s e  w ~  de t e rminec i  
as  a f unc t i on  o f  F H  a t  an  ionic  s t r e n g t h  i n c r e a s i n g  f r o m  o.o80 t o  o .o97 d u r i n g  the  
e x p e r i m e n t .  A t  p H  ~..6 t h e  m o b i l i t y  w a s  - - 3 . z -  zo - t  e m t / V / s e c .  T h e  s lope  o f  t he  m o -  
b i l i t y - p i t  c u r v e  w a s  m i n i m a l  f r o m  p H  4 t o  p i e  9.6 a n d  inc re~c~ l  c o n s i d e r a b l y  b e l o w  
p H  4. B y  i n t e r p o l a t i o n  the  i.¢oelecttS_'c p o i n t  w a s  d e t e r m i n e d  to  be  a t  p H  2. 9 to  
p H  3.o (Fig. 5. l ower  cu rve ) .  

T o  i n v e s t i g a t e  w h e t h e r  p r o t e i n - p r o t e i n  i n t e r a c t i o n s  in f luenced  t h e  e l ec t ro -  

- 1 N ~ ,  

NtJl~l~ ~MER~ CMOI.tN[.~I~'~I . ' . ' . ' . ' . ' . ' . ' . ' . ' .~ 

"il 
Fig. 5. Eh:ctrophoretic mobility at t ~ ~ a function of p l I  for native and sial id~e-treated human-  
.'~erunx chol int-~ter~ (~ -- o.oSg). Buffe~" composition indicated on the a b s c t ~ .  Each point re- 
p;e~eut~ a m~g!t: ,1¢i.~tuihilx~on. Narave choli.L-~i~t~.~. 6 .  ut=pu~fied; ~ .  purified 285 × ; 

:3. purified 5o00 ×.  Sialida.,~e-treated cholincsterase: ~ ,  unpurifitgl; ¢'\, purified 285 x .  

phore¢ic  m o b i l i t y  o f  chulhle~tera.se,  t i le  m o b i l i t y  w a s  d e t e r m i n e d  for  p r e p a r a t i o n s  
o f  the  e n z y m e  d i f fe r ing  in p u r i t y :  (a) u ) tpur i f i ed  h u m a n - s e r u m  chol ine~te r~se  (8 
e x p e r i m e n t s ) ,  ( b ) a  p r e p a r a t i o n  o f  p u r i f i c a t i o n  f a c t o r  285 (z 7 e x p e r i m e n t s ) :  ( c ) a  
p r e p a r a t i o n  o f  puxifi t-at ion f a c t o r  5ooo  (z 9 e x p e r i m e n t s j .  Nn s ign i f ican t  d i f f e rences  
were observed with these preparations. 

The mobility of  the sialidase-treated .serum cholinesterase was above that  of 
the native enzyme. Between p H  4 and pH 9.6 this difference was nearly constant 
(2.8--3.0- xo-6 units). Below pH 4 the difference decreased gradually to about  2. t o  -5 
un'~t.~ at pH 3. Tke isoelect:-ic point was at  p H  6.7--70. As with the native enzyme 
there was no difference in the mobility of  the unpurified enzyme (x2 experiments) 
and that  of  a preparation purified z85 times (x4 experiments) preparation Fig. 5, 
upper curve). 
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D I ~ C ( I S S I O N  

The mob i l i t y -p l l  curve for nat ive cltolineste,a~, indi,.ates tha t  the n~:gative charge 
of the enzyme is due mainly  to sialic acid, the sl,)pe having a m a x i m u m  in the vicini ty 
of the pK of sialic acid (2.6). The course of  tile curve between pH 4 and pH 9.6 
points  to relatively few ~z-, /~-, and ~/-carboxylic groups {pK 3.5-5), u- and ~-amino 
groups, imid~mole groups and phenolic groups (pK 7 io). The finding of identical 
mobilities with unpurified anll x~-ith ~85 times- and 5r,ro-tirrtes purified preparation~ 
indicates tha t  there mobilities represent true propertie.~ of choLinestera_se; a l though 
it cannot  be ruled out tha t  remaining impurities mighr modify the mobil i ty of the 
enzyme. 

The enzymic removal  of sialic arid from cholinestera.~e di,~placed the mobi l i ty -  
pH  curve t,) higher values. Between pH 4 and pH 9.6 this displacement was constant  
indicat ing tha t  the sial idase-treatment did not affect the polypeptide part  of the 
molecule. At pH 2.8 the slope of the mobil i ty pH curve wag significantly lower than  
with the nat ive  enzyme. The isoelectrk" point wa_~ di.~placed from pH 3 to about  7- 
These findings agree with the previous suggestion tha t  nat ive human-serum cholJnc- 
s t e r a ~  contains  a large number  of zialic acid residue.~ present in a terminal position 2. 

The rnobi l i ty-pH curve of uat ive cholinesterase did not  exhibit  strict  s imilari ty 
with the curves of  other  acidic serum proteins. Certain similarities with orosomucoid 
were, however, present:  the isoelectric points were nearly identical (z.9--3.o for 
cholinester,".se and 2. 7 for oro.~)mucoid); the slopes of t~.e mot) i l i ty-pH curves 
between pH 5 and  9 were similar but  the anodi,: mobi l i ty  of orosomucoid was con- 
sider'ably higher than  tha t  of  serum (:h(blinesterase. Upon t r ea tmen t  with ~ialida~e 
the mobili ty--pH curve of  each protein was displaced in a similar way. Tile dis- 
p lacement  of  the i.¢oelectric point was about  4 pH units for ('.holinesterase and only 
2. 4 pH units  for oros-mucoid  v-hereas the vertiral  displacement of the curves was 
about  equal a t  pH 5 (see ref. ix). 

In addit ion to information ~ to the ~tructure of  cholinesterase the mobi l i ty -pH 
curve m a y  be a valuable tool to characterize the enzyme. Kinetic properties, especially 
subs t ra te  and  inhibitor specificity, have h i ther to  been the main criteria for 
differentiat ion between different types  of cholinestera.~es from various organ.~ and 
species. A U G U S T l Y S S t ) N  17 used the relative electrophoretic mobil i ty  a t  p l l  8. 4 as an 
addi t ional  characteristic prol:a_-rty of each enzyme,  but the complete mobil i ty  -pH 
curve m a y  be an even more valuable criterion. 
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