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Estimation of Molecular Weight of Acid Mucopolysaccharides by Thin-Layer 
Electrophoresis on Sephadex-Cellulose 

The dis t r ibut ion  of the  molecular  weights  of the  acid 
nmcopolysacchar ides  m a y  be de termined  by  means  of gel 
f i l t rat ion.  To this end, numerous  techniques  for co lumn 
ch roma tog raphy  on Sephadex  have  been per formed 
which enable po lymers  of different  molecular  size to be 
separated.  Gel column chromatography ,  however,  is a 
ra ther  slow procedure  in t h a t  i t  involves  Muting each 
substance separa te ly  and de tec t ing  the single fract ions 
dur ing elut ion from the  column. 

Al though  th in- layer  ch roma tog raphy  is less precise 
than  co lumn ch roma tog raphy  ~, i t  enables the  average  
molecular  weight  of a macromolecule  to be de te rmined  
by  a single process, for the s tandards  of known molecular  
weight  and a number  of substances of unknown molecular  
weight  can be placed together  on the  same chromato-  
graphic layer.  Fur thermore ,  th in- layer  ch roma tog raphy  
allows ul t ra-micro  quant i t ies  to be employed,  whereas 
co lumn ch roma tog raphy  does not.  This is par t icu lar ly  
advan tageous  when there  is only  a l imi ted  a m o u n t  of the  
biological  substance avai lable.  As far as we can ascertain,  
th in- layer  electrophoresis  on Sephadex has not  h i ther to  
been appl ied in the  field of sulfomucopolysaccharides.  
The  purpose of this s tudy  was to find a relat ionship 
be tween  the  e lect rophoret ic  m o b i l i t y  of some acid 
mucopolysacchar ides  on a mixed  th in- layer  of Sephadex-  
Cellulose (4 : 1). 

Mater ia ls  and  methods. The mucopolysacchar ides  
(AMPS) used were ehondroi t in  sulphate  A (CSA), 
de rma tan  sulphate  (CSB), chondroi t in  sulphate  C (CSC) 
and hepar i t in  sulphate  (HS), k ind ly  donated  to Al ia  
Fa rmaceu t i c i  S.p.A., by  Prof. J .A. CIFON~LLI Of the  
D e p a r t m e n t  of Pediatr ics  of the  Univers i ty  of Chicago. 
The molecular  weights  of ti le chondroi t in  sulphates  used 
as s tandards  were 12,000-27,000 and 40,000 for CSA, 
CSB, CSC, respect ively.  

Other  mucopolysacchar ides  used were Hepar in  ( l iP)  I I  
in terna t ional  s tandard,  chondroi t in  sulphuric acid (HCS) 
obta ined f rom Opocrin (Corlo, I taly),  glucuronyl-gluco- 
seamin-glycan sulphate  (3GS) and fract ion B (FB) 
ex t rac ted  from the pig duodenum,  using a technique  
repor ted  previous ly  2. 

The chronla tographic  media  used were a mix tu re  of 
Sephadex  G100 or G10 (Pharmacia,  Uppsala,  Sweden) and 
microcrysta l l ine  cellulose (E. Merck, AG). 

1 G. CONSTAXTOPOULOS, A. S. DEKABAN and W. R. CARROL, Analyt. 
Biochem. 37, 59 (1969). 

2 G. TORTOLANI and E. ROMAGNOLI, Analyt. Biochem., in press. 

Fig. I. Thin-layer electrophoresis on Sephadex G100-Cellulose (4:1) 
of acid glycosaminoglyeans. Order of runs from left to right: CSA, 
CSB, CSC, HP, HCS, HS, 3GS, KB. Experimental conditions are 
reported in the text. Migration occurs towards the anode. The 
eleetrophoretic buffer used was ammonium formiate 0.1 M (pH 3.1). 

Fig. 2. Thin-layer electrophoresis on Sephadex G10-Cellulose (4:1) 
of acid glyeosaminoglycans. Order of runs from left to right: CSA, 
CSB, CSC, HP, HCS, HS, 3GS, FB. Experimental conditions are 
reported in the text. Migration occurs towards the anode. The 
electrophoretic buffer used was ammonium formiate 0.1 M (pH 3.1). 
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AMPS migration parameters determined by thin-layer gel electrophoresis 

EXPERIENTIA 31/3 

Mucopolysaccharides de~do r162 MW ( • 10 -3) delCSA a (G100) dolCSAa (G10) 

CSA 1.00 12 12 b 1.00 1.00 
CSB 0.89 12 27 ~ 0.91 1.00 
CSC 0.76 12 40 ~ 0.85 1.00 
HP 1.04 9 9.5 4- 0.6 ~ 1.34 1.30 
3GS 1.01 10 11.0 -4- 0.7 c 1.22 1.21 
FB 0.87 10 25.0 -- 2.5 c 0.92 1.00 

Number of determinations, b MW by means of mieroviscosimetry, c MW determination by means of thin-layer electrophoresis means • 
standard error, a The migration distance has been determined from the application point of substances to the centre of the spots. The distance 
migrated by CSA has been taken as unity. 

A l iquo t s  of 8 g of S e p h a d e x  G100 or S e p h a d e x  G10 were 
r epea t ed ly  w a s h e d  w i t h  water ,  for 30 ra in ;  and  2 g of 
mic roc rys t a l l ine  cellulose were added  to t he  gel; t h e  
m i x t u r e  was t h e n  s h a k e n  r e p e a t e d l y  a n d  appl ied,  for a 
700 ~ m  layer ,  b y  m e a n s  of a ' S t r a c t o m a t '  (Chemetron,  
Milan).  

Al iquo ts  of 5 ~l of a solut ion c o n t a i n i n g  25 m g / m l  of t he  
respec t ive  A M P S  were depQsited on  t he  p la t e s  wh ich  were 
t h e n  sp rayed  w i t h  a buf fer  so lu t ion  of a m m o n i u m  Ior- 
m i a t e  0.1 M a n d  formic  acid (pH 3.1). E lec t rophores i s  
was  car r ied  ou t  a t  200 V for  2 h us ing  a Desaga  (Mann- 
heim,  G.F .R. )  a p p a r a t u s  w i t h  water -cooled  plate .  Deposi-  
t i on  was on  t he  pos i t ive  pole. 

The  we t  p la tes  were s p r ayed  w i t h  0.3% so lu t ion  of 
cyan ine  in acet ic  acid. Blue  a n d  v io le t  spots  emerged  on 
t he  p i n k  b a c k g r o u n d . o f  t he  p la te .  

Results and discussion. T he  p a r a m e t e r  m o s t  c o m m o n l y  
used to d e t e r m i n e  t he  b e h a v i o u r  of d i f fe ren t  classes of 
c o m p o u n d s  in t h i n - l a y e r  gel c h r o m a t o g r a p h y  is t h e  de 
value,  w h i c h  is t he  d i s t ance  t h a t  a s u b s t a n c e  will  m i g r a t e  
u n d e r  g iven  e x p e r i m e n t a l  condi t ions .  Since t he  de 
va lue  depends  on  ti le c h r o m a t o g r a p h i c  layer,  t h e  e luen t  
a n d  t e m p e r a t u r e ,  etc., t h e  m i g r a t i o n  d i s t ance  is genera l ly  
m e a s u r e d  aga ins t  t h a t  e i the r  of a g iven  s u b s t a n c e  X,  
t a k e n  as a t e r m  of compar i son  (Rx = de/dx), or of a 
s u b s t a n c e  w i t h  a h i g h  molecu la r  we igh t  t h a t  is s te r ica l ly  
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Fig. 3. @, CSA; O, CSB; ~), CSC; (~, HP; ~ ,  3GS; ~ ,  FB. Semi- 
logaritmic plot of molecular weights against de/do ratio of various 
acid mucopolysaceharides. The value de, relative to CSA, refers to 
the migration distance of the AMPS that are able to pass through 
the interstices of the Sephadex G100 matrix. The value do, relative to 
CSA, refers to the migration distance of the AMPS that are excluded 
from Sephadex G10. 

h i n d e r e d  b y  t he  gel m a t r i x  a n d  ac ts  as m a r k e r  of t he  
e m p t y  v o l u m e  (RI  = de~do). W h e r e a s  a l inear  r e l a t ionsh ip  
has  been  obse rved  b e t w e e n  de~do a n d  'log M W  in  t h i n -  
l a y e r  gel f i l t r a t ion  of po lypep t i de s  a, in  gel e lec t rophores is  
th i s  r e l a t ionsh ip  no  longer  holds,  for t h e  m o b i l i t y  of t h e  
subs t ances  depends  no t  on ly  on  t h e i r  molecu la r  size b u t  
also on  t h e i r  cha rge  dens i ty .  

On S e p h a d e x  G100, for example ,  CSA, 3GS a n d  hepar in ,  
wh ich  h a v e  s imi la r  molecu la r  weights ,  m i g r a t e  a t  d i f fe ren t  
r a t e s  on  accoun t  of t h e i r  d i f fe ren t  cha rge  dens i t ies  (Figure  
1). Us ing  t h e  m e t h o d  set  ou t  in  t h i s  paper ,  t he  do va lue  is 
m e a s u r e d  no t  b y  m e a n s  of a s u b s t a n c e  of h i g h  molecu la r  
weight ,  wh ich  is h i n d e r e d  b y  t h e  t h r e e - d i m e n s i o n a l  
m a t r i x  of S e p h a d e x  Glo0, b u t  b y  m e a n s  of t h e  A M P S  
t h e m s e l v e s  on  S e p h a d e x  G10, t h r o u g h  t he  pores  of 
w h i c h  t he  A M P S  c a n n o t  pass.  The  do va lues  o b t a i n e d  on  
S e p h a d e x  G10 will  ref lect  exc lus ive ly  t he  c o n t r i b u t i o n  
m a d e  b y  t he  e lect r ica l  charge  dens i t y  of each  A M F S  
(Figure  2), whi le  t h e  de values,  w h i c h  are m e a s u r e d  on  
S e p h a d e x  G100, will  ref lect  t i le  c o n t r i b u t i o n s  b o t h  of t h e  
e lectr ical  cha rge  dens i ty  a n d  of t he  molecu la r  size. 
T h e  de~do r a t io  will  the re fore  d e p e n d  n o t  on  t he  e lectr ical  
charge  d e n s i t y  of t he  A M P S  in ques t i on  b u t  on  i ts  
molecu la r  weight .  

The  r e l a t i onsh ip  b e t w e e n  t he  de~do r a t io  and  t h e  log 
M W  graph ica l ly  r ep r e sen t ed  in F igure  3, is in  fac t  l inear .  
The  m e a n  va lues  of t he  de~do r a t io  a n d  t h e  molecu la r  
we igh t s  of t h e  mucopo ly saccha r ide s  in  ques t ion  are 
r e p o r t e d  in t he  Table .  

The l i nea r i t y  of t he  r e l a t i onsh ip  would  sugges t  that no 
apprec iab le  a d s o r p t i o n  of t h e  A M P S  t akes  p lace  a t  t he  
ac t ive  cen t res  of cellulose. This  bea r s  ou t  w h a t  h a d  
p rev ious ly  been  obse rved  b y  us 4 in  a scend ing  c h r o m a t o g -  
r a p h y  on  a d ry  m i x e d  layer  of Sephadex-cel lulose .  

Riassunto. E'  s t a t a  r ea l i zza ta  u n a  m e t o d i c a  e le t t ro-  
foret ica,  su s t r a t i  so t t i l i  di  Sephadex ,  pe r  la d e t e r m i n a -  
zione del peso molecolare  medio  di  a lcuni  mucopol i -  
saccaridi .  E '  s t a t a  o s se rva t a  u n a  re laz ione l ineare  t r a i l  
Log. P.M. ed il r a p p o r t o  de~do o t t e n u t o  su Sephadex-Glo  0 
e su Sephadex-G10. 
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