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FUrther  S t u d i e s  on  Gel  F i l t r a t i o n  of U r i n a r y  S u b s t a n c e s  ~ 

j .  A. I{OFOI~D 2, A. C. ]3ARCt~LO and A. A. ToccI  

Catedra de Fisiologia, Facultad de Odontologia, Universidad de Buenos Aires, M. T. de Alvear 2142, Buenos Aires 
(Argentina), 19 January 1976. 

Summary. Urine  specimens f rom hea l thy  chi ldren were concen t ra t ed  and fi l tered t h ro u g h  Sephadex  G-100 and G-25. 
The eluate  was recovered in f ract ions of 5 ml each. Total  hexoses,  galactose, to ta l  pro te ins  and to ta l  uronic acids were 
d e t e r m i n e d  on each fraction.  Tota l  hexoses and  galactose were eluted in 6 d is t inc t  peaks.  The uronic acid conta in ing  
GAG were e luted in 4 small  peaks  on G-25 and 1 peak  on G-100. This peak  is e luted always wi th  h igh  amoun t s  of 
galactose conta in ing  glycoproteins.  

Ur ina ry  mucosubs t ances  and the i r  der iva t ives  have  
been s tud ied  by  means  of gel f i l t ra t ion on var ious  Se- 
p h a d e x  types  a, *. In  addi t ion,  several  ol igosaccharides 
conta in ing  fucose and sialic acids, as well as a few glyco- 
pep t ides  w i th  glucose and galactose,  have  been isolated 
f rom normal  urine and  charac te r ized  s, 6. Most  of the  
papers  pub l i shed  emphas ized  the  s tudy  on the  molecular  
weigh t  range f rom 1,000 to 5,000 and gave no informa-  
t ion on compounds  of h igher  weight .  

The purpose  of the  p resen t  inves t iga t ion  was to s tudy  
the  molecular  weigh t  d i s t r ibu t ion  of g lycopept ides  and 
associa ted subs tances  in normal  urine. An a t t e m p t  has  
been made  also to es tabl ish  the  a p p r o x i m a t e d  molecular  
weights  of some peaks.  

Material and methods. Urine. Urine  specimens  of 24 h 
were collected f rom 6 male hea l t hy  chi ldren of 4.5 years  
i 3 m o n t h s  of age and processed immedia te ly .  F r o m  
each specimen,  a sample  of 20 ml was t aken ;  i t  was fil- 
t e red  at  4~ in order  to  remove  insoluble ma t t e r .  The  
urine was t h e n  concen t r a t ed  4-fold in a ro t a ry  vacu u m 
evapora to r  a t  40 ~ 

Gel /iltration. A column of 68 • 1.5 cm was p repared  
f rom Sephadex  G-100. The void vo!ume, as de te rmined  
elut ing a zone of Blue dex t ran ,  was found to be 25 ml. 
The concen t r a t ed  sample  was added  to the  co lmnn and 
the  e la t ion  was pe r fo rmed  wi th  dist i l led water .  The eluate 
was recovered in f ract ions  of 5 ml  each, the  f i l t ra t ion ra te  
being abou t  10 ml/b.  

The void volume was then  concen t r a t ed  5-fold and 
developed on a similar co lumn of Sephadex  G-25 fine 
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wi th  dist i l led water .  The void  volume was found to be 
20 ml. The to ta l  e lut ion vo lume for each sample  was 
300 ml. Puri f ied po lypep t ides  and pro te ins  of known 
molecular  weight  were f i l tered under  the  same condi t ions  
in order  to de te rmine  the  e lut ion volume.  

Analysis .  Total  p ro te ins  were de t e rmined  on an a l iquot  
of tile f ract ions  b y  measur ing  the  opt ical  dens i ty  a t  280 
n m  and by  the  LOWRY-FOLIN me thod  7 using crystal l ine 
se rum a lbumin  as s t anda rd .  Galactose was measured  wi th  
the  t echn ique  of DISCHE s using galactose Sigma as 
s t andard .  Tota l  hexoses  were de t e rmined  by  the  me t h o d  
of YEMM and IVVILLIS9 using glucose as s t anda id .  Total  
uronic acids were measured  by  the  carbazol  me thod  of 
BITTER and  MUIR ~0 us ing glucuronic acid as s tandard .  

Results. The Figure shows the  elut ion curves of the  
urine concen t ra tes  cor responding  to  20 ml  of f i l tered 
urine, on Sephadex  G-100 and  G-25. The line represents  
the  average values of 6 samples,  each  of t h e m  run in 
dupl icate .  The void volume of Sephadex  G-25, a lmost  
neglegible in mos t  cases, was no t  represented .  The column 
was e lu ted  wi th  disti l led water .  P igmen t s  were normal ly  
revers ib ly  adsorbed  on the  columns and  appeared  in t he  
eluate  as shown in the  Figure.  

In  all exper iments ,  au th rone  analyses  gave 3 d is t inc t  
peaks  on b o t h  Sephadex  G-100 and G-25. These resul ts  
were  in ag reemen t  w i th  those  of LUNDBALD et  al. ~ Peak  
A var ied in he igh t  in the  d i f ferent  samples,  and peaks B 
and  C, a lways dis t inct ,  were a lmost  cons t an t  in height .  
On Sephadex  G-100 the  small  peaks  A '  and B '  were no t  
cons tan t ,  b u t  peak  C' appears  in all samples  w i th  similar 
height .  P robab ly  mos t  of the  hexoses  of these  peaks  werd 
galactose,  as can be seen in the  cor responding  elut ion cur- 
ves. 

The gMactose curve app rox ima te ly  followed the  ' total 
hexoses  curve,  wi th  the  excep t ion  of peaks  C an G-25 and 
A '  on G-100 t h a t  are resolved in abou t  66% of the  ana-  
lyses in 3 peaks.  Peak  A on th is  curve has a MW near  

1,500; peak  B abou t  3,000 and  peak  C abou t  4,000. Peak  
A '  on Sephadex  G-100 has  a molecular  weight  a b o u t  6,000 
and  peaks B '  and C' are near  22,000 M*W. 

The to ta l  pro te ins  curve shows some s imi lar i ty  wi th  
t h a t  of to ta l  hexoses,  bu t  peaks A and  A '  are absent .  
According wi th  the  above results ,  m o s t  of t he  prote in  
would be galactose conta in ing  glycoproteins .  This  is in 
ag reemen t  wi th  NORDEN'S ~1 f indings on the  galactose 
c o n t e n t  of normal  urine. 

The uronic acid recorded on Sephadex  G-25 is e luted 
in 4 peaks ranging  f rom 3,500 to 4,000 MW. Peaks  A 
and  B were a lmos t  co n s t an t  and  dis t inct .  Peaks  C and 
D varied in he igh t  wi th  the  d i f ferent  samples.  Micro- 
co lumn f rac t iona t ion  *~ and  IR- spec t r a  were used in order  
to ident i fy  the  uronic acid conta in ing  g lycosaminoglycans  
p resen t  in the  fract ions.  Chondroi t in-4-sul fa te  and  hepar i -  
t in  sulfate were the  g lycosaminoglycans  identif ied.  Also 
t races  of hya luronic  acid and hepar in  have  been  found. 
P r o b a b l y  all peaks  represen t  degrada t ion  p roduc t s  of 
g lycosanf inoglycan-prote in  complexes  of d i f ferent  molecu- 
lar weights.  Peak  D was always e luted wi th  a low galac- 
rose peak. The uronic  acid recorded in G-100 appears  in 
only  one peak  (A') (M W abou t  25,000) being always 
e luted wi th  galactose conta in ing  g lycoprote ins  ~2. Work  is 
in progress  wi th  fu r ther  separa t ion  and  closer chemical  
cha rac te r i za t ion  of var ious  f rac t ions  descr ibed in th is  
paper .  
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Repressible Alkaline Phosphatase in Aspergillus niger 
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Summary .  A L P  from A.  niger is a) P~ repressible enzyme;  b) s t imula ted  by  addi t ion  of Zn ++ to the  g rowth  med ium 
and  c) t h a t  E D T A  inhibi ts  t he  enzyme reversibly,  which  could be res tored  by  addi t ion  of Zn++ and pe rhaps  Mg++. 
This  p rope r ty  is in con t r a s t  to  the  enzyme  f rom N. crassa, which  is i n d e p e n d e n t  of any  meta l  requ i rement .  

Alkaline phospha ta se  A L P  2 E.C. 3.1.3.1 occurs in 
E. coli3, ~ and in a n u m b e r  of o ther  organisms 5-7. The 
enzyme  is non-specific,  repressed  by  P~, is a meta l lo-  
p ro te in  and  requires  Zn ++ for its max imal  ac t iv i ty  s. A L P  
f rom N. crassa 5 has  been separa ted  into 2 components ,  
one of which  is repressed by  Pi  and the  o ther  derepressed.  
The repressed enzyme does no t  require any  metal l ic  ion 
for its ac t iv i ty  bu t  is s t imula ted  by  addi t ion  of EDTA.  
This  s t u d y  relates  to a P~ repressible A L P  from A.  niger, 
which  is s imilar  to E. coli enzyme in its r equ i r emen t  for 
Zn ++. The enzyme is inhib i ted  by  b o t h  E D T A  and 1:10 
phenan th ro l ine .  The E D T A  inhibi t ion is reversed by  Zn ++. 

Aspergillus niger N.R.R .L .  67 was ob ta ined  f rom Nor- 
t he rn  Regional  Research  Labora to ry ,  Peoria,  Illinois, 
USA.  The organism was grown on a modif ied Czapek-Dox 
medium.  The modif ica t ions  were t h a t  NaNO 3 was re- 
p laced by  NH4NO 3 and  K2HPO 4 by  KH~PO4; 0.7 m M  
ZnSO47H20 was added  as a supp l emen t  to the  med i u m 

unless o therwise  noted,  and  p H  ad jus ted  to 2.2-2.3 wi th  
di lute  HNO 3. Funga l  ma t s  grown under  s t a t i ona ry  culture 
a t  28 ~ for 96 h were washed  thr ice  w i th  ice-cold dist i l led 

1 Present address: Biochemistry Division, N.C.L., Poona 411 008, 
India. 

2Abbreviations: ALP, alkaline phosphatase; EDTA, ethylene 
diamine tetra acetic acid disodimn salt; p-npp, p-nitrophenyl 
phosphate; p-np, p-nitrophenol; Pl, KH2PO4; OD410, optical 
density at 410 rim; SA, specific activity. 
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