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SUMMARY 

In fused  as i a lo -o rosomuco id ,  aga lac to-orosomueoid  and  pu r i f i ed  m a n n a n s  from 
Saccharomyces  ce rev i s i ae  a re  r a p i d l y  c lea red  from rat  p l a sma .  Clearance  of 125I- 
aga lac to-orosomucoid  is  i n h i b i t e d  by  s imu l t aneous ly  i n fused  ma nna ns  and  s e ve r a l  
s imple s u g a r s  i n c l u d i n g  mannose .  Clearance  of 1251-mannans is i nh i b i t e d  b y  
s imu l t aneous ly  i n fused  aga lac to -orosomucoid .  Al though m a n n a n s  and  agalae to-  
orosomucoid show c r o s s - i n h i b i t i o n  of c l e a r a n c e ,  ne i t he r  i nh ib i t s  the c l ea rance  of 
l aS l -as ia lo-orosomueoid .  T h u s ,  even  though aga lac to-orosomucoid  is  an N-ace ty l -  
g lucosamine  t e rmina l  g lycopro t e in ,  a subs t a n t i a l  pa r t  of i ts  c l ea rance  from ra t  p lasma 
is mediated b y  a mannose  r ecogn i t ion  sys tem.  

INTRODUCTION 

Severa l  sys tems  for c l ea rance  of mammalian g lycopro te ins  have b e e n  d e s c r i b e d  

or s u g g e s t e d .  These  i nc lude  the well  cha rac t e r i zed  hepatocyte  recep tor  for as ia lo-  

g lycopro t e in s  which  te rmina te  in  galactose ( i ) ,  a sys tem in  av ian  (2) and  ra t  (3) 

l i ve r  for c l ea rance  of aga l ac to -g lycop ro t e in s  which  te rmina te  in  N-ace ty lg lucosa -  

mine ,  and  a sys tem for c l ea rance  of mannosy l  t e rmina l  a g l y c o s y l - a n t i b o d y  (4) and  

RNase B (5) .  Stahl and  c o - w o r k e r s  (6,7) found that  a v a r i e t y  of ra t  lysosomal  e n -  

zymes was r a p i d l y  c l ea red  from ra t  p lasma fol lowing i n f u s i o n ,  and that agalacto-  

orosomucoid  b locked  the i r  c l e a r a n c e .  These  f i nd ings  led them to a t t r ibu te  c l ea rance  

of these  h y d r o l a s e s  to the sys tem d e s c r i b e d  for aga lac to-orosomucoid  and  to s u g -  

gest  that  t e rmina l  N-ace ty lg lucosamine  was pa r t  of the r ecogn i t ion  site on the e n -  

Abbrev i a t i ons :  Wild type  m a n n a n  con ta ins  a 1->6 l inked  b a c k b o n e  with s ide cha ins  
of 1+3 and  1+2 l i nked  mannose  u n i t s .  Mutant  m a n n a n  mnn2 (called 1+6 l i nked )  has 
no 1+3 and  1->2 l i n k e d  s ide cha in  on the po lymannose  b a c k b o n e  of the ou te r  cha in .  
Mannan  from mutant  m n n l  (cal led 1+2 l i nked )  has p r e d o m i n a n t l y  mannobiose  s ide 
cha ins  in  I+2 l i n k a g e .  Mannan  from mutant  mnn4 (called 1+3 l i nke d )  has many s ide 
cha ins  with an  add i t iona l  mannose  in  1+ 3 l i n k a g e .  
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zymes which were  c lea red  by  this  system.  Infused human placental  B-glucuronidase  

is also c leared  r ap id ly  from rat  plasma by  a system which appea r s  to depend on the 

ca rbohydra te  s t ruc tu re  of the enzyme (8). Evidence p re sen ted  e lsewhere  (9,10) 

indicates  that infused human placental  B-glucuronidase localizes in ra t  Kupffer ce l l s ,  

and that c learance  of this  human enzyme by  ra t  Kupffer cel ls  involves  recogni t ion of 

mannosyl  r e s idues  on the enzyme.  S u r p r i s i n g l y ,  agalacto-orosomucoid ,  an N-aee ty l -  

glueosamine terminal  g lycopro te in ,  also b locked c learance  of human placental  B-glu L 

euron idase .  This resu l t  led us to test  the c ross - inh ib i t ion  of c learance of agalacto-  

orosomucoid and yeas t  mannans and the inhibi t ion of c learance  of aga lac to-oroso-  

mucoid by  simple s u g a r s .  

MATERIALS AND METHODS 

Orosomueoid was a gift of the American National Red Cross  Labora to ry ,  
Bethesda,  M~. Asia lo-orosomucoid was p r e p a r e d  by  t rea t ing  a 1% solution of oroso-  
mucoid at 80VC for 1 hour in 0.1 N H 2SO4 followed by  d ia lys i s  agains t  water .  
Agalaeto-orosomucoid was p r e p a r e d  by  treatment  of as ia lo-orosomucoid  with sodium 
metaperiodate followed b y  reduct ion  with sodium b o r o h y d r i d e  us ing  the method of 
Spiro (11). Mannans from mutant S. ce rev is iae  (12) were  k ind ly  suppl ied  by  
Dr.  Clinton Ballou,  Dept.  of Biochemis t ry ,  Univers i ty  of California,  Be rke ley ,  CA. 

Asia lo-orosomucoid ,  agalac to-orosomueoid ,  and S. ce rev i s i ae  yeas t  mannans 
were labe led  us ing  the ehloramine-T method (13) with 10 u Ci of c a r r i e r - f r e e  Na 125I 
per  100 ~ g of p ro te in .  The iodinated pro te ins  were  separa ted  from Na 1251 by  gel 
f i l t rat ion on a lx20 cm Sephadex G-25 column. Specific act ivi t ies  r anged  from 0.05 
to 0.08 ~ C i p e r  u g .  

Male Sprague-Dawley  ra t s  were used  for infusion exper iments .  Animals were  
anesthet ized with e ther .  Nephrectomies were  c a r r i e d  out through a re t roper i tonea l  
approach  to each k i d n e y ,  al lowing isolat ion and l igat ion of renal  ve ins  and a r t e r i e s  
p r i o r  to removal .  125I-glyeoproteins in 0.15 M NaC1 were  infused into the tail  vein  
of ra t s  weighing  150-200 gm and blood samples taken from a eannulated femoral 
a r t e ry  into hepa r in i zed  hematoeri t  tubes .  Radioact ivi ty was determined in plasma 
samples taken at i n t e rva l s  after infusion with a Paekard  model 5260 auto-gamma 
scint i l la t ion spec t rometer .  

RESULTS AND DISCUSSION 

Figure  la  shows that infused t r ace r  doses of 125i_agalacto-orosomueoi d are 

r ap id ly  c leared  from ra t  p lasma,  and that this  c learance  is b locked by la rge  doses 

of unlabeled  agalaeto-orosomucoid but  not b y  as ia lo-orosomueoid .  These f indings  

confirm prev ious  r epo r t s  (3).  However ,  c learance  of 1251_agalacto_orosomucoi d 

is  also b locked by  pur i f ied  yeas t  mannan.  F igure  lb  shows the effect of infused 

suga r s  on c learance  of 125i_agalaeto-orosomucoi d in the nephrectomized r a t .  Note 
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F i g u r e  i .  I nh ib i t i on  of c l ea rance  of 125I-agalacto-orosomucoid by  other  u n l a b e l e d  
g lycopro t e in s  or s u g a r s .  Rats r ece ived  0.5 ml of 0.15 M NaC1 con ta in -  
i n g  10 ~ g 125I-agalacto-orosomucoid with or without  the ind ica ted  g ly -  
copro te ins  (Fig.  l a )  or  500 u moles of the ind ica ted  s u g a r s  (Fig.  l b ) .  
Tai l  v e i n  i n f u s i o n s  r e q u i r e d  30 s econds .  Ar t e r i a l  b lood samples  were  
t aken  at the t imes ind ica ted  fol lowing the s tar t  of the i n f u s i on .  The 
data in  F ig .  l b  is  from ra t s  nephrec tomized  p r i o r  to i n f u s i o n s .  Resul t s  
a re  e x p r e s s e d  as a p e r c e n t a g e  of the f i r s t  p o s t - i n f u s i o n  sample t aken .  
Fig. la: • ,  12SI-agalacto-orosomucoid only; • ,  +2 mg agalacto-oroso- 
mucoid; • ,  +2 mg asialo-orosomucoid; A, +1 mg mannan. Fig. lb: 

• ,  1251-agalacto-orosomucoid only; • ,  +galactose; [3, +N-acetyl 
glucosamine; A, +mannose; A, +a-methyl-D-mannoside; O, +glucose; 

<>, +L-fucose. 

that  a -methy l  m a n n o s i d e ,  mannose ,  L- fucose ,  and  N-ace ty l  g lucosamine  i n h i b i t  

c l e a r a n c e ,  a-Methyl  mannos ide  was the most potent  i n h i b i t o r .  Glucose and galac-  

tose were  without  de tec table  effect.  

Mannan  from S. ce rev i s i ae  is  a g lycopro te in  composed almost en t i r e ly  of h igh ly  

b r a n c h e d  D-mannose  c h a i n s .  F i g u r e  2 shows the effect of mutan t  yeas t  m a n n a n s  on 

c l ea rance  of 125i_agalacto_orosomucoid.  All mutant  m a n n a n s  i nh i b i t e d  c l ea rance  of 

125I-agalac to-orosomucoid .  Inh ib i t ion  b y  (1÷6) l i n k e d  m a n n a n  is  > (1÷3) l i nked  is 

> (1÷2) l i n k e d .  F i g u r e s  3 (a-c)  show the effect of mutant  m a n n a n s  and  aga lac to -o ro -  

somucoid on the c l ea rance  of th ree  d i f fe rent  125i_mannan s from S. c e r e v i s i a e .  

Aga lac to-orosomucoid  i n h i b i t s  the c l ea rance  of m a n n a n  from all th ree  mu tan t s ,  and 
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Figu re  2. Inh ib i t ion  of c l ea rance  of 12 Si_agalacto_orosomucoi d by  u n l a b e l e d  
S. ce rev i s i ae  mutant  m a n n a n s .  Rats r ece ived  i n f u s i ons  con t a in ing  I0 

g ±z~I-agalacto-orosomucoid a lone ,  or  also con t a in ing  200 ~ g of 
m a n n a n  m n n l  (1+2 l i nked ) ;  mnn2 (1+6 l i nked ) ;  mnn4 (1+3 l i n k e d ) ;  
or  1 mg mnn2 .  • ,  12SI-agalacto-orosomucoid only;  O, +200 ~ g m n n l ;  

A,  +200 ~ g m n n 2 ;  A,  +200 u g m n n 4 ;  • ,  + l m g m n n 2 .  

each m a n n a n  i nh ib i t s  the c l ea rance  of the other  two. Note that aga lac to-orosomucoid  

i nh ib i t i on  is g rea tes t  for (1+2) l i nked  m a n n a n ,  less  for (i-~3) l i nke d ,  and  least  for 

(1+6) l i n k e d ,  the r e v e r s e  o rde r  of i nh ib i t i on  of aga lac to-orosomucoid  c lea rance  b y  

m a n n a n s .  F igu re  4 (a and b )  shows that  the only  suga r  which affects the r ap id  

c l ea rance  of as ia lo-orosomucoid  is  galactose ,  and that  ne i the r  aga lac to-orosomucoid  

nor  yeas t  m a n n a n  i nh ib i t s  c l ea rance  of a s ia lo -o rosomucoid .  

The s tud ies  p r e s e n t e d  show that  aga lac to-orosomucoid  and  yeas t  m a n n a n s  each 

i nh ib i t  the c l ea rance  of t r a c e r  doses  of the o ther .  Both g lycopro te ins  have b e e n  

found to i nh ib i t  the r ap id  c l ea rance  of human  p lacenta l  B -g lucu ron idase ,  which  is  

c lea red  by  a system in  ra t  Kupffer cells  which appea r s  to recognize  mannosy l  de-  

t e rminan t s  on this  lysosomal  enzyme (9, i 0 ) .  The phys io log ic  s ign i f i cance  of this  
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Figure  3. Inhibi t ion of c learance  of 125i_mannan s by  unlabeled  mannans or 
agalac to-orosomucoid  in the nephrectomized ra t .  Rats rece ived  10 p g 
of different  i25I-mannans alone or with 1 mg of a~alacto-orosomucoid 
or  the ind ica ted  mutant mannan.  Clearance of 12SI-mnnl (a) ,  i2SI-mnn2 
(b) ,  and 125I-mnn4 (c) .  F ig .  3a: e ,  i2SI-mnnl  only;  O, +1 mg 
mnnl;  Zi, +1 mg mnn2; • ,  +1 mg mnn4; • ,  +2 mg aga lac to-oroso-  
mucoid.  F ig .  3b: 0 ,  i25I-mnn2only;  O, + l m g m n n l ;  A ,  + l m g  
mnn2; • ,  +1 mg mnn4; • ,  +2 mg agalac to-orosomucoid .  F ig .  3c: 

• , i25I -mnn4only ;  Zi, + l m g m n n 2 ;  • ,  + l m g m n n 4 ;  • ,  +2mg 
agalac to-orosomucoid .  

c learance  system is  s t i l l  unc lea r .  Neither  agalac to-orosomucoid  nor  mannans in -  

hibi t  the c lea rance  of as ia lo -orosomucoid ,  which is c leared  by  a different  system 

involv ing  a r ecep to r  for ga lac tosyl  groups  on hepatocytes  (1). 

Severa l  explanat ions  are  poss ib le  for the obse rved  c ross  inhibi t ion of c learance  

of agalac to-orosomucoid  and mannans.  F i r s t ,  the two l igands  might in terac t  with 

each other  and this  in terac t ion  could reduce  the access ib i l i ty  of the rad io labe led  

l igand to i ts  r ecep to r .  Secondly ,  the two l igands  could compete for the same r e c e p -  

tor which recognizes  e i ther  in te rna l  or  b r anch  mannose groups  of aga lac to-oroso-  

mucoid or mannose groups  of mannan. The impress ive  inhibi t ion of aga lac to-oroso-  

mucoid c learance  by  mannose and s -methyl  mannoside sugges t s  that c learance  of 

agalac to-orosomucoid  involves  a mannose recogni t ion sys tem.  A th i rd  poss ib i l i ty  

is  that there  a re  d is t inct  r ecep to r s  on Kupffer cel ls  for N-ace ty l  glucosamine and 
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F i g u r e  4. Clearance  of 12 Si_asialo_orosomucoi d in  the p r e s e n c e  of u n l a b e l e d  
s u g a r s  or g lycop ro t e in s .  All ra t s  r ece ived  10 u g 1251-asialo-orosomu- 
coid.  (a) Effect of 5 mg as ia lo -o rosomuco id ,  2 mg aga lae to-orosomueoid ,  
or 1 mg wild type  m a n n a n  on 1251-asialo-orosomucoid c l ea r ance .  
(b) Effect of 500 ~ moles of va r i ous  s u g a r s  on 1251-asialo-orosomucoid 
c lea rance  in  the nephree tomized  ra t .  F ig .  4a: • ,  125I-as ia lo-orosomu-  
coid only;  zk, +5 mg as ia lo-orosomueoid ;  • ,  +2 mg aga lac to-orosomucoid  

• ,  +1 mg wild type m a n n a n .  F ig .  4b: • ,  12SI-asialo-orosomucoid 
on ly ;  • , +galactose;  [ ] ,  +N-acetyl  g lucosamine;  A ,  +mannose;  A ,  
+ a - m e t h y l - D - m a n n o s i d e .  

mannose  t e rmina l  g lycop ro t e in s ,  with b i n d i n g  to one recep tor  i n t e r f e r i n g  with 

func t ion  of the o ther .  Sa tu ra t ing  doses of l i gand  for one recep to r  might  delay c l ea r -  

ance of t r a c e r  doses of the other  l i gand  by  a separa te  r ecep to r -med ia t ed  up take  p r o -  

cess  i n  the same cell  if the ce l l ' s  capaci ty  to i n t e r n a l i z e  membrane  were  exceeded .  

If the i nh ib i t i on  of 12 5i_agalacto_orosomucoi d c l ea rance  b y  s imple s u g a r s  r e p r e -  

sen ts  hap tene  i n h i b i t i o n  of l i gand  b i n d i n g  to r e e e p t o r ,  one might  in fe r  that the r ecep -  

tor has g rea tes t  aff ini ty  for mannosy l  de t e rminan t s  s ince s -methy l  mannos ide  and  

mannose  are  the bes t  i n h i b i t o r s .  Admi t ted ly ,  d i f ferent  ra tes  of c l ea rance  or metabo-  

l ism of the s imple s u g a r s  could c loud the i n t e r p r e t a t i o n  of r e l a t ive  potency of the 

suga r  i n h i b i t o r s .  The fact that  mannose ,  L- fueose ,  and  N-ace ty l  g lueosamine  all 

give some i n h i b i t i o n  of c l ea rance  sugges t s  e i ther  that  more than  one type  of g lycosy l  

un i t  i s  i nvo lved  in  the de t e rminan t  on the g lycopro te in  that  i n t e rac t s  with the r ecep to r ,  
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or that the mannosyl  g lycopro te in  c learance  system fails to d i s t ingu i sh  seve ra l  g ly -  

cosyl  conf igurat ions  on the g lycopro te ins .  Stowell et al (14) recen t ly  showed that 

the hepat ic  a s i a lo -g lycopro te in  r eeep to r  cannot d i s t ingu i sh  between the galactosyl  

and g lucosyl  conf igura t ions .  

Studies  with isola ted b ind ing  pro te ins  from l ive r  analogous to those with the 

recep tor  for terminal  galactose r e s idues  should allow definit ion of the recep tor  (s) 

involved  in c lea rance  of mannose and N-acetyl  glucosamine terminal  g lycopro te ins .  
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