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Neuraminidase-Resis tant  Sialyl Residues of ~Zl-ACid Glycoprotein 

The  s ia lyl  res idues  of p l a s m a  glycoprote ins ,  t h e  ter -  
m i n a l  g roups  of t h e  c a r b o h y d r a t e  u n i t s  of these  macro-  
molecules,  are t h o u g h t  to  b e  read i ly  c leaved  b y  n e u r a m i n i -  
dase.  I n  a r e c e n t  s t u d y  on  cq-acid g lycopro te in  (oroso- 
mucoid) ,  a well  cha rac t e r i zed  g lobul in  of n o r m a l  p l a s m a  1, 
t h e  c leavage  of these  res idues  was  i n v e s t i g a t e d  over  t he  
p H  r a n g e  f rom 1-6, a n d  i t  was  found  t h a t  a sma l l  b u t  
s ign i f i can t  p e r c e n t a g e  of t h e  sialic acid was sp l i t  off a t  
a r a t e  v e r y  m u c h  lower t h a n  t h a t  of t he  restS. 

The  p r e s e n t  s t u d y  was i n i t i a t ed  to  f u r t h e r  i n v e s t i g a t e  
t h e  l inkage  b e t w e e n  t he  ' a c id - r e s i s t an t '  s ia lyl  res idues  
a n d  the  c a r b o h y d r a t e  moie ty .  Fo r  t h i s  purpose ,  e~-acid 
g lycopro te in  was  h y d r o l y z e d  a t  p H  2.2 a n d  80 ~ for  1 h 2 
effect ing c leavage  of t h e  r ead i ly  h y d r o l y z a b l e  siMic acid.  
I n c u b a t i o n  of t he  r e su l t i ng  modi f ied  g lycopro te in  w i t h  
h igh ly  pur i f ied  n e u r a m i n i d a s e  (free of o t h e r  hydro la ses  
a n d  pepf idases) ,  led to  hydro lys i s  of on ly  a sma l l  f r ac t ion  
of t he  r e m a i n i n g  s ia lyl  res idues  as c o m p a r e d  w i t h  t he  
ex tens ive  c leavage  of t h i s  suga r  f rom t h e  n a t i v e  glyco- 
p ro t e in  ca r r ied  ou t  in  a s i m u l t a n e o u s l y  pe r fo rmed  con t ro l  
expe r imen t .  

A d d i t i o n a l  ev idence  in s u p p o r t  of th i s  o b s e r v a t i o n  was 
o b t a i n e d  as follows: A n  a l i quo t  of t h e  modi f ied  e~-acid 
g lycopro te in  was d iges ted  w i t h  p r onas e  (1% w/w) a t  
p H  8.5 a n d  37~ for  8 h a n d  t h e  r e su l t i ng  d iges t  frac- 
t i o n a t e d  b y  gel f i l t r a t i on  t h r o u g h  a S e p h a d e x  G-25 
c o l u m n  to  r e m o v e  a m i n o  acids a n d  smal l  pep t ides  a n d  
t h e n  t h r o u g h  a S e p h a d e x  G-100 c o l u m n  to  r e m o v e  m i n u t e  
a m o u n t s  of u n d i g e s t e d  g lycoprote in .  T he  presence  of 
t h i s  u n d i g e s t e d  g lycopro te in  in  t h e  modi f ied  g lycopro te in  
p r o b a b l y  exp la ins  t h e  r e l a t ive ly  h i g h  r a t e  of c leavage  of 
s ia ly l  res idues  f rom t h e  l a t t e r  p r e p a r a t i o n  as  t h e  sialic 
acid c o n t e n t  of t he  fo rmer  was  found  to  be  r e l a t ive ly  
high.  T h e  i so la ted  g lycopep t ide  m i x t u r e  c o n t a i n e d  ap-  
p r o x i m a t e l y  5% sialic acid a n d  was i n c u b a t e d  w i t h  t h e  
m e n t i o n e d  n e u r a m i n i d a s e .  T he  s ia lyl  res idues  were l ib-  
e r a t ed  a t  a r a t e  v e r y  m u c h  lower  t h a n  t h a t  of t h e  p a r e n t  
p ro t e in  (Table).  

Th i s  o b s e r v a t i o n  conf i rms  t h e  above  descr ibed  f ind ing  
a n d  suggests  t h a t  in  ct~-acid g lycopro te in  2 types  of l ink-  
ages  ex i s t  b e t w e e n  the se  res idues  a n d  t h e  c a r b o h y d r a t e  
m o i e t y  of t h i s  p ro t e in  : one of t he se  b o n d s  is c leaved  readi ly ,  
whi le  t h e  o the r  is spl i t  v e r y  s lowly S. 

The relative rate of cleavage of the sialyl residues by neuraminidase 
from native human plasma cq-aeid glycoprotein (Native cq-AG), 
from this protein after acid hydrolysis at pH 2.2 (pH 2-al-AG ) and 
from the glyeopeptide mixture (Glycopeptide) isolated from a 
pronase digest of the modified cq-aeid glyeoprotein ~. 

Incubation Glycopeptide pH 2-~I-AG Native cq-AG 
(min) (% of NANA cleaved) 

5 3 6 31 
22 11 21 53 
35 12 30 77 

These 3 experiments were Carried out simultaneously and each 
contmned the same amount of bound sialie acid. 

Zusammen[assung. U n t e r s u c h u n g e n  fiber die B i n d u n g  
der  Sial insEure des a l -S~ure -Glykopro t e in s  (Orosomu-  

" coid) als typ i sches  G lukopro t e id  des m e n s c h l i c h e n  P las -  
mas  zeigten,  dass  dieses ends t i ind ige  Monosaccha r id  auf  
zwei ve r sch iedene  A r t e n  g e b u n d e n  ist. E i n  zwar  kle iner ,  
a b e t  s ign i f ikan te r  Ante i l  v o n  Sialins/~ure wird  ~Lusserst l ang-  
s am d u r c h  des  E n z y m  abgespa l t en .  
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Active Transport of C1- Across the Isolated Intestinal Mucosa of Testudo hermanni 

T h e  i n t e s t i n a l  e p i t h e l i u m  is t h e  s i te  for  t r ansce l lu l a r  
ac t ive  t r a n s p o r t  of m a n y  inorgan ic  ions. Whi le  t he  exis t -  
ence of sod ium ac t ive  t r a n s p o r t  is c lear ly  d e m o n s t r a t e d ,  
C1- ac t ive  t r a n s p o r t  is m u c h  deba ted .  Some  a t l thors  
(CuRRAN a n d  SOLOMON 1 ; CURRAN ~; CAPRARO et  el. a) h a v e  
g iven  good ev idence  for  a n  ac t ive  t r a n s p o r t  f rom the  
l u m e n  to  t h e  serosa ;  o the r s  (CLARKSON et al, 4, SCKULTZ 
et  el. s) were  n o t  able  to  obse rve  t he  same  p h e n o m e n o n .  
E v e n  t h e  p resence  of a C1- secre t ion  t o w a r d s  t he  i n t e s t i n a l  
l u m e n  ha s  b e e n  obse rved  u n d e r  p a r t i c u l a r  e x p e r i m e n t a l  
cond i t ions  b y  some a u t h o r s  (TIDBALL 6, TAYLOR et  al.~). 

Recen t ly ,  GILLES-BAILLIEN a n d  SCI~OFFENIELS s h a v e  
well  e s t ab l i shed  t he  ex is tence  of a n  ac t ive  C1- t r a n s p o r t  
f rom the  serosa to  t he  l u m e n  across t h e  i so la ted  i n t e s t i ne  
of t he  Greek  Tortoise .  I n  t h e  p r e s en t  work  we h a v e  s tud ied  

t he  effect  of a m e t a b o l i c  i n h i b i t o r  such  as DNP, on C1- 
f luxes  in  b o t h  d i rec t ions  across to r to i se  i n t e s t i n a l  mucosa .  

F. P. CURRAN and A. K. SOLOMON, J. gem Physiol. 41, 143 (1957). 
F. P. CURRAN, J. gem Physiol. 43, 1137 (1960). 

] V. CAPRARO, E" MILLA and A. BIANeHI, Nature t99, 1099 (1963). 
4 T. W. CLARKSON, A. C. CROSS and S. R. TOOLE, Am. J. Physiol. 

206, 658 (1964). 
s G. S. SCHVLTZ, R. ZALIJSKY and A. S. GAss, J. gen. Physiol. 48, 

375 (1964). 
6 C. S. TIDBALL, Am. J. Physiol. 200, 309 (1961). 

A. E. TAYLOR, E. M. WRIOH% S. G. SCmJLTZ and F. P. CURRAN, 
Am. J. Physiol. 210, 836 (1968). 

8 M. GILLES-BAILLIEN and E. SCFIOFFENIELS, Archs int. Physiol. 
Biochim. 75, 754 (1967). 



702 Specialia 15. 7. 1969 

The j e j unum of Greek Tortoise (Testudo hermanui) was 
isolated according to BNILLIEN and  SCHOFFENIELS 9 and  
p u t  be tween  2 lucite chamber s  of the  same volume.  The 
appa ren t  t issue area was 1.33 em ~. The perfusion fluids 
were perfused wi th  O~ and  the  t e m p e r a t u r e  was of 
24=h 2~ The perfus ion fluid, tor to ise  Ringer ,  was  
always the  same on b o t h  sides and  its compos i t ion  was 
the  following: NaC1 110 raM, KC1 2 raM, CaC12 2.5 raM, 
Na2HPO 4 3.7 m M ,  NaH2PO l 1.7 raM, glucose 5.5 raM. 

During the  exper iment ,  the  t ransepi the l ia l  electrical  
po ten t i a l  was cont inuous ly  held  a t  zero wi th  an electrical  
shor t -c i rcu i ta t ion  d e v i c e  (VEscovlNI and  MARRO 10). 

In  a f i rs t  set  of exper iments ,  we measured  the  mucosa-  
serosa (in-flux) and  serosa-mucosa  (out-flux) f luxes of 
36C1- in 2 ad j acen t  t r ac t s  of t he  same intes t ine .  The 
fluxes were  de t e rmined  as follows: a t  t he  beg inn ing  of 
the  expe r imen t  Ringer  solut ion labelled wi th  a"C1 (about  
0.1 vc/ml) was p u t  a t  one side of t he  ep i the l ium and  
unlabel led Ringer  a t  t he  other .  The labelled sides were  
opposi te  in the  2 t racts .  Af te r  a 1-h period,  required to  
ob ta in  s t eady  fluxes, every  hal f  an hour  a smal l  q u a n t i t y  
of fluid f rom the  unlabeIled side was collected. 

A second set  of expe r imen t s  was  run  as before, b u t  w i th  
the  addi t ion,  a f ter  t h e  control  periods,  of 2, 4-dinitro- 
phenol  (DNP) (10-4M or 5 X 10-~M) to b o t h  perfus ion 
fluids. Then  the  expe r imen t  w e n t  on over  a 1-h period.  

The rad ioac t iv i ty  readings  were pe r fo rmed  wi th  a Tri- 
Carb scint i l la t ion spec t romete r  (3000 series). 

As can be seen f rom Table  I, the  in- and  out-f luxes  
of 3'C1 de tec ted  in ad jacen t  t r ac t s  of j e j unum differ in 
t h a t  the  serosa-mucosa  f lux prevai ls  over  the  opposi te  
one. The flux ra t io  is lower t h a n  un i ty  and  the  difference 
is s ta t is t ica l ly  significant.  I t  can be seen Ir0m Table  I I  
that D N P  lowers s ignif icantIy b o t h  mucosa-serosa  and  
serosa-mucosa  fluxes. 

The results  of Table  I allow us to  agree wi th  GILLES- 
BAILLIEN and  SCHOFFENIELS 8 conclusion t h a t  across 
tor to ise  Small in tes t ine  a ne t  t r a n s p o r t  of CI- f rom the  
serosa to t he  mucosa  is detectable .  This  t r a n s p o r t  occurs 
in t he  absence of e lect rochemical  gradients  and  according 
to ROSENBERG 11 cri ter ia  m u s t  be considered an act ive  
t ranspor t .  Ill order  to  check th is  s t a t emen t ,  we have  
s tudied  the  effect  of a metabol ic  inhibi tor  such as D N P  
on the  t ransep i the l ia l  f luxes of C1-. The resul ts  sum-  
mar ized in Table  I I  conf i rm this  s t a t emen t ,  as the  serosa- 
mucosa  flux of C1- is par t ia l ly  inhib i ted  af ter  D N P  t rea t -  
ment .  I t  is in te res t ing  to no te  t h a t  also the  mucosa-  
serosa flux is lowered b y  DNP.  This  observa t ion  is con- 
s i s ten t  wi th  t he  presence  of an act ive CI- t r a n s p o r t  to- 
wards  the  serosal  side. I t  seems reasonable  to  exclude a 
d i rect  influence of D N P  on C1- permeabi l i ty .  In  fact  i t  
is well known  t h a t  th is  subs tance  increases t h e  per- 
meabi l i ty  of art if icial  l ipid m e m b r a n e s  (BIELAWSKu et  
al)2), while in th is  t issue D N P  causes a reduc t ion  in CI- 
fluxes. Besides, we have  observed t h a t  the  pe rmeab i l i ty  
of a subs tance  which crosses t he  in tes t ina l  ep i the l ium 
passively,  such as thiourea,  is no t  af fec ted  by  D N P  
(LIPPE et al.Xa). 

At  f i rs t  s ight  the  exis tence of 2 act ive  fluxes in dif- 
fe rent  direct ions across the  same t issue seems r a the r  
s trange.  However ,  d i f fe rent  types  of cells of opposi te  
funct ional  po la r i ty  are p re sen t  in the  in tes t ina l  ep i the l ium 
(TRIp,  X*). Therefore  CI- ac t ive  t r a n s p o r t  p re sumab ly  
occurs in b o t h  direct ions  across d i f ferent  types  of cells. 

Fu r the rmore ,  t he  hypo thes i s  t h a t  the  2 act ive  t rans -  
por t s  are di f ferent  in the i r  mechan i sm canno t  be excluded ; 
while the  serosa-mucosa  f lux could be due  to  the  presence 
of a CI- pump ,  t he  CI- t r a n s p o r t  f rom mucosa  to  serosa 
could be d e p e n d e n t  on the  glucose p u m p  according to  
t he  hypo thes i s  advanced  b y  FO'RDTRAN et  al. ~s. 

Table I. Mucosa-serosa (#i) and serosa-mucosa (~o) fluxes of a6Cl- 
in adjacent tracts of the Greek Tortoise jejunum 

~ ~0 ~ 45~ 
# equiv, cm -2 h -1 /* equiv, cm -~ h -x #o 

mean value mean value mean value • S.E. 

1.99 2.90 0.68 ~ o.o2 

Numbers of experiments ~ 10. 

Table II. a6c1- fluxes across the jejunum of Greek tortoise 

r #2 ~ 2 -  r 100 
# equiv. # equiv. #I 

em -~ h -~ cm -2 h -~ mean value 
mean value mean value • S.E. 

Serosa-mucosa fluxes 3.21 1.47 -- 55.7 ~ 4.3 (6) 
DNP 10-4M 

Mucosa-serosa fluxes 4.09 2.31 -- 37.7 4- 10.5 (5) 
DNP 10-4M 

Mueosa-serosa fluxes 3.12 1.36 -- 59.5 ~ 6.3 (4) 
DNP 5 • 10 -4 M 

~1, control; ~ ,  DNP treatment. The figures in parentheses represent 
the number of experiments. 

Riassu,zto. Nel digiuno di  Testudo hermanni in assenza 
di  gradient i  e le t t rochimici  esiste un  t r a spor to  ne t to  di  
C1- dal  mezzo serosale a quello mucosale,  n t r a t t a m e n t o  
con D N P  r iduce s ign i i i ca t ivamente  il flusso sierosa- 
mucosa  di  CI-, per  cui si confe rma  l 'es is tenza di  un  
t r a spor to  a t t ivo  di  ques to  lone. Anche  il flusso mucosa-  
sierosa di C1- 6 inibi to dal  DNP,  per  cui 6 probabi le  che 
anche  ques to  flusso sia dovu to  in pa r t e  a u n  t r a spor to  
a t t ivo.  
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