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The aim of this research was to determine the structure of oligosaccharide antennae located 
on the surface of apoB-100, and to examine their roles in the oxidation process and in the 
signal transduction of endothelial cells. The profiles of oligosaccharides on apoB-100 were 
determined by enzymatic digestions as follows. First, N-glycanase was used to release a 
mixture of oligomannose and complex types of oligosaccharides. Second, endoglycosidase H 
was used to release high-mannose and hybrid types. Third, O-glycosidase DS was used to 
release O-linked oligosaccharides. The released oligosaccharides were then labeled and 
quantified by electrophoresis. In vitro apoB-100 oxidation was mimicked by adding transition 
copper ions. For the signal transduction study, I examined the expression of adhesion 
molecules on cultured human coronary artery endothelial cells by adding LDL in which the 
oligosaccharide sequences were enzymatically modified. The sugar chain structures on the 
surface part of apoB-100 were composed predominantly of N-linked oligosaccharides, i.e., 
two forms of complex type and five forms of high-mannose type. The digestion of sugar 
chains by exoglycosidases and endoglycosidases did not result in any changes in the 
susceptibility of LDL to oxidation. Also, LDL without monosaccharides such as sialic acid, 
galactose, and N-acetylglucosamine did not induce any significant effect on the expression of 
ICAM-1, VCAM-1, or ELAM-1. I found that the sugar chains did not play any significant roles 
in the oxidative processing of LDL and also in the expression of ICAM-1, VCAM-1, or ELAM-1. 
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Increas ing ev idence has shown tha t  sugar  
cha in  s t ruc tu res  a re  of ten impor tant  as 
recogni t ion  de terminan ts  in  recep tor- l igand 
or  ce l l-ce l l  in te rac t ions ,  fo r  example ,  in  the 
modula t ion o f  immunogenic i ty  and pro te in  
fo ld ing,  and  in  the regu la t ion  o f  pro te in  
bioac t iv i ty .  In  genera l ,  sugar  cha ins  are  
composed of  monosacchar ides ,  such as  s ia l ic  
ac ids,  galac tose and mannose,  and ex is t  as  a  
combina t ion  o f  o l igosacchar ide an tennae  
wi th  var ious  s t ruc tures. 1  Apolipopro te in  
B-100 (apoB-100)  of  low- densi ty  l ipopro-  
te in  (LDL) i s  a  g lycoprote in  tha t  i s  
composed of  such o l igosacchar ides. 2  

The ox idat ion of  apoB-100 i s  wide ly  
be l ieved to  be an  impor tan t  even t  in  the 
pa thogenesis  of  atherosc le ros is .  LDL wi th  
ox id ized  apoB-100  i s  endocy tosed  in  an 
uncontro l led manner  by macrophages,  

resul t ing  in  the  genera t ion  of  cho les tero l-  
laden foam ce ll s ,  which charac te r ize  
a therosc lerot ic  les ions . 3 , 4  Sugar  cha in  
s truc tures  may  p lay  a  role  in  the ox ida t ion  
process  o f  the  g lycopro teins  o r  in  the  s igna l  
t ransduct ion  o f  endo the l ial  ce l l s .  

The  a im of  th is  research  was  to  
de termine the s truc ture o f  o l igosacchar ide  
an tennae loca ted  on  the  surface  o f  apoB-100,  
and  to  examine the ir  roles in  the ox ida t ion 
process and in  the s igna l  t ransduction  of  
endo the lia l  cel l s .  In  v i tro  apoB-100 
ox ida tion  was  mimicked  in  a  cel l - f ree  
sys tem by  add ing  t rans i t ion  copper  ions ,  as  
proox idan ts . 5 - 7  For  the  s igna l  t ransduct ion 
s tudy ,  I  examined  the express ion o f  
adhesion  molecu les on cu l tured  human 
coronary  a r te ry  endothe lia l  ce l l s  by add ing 
LDL in  which the  o l igo-  sacchar ide  
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sequences  were  enzymat ica l ly  modif ied .  
 
 
Materia ls and methods 
 
Samples  

Plasma samples  (3 .4  mmol /L  K2 -ethy lene-  
diamine  te t raacet ic  ac id  (K 2EDTA)-  an t i -  
coagu la ted  venous  b lood)  were  obta ined  
from sub jec ts wi th  no obvious ar ter io-  
sc le ro t ic  diseases and  s to red a t  4 C before 
experiments .  The  s tudy  pro toco l  was 
approved by the Commit tee on  Human 
Research ,  Ni iga ta  Univers i ty  School  of  
Medic ine ,  Japan,  and  wr i t ten  informed 
consent  was ob tained from a l l  sub jec ts .  
 
LDL Prepara t ion and  Oxida t ion  

LDL (1 .019<d<1.063  g /ml)  was  prepared 
wi th  an u l tracen t r ifuga t ion method as  
fo l lows.  One  ml  of  a  so lu t ion  o f  sod ium 
bromide (1 .025 g/mL)  supp lemented wi th  
0 .01% (w/w) NaN 3 ,  0 .3  mmol /L Na 2EDTA,  
and  1  mmol/L benzamide  hydroch lor ide  
were added gen t ly  to  2  mL p lasama,  and the  
mix ture  was  u l tracen tr ifuged  a t  400 ,000  ×  g  
(a t  the  bo t tom of  tube)  a t  4 ˚C for  5  h .  Two 
ml  o f  the bo t tom f rac t ion  were  then  
transfer red to  ano ther  tube ,  and  the  densi ty  
was increased  to  1 .063  wi th  a  NaBr so lu t ion.  
Af ter  ano ther  cen tr i fuga tion  a t  400 ,000 ×  g  
a t  4 ˚ Ｃ  fo r  5  h ,  the top frac t ion  was  
co l lec ted .  

Pr ior  to  ox idat ion ,  each  LDL f rac t ion  was 
app l ied  to  a  Sephadex  G-25  column (PD-10;  
Pharmacia  Bio tech ,  Uppsala ,  Sweden)  for  
exchanging buf fer  wi th  phosphate buffered  
sa l ine (PBS) .  The  p ro tein  con ten t  of  the  
LDL sample  was  de te rmined  by  a  p ro tein  
assay  k i t  (Bio-Rad  Labora to r ies ,  Inc . ,  Tokyo,  
Japan)  based on  the Bradford method us ing  
bov ine serum a lbumin as a  s tandard .  Then,  4  

mol /L CuSO 4  ( f ina l  so lu t ion)  was  added  to  
each  a l iquo t ,  incubated for  5  h ,  and  the 
ox ida t ion was s topped  by separa t ing the 
copper  ions  f rom LDL using  a  PD-10  
co lumn.  

The e lec trophore t ic  mobil i t ies of  bo th  
na t ive and ox id ized LDL were examined for  
each  sample  to  conf irm successful  ox ida t ion .  
Elec trophores is  was  car r ied  ou t  on  1 .0% 
agarose  ge l  f i lms (TITAN GEL Lipopro te in ,  
Helena  Labora to r ies ,  Sa i tama,  Japan)  in  a  
0 .08 mol /L  barb ita l  buffer  a t  pH 8.6  and run  
a t  90  V for  25 min ,  accord ing  to  the  
manufac turer’ s  ins truc t ions .  L ipopro te ins  
were v isua l ized by s taining wi th  0 .04 (w/v)  
Fa t  Red 7B in  95% methanol .  The  p ro tein  
amount  in  each app l ied sample  was  ad jus ted  
to  100 g /mL ( f ina l  concen t ra t ion) .  The 
re la t ive  mobi l i ty  of  the LDL bands was  
au tomat ica l ly  measured by  d is tance  in  
mi l l imeters  wi th  an  AE-6981GXCP ATTO 
COMBO II  imager  (ATTO,  Tokyo,  Japan) .  
The ra t io  o f  the  d is tance  of  ox id ized  LDL to  

tha t  of  na t ive LDL was  ob ta ined.  
 
Oligosaccharide  Prof i l ing and  Sequencing  

The prof i les  of  o l igosacchar ides  on  
apoB-100  were  de termined  by  enzymat ic  
diges t ions as fo l lows.  F ir s t ,  N-g lycanase  
was used to  re lease a  mix ture of  o l igoman- 
nose and complex  types  of  o l igosacchar ides.  
Second,  endoglycosidase H (Endo  H)  was  
used to  re lease  high-mannose  and  hybrid  
types .  Thi rd ,  O-g lycosidase  DS was  used  to  
re lease  O- l inked ol igosacchar ides .  The  
re leased o l igosacchar ides were then labe led 
wi th  a  f luorophore  8-aminonaphtha lene-  
1 ,3 ,6 - t r i su l fon ic ac id  (ProZyme,  Inc . ,  San  
Leandro,  CA)  a t  the  reducing  termin i  by  
reduct ive  amina t ion .  The f luorescen t  labe led  
ol igosaccharides  were separa ted and 
quan t if ied by  e lec t rophores is  us ing an  
OLIGO Prof i l ing  Gel  and  a  FACE imaging 
sys tem (ProZyme,  Inc. ) .  The  s to ich iometry 
of  label ing was such tha t  on ly  one molecu le 
of  f luorophore  was  a t tached  to  each 
molecule  of  o l igosacchar ide .  The s tandard  
used in  the ana lys is  consis ted of  a  mix ture  
of  g lucose  po lymers  ranging  f rom a  
monomer  to  a  po lymer of  16  molecu les 
(g lucose 1  -  g lucose 1 6 )  (ProZyme,  Inc. ) .  
Ol igosacchar ide  bands in  each  sample were  
quan t if ied  by  compar ing the  in tens i ty  o f  the  
glucose 4  band  (con ta ining  25 pmols) ,  of  
which  the in tensi ty  in  the  s tandard  mix ture  
was  prepared  as  in ten t iona l ly  weaker  than  
ad jacen t  bands.  Visua l ized ind iv idua l  
o l igosaccharide  bands  were  carefu l ly  
exc ised us ing  a  razor  blade .  The o l igosac-  
char ides  thus i sola ted  were then sequenced 
th rough a se r ies  of  exog lyco-  s idase  
diges t ions and ano ther  e lec t rophores is .  In  
de tai l ,  s ia l idase  A ( s ia l idase) ,  (1-4)  
ga lac tos idase  (GALase) ,  -N-ace ty l -  hexo-  
saminedase  (HEXase) ,  (1 -2,  3 ,4 )  mannose-  
dase  ( Jack  bean)  (MANase) ,  and (1-6)  
mannosidase  ( recombinan t  f rom Xantbo-  
monas  manibo t i s)  (MANase)  were  sequen-  
t ia l ly  added  to  each  a l iquo t  o f  the  o l igosac-  
char ides .  The  degrada t ion  pa t terns  were 
compared wi th  the pre-de termined migra t ion  
pa t te rns  o f  o l igosaccharides  of  known 
sequences tha t  were  prov ided by the  
manufac turer .  The  endoglycosidases  and 
exoglycosidases  were a l l  purchased  from 
ProZyme,  Inc . ,  excep t  for  O-g lycosidase DS 
(Bio-Rad Laborator ies,  Inc. ,  Tokyo ,  Japan) .  
Three samples were  ana lyzed  separate ly .  
   Modif ica t ions  o f  the  sugar  cha ins  o f  
na t ive apoB-100 were perfo rmed  by adding  
each  exoglycosidase  sequen t ial ly .  The  
amount of  each enzyme needed to  ca ta lyze 
the o l igosaccharides  was de termined 
experimental ly .  
 
C e l l  C u l t u r e  

Endothe lia l  ce l l s  of  a  human coronary  
ar tery  ( the 3rd passage)  and  endothe l ia l  
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growth  medium CC-3125 (Cambrex Bio 
Sc ience  Walkersvi l le ,  Walkersvi l le ,  MD)  
were purchased from Sanko Junyaku (Tokyo,  
Japan) .  Endothe l ial  ce l l s  were pro l i fe rated  
in  21-cm 2  or  in  55-cm 2  cu l tu re  dishes  un t i l  
reach ing subconf luent  monolayers (about  
80%)  in  the  growth medium a t  a  0 .15  mM 
ca lc ium concen tra t ion  supp lemented  wi th  
5% fe ta l  bov ine  serum,  12  g /ml  human 
recombinan t  ep idermal  g rowth  fac to r ,  1  

g /ml  hydrocor t i sone,  12  g /ml  bov ine  
brain  ex t rac t ,  25 g /ml  gen tamycin ,  and 25  

g /ml  amphoter ic inB.  For  mRNA analys is ,  
the ce l l s  in  a  21 cm 2  cu l tu re d ish were 
washed  by HEPES buffer ,  harves ted  by 
trypsin iza t ion  (0 .025% trypsin  and  0 .01% 
EDTA) ,  rece ived subsequen t  t ryps in  
inhib i tor  t reatment,  cen t r i fuged,  and  
resuspended in  a  PBS.  

To tal  RNA was obta ined by us ing  an  RNA 
Iso la t ion k i t  (Roche Diagnostics ,  Tokyo,  
Japan) ,  which  uses  a  g lass-f iber  f leece  
method ,  accord ing  to  the  manufacturer ’ s 
ins t ruc t ions .  At  the  t ime of  the  exper iments,  
the expec ted number  o f  ce l l s  in  each d ish  
was 3   10 6 .  For  p ro te in  ana lys is ,  ce l l s  in  a  
55-cm 2  d i sh  were washed  in  PBS and then  
lysed  for  15 min  a t  4 C in  500  L  of  
CelLyt ic  M buffer  (Sigma,  St .  Louis,  MO).  
Af ter  cen t r i fuga t ion,  the superna tan t  was  
co l lec ted ,  condensed,  and  pro te in  contents  
were assayed .  
 
S t i m u l a t i o n  o f  E n d o t h e l i a l  C e l l s  

To compare  the response  o f  endo the l ia l  
ce l l s  to  a  s tandard  s t imulan t ,  I  used  10 
ng /mL recombinant  human in ter leukin 1  
( IL-1 ;  R&D Systems,  Minneapol is ,  MN).  
Al l  incubat ions  were  done  a t  37 C,  pH 7.4 ,  
in  a  humid if ied  a tmosphere con ta in ing  5% 
CO 2  and 95% ai r .  
 
Real - t ime Po lymerase  Cha in  Rea ct ion  

In  o rder  to  quan t ify  the  d i fferences  in  
each  mRNA express ion,  I  analyzed samples  
by rea l - t ime reverse  t ranscr ip tase 
po lymerase cha in  reac t ion ( rea l- t ime 
RT-PCR)  us ing a  LightCycler  1 .5  (Roche  
Diagnostics) .  Measurements  fo r  mRNA of  
vascu lar  ce l l  adhesion  molecu le-1  
(VCAM-1) and  -ac t in  were  conducted  us ing  
the  fol lowing  condit ions :  10  min  a t  55 C 
and  30  s  a t  95 C for  reverse  transcr ip t ion ;  
45  cyc les  o f  1  s  a t  95 C and  30  s  a t  60 C for  
ampl i f ica t ion ;  and 1  s  a t  95 C,  10 s a t  65 C,  
and  1  s  a t  95 C for  mel t ing curve ana lys is .  
Measurements  for  the  mRNA of  in te rce l lu lar  
adhesion molecu le-1  ( ICAM-1) and 
endothe lia l  leucocy te adhesion molecu le-1  
(ELAM-1) were conducted  us ing  the 
fo l lowing  condi t ions :  5  min  a t  42 C and  10 
s  a t  95 C for  reverse  t ranscr ip t ion ;  40  
cyc les  o f  5  s  a t  95 C,  20  s  a t  60 C 
(ICAM-1)  o r  62 C (ELAM-1)  for  ampl i f ica-  

t ion ;  and 1  s  a t  95 C,  15 s a t  65 C,  and  1  s  
a t  95 C for  mel t ing curve ana lys is .  
Sequences of  the pr imers used are l i s ted in  
Tab le  1  of  the supp lementary appendix .  

The re lat ive quan t if ica t ion o f  the  
express ions  of  the  ta rge t  genes  was 
measured us ing -ac t in  mRNA as  an in te rna l  
con t ro l .  The resu l t s  were quant i f ied by 
ca lcu la t ing  fo ld  increase as  fo l lows:  
 

Fo ld increase over  con trol=  
Fo ld change  in  ta rge t  gene  
Fo ld change  in  con tro l  gene ,  
 

Fo ld change= 
mRNA concen t ra t ion experimental   

mRNA concen t ra t ion non-exper imenta l .  
 

Every  exper iment was carr ied  ou t  in  
dup l ica te .  
 
W e s t e r n  B l o t  A n a l y s i s  o f  A d h e s i o n  M o l e c u l e s  

Western b lo t  analys is  was  performed 
us ing monoclona l  an t ibod ies  aga ins t  
ICAM-1 (MBL, Nagoya,  Japan)  (concen t-  
ra t ion:  0 .4  g /mL),  VCAM-1 (San ta  Cruz 
Biotechnology,  Inc . ,  San ta Cruz,  CA)  
(concen tra t ion :  0 .4  g /mL),  ELAM-1 (Santa  
Cruz Bio technology ,  Inc .)  (concen t ra t ion :  
0 .4  g /mL)  o r  -ac t in  (Abcam,  Cambr idge ,  
MA) (concen tra t ion :  0 .1  g /mL).  Two 
separa te  exper iments  were  carr ied ou t .  
 
Stat i s t ica l  Analyses  

Stat i s t ical  s ign if icance  was  de te rmined  by  
unpaired  Studen t  t- tes t  wi th  o r  wi thou t  
Bonferron i  correc t ion .  Diffe rences  were 
considered  s ign i f ican t  a t  P  <  0 .05.  All  
s ta t i s t ica l  ana lyses  were  conducted us ing  
SPSS sof tware,  vers ion  11.0J for  Windows 
(SPSS Japan ,  Tokyo ,  Japan) .  
 
 
Results 
 
Sequence  o f  Ol igosacharides  on  LDL 

In  the e lec t rophores is  for  o l igosacchar ide 
prof i l ing,  two bands were iden t if ied a f te r  
N-g lycanase  trea tment and  f ive  bands were  
iden t if ied  af ter  Endo H t rea tment,  bu t  no  
bands  were  iden ti f ied  af ter  O-glycosidase 
DS trea tment (Fig .  1) .  The resu lt s  showed  
tha t  the sugar  cha in  consis ted of  two 
di fferen t  forms of  co mplex  typ e,  f iv e  d i f f e ren t  
fo rms  o f  h igh  manno se  an d /o r  hyb r id  typ es ,  and  
no  O- l ink ed  o l igo sacch ar ides .  

Th e upp er  b and  th a t  was  ob t a in ed  by  
N-g ly can ase  t r ea tment  ( an  N- l ink ed  o l igo -  
sacch ar id e )  was  th en  i so l a t ed  and  t r ea t ed  wi th  
s i a l id ase .  Mig rat ion  v a lu es  fo r  o l igo sacch ar id es  
were  d ef in ed  in  t e rms  o f  th e i r  d egrees  o f  
po ly mer i za t ion  (DP) .  DP  v a lu es  were  as s ign ed  
to  u nkno wn  o l igo sacch ar ides  by   
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Fig .1  Ol ig o sa c ch a r i d e  p ro f i l i n g .  La n e  1  i n d i ca t e s  
g lu co s e  p o l y m er s  ra n g in g  f ro m a  mo n o me r  t o  a  
p o l ym er  o f  1 6  mo l ecu l e s  (g lu c o se 1  -  g l u co se 1 6 ) .  
Glu co se 4  co n ta in ed  2 5  p m o l s  o f  g lu co s e  p o l y me r .  
La n e  2 ,  E f f ec t  o f  N -g l yca n a se  t rea t m en t ;  La n e  3 ,  
E f f ec t  o f  En d o  H t rea t me n t ;  La n e  4 ,  E f f e c t  o f  
O -g l y co s i d a se .  
 
 
compar ison  with  the  g lucose  ladder .  Each  
ol igomer in  the  g lucose ladder  cor responds 
to  a  spec if ic  DP va lue  as  fol lows:  glucose 1  =  
1  DP,  g lucose 2  =  2  DP,  etc .  Afte r  the 
trea tment ,  the band  migra ted 1 .44 DP 
upward ,  which demonst ra ted  tha t  a  nega t ive 
charge was removed (Fig.  2A) .  S ince a  
s ia l ic  ac id  res idue  i s  nega t ive ly  charged and 
con t r ibu tes  an  average of  1  DP un i t  sh if t ,  i t  
cou ld be de termined tha t  one o f  the f i r st  
monosacchar ides  was a  s ial ic  acid .  The  
lower  band was  then  trea ted wi th  a  se r ies  o f  
enzymes:  s ial idase ,  GALase ,  HEXase,  and  
MANase  (Fig .  2B) .  I  iden t if ied tha t  the 
ol igosacchardes  were  compr ised  of  two  
s ia l ic  ac ids  (NeuAc) and two  ga lac tose  (Gal)  
res idues.  S ince one an tenna ( the upper  band)  
i s  composed of  the same sequence p lus one 
s ia l ic  acid  res idue ,  the  number  o f  an tennae 
in  N- l inked o l igosacchar ides  was  iden t if ied  
as  two.  Two N-ace ty lg lucosamine  (GlcNAc)  
and  two  mannose (Man) res idues  were  a lso  
iden t if ied .  The  core was  no t  fucosy lated.   

 
Fig .2  Ol ig o sa cch a r id e  seq u en c in g .  A ,  Up p er  b a n d  o f  
N - l i n ked  o l i g o sa cch a r id e s  ( s ee  F ig u re  1 ,  l a n e  2 )  wa s  
t rea t ed  w i th  s i a l i d a se .  B ,  Lo we r  b a n d  wa s  t rea t ed  
w i th  a  se r i e s  o f  s i a l i d a s e ,  G ALa se ,  HE Xa s e ,  MANa se  
(Ja ck  b ea n ) ,  a n d  MAN a se  (X a n tb o mo n a s  ma n ib o t i s ) .  

The es t imated s t ruc tu res  were  
NueAc 2-6Gal 1-4GlcNAc 1-2Man 1-6  
(NueAc 2-3Gal 1-4GlcNAc 1-2Man 1-3)
Man 1-4GlcNAc 1-4GlcNAc 

and  tha t  wi thou t  a  NeuAc.  
The f ive bands  tha t  were ob ta ined  by  

trea tment wi th  Endo  H exh ib i ted no d iges-  
t ion  un t i l  MANase was added.  Therefore ,  
these bands  represen ted  f ive  d if feren t  forms 
of  h igh-mannose- type ol igosaccharides  and  
were no t  o f  hybr id  types.  I  ident i f ied tha t  
these  o l igosac-  char ides  conta ined  be tween 
f ive  and  n ine mannose  res idues a t tached  to  
the  ch itob iose  core .  The  es t imated  s t ruc tures  
were  
 ( (Man 1-2) 0 - 4 )Man 1-6Man 1-6 

(Man 1-3)Man 1-4GlcNAc 1-4GlcNAc.  
Figure 3  shows the est imated s t ruc tu re of  

the sugar  cha ins .  There  were  no  s ign if ican t  
d i f ferences  among  samples  ob ta ined  f rom 
th ree  sub jec ts.  

 
 
Fig .3  Pro p o sed  s t ru c tu r e  o f  su g a r  ch a in s  o n  
a p o B-1 0 0 .  S u g a r  ch a in s  a re  co mp o sed  p red o min a n t l y  

o f  two  f o r m s  o f  co mp le x  t yp e  
a n d  f i v e  f o r ms  o f  h ig h  
ma n n o se  t yp e  o l i g o sa c ch a -  
r i d e s .  
 
 
Oxid i zab i l i t y  o f  Ol igo -  
sa ccha r id e  Mod i f i ed  LDL  

Aliquots of  the  LDL 
sample  were  p rocessed  
wi th  a  se r ies  of  exog ly-  
cos idases  and  incub i-  ted  
for  5  h  wi th  4  mol /L  
CuSO4 .  There  were  no  
s ign if ican t  d i f fer -  ences  

in  the  agarose  ge l  e lec t rophore t ic  mobi l i t ies,  
i . e . ,  in  the  oxid izab i l i t ies (Fig .  4 ) .  
 
Express ion  o f  Adhesion  Molecu les  
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Fig .4  Ox id i za t i o n  o f  mo d i f i ed  L D L.  A l i q u o t s  o f  t h e  
L DL sa mp le  we re  p ro ce s sed  w i th  a  s e r i e s  o f  
s i a l i d a se ,  GA La s e ,  HE Xa s e ,  MANa s e ,  N -g l yca n a se ,  
a n d  En d o  H,  a n d  i n cu b a t ed  f o r  5  h  w i th  4  m o l / L  
Cu S o 4 .  S h o wn  a re  e l e c t r o p h o re t i c  mo b i l i t i e s  o n  a n  
a g a ro s e  g e l  f i lm .  
 
 

Adhesion  molecu le express ions  were  f i r s t  
examined under  basa l  cond i t ions  and af te r  a  
24-h incubat ion  of  ce l l s  with  10  ng /mL 
IL-1  in  o rder  to  have posi t ive  cont ro ls  for  
mRNA an d  p ro t e in  an a ly ses .  ICAM-1 ,  VCAM-1,  
and  ELAM-1 were  const i tu t ive ly  expressed 
on the cel l s  and super- induced by the 
cy tok ine trea tments (Fig .  1  of  the supp le-  
mentary appendix) .  There was  no  s ign i f ican t  
change  in  the  pro te in  express ion of  -ac t in  
be tween un trea ted  and  t rea ted condi t ions.  
These  resu lt s  are  compatib le  wi th  prev ious  
s tud ies . 8 - 1 3  

No  s ign if ican t  increase  was  observed  in  
the mRNA leve ls  of  ICAM-1,  VCAM-1,  or  
ELAM-1 by  incubat ion  with  the  LDLs that  
were treated  sequent ia l ly  wi th  each 
exoglycosidase rela t ive  to  the  con tro l  (Fig .  
5) .  

 
F ig .5  E f f e c t s  o f  m o d i f i ed  L D L o n  a d h e s io n  mo le cu l e  
exp r es s io n s .  No  s i g n i f i ca n t  i n c rea se  wa s  o b se rv ed  i n  
t h e  m RNA l eve l s  o f  IC AM -1 ,  VCAM -1 ,  o r  E L AM -1  b y  
i n cu b a t i o n  w i th  t h e  L D Ls  t h a t  w ere  t rea t ed  
seq u en t i a l l y  w i t h  ea ch  e xo g l yco s i d a se  re la t i ve  t o  t h e  
co n t ro l .  
 

Discussion 
 

Sugar  cha ins  o r  o l igosacchar ides  are  
in i t ia l ly  added to  a  p ro te in  in  the endo-  
plasmic  re t icu lum (ER)  and  are  subsequen tly  
modif ied through  enzymat ic  b iosyn thes is . 1 4  
The ex ten t  of  branch ing o r  e longat ion of  
ol igosaccharides  d if fe r s  f rom molecu le  to  
molecule .  Hence ,  sugar  cha ins  do  no t  have  a  
un ifo rm s truc tu re.  The l inkage  between  
carbohydra te  and pro te in  i s  ind ica ted by the 
locan ts  N-  and  O- .  The  locan t  N-  i s  used fo r  
the  N-glycosy l  l inkage  to  asparag ine.  
N- l inked  o l igosacchar ides  are  d iv ided  in to  
two  major  c lasses :  complex type and 
ol igomannose type.  S t ructures con ta ining  
bo th  c lasses  a re  des igna ted  as  a  hybr id  type .  
In  the  ER,  a  b lock o f  o l igosacchar ides  i s  
in i t ia l ly  syn thes ized  as  a  h igh-mannose  type  
and matures th rough  var ious enzymatic  
modif ica t ions  in to  a  complex-  o r  hybr id  type .  
The  complex  type  i s  the  most  mature  among 
the  N- l inked  o l igosacchar ides  and  i s  fu r ther  
subd iv ided into  fo rms con ta ining  s ia l ic  ac id  
(negat ive ly  charged)  and  those  wi thou t  
s ia l ic  ac id  (neu tra l) .  

In  the  presen t  s tudy ,  I  examined  the 
s truc ture o f  o l igosaccharide an tennae  
located on the surface o f  apoB-100 and 
found  tha t  they  a re composed  predominant ly  
of  N- l inked o l igosacchar ides ,  i . e . ,  two  
forms of  complex  type  and  f ive  forms of  
high-mannose type .  No  O-l inked o l igosac-  
char ide  was  found . 1 5  The  proposed 
s truc tures shou ld be  conf irmed from several  
po in ts  of  v iew such  as  the number  o f  
an tennae,  the number  of  s ial ic  ac ids,  e tc .  
The  types  o f  an tennae  de termined  were  as  
descr ibed in  the  Resu l t  sec t ion  (Figs .  2 ,  3) .  
I t  shou ld  be  no ted  tha t  ne i ther  t r i -an tennary 
nor  te t ra -an tennary o l igosacchar ides  are  
located  on  apoB-100 .  In  b i-an tennary 
ol igosaccharides ,  the exten t  of  s ia ly la t ion  
cou ld be dete rmined  as descr ibed wi thou t  
any  fur ther  t rea tments .  S ince the  DP sh if t  by 
trea tment  wi th  HEXase  was  smal l ,  there  was 
no poss ib i l i ty  tha t  po lylactosamine ,  i . e . ,  a  
repea t ing  o f  ga lactose and an  N-ace tylhexo-  
samine un i t ,  were a t tached  to  the an tennae.  
Also ,  s ince  the o l igosacchar ides  were 
complete ly  d iges ted  by  HEXase ,  there was 
no poss ib i l i ty  of  the  p resence  of  a  b isec t ing 
N-ace ty lhexosamine.  The e lec t rophore t ic  
pa t te rn  a lso  showed  tha t  there was  no  
poss ib i l i ty  of  the  p resence of  (1 -3)  
ga lac tose  ins tead of  (1-4)  ga lac tose .  I  d id  
no t  per form any  fur ther  ana lyses  on  the  core 

s truc ture,  inc lud ing  fucose  l inkage as  a  
Lewis  s truc ture.  Because  of  re la t ively  low 
concen t ra t ions o f  o ther  types  of  an tennae ,  i f  
any ,  the endoglycosidase d iges t ions  d id  no t  
resul t  in  de tec tab le  recovery by  e lect ro -  
phores is  us ing  an OLIGO Prof i l ing  Gel .  
Tan iguch i  e t  a l .  reported  tha t  the sugar  
cha ins  consis t  of  h igh-mannose- type  o l igo-  

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 31, 2022. ; https://doi.org/10.1101/2022.05.31.494124doi: bioRxiv preprint 

https://doi.org/10.1101/2022.05.31.494124


 6

sacchar ides,  monosia lyla ted and  d is ia -  
ly la ted b i-an tennary complex- type ol igosac-  
char ides ,  and smal l  amounts of  hybr id - type  
ol igosaccharides . 2  Garner  e t  a l .  r epor ted 
tha t  15  peaks were  reso lved  by normal phase  
high-performance  l iqu id  chromatography  
and  matr ix-ass is ted  laser  desorp t ion /  
ioniza t ion  t ime of  f l ight  mass spec t ro-  
metry . 1 6  However ,  there  i s  a  poss ib i l i ty  tha t  
some of  the  elements  were a r t i f ic ia l ly  
produced by the  hydraz ino ly t ic  p rocedure .  

Al though  prev ious  s tudies suggest  tha t  
the o l igosaccharides may play  a  ro le  in  the  
regu la t ion  of  degrada t ion very  ear ly  in  the 
secre t ion pa thway,  the i r  pos t -hepa t ic  roles  
in  the  c i rcula t ion s t i l l  r emain  unknown.  
Most  s tud ies  in  the  a rea  have  focused  on  the 
re la t ionsh ip be tween l ipopro te in-assoc ia ted 
s ia l ic  ac id  and  the  deve lopment  of  
a therosc leros is ,  and  the  idea  tha t  modif i -  
ca t ions o f  the o l igosacchar ide could induce  
a therogen ic proper t ies  on LDL remains 
con t rovers ia l . 1 7 - 1 9  Mel’n ichenko  e t  a l .  
showed tha t  des ia lyla t ion of  var ious apoB- 
con ta in ing l ipopro te ins  can occur  in  the 
c ircu lat ion ,  tha t  th is  p rocess  increases  the 
ab i l i ty  of  these par t ic les to  s t imula te  
accumula t ion  o f  choles terol  in  human aor t ic  
in t ima ce l l s ,  i . e . ,  increases the i r  a therogen ic  
po ten tia l . 2 0  Severa l  s tud ies  suppor ted the 
idea tha t  des ia lyla t ion may cont r ibute  to  the  
premature development  of  a therosc le-  
ros is . 2 1 - 2 4  On the  o ther  hand,  Chappey e t  a l .  
observed  no  d i fferences  in  the  s ia l ic  ac id  
con ten t  o f  LDL in  subjects  wi th  coronary 
s tenosis  as compared  to  unaffected  con t ro l  
sub jec ts , 2 5  as  observed  by o ther  groups . 2 6  
They  a lso  have  descr ibed  tha t  des ialy la t ion 
may resu l t  f rom an ar t i f ic ia l  modif ica t ion of  
LDL re la ted  to  in  v i t ro  perox ida t ion.  

One  of  the  s igni f ican t  f ind ings  in  our  
s tudy  was  that  equa l  molecules  of  mono-  
s ia ly la ted  and d is ia ly la ted b i-an ten-  nary  
complex- type  o l igosaccharides  a re  loca ted 
on  the  sur face  par t  of  apoB-100  ( lane  2  of  
Fig .  1 ) .  The d iges t ion  of  sugar  cha ins  by  
exoglycosidases and endoglyco-  s idases d id  
no t  resu l t  in  any  changes in  the suscep t i -  
b i l i ty  of  LDL to  ox ida t ion.  Th is resu lt  
showed tha t  the sugar  cha ins d id  no t  p lay  
any  s ign if ican t  ro les ,  a t  leas t  no t  in  the 
ox ida t ive  p rocess ing  o f  LDL. Also ,  LDL 
wi thou t  monosacchar ides  such  as s ia l ic  ac id ,  
ga lac tose ,  and  N-acety lglucosamine  d id  no t  
induce  any  s ign i f icant  ef fec t  on  the 
express ion  of  ICAM-1,  VCAM-1,  o r  
ELMA-1.  Th is  i s  the  f i r s t  s tudy  to  
demonst ra te  the func t iona l  ro les  of  the to ta l  
and  par t ia l  s t ruc tures  of  o l igosaccharides  on  
the sur face of  apoB-100 .  
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[2 3 ]  B a r t l e t t  A L,  G re wa l  T ,  An g e l i s  E D,  M y e rs  S ,  
S t an l ey  K K .  Ro le  o f  t h e  m ac r o p h ag e  g a l a c to se  
l e c t i n  i n  t h e  u p t ak e  o f  d e s i a ly l a t ed  L D L.  
Ath e ro sc l e ro s i s  2 0 0 0 ;1 5 3 :2 1 9 -3 0 .  

[2 4 ]  Te r to  V V,  K ap lu n  V V,  So b en in  IA ,  O rek h o v  A N.  
Lo w -d en s i t y  l i p o p ro t e in  mo d i f i ca t i o n  o ccu r r i n g  
i n  h u man  p l a s ma  p o ss ib l e  m ech an i sm o f  i n  v iv o  
l i p o p ro t e in  d e s i a ly l a t i o n  a s  a  p r ima ry  s t e p  o f  
a t h e ro g en i c  mo d i f i ca t i o n .  At h e ro sc l e ro s i s  1 9 9 8 ;  
1 3 8 :1 8 3 -9 5 .  

[2 5 ]  Ch ap ey  B ,  Bey ss en  B ,  Fo o s  E ,  e t  a l .  S i a l i c  ac id  
co n t en t  o f  LD L in  co ro n a ry  a r t e ry  d i sea se :  n o  
ev id en c e  o f  d e s i a ly l a t i o n  i n  su b j ec t s  wi th  
co ro n a r y  s t en o s i s  an d  i n c re a s ed  l ev e l s  i n  
su b j e c t s  wi th  ex t en s iv e  a th e ro s c l e ro s i s  an d  
acu t e  my o ca rd i a l  i n fa r c t i o n ,  r e l a t i o n  b e t ween  
d es i a ly l a t i o n  an d  i n  v i t ro  p e ro x id a t i o n .  
A r t e r i o sc l e r  Th r o mb  V as c  B i o l  1 9 9 8 ;1 8 :8 7 6 -8 3 .  

[2 6 ]  M e la ä rv i  N ,  Gy l l i n g  H,  M ie t t i n en  TA .  S i a l i c  
ac id s  an d  t h e  me t ab o l i s m o f  l o w d en s i t y  
l i p o p ro t e in .  J  L ip id  R es  1 9 9 6 ;3 7 :1 6 2 5 -3 1 .  
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