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l .  Summary

The CD23 molecule is a low-affinity receptor for
IgE and has a marked homology in amino acid se-
quence with C-type animal lectins, including asialo-

-qlycoprotein receptor. We tested whether the CD23
antigen can indeed interact with the sugar chain of
glycoproteins. Detergent extract of the membrane
component from Epstein-Barr Virus (EBV)-trans-

formed human B-cell l ine, L-KT9 cells, was incu-
bated with asialofetuin (ASF)-coupled Sepharose,
and bound proteins were effectively eluted by 0.3 M

lactose or galactose which were among the competi-
t ive sugars tested. In this eluate, the CD23 molecule
was detected by an immunoblotting technique. Be-

cause fetuin has both an N- and O-type sugar chain
on the molecule, we tested rvhich type of sugar chain
can interact with CD23. The CD23 molecule inter-
acted with asialocasein having a sugar chain with the
Gal-GalNAc structure with asialobovine submaxil-
lary mucin having the GalNAc structure, and also
with ASF, however, it faintly interacted with ASF
after removal of the O-type sugar chain by B-elimina-
tion. These results showed that the CD23 molecule
can, indeed, interact with the galactose residue, espe-

cially with the Gal-GalNAc rather than the Gal-
GlcNAc structure of the terminal sugar chain of gly-

coproteins.

Ke) '  rvort ls :  CD23: Low-af f ìn i ty  Fce receptor  I I :  Lect in act iv i ty ;

Galactose binding
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2. Introduction

The CD23 molecule or FceRII  is  a low-affrni ty
receptor for IgE [-3] and is a 46 kDa glycoprotein

of 321 amino acid residues with an inverse membrane

or ientat ion:  the N terminus is located in the cytoplas-
mic portion and the C terminus is exposed at the cell
exterior [a]. The CD23 molecule showed a marked
homology with a large family of calcium-dependent
(C-type) animal lectins, including human and rat

asialo,elycoprotein receptors, chicken hepatic lectin,
and rat  mannose-bindin-s proteins [4,5] .  The homolo-
gous domain of CD23 to C-type lectins spans from

cysteine 163 to cysteine 282. The IgE-binding region

of CD23 corresponds almost exact ly to th is domain

[6] ,  but  the IgE molecule interacts wi th CD23 by the
peptide moiety but not by the sugar chain [7]. No

clear evidence has been reported that the lectin do-
main of CD23 really interacts with carbohydrates,
although one report suggested it. Richards and

Katzs [8] reported that CD23 bound differentially to

immobilized monosaccharides (galactose, mannose

and N-acetylgalactosamine) in a calcium-dependent
manner. In this paper we investigated whether solu-

bil ized CD23 molecules from L-KT9 cells bound spe-

cihcal ly to glycoproteins the sugar chain of  which has

a galactose in the terminal, especially with the Gal-

GalNAc structure and were eluted by 0.3 M lactose.

Thus. this paper directly demonstrates the lectin ac-

tivity of the CD23 molecule.

3. iVlaterials and Methods

3.1. Cells, antíbotlies and chemicals

An EBV-transformed human B lymphoma cell
l ine.  L-KT9, was a k ind gi f i  f rom Dr.  A.  Wakisaka
(Department of  Pathology, Hokkaido Universi ty
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cu l tu rcd  in  RPMI  mcd-
i r rnt  supplcrncnt,cd wi th heat- inact ivated l0 ' , / , ,  tetal
cal t '  scrum (FCS).  Biot in-conju-uated mouse monoclo-
n a l  a n t i - C D l , 3  a n t i b o d y  ( B U - 3 8 ,  I g G  l )  w a s  o b t a i n c d
f rom Thc B ind ing  S i te  L imi ted  (B i rmingham,  UK)
I rnd  rnagnc t ic  bcad-coup led  an t i -CD23 ant ibody  was
obtaine-d f rorn Advanced Ma_qnet ic (Cambridgc.
MA) .  Thc  fb l lo rv ing  chemica ls  were  obra ined com-
mcrcial ly:  peroxidase-conjugated strcptavidin
(Zymet l  Laborator ies.  San Francisco. CA) '  s i lver re-
agsnt  (Ag-STAIN DAI - lCHI ,  Da i - i ch i ,  Tokyo,  Ja-
pan) ;  ECL wcs tc rn  b lo t t ing  de iec t ion  sys tem (En-
hanccd Cherni lLrrrr inescence. Amersham Urc),  type-
I I I  f c tu in  and type- l  bov ine  submax i l la ry  muc in
(S ig rna .  S t .  Lou is ,  MO) , 'and case in  (Merck) .  As ia lo -
fetuin,  asialocasein.  and asialobovine subr laxi l lary
mucin were prepared according to Spiro [9] .  To re-
move the O-type sLlgar chain f rom fetuin,  B-el imina-
t ion was done under the fo l lowing condi t ions:  l0 mg
of ASF/ml of  0.  I  N NaOH-O.8 M NaBH a at  40,C
for 6 h. These glycoproteins were coupled to Sephar-
ose in th is laboratory according to Cuatrecasas and
Anfìnsen [0]. Sepharose was acetylated in dry pyri-
dine and acetic anllydride (3:2) at room temperature
for I  day and then washed with dry to luene.

3.2. Solubili:ation oJ cell membrane and reaction w,itlt
g I v c' o p r o t e in- c oup I a tl S e phar os e

The membrane component lrom L-KT9 cells was
detergent extracted according to Kij imoto-Ochiai et
al .  I  l ] .  The 70 000 x g supernatant was incubated
with glycoprotein-coupled Sepharose at 4"C for 2-6
h and washed stepwise with ( l )  0.1% NP-40-PBS, (2)
0. lo/o NP-40-PBS-0.5 M NaCl,  and (3) l0 mM Tr is-
HCI buffer.  and then eluted with 0.3 M lactose-I0
mM EDTA in PBS. The eluate was dialyzed against
PBS, subjected to SDS-PAGE and analyzed by im-
munoblot t in,q as fb l lows.

J.J. SD.S-PAGE und immunoblottins

The al iquots of  the eluate f rom ASF-Sepharose
were appl ied to mini  s lab gels of  SDS-PAGE accord-
in-e to the method of  Laemmli  [2]  under a non-redu-
cing condi t ion (wi thout 2-mercaptoethanol)  in order
to maintain the intramolecular S-S br idge. The re-
maining eluate was further immunopuri f ied wi th
ant i -CD23-conjugated magnet ic beads. The beads
were washed r ,v i th 0.1% NP-40-PBS-0.5 M NaCl
and l0 mM Tr is-HCl buffer,  boi led in SDS sample
buffer [  2]  wi thout 2-mercaptoethanol ,  and sub-
jecred ro SDS-PAGE. The SDS-PAGE gels were
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stained by s i lver reagent.  For immunoblot t in-e,  the
proteins on a gel  were electrotransferrcd to a ni t rocel-
l r , r lose rnembrane. The membrane wlrs incubated in l0
rnM Tr is-HCl buffer (pH 7.5)-0.05% Tween-O.15 M
NaCl  w i th  2 .5% sk immed mi lk  and then w i th  b io t in -
conjugated ant i -CD23 ant ibody fol lowed by incuba-
t ion wi th horseradish peroxidase-conjr , rgated strepta-
vidin.  and detected by ECL western blot t ins detec-
t ion system.

4. Results

4.1. Binding oJ'CD23 moleculas to ASF-Sephurose

If  the CD23 molecules can interact  wi th galactose
residues in the presence of  Caz ' ,  CD23 wi l l  b ind to
ASF-Sepharose and wi l l  be eluted speci f ìcal ly by
competit ive sugars or by removing Ca2 

* with
EDTA. L-KT9 cel ls were solubi l ized with NP-40
and the 70 000 x g supernatant was incubated with
ASF-Sepharose. Bound proteins were eluted with 0.3
NI lactose as a competit ive sugar in the presence of l0
mM EDTA-PBS to remove Ca2* (Fig.  l ) .  The eluted
fiaction was analyzed by SDS-PAGE and subse-
quent ly subjected to s i lver staining or immunoblot-
ting analysis. Several components were detected by
si lver staining (Fig.  l ,  lane l ,  marked by dots) in the
eluate from ASF-Sepharose. After immunopurifìca-
tion of the eluate with anti-CD23-conjugated mag-
netic beads, a component of about 46 kDa was en-
riched as indicated (lane 2, d). Only this 46 kDa
component was specifically detected by the anti-
CD23 immunoblotting technique (lane 5). tn addi-
tion, this 46 kDa band was not detected by anti-
CD23 immunoblotting when the eluate from ASF-
Sepharose was immunopurihed by isotype-matched
antibody-conjugated magnetic beads (data not
shown). This 46 kDa component wars not derived
from anti-CD23-conjugated magnetic beads but
really from L-KT9 cell lysate, because this band was
not detected in the eluate of anti-CD23-conjugated
magnet ic beads with immunostaining ( lane 6).  Thus,
the 46 kDa molecule detected in lane 5 is most prob-
ably the complete form of the CD23 molecule the
molecular wei_eht of which has been reported as
46000 [3]. These results show that the CD23 mole-
cule can bind to ASF-Sepharose.

4.2. Elution from ASF-Sepharose

To examine a specific carbohydrate involved in the
interaction of CD23 and asialofetuin. a cell lvsate
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Fig.  2.  Ef ' fect  of  var ious carbohydrates to e lute the bound CD23

f iom ASF-Sepharosc.  L-KT9 cel l  lysate was incubated at  4 C fbr  2

h  w i th  ASF-Sepharose  ge l  ( l anes  l -6 )  (approx ima te l y  2  mg  ce l l

lysate per 0.2 ml of  packed volume of  Sepharose).  The gel  was

eluted wi th 0.3 M carbohydrates or  l0 mM EDTA af ter  washing

as descr ibed in Mater ia ls and Methods.  The eluates were immuno-

pur i f ìed by ant i -CD23-coupled beads,  subjected to SDS-PAGE

and immunoblot t ing as descr ibed in Fig.  l .  Carbohydrates used

for  e lut ion were lactose ( lane l ) ,  galactose ( lane 2) ,  N-acety lg luco-

samine ( lane 3) ,  mannose ( lane 4)  or  g lucose ( lane 5) .  ASF-Sephar-

ose gel  was also eluted wi th l0 mM EDTA alone ( lane 6)  then the

geI was fur ther e luted wi th 0.3 M lactose ( lane 7) .

4.3. CD23 molet'ule interocts tt'ith O-tt'pe sugor c'hain
( Gal-Gali,l Ac structttre )

Fetuin has both N- and O-type sugar chains on
the molecule.  General ly,  the N-type sugar chain has
a Gal-GlcNAc-structure, while the O-type sugar
chain has a Gal-GalNAc or GalNAc structure after
removal  of  s ia l ic  acid.  [n order to know which type of
sugar chain can interact with CD23, several glycopro-

teins having a known carbohydrate structure were
coupled to Sepharose and incubated with cel l  lysate
containing CD23. The CD23 molecule was detected
by the immunoblot t in-e technique used in Fig.  2.  As
shown in Fig.  3,  the sugar chain of  asialocasein hav-

ing a Gat-GalNAc structure ( lane 2) and of  asialobo-
vine submaxi l lary mucin having a GalNAc structure
( lane 5) could bind with CD23. ASF ( lane 3) also
interacted with CD23. whi le the removal  of  an O-
type sugar chain from ASF reduced the reactivity to
CD23 ( lane 4).  The bound fract ion of  protein-un-

coupled Sepharose -sel also showed a faint band
(lane 6), probably because Sepharose is a polymer of

-salactose derivatives. After the OH groups of Sephar-
ose were acetylated, no band was seen (lane 7). These
resul ts showed that the CD23 molecule can interact
wi th -ealactose residue especial ly wi th Gal-GalNAc or
GalNAc structure rather than Gal-GlcNAc of  the
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Fig.  l .  Detect ion of  CD23 in the bound f ract ion of  ASF-Sephar-

ose.  About 2 ml of  L-KT9 cel l  lysate (70000 x g supernatant .  2.5

mg protein/ml)  was incubated at  4- 'C for  6 h wi th ASF-Sepharose

(packed volume about 0.5 ml) ,  washed wi th 3 types o[  but ' f ier  as

descr ibed in Mater ia ls and Methods and eluted wi th 0.5 ml of '0.3

M lactose in the presence of  l0 mNf EDTA. The al iquots of 'e luate
(30  r r l )  were  separa ted  on  SDS-PAGE ge ls  ( l anes  I  and  4 ) .  I n

addi t ion.  the al iquots of  e luate (210 pl )  rvere fur ther immunopur-

i f ied wi th ant i -CD23-coupled beads (25 i r l  of  suspension).  and the

beads were washed with 3 types of buf fer as tor Sepharose -cel and

appl ied to SDS-PAGE ( lanes 2 and 5) .  The same amounts of  ant i -

CD23-coupled beads (25 pl for each lane) rvere also subjected to

SDS-PAGE ( lanes  3  and  6 ) .  A f te r  SDS-PAGE.  the  ge ls  were

stained by s i lver  sta in ing reagent ( lanes l -3)  or  the proteins on

the gels were t ransferred to n i t rocel lu lose membranes ( lanes 4 6)

and sta ined by biot in-conjugated ant i -CD23. avid in-peroxidase

and ECL western blot t ing reagent.  The numbers on the r ight  s ide

show the posi t ions of  molecular  rveight  markers.

containing CD23 was incubated with ASF-Sepharose
and eluted with various carbohydrates. CD23 mole-
cules in the eluates were immunopuri f ied by ant i -
CD23-conju-eated magnetic beads, subjeited to SDS-
PAGE and blot t ing.  The presence of  CD23 ant igen
on ni t rocel lu lose sheet was then determined by im-
munostainin-e (Fig.  2) .  Lactose and then galactose
(0.3 M) could ef fect ively elute the CD23 molecule
(Fig 2,  lanes I  and 2),  but  N-acetylglucosamine,
mannose and glucose eluted the CD23 molecule
poor ly (Fig.  2,  lanes 3-6).  EDTA (10 mM) alone

also could elute the CD23 molecule effectively (lane

6).  Af ìer  EDTA elut ion,  no CD23 molecule was
eluted bv 0.3 M lactose ( lane 7).
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F ig .  3 .  CD23  ma in l y  i n t c rac ts  w i th  O- type  sugar  cha ins .  L -KT9
cc l l  l ys i t t c  was  incuba ted  w i th  va r ious  g l ycopro te in -coup led  Sc -
pharosc (approximately I  mg protein of  the ccl l  lysatc per 0.1 rn l
of  packcd volumc of 'Sepharose) at  4 'C for  2 h and analvzed as in
Fig.  2.  Lanc l :  thc ccl l  lysate was di rect ly  immunopur i f ìed wi thout
incubat ion wi th Scpharose gel .  Lanes 2-5:  Sepharose gel  coupled
with asia locascin ( lane 2) :  ASF ( lane 3) :  ASF-p-el iminated ( lane
4);  asia lobovine submaxi l lary mucin ( lane 5) .  Lane 6:  Sepharose

terminal  sLlgar chain of  g lycoproteins.

5. Discussion

Recently, many cell adhesion molecules have been
reported to have a lect in domain in their  molecules.
The select in fami ly including L-,  E- and P-select in are
al l  type- l  membrane proteins and containing a 'C-

type'  lect in domain Ia] .  In some cases, for  example
gp90MEL, the lect in act iv i ty was demonstrated di-
rect ly [5,16].  Each C-type lect in domain appears to
have a highly restricted carbohydrate binding specif-l-
c i ty [  4] .

With CD23, low-aff ìn i ty IgE receptor,  no c lear
evidence has been reported that CD23 interacts with
carbohydrate.  The present paper c lear ly demon-
strates the binding of  CD23 with the galactose resi-
due of  g lycoproteins.  [n our system, CD23 ant i_een is
not a major ,qalactose-binding protein in L-KT9 cel l
l ysa te  (F ig .  l . lane  1) .A  la in t  band was de tec ted  w i th
immunostaining of  CD23 molecule in the eluate f rom
ASF-Sepharose (Fig.  l ,  lane 4).  The CD23 molecule
was speci f ìcal ly enr iched with ant i -CD23-conjugated
magnet ic beads (Fig.  l ,  lanes 2 and 5).  The bands
around 60-70 kDa observed in the immunoblots are
probably the ' f ìbronect in- l ike '  molecule reported to
have cross-react iv i ty wi th the ant i -eosinophi l  FceRII
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ant ibody [  7]  or  v iment in reported to have cross-re-
ac t iv i t y  w i th  BU-38 an t i -CD23 ant ibody '  [8 ] .  [n  ad-
di t ion.  we clear ly demonstrate the spcci f ìc i ty of  the
carbohydrate chain rvhich interacts wi th CD23 mole-
cules.  We showed that the CDl3 molecule can inter-
act  wi th Gal-GalNAc rather thun Gal-GlcNAc struc-
tures.  This is also coincident wi th the resul ts obtained
by Richards and Katz [8]  that  CD23 interacted with
galactose and GalNAc rather than GlcNAc in a cal-
c i  um-dependent manner.

Al though our resul ts indicated that CD23 can in-
tcract  wi th the galactose residue of  asialo-elycopro-
tc in.  the physiolo-eical  importance of  the interact ion
rcmains to be dctermined. I t  has been reported that
IgE is a natural  l igand for CDl3.  The carbohydrate
moiety of  I -eE, however,  is  not involved with the
binding to CD23, in spi te of  the lact  that  the IgE-
binding re-eion of  Fce RII  corresponds almost exact ly
to a domain of  [23 amino acid residues homologous
to the carbohydrate-binding domain of  C-type ani-
mal lect ins [6] .  Indeed, i t  has recent ly been suggested
that lect ins may possess biological ly important func-
t ions other than carbohydrate binding [9,20].  On the
other hand. there are some papers support ing the
presence of natural l i-eand for CD23 besides I-eE. Re-
cent ly i t  has been reported that CD2l is a natural
l igand for CD23 121,221. It is uncertain, however,
whether CD2l interacts wi th CD23 through the pep-
tide moiety or su_qar chain. Furthermore, Flores-
Romo et al .  l23l  showed that human al logeneic
mixed lymphocyte responses are blocked by anti-
CD23 antibodies recognizin_e the lectin domain of
the CD23 molecule.  In th is react ion,  the B lympho-
blastoid cell l ine and T-enriched population were
used and thus the part ic ipat ion of  IgE was excluded.
There is no evidence, however. that a lectin-carbohy-
drate interact ion is involved in th is react ion.  The l i -
gand for CD23 in the mixed lymphocyte reaction has
not yet been clarifìed. They assumed that the candi-
date molecule for the l igand would be on the re-
sponding T-cell surface. Our present paper has
shown that CD23 can bind to the galactose residue
of asialoglycoprotein.  Therefore,  i t  must now be
shown whether th is lect in act iv i ty '  of  CD23 has a phy-
siolo-s ical  importance in the interact ion of  CD23 with
such putat ive receptors.
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