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I N T R O D U C T I O N

Glycode l in  A (GdA)  a l so  known as
placental protein 14 (PP14) is a glycosylated,
dimeric, 162 amino-acid protein secreted by
the human endometrium in the luteal  phase

of  mens t rua l  cyc le  and  dur ing  pregnancy
(1). Based on its 70% similarity with equine
b- lac tog lobul in  Gd i s  c lass i f i ed  under  the
lipocalin superfamily (2).  It  is expressed in
the  reproduc t ive  sys tem of  p r imates ,  bo th
by  the  u te r ine  endomet r ium and  dec idua
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Abstract  :  Glycodel in ,  a  proges terone  regula ted  pro te in  synthes ized  by
the  endomet r ium (GdA)  has  been  we l l  documented  to  inh ib i t  the
proliferation of activated T-cells  and is  an indispensable molecule in the
materna l  sys tem for  the  es tab l i shment ,  main tenance  and  progress ion  of
pregnancy.  Data  f rom our  laboratory have unequivocal ly  shown that  the
immunosuppression by GdA is  via  induct ion of  apoptosis  in  act ivated T
ce l l s .  Ano the r  i so fo rm of  g lycode in ,  GdS,  f rom the  male  r ep roduc t ive
system,  in  spi te  of  shar ing an ident ical  amino acid  sequence as  that  of
GdA has  been shown not  to  harbour  the  immunosuppress ive  ac t iv i ty  of
GdA. As the only difference between the two proteins is glycosylation, we
proposed to study the role of the sugars in imparting apoptotic activity to
Gd.  Using the recombinant  baculovirus system, Gd lacking glycosylat ion
was expressed and from the experimental observations we could conclude
that  the act ivi ty of  Gd l ies in the protein backbone.

Recombinant Gd expressed in P pastoris, and Chinese hamster ovary cells,
l ike the GdS did not  exhibi t  apoptot ic  act ivi ty.  A close analyses  of  the
glycans associated with the Gd molecules from various sources suggested
that  though the apoptogenic act ivi ty of  Gd l ies  in the protein backbone,
the glycans modulate the activity by masking (as in case of GdS and most
recombinant Gd expressed in our laboratory) or unmasking (as in case of
GdA and baculovirus expressed Gd), the functional region of the molecule.

Key words  : glycodel in T cells apop tos i s g lycans sial ic acid



272 Karande  et   al Indian J Physiol  Pharmacol 2005; 49(3)

(g lycode l in  A or  GdA)  (3) ,  and  by  the
glandular epithelium of the seminal vesicles
(glycodelin S or GdS) (4). Both the isoforms
are products of the same gene and therefore
share  the  same amino  ac id  sequence  bu t
d i f fe r  s ign i f ican t ly  in  the  compos i t ion  of
their  two N l inked glycans at  posi t ions 28
and 63.  GdA is  r ich in  s ia lyla ted complex
glycans whereas GdS is  not  s ia lylated,  but
has fucose and mannose rich glycans (5, 6).

GdA i s  a  mul t i func t iona l  p ro te in ,  the
func t ions  a t t r ibu ted  to  the  molecu le
are :  con t racep t ive  (7 ) ,  morphogenic  (8 ) ,
angiogenic (9), and the most widely studied
being  immunosuppress ive  (10) .  Subs tan t ia l
evidence in l i terature indicates that GdA is
reportedly an indispensable molecule in the
materna l  sys tem for  the  es tab l i shment ,
main tenance  and  progress ion  of  pregnancy
(12) .  Also ,  i t s  syn thes i s  in  the  u te r ine
endomet r ium and  dec idua  i s  t empora l ly
regula ted  by  proges te rone  (3) .  The
s te ro id  dependence  toge ther  wi th  i t s
immunosuppress ive  ac t iv i ty,  sugges t s  tha t
GdA p lays  a  ro le  in  down-modula t ing  the
T ce l l  media ted  immune  response
aga ins t  the  fe ta l  a l logra f t  in  the  mate rna l
sys tem.  Recent  da ta  f rom our  l abora tory
have  conc lus ive ly  demons t ra ted  tha t
immunosuppression by GdA is via induction
of apoptosis in activated T cells (13).  It  is
believed that  apoptosis of activated T cells
a t  the  mate rno- fe ta l  in te r face  may  be  a
pro tec t ive  mechanism dur ing  pregnancy  as
d is tu rbances  in  p rogrammed ce l l  dea th  of
ac t iva ted  T  ce l l s  in  human dec idua  have
been implicated in pregnancy loss  (14) .

In  case  of  immunoca l ins  l ike  α 1-ac id
g lycopro te in  (AGP)  or  α 1-microg lobul in
(A1M),  which  a re  members  o f  the  acu te

phase proteins (APP),  glycosylation plays a
crucial role in their biological activity (11).
The contracept ive  act ivi ty  of  glycodel in  is
also dependent on the type of glycosylation
presen t  (15) .  As  the  pr imary  amino  ac id
sequences  of  the  two forms GdA and GdS
are  iden t ica l ,  exper iments  were  a imed  a t
determining whether  the lat ter  also harbors
apopto t ic  ac t iv i ty.  GdS was  found  to  be
apopto t ica l ly  inac t ive  (16)  sugges t ing  tha t
the  d i f fe rence  in  the  complex  g lycan  on
GdA may be responsible for  the difference
in  the  immunosuppress ive  ac t iv i ty.  To ta l
deglycosylation of Gd by chemical/enzymatic
methods has not been possible without loss
in  the  na t ive  conformat ion :  however  a
significant decrease in the apoptotic activity
of GdA was observed when the glycoprotein
was  des ia ly la ted  (16) .  Molecu la r  b io logy
approaches were then adopted to mutate the
glycosylat ion s i tes  and express  the  prote in
in  a  eukaryo t ic  sys tem.  The  func t iona l
ana lyses  o f  the  p ro te in  thus  expressed
showed that the apoptogenic activity of the
molecule resides in its protein backbone and
that  the role of the glycans is  to modulate
this  act ivi ty (17).

MATERIALS AND METHODS

Cel l s  and  ce l l  l ines

Per iphera l  b lood  mononuc lear  ce l l s
(PBMCs)  were  i so la ted  us ing  His topaque
(Sigma,  USA) ,  accord ing  to  the  method
described by Boyum (18), from freshly drawn
blood of  normal  heal thy  donors  (male  and
female) ,  (Age:  25–50  yr. ) .  Ju rka t  ( JR4)  a
human T  ce l l  l ine  was  cu l tu red  in  RPMI
supplemented  wi th  10% FBS a t  37C in  a
5% CO2 incubator and passaged every three
days .
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The Sf21 (Spodoptera  f rugiperda)  ce l l s
( Inv i t rogen  Li fe  Technolog ies ,  USA)  were
maintained in TC 100 medium (Sigma, USA)
supplemented with 10% FBS (Sigma,  USA)
at  270C.  Cel l  cu l tures  were  mainta ined as
mono layers  and passaged once every  f ive
days .

Puri f i ca t ion  o f  g lycode l in

D9D4, a glycodelin specif ic monoclonal
an t ibody  (mAb)  ra i sed  in  our  l abora tory
(unpubl i shed  da ta )  was  pur i f i ed  f rom the
hybr idoma cu l tu re  superna tan t  by  pro te in -
A Sepharose (Sigma) chromatography (19) .
The  an t ibody  was  per ioda te  ox id ized  and
crosslinked to Affi-Gel Hydrazide (Bio-Rad,
USA)  beads  fo l lowing  manufac ture r ' s
ins t ruc t ions ,  to  ob ta in  an  immunoaff in i ty
co lumn for  pur i f i ca t ion  of  g lycode l in .
Amnio t ic  f lu id  or  semina l  p lasma were
d ia lyzed  aga ins t  phospha te  buf fe red
sa l ine  (PBS) ,  and  passed  th rough  the
immunoaff ini ty  column.  Bound protein was
eluted with 0.1 M glycine-HCl, pH 2.5. and
subjected to Western blot analysis using the
monoclonal  antibody B1C2 (20).

Cel l  pro l i f erat ion  assay

PBMCs a t  0 .2 × 10 6 ce l l s /200  µ l ,  o r
Jurka t  ce l l s  a t  0 .1 × 10 6/200  µ l  in  RPMI
1640 supplemented  wi th  10% FBS,  were
cu l tu red  wi th  the  p ro te ins  o r  wi th
appropr ia te  con t ro l s .  The  an t i  CD3 mAb
OKT3 was used for  inducing T-lymphocyte
proliferation in PBMC cultures.  5 × 104 cpm
of  [ 3H] thymidine  [methyl  T]  (Board  of
Radiation and Isotope Technology, Mumbai,
India)  was  added af ter  36  h  incubat ion  of
the PBMC cultures  and 24 h incubat ion of
Jurka t  ce l l s ,  and  incuba ted  for  a  fu r ther

8  h .  The  ce l l s  were  harves ted  and  the
[ 3H] thymidine  incorpora ted  was  measured
in a scinti l lat ion counter (Wallac,  Finland).
Al l  t r ea tments  were  ca r r ied  ou t  in
t r ip l i ca t e s .

Ethid ium Bromide  s ta in ing  and  F luorescence
Act ivated  Ce l l  Scan  (FACS)  ana lys i s

Cel l s  (1 × 10 6)  cu l tu red  for  18  h  wi th
g lycode l in  were  harves ted  and  f ixed  in
ice  co ld  70% e thanol  fo r  30  min  and
subsequently stained with ethidium bromide
solution [50 µg/ml ethidium bromide, 0.1 µg/
ml of RNase A, 1% Triton X-100 and 40 mM
sodium citrate in PBS) for 1 h. Analysis was
carr ied  out  by  f luorescence  ac t iva ted  f low
cytometer  (Beckton  Dick inson  FACScan ,
USA). Blue light was used for excitation and
emiss ion was  measured in  the  red  region.

In  o rder  to  de te rmine  whether
glycodelin-induced apoptosis is triggered by
ac t iva t ion  of  caspases ,  a  pan-caspase
inh ib i to r,  N-Benzyloxycarbonyl -Val -Ala-
Asp(O-Me)- f luoromethyl  ke tone  (z -VAD-
FMK) was  added to  the  ce l l  cul ture  a long
with  glycodel in .

Cloning  the  g lycode l in  cDNA into  Baculov ira l
s y s t e m

The Bac- to-Bac  Baculovi rus  express ion
system (Invitrogen Life Technologies,  USA)
was used to clone the glycodelin cDNA. The
fu l l  l eng th  g lycode l in  cDNA wi th  the
secretory s ignal ,  obtained f rom the uter ine
endomet r ium (Mukhopadhyay  e t .  a l .
unpubl i shed)  was  c loned  be tween  BamHI
and PstI into the shuttle vector pFASTBAC1
wi th in  the  min i -Tn7  e lement .  This  vec tor
was transformed into DH10BAC E. coli cells



274 Karande  et   al Indian J Physiol  Pharmacol 2005; 49(3)

which  harbor  the  bacmid  (bacu lov i ra l
genome)  ca r ry ing  kanamycin  res i s tance
marker  and  an  a t tachment  s i t e  fo r  the
bacterial  transposon Tn7 (mini-attTn7).  The
recombinant  g lycode l in  bacmids  were
isolated and transfected into the insect cell
l ine  Sf21  us ing  l ipofec tamine  ( Inv i t rogen)
fo l lowing the  pro tocol  provided wi th  Bac-
to-Bac Baculovirus  express ion system.  The
recombinant  v i rus  conta in ing  medium was
harvested at  the end of 72 h and the virus
ampl i f ied  fur ther,  mul t ip l ic i ty  of  infec t ion
(moi )  de te rmined .  Fresh  cu l tu res  o f  Sf21
ce l l s  were  in fec ted  wi th  the  v i rus  and
cul tu re  superna tan t s  harves ted  a f te r  5
days  and  the  p ro te ins  pur i f i ed  on  the
immunoaf f in i ty  co lumn.

Si te  d irec ted  mutagenes i s  o f  the  Asn  28  and
Asn 63  (N28Q,  N63Q and N28 ,63Q)  in  g lycode l in
c D N A

The  Quick-change  method  (S t ra tagene ,
USA)  us ing  sense  an t i - sense  pr imers
carrying the  s i te-specif ic  mutat ion with  an
incorpora ted  s i l en t  muta t ion  for  a  un ique
res t r i c t ion  s i t e  were  used .  The  wi ld  type
glycodelin pFASTBAC1 vector  was used as
the  templa te  fo r  the  c rea t ion  of  s ing le
mutan ts .  The  double  mutan t  g lycode l in
pFASTBAC1 vector  was  created  f rom both
the  s ing le  mutan ts  (N28Q and  N63Q) .
Clones  were  sc reened  by  the  un ique
res t r i c t ion  s i t es  incorpora ted  in  them as
wel l  as  by  sequenc ing .  The  recombinant
pFASTBAC1 c lones  were  t ransformed in
DH10BAC E.co l i  ce l l s .  The  recombinant
bacmids  were  pur i f ied ,  conf i rmed by  PCR
and t rans fec ted  in to  Sf21  ce l l s  us ing
l ipofec tamine  as  descr ibed  ea r l i e r.  Al l
res t r i c t ion  enzymes  used  were  purchased
from New England Biolabs,  UK.

Express ion  and  pur i f i ca t ion  o f  the  baculov irus
expressed  WT and mutant  prote ins  o f  g lycode l in
( G d - B a c )

Because of the presence of the mammalian
secretory s ignal ,  Gd-Bac was secreted into
the  cu l tu re  medium.  I t  was  pur i f i ed  by
pass ing  the  cu l tu re  superna tan t  th rough  a
Gd spec i f ic  mAb D9D4 immuno-af f in i ty
column (unpublished data).  The column was
washed with PBS (50 mM phosphate buffer
pH 7 .2  conta in ing  150 mM NaCl)  and the
bound protein eluted with 100 mM Glycine-
HCl ,  pH 2 .5 .  Frac t ions  co l lec ted  were
immediately neutral ized with 1 M Tris ,  pH
8.0  and  pro te in  con ta in ing  f rac t ions  were
pooled  and  concent ra ted  us ing  a  cent r icon
concent ra to r  (Vivasc ience ,  Germany) .  The
concentra te  was  dia lyzed overnight  agains t
PBS,  f i l t e r  s te r i l i zed  th rough  0 .45  µ
membrane  f i l t e r  (Sar to r ius ,  Germany)  and
prote in  concent ra t ion  es t imated  (21) .

Neuraminidase  treatment  under  nondenatur ing
c o n d i t i o n s

Glycodelins at  a concentration of 1 mg/
ml in 100 mM acetate buffer pH 5.5,  were
incubated with 20 mU/ml of  neuraminidase
a t  37°C for  24  h .  Then  the  pro te ins  were
reso lved  by  2D ge l  e lec t rophores i s  and
subsequent ly  immunoblo t ted  wi th  mAb
B1C2.  Al te rna t ive ly  the  reac t ion  mix ture
was  neu t ra l i zed  wi th  1M Tr i s -HCl  pH 8 ,
sterilized and used in Jurkat cell proliferation
a s s a y s .

Two d imens iona l  ge l  e l ec trophores i s

Two dimensional gel electrophoresis was
car r ied  out  fo l lowing  the  method of  Cel i s
et. al. (22). Briefly, ~2 µg protein was mixed
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with lysis  buffer  (9.8 M urea,  2% Nonidet
P 40, 2% Ampholine pH 3.5–9.5 (Amersham
Pharmacia  Bio tech ,  Sweden) ,  100  mM
dithiothreitol)  and isoelectric focussing was
performed for 4 h at 400 V, in 1.5 mm tube
gels, pre-focussed for 30 min at 250 V, using
mini-PROTEAN 2D-Cell (Bio-Rad, USA). For
the  2nd  d imens iona l  separa t ion ,  the
tube  ge l s  were  p laced  on  12 .5% SDS
polyacrylamide gels, sealed with 1% agarose
in  SDS-PAGE running  buffe r  wi th
0.01% bromophenol blue and electrophoresed.
At  the  end  of  2D separa t ion  the  ge l s
were  e i ther  s i lve r  s ta ined  or  used  for
immunob lo t t i ng .

R E S U L T S

Puri f i ca t ion  o f  Glycode l in  from var ious  sources

GdA was purif ied from human amniotic
f lu id  (F igure  1A)  and  GdS f rom human
seminal  plasma (Figure  1B) by s ingle  s tep
aff in i ty  chromatography  on  mab D9D4-
aff ige l  hydraz ide  co lumn.  The  pur i f i ed
pro te ins  were  e lec t rophoresed  on  15%
polyacrylamide gels (Figure 1) and identified
by  Wes te rn  b lo t t ing  us ing  ano ther  Gd
specific mab (Figure 1).

Prol i ferat ion  assays

Purified GdA inhibited both, OKT3 mAb
induced proliferation of PBMC (Figure 2A-
a] as well as Jurkat cell proliferation (Figure
2A-b]  in  a  dose  dependent  manner  as
repor ted  ear l ier  (10 ,  13) .  In  case  of  GdA,
the 50% inhibitory concentration is 600 nM
for  PBMCs and  150  nM for  Jurka t  ce l l s .
Interest ingly,  GdS purif ied by the identical
procedure  d id  no t  show inh ib i t ion  of

OKT3 mAb induced  PBMC pro l i fe ra t ion
(F igure  2B-a)  o r  Jurka t  ce l l  p ro l i fe ra t ion
(Figure 2B-b) .

Fig. 1 : Pur i f i ca t ion  o f  g lycode l in .  [A]  Molecu la r
charac ter iza t ion  of  GdA.  5  µl  amniot ic  f lu id
(lanes 1 and 3) and 2 µg GdA purified on mAb
D9D4 Affgel hydrazide column (lanes 2 and 4)
were  e lec t rophoresed  on  a  12 .5% dena tu r ing
polyacrylamide gel  under reducing condit ions,
were  s t a ined  wi th  Coomass ie  b r i l l i an t  b lue
(lane 1) or si lver ( lane 2).  The proteins were
t rans fe r red  to  n i t roce l lu lose  membrane  and
sub jec ted  to  immunoblo t  ana lys i s  wi th
mAb B1C2 ( l anes  3  and  4 ) .  B .  Molecu la r
character izat ion of  GdS.  2  µl  seminal  plasma
(lanes 1 and 3) and 2 µg GdS purified on mAb
D9D4 Affigel hydrazide column (lanes 2 and 4)
were  e lec t rophoresed  on  a  12 .5% dena tu r ing
polyacrylamide gel  under reducing condit ions,
were stained with si lver ( lanes 1 and 2).  The
proteins were subjected to immunoblot analysis
with mAb B1C2 (lanes 3 and 4).
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Generat ion  o f  apoptos i s  in  PBMCs and Jurkat
c e l l s :

PI  s ta in ing  and  FACS.  Ce l l s  cu l tu red
wi th  g lycode l in  were  s ta ined  wi th  PI  and
subjected to FACS analysis.  All cells showed
DNA loss  as  ind ica ted  by  the  pre -G0/G1
peak.  In  the  case  of  lymphocytes ,  14% of
the  ce l l  popula t ion  was  apopto t ic  a f te r
t rea tment  wi th  g lycode l in  as  compared  to
unt rea ted  ce l l s ,  which  showed on ly  4%
apoptos i s  (da ta  no t  shown) .  The  apopto t ic
population in Jurkat cells increased to 54%
on cu l tu r ing  wi th  g lycode l in  fo r  18  h  as

compared  to  the  7% in  un t rea ted  ce l l s
(Fig. 3a-B). When the pan caspase inhibitor
z -VAD-FMK was  added  a long  wi th
g lycode l in ,  apoptos i s  was  comple te ly
inhibi ted (Figure  3b-C).

AcOr /EtBr  s ta in ing .  Morpholog ica l
observa t ions  o f  apoptos i s  was  ca r r ied  ou t
by  dua l  s ta in ing  the  ce l l s  wi th  E tBr  and
AcOr after exposure to glycodelin for 18 h.
As  can  be  seen  in  F igure  3c ,  Jurka t  ce l l s

Fig. 2 : [A] GdA inhibits T cell proliferation. (a) PBMCs
were s t imulated with OKT3 mAb for  48 h in
the presence of varying concentrations of GdA,
la te r  pu l sed  wi th  [3H] thymid ine  fo r  12  h .
(b) Jurkat cells were cultured for 24 h in the
presence of varying concentrations of GdA and
then  pu l sed  wi th  [3H] thymid ine .  Ce l l s  were
harvested on glass f ibre f i l ters,  lysed and the
rad ioac t iv i ty  measured .  [B]  GdS does  no t
inhib i t  T  ce l l  p ro l i fe ra t ion .  (a )  PBMCs were
s t imula ted  wi th  OKT3 mAb fo r  48  h  in  the
presence  o f  va ry ing  concen t ra t ions  o f  GdS,
l a t e r  pu l sed  wi th  [3H] thymid ine  fo r  12  h .
(b) Jurkat cells were cultured for 24 h in the
presence of varying concentrations of GdS and
then pulsed with [3H]thymidine for 12 h. Cells
were harvested on glass fibre filters, lysed and
the radioactivity measured. Data presented are
represen ta t ive  o f  a t  l eas t  th ree  d i f fe ren t
exper iments  and  each  ba r  r ep resen t s
[3H] thymid ine  coun t s  o f  the  sample  in
t r ip l i ca te s .

A.
a )

B.

b)

c)

Fig. 3 : [ a ]  FACScan  ana lys i s  Ju rka t  o f  ce l l s  a f t e r
culturing in absence (A) or in presence (B) of
glycodelin for 18 h followed by staining with
e th id ium bromide  and  ana lysed  by  FACScan .
FL2H f luorescence intensi ty  ( red channel) . [b]
GdA induced apoptosis  i s  caspase  dependent :
Jurkat  ce l ls  were  cul tured wi th  500 nM GdA
in presence or absence of pan caspase inhibitor
Z-VAD-FMK (25 µM) for 18 h. The cells were
harves ted ,  f ixed  wi th  e thano l ,  s t a ined  wi th
EtBr and analyzed by FACS. A. vehicle control
(0.5% DMSO);  B.  cel ls  t reated with GdA; C.
cells treated with GdA in presence of 25 µM Z-
VAD-FMK. [c] Apoptotic effect of glycodelin as
determined by EtBr staining: Jurkat cells were
cu l tu red  wi th  g lycode l in  fo r  18  h  fo l lowing
which cells were stained with ethidium bromide
acr id ine  o rnage  (a )  Unt rea ted ,  (b )  GdS and
(c) GdA.
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underwent  chromat in  condensa t ion  wi th
appearance  of  apopto l ic  bodies  tha t  i s
charac te r i s t i c  o f  apoptos i s  a f te r  t rea tment
with GdA (Figure 3c-B). GdS was unable to
exhibi t  this  act ivi ty (Figure 3c-C).

Enzymat ic  des ia ly la t ion  o f  GdA reduces  i t s
apoptot ic  ac t iv i ty

At both the N-linked glycosylation sites
(N28 and  N63)  GdA has  been  repor ted  to
have  s ia l i c  ac id  (5 ) ,  which  i s  absen t
in  GdS (6) .  In  two d imens iona l  ge l
electrophoresis GdA moved as multiple spots
which  are  more  ac id ic  than  the  ca lcu la ted
pI (5.36) of the protein, as sialic acid adds
addi t ional  negat ive  charge to  the  molecule
(F igure  4A-a) .  However,  GdS reso lved
essentially as a single spot at the calculated
pI (5.36) (Figure 4A-c). Upon neuraminidase
t rea tment  o f  GdA,  the  mos t  ac id ic  spo t
disappeared and the protein resolved as two
closely moving spots near the calculated pI
(F igure  4A-b) ,  ind ica t ing  tha t  the  p ro te in
has  been des ia ly la ted ,  though not  ent i re ly.
When the  des ia ly la ted  GdA was tes ted  for
its ability to inhibit Jurkat cell proliferation,
the  p ro te in  was  s ign i f ican t ly  l ess  ac t ive
compared to the no enzyme control  (Figure
4B) indicating that the apoptotic activity of
GdA i s  dependent  on  the  presence  of  the
s ia l ic  ac id  res idues  on th is  prote in ,  which
are  absent  in  GdS.

The  recombinant  g lycode l in  gene  was
expressed in CHO and P pastoris .  The WT
and g lycosy la t ion  mutan t  g lycode l in  gene
was  expressed  in  the  Sf21  and  Tni  insec t
ce l l s  us ing  the  bacu lov i rus  sys tem.
The  secre ted  pro te ins  were  pur i f i ed  f rom
the  cu l tu re  supernan tan ts  by  a f f in i ty
chromatography on D9D4-Sepharose column.

All  the  puri f ied recombinant  proteins  were
e lec t rophoresed  and  iden t i f i ed  us ing
Western blotting as above [data not shown].

Ful l  l ength  g lycode l in  expressed  in  P ich ia
pastor i s  and Chinese  Hamster  Ovary  ce l l s   i s  not
a p o p t o g e n i c

Glycode l in  was  expressed  as  a  C-
te rmina l  hexa  h i s t id ine  tagged  fus ion
protein in Pichia pastoris strain GS115. The
pro te in  was  pur i f i ed  f rom the  cu l tu re
supernatant  us ing Ni-NTA chromatography.
The ident i ty  of  the  pro te in  was  conf i rmed

Fig. 4 : A. Two diment ional  ge l  e lec t rophores is  a f te r
neuraminidase  t rea tment  of  GdA.  (a)  0 .25
µg  GdA wi thou t  enzyme,  (b )  0 .25  µg
GdA af te r  neuramin idase  t r ea tment  and
(c )  0 .25  µg  o f  GdS separa ted  by  2D ge l
e lec t rophores i s .  Bov ine  se rum a lbumin
se rves  as  an  in te rna l  con t ro l .  Af te r  the
second dimensional  separat ion the proteins
were visual ized by si lver  s taining.

B. Neuraminidase t reated GdA exhibi ts  lower
activity. Jurkat cells were cultured for 24 h
in  the  presence  of  vary ing  concent ra t ions
of neuraminidase treated or untreated GdA
and then pulsed with [3H]thymidine.  Cells
were harvested on glass fibre fil ters,  lysed
and  the  rad ioac t iv i ty  measured .
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by Western blotting using glycodelin specific
mAb B1C2 (20). The yeast expressed Gd was
unable  to  inh ib i t  T  ce l l  p ro l i fe ra t ion ,  as
tested on Jurkat  cells  (data not shown) not
surpr i s ing  as  i t  i s  we l l  e s tab l i shed  tha t
Pichia pastoris  is  unable to add sial ic acid
res idues  (23) ,  conf i rming  the  observa t ion
that sialic acid modification is required for
the T cell inhibitory activity of the protein.
The recombinant Gd expressed in CHO cells
d id  no t  harbour  apoptogenic  ac t iv i ty.  The
s ia ly l  t ransferase  ac t iv i ty  in  CHO ce l l s  i s
low and also the  l inkage is  d i f ferent  f rom
that  seen  in  the  human sys tem (24) .

Wildtype (WT) Gd-Bac as well  as  the glycosylation
mutants  are  apoptot ica l ly  ac t ive

To inves t iga te  the  immunosuppress ive

act ivi ty  of  the  recombinant  protein ,  PBMC
prol i fe ra t ion  inh ib i t ion  assay  was  ca r r ied
out. WT Gd-Bac inhibited PHA (Figure 5A-
a) as  well  as  ant i-CD3 mAb (Figure 5A-b)
induced  pro l i fe ra t ion  of  human per iphera l
T  ce l l s  in  a  dose  dependent  manner,
comparable to that  seen with GdA. Gd-Bac
inh ib i ted  the  p ro l i fe ra t ion  of  Jurka t  JR4
cells as well (Figure 5A-c). This showed that
the  recombinant  g lycode l in  expressed  in
bacu lov i ra l  sys tem i s  b io log ica l ly  ac t ive .
Further,  Jurkat  cel ls  cultured with WT Gd-
Bac for 18 h were stained with EtBr and AcOr
and morphological analyses were carried out
to  de te rmine  the  apopto t ic  popula t ion .  As
can be seen in Figure 5B, cells treated with
GD-bac  underwent  apoptos i s  as  seen  wi th
cel ls  t reated wi th  GdA.

Fig. 5 : (A) WT Gd-Bac inhibits proliferation of activated T cells. PBMCs seeded at a density of 0.2 × 106/200 µl
culture medium were activated with either phytohaemagglutinin (PHA) (a) or anti-CD3 mAb (b). The cells
were  cu l tu red  wi th  vary ing  concen t ra t ions  o f  Gd-Bac  fo r  36  h  a f te r  which  3H- thymid ine  was  added ,
fur ther  incubated  for  12  h  and  the  ce l l  incorpora ted  rad ioac t iv i ty  was  measured .  Al l  t rea tments  were
carried out in triplicates. (c) WT Gd-Bac inhibits proliferation of Jurkat cells as well. Jurkat cells seeded
at a density of 0.1 × 106/200 µl medium were incubated with varying concentrations of WT Gd-Bac for 24
h followed by incubation with 3H-thymidine for 8 h and were harvested on glass fibre filter. (B) Ethidium
bromide-Acridine  orange s ta ining of  Gd-Bac t rea ted Jurkat  ce l ls  showing apoptot ic  popula t ion in  cel ls
treated with Gd-Bac.  PBS serves as  the negative control  and panel  GdA, the posi t ive control .
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Fig. 6 : The  recombinan t  g lycosy la t ion  mutan t s  inh ib i t  p ro l i fe ra t ion  o f  Ju rka t  ce l l s .  Ju rka t  ce l l s  seeded  a t  a
density of 0.1 million per 200 µl medium per well were cultured with varying concentrations of the WT
and mutant  Gd-Bac proteins for  24 h af ter  which 3H-thymidine was added and incubated for  further  8
h.  Cel ls  were  harves ted and the  incorporated radioact iv i ty  was  measured.

Having  conf i rmed tha t  Gd-bac  i s
comparab le  to  GdA,  the  g lycosy la t ion
mutan ts  N28Q Gd-Bac ,  N63Q Gd-Bac  and
N28,63Q Gd-Bac proteins were assayed for
immunosuppress ive  ac t iv i ty.  The  mutan ts
N28Q (Figure  6B) ,  N63Q (Figure  6C)  and
N28,63Q (Figure 6D) were also found to be
inhibitory for  Jurkat  JR4 cel l  proliferat ion.
Jurka t  ce l l s  cu l tu red  wi th  e i ther  WT Gd-
Bac  or  the  g lycosy la t ion  mutan t  p ro te ins
were  s ta ined  wi th  p rop id ium iod ide  and
subjec ted  to  FACScan  ana lys i s .  The  %
apoptotic population was determined by the
pre-G0/G1 peak .  Al l  the  g lycosy la t ion
mutan ts  o f  Gd induced  apoptos i s  in
Jurka t  ce l l s  comparab le  to  tha t  seen  wi th

Fig. 7 : The recombinant  glycosylat ion mutants  induce
apop tos i s  in  Ju rka t  ce l l s .  Ju rka t  ce l l s  were
cu l tu red  wi th  the  Wt  o r  mutan t  Gd-Bac
prote ins  for  12  h  a f te r  which  the  ce l l s  were
e thanol  f ixed ,  s ta ined  wi th  propid ium iod ide
and analyzed for percentage of cells undergoing
apoptosis  by FACscan.
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the  WT Gd-bac  conf i rming  tha t  the
apoptogenic activity of Gd lies in the protein
backbone .

D I S C U S S I O N

The fe ta l  a l logra f t  su rv ives  mate rna l
re jec t ion  dur ing  normal  p regnancy  bu t  an
a l logra f t  a t  s i t es  o ther  than  the  u te rus  i s
rejected efficiently by the maternal immune
system. Therefore, studies on immunological
even ts  a t  the  fe to -mate rna l  in te r face  have
been the major focus for researchers in this
a rea .  Exper imenta l  observa t ions  sugges t
tha t  endometr ia l  g lycodel in  i s  involved  in
the  immunoregula t ion  tha t  down-regula tes
the  materna l  immune  response  to  fo re ign
fetal  antigens. It  has been postulated
that g lycode l in  ac t ion  i s  th rough
immunosuppress ion ,  which  i s  essen t ia l  fo r
protection of the embryo from the mother 's
immune response (10). As has been reported
earlier glycodelin purified from the amniotic
fluid in our laboratory was found to inhibit
the  p ro l i fe ra t ion  of  per iphera l  b lood
lymphocyte  e i ther  by  PHA or  by  c ross -
l inking of CD3 receptors by antibody (13).
Studies were then initiated to look into the
molecular events that are triggered by GdA.
At  f i r s t ,  the  PI  s ta in ing  s tud ies  were
ini t ia ted to  determine whether  GdA blocks
the cell cycle at any one stage of cell cycle,
leading to anergy.  The presence of  the pre
G0/G1 cell population indicated clearly that
GdA induces apoptosis in PBMCs and Jurkat
cells (Figure 2A). That GdA had an apoptotic
effect  on T cells  was further confirmed by
DNA fragmentation studies (data not shown]
and  EtBr /AcOr  s ta in ing  (F igure  2C) .  The
f ina l  conf i rmat ion  came f rom our  s tud ies
with the pan caspase inhibitor that inhibited

GdA induced  apoptos i s  in  Jurka t  ce l l s
(Figure  2B).

Lymphocytes  appear  in  the  dec idua  of
the  f i r s t  t r imes te r  o f  p regnancy  and
disappear  towards  the  th i rd  t r imester  (25) .
Those cells that recognize non-self paternal
an t igens  of  the  t rophoblas t  would  need  to
be  de le ted  f rom the  loca l  env i ronment ,
should  the  embryo  surv ive .  Dea th  by
apoptosis  would be the preferred choice as
apoptotic cells are quickly phagocytosed by
macrophages  v ia  a  recep tor  media ted
process  (26)  ensur ing  tha t  the re  i s  no
release of  intracellular  contents (containing
inf lammatory  components )  in  the
surrounding tissue which would prove to be
harmful to the developing fetus.  Glycodelin
s  one  of  the  many  fac tors  requ i red  for
des t roy ing  ac t iva ted  T  ce l l s  in  o rder  to
abrogate  the  de le ter ious  maternal  response
to  pa te rna l  an t igens .

Glycode l in  A (GdA)  and  g lycode l in  S
(GdS)  a re  p roduc ts  o f  the  same gene  and
secre ted  by  the  g landula r  ep i the l ia  o f  the
endomet r ium (3)  and  the  semina l  ves ic les
(4) respectively. Both are glycosylated on the
same two asparag ines ,  N28 and  N63:
however,  the i r  g lycan  s t ruc tures  a re
distinctly different (5, 6). GdS was purified
under identical conditions as GdA and tested
on Jurkat  cel ls .  GdS did not  inhibi t  Jurkat
ce l l  p ro l i fe ra t ion  and  d id  no t  exh ib i t
apotogenic act ivi ty even at  ten fold higher
concent ra t ions  as  tha t  o f  GdA.  As  the
difference between the two isoforms is their
g lycan  compos i t ion ,  i t  was  log ica l
to  de te rmine  whether  the  g lycans  on
GdA d ic ta te  a l so  i t s  immunosuppress ive
characteristics. Enzymatic deglycosylation of
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GdA using PNGaseF under native conditions
however failed as it resulted in denaturation
of the protein (16), therefore we resorted to
recombinant DNA technology to address this
ques t ion .  The  Gd cDNA was  c loned  in to
baculov i ra l  sys tem and  expressed  in  Sf21
insec t  ce l l s  and  the  secre ted  pro te in
purified. The recombinant protein was found
to  harbor  an t ip ro l i fe ra t ive  ac t iv i ty  on
PBMCs and  Jurka t  JR4 ce l l s  (F igure  5A) .
I t  a l so  exhib i ted  apopto t ic  ac t iv iy  (F igure
5B) as has been reported earlier in case of
GdA (13, 16).

With  an  ac t ive  wi ld  type  (WT) prote in
in  hand  we  went  ahead  to  de te rmine  the
re levance  of  e i ther  o r  bo th  the  N- l inked
glycosy la t ion  of  Gd.  The  asparag ines  a t
pos i t ion  28  and  63  were  muta ted  to
g lu tamine  to  abo l i sh  g lycosy la t ion ,  and
glu tamine  was  chosen  to  min imize  the
a l te ra t ion  of  the  na t ive  conformat ion .  The
mutant proteins thus expressed and purified
were  t es ted  fo r  an t ip ro l i fe ra t ive  ac t iv i ty.
In te res t ing ly  a l l  the  mutan t  p ro te ins
exhibited activities comparable to that of WT
Gd-Bac and native protein (Figures 6 & 7),
showing clearly that the immuno-suppressive
activity of Gd resides in the protein backbone.

If  the anti-proliferat ive activi ty of GdA
is  d ic ta ted  by  i t s  p r imary  s t ruc ture ,  then
the  obvious  ques t ion  i s ,  why  i s  GdS no t
ac t ive  in  sp i te  o f  an  iden t ica l  amino-ac id
sequence? A logical conclusion could be that
the glycans present on GdA allow exposure
of the apoptogenic region for binding to the
ta rge t  ce l l s .  High  fucosy la t ion  and  no
sialylat ion (15)  on GdS perhaps keeps this
reg ion  inaccess ib le .  Th is  hypothes i s  i s
suppor ted  by  our  observa t ions  tha t  fu l l -
length Gd expressed in P.pastoris is inactive

where  there  i s  h igh  level  of  g lycosyla t ion
and lack of sialylation (16).

The fact that the E.coli  expressed GST-
tagged  Gd i s  apopto t ica l ly  inac t ive
(unpubl i shed  observa t ion)  h igh l igh ts  the
necessity of an endoplasmic reticular transit
fo r  p roper  fo ld ing  and  d i su l f ide  bond
format ion .  Our  da ta  a l so  show tha t  fu l l
l eng th  P.pas tor i s  (16)  and  Human
Embryonic kidney (HEK) cell line expressed
Gd are  inac t ive  and  impor tan t ly  the
baculovirus expressed Gd is active (17). This
suggests  tha t  cer ta in  type  of  g lycosyla t ion
can  be  permiss ive  to  the  Gd molecu le  to
execu te  i t s  apoptogenic  ac t iv i ty  whi le
o ther  type  of  g lycosy la t ion  h inders  the
apoptogenic activity by perhaps covering the
apoptogenic  reg ion .  The  fac t  tha t  GdA
is  apopto t ica l ly  ac t ive  whi le  GdS i s
apoptotically inactive needs to be discussed
in this  l ight .  I t  could be that  the presence
of large number of negatively charged sialic
acid  res idues  a t  s i tes  N28 and N63 of  the
GdA molecu le  might  resu l t  in  charge
repuls ion  be tween  each  o ther,  the reby
exposing the  apoptogenic  region whi le  the
absence  of  the  same in  GdS can  resu l t  in
the  o l igosacchar ide  cha ins  keep ing  the
apoptogenic region inaccessible .  The minor
d i f fe rences  in  the  conformat ion  be tween
GdA and  GdS due  to  the  presence  and
absence  of  s ia l i c  ac id  res idues  has  been
demonstrated  (16). But in the case of Sf21
cell expressed Gd the extent of glycosylation
is  s imple  wi th  on ly  mannose  3  s t ruc tures
[Jayachandran et  a l ,  unpublished data]  that
cannot  mask  the  apoptogenic  reg ion .  I t  i s
very  wel l  known tha t  g lycans  p lay  a  very
important  role  in  maintaining the s tabi l i ty,
conformat ion  and  b io log ica l  ac t iv i ty  o f
glycoproteins (27, 28).  Oligosaccharides are
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essen t ia l  recogni t ion  sequences  in  ce l l
media ted  adhes ions  in  in f lammatory  and
immune  responses  (29) .  The  ro le  o f
oligosaccharides in modulating the half- l ife
and bio-potency of  b iomolecules  i s  indeed
well known (27, 28, 30). The role played by
the  g lycans  in  g lycode l in  needs  to  be
unravel led fur ther  for  get t ing ins ights  in to
func t iona l  cons t ra in t s  imposed  on  th i s
molecu le .  In  conc lus ion ,  the  apoptogenic
act iv i ty  of  the  GdA res ides  in  the  prote in
backbone  of  the  molecu le .  However  the
glycans play a major role in modulating the
s a m e .
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