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Abstract  :  Success fu l  b las tocys t  implan ta t ion  depends  upon  the
synchronous  d ia logue  be tween  age-  and  s t age -matched  embryo  and
adequately pr imed maternal  endometr ium. Endometr ia l  s ignals  present  in
the uterine lumen influence the growth and the viability of preimplantation
stage embryo. Thus, uterine secretion of embryotoxic cytokines may affect
the  p re implan ta t ion  s t age  embryo .  Our  p rev ious  s tudy  in  the  rhesus
monkey has  indicated that  tumor necrosis  factor-α  (TNF-α )  i s  one such
candidate present in the uterine lumen, which may act as an embryotoxic
agen t .  In  the  p resen t  s tudy ,  the  e f fec t  o f  TNF-α  on  de  novo  p ro te in
synthesis by mouse morulae (n=100) and blastocysts (n = 100) in vitro  was
investigated by 2D-polyacrylamide gel electrophoresis.   A total of 35 and
40 protein spots were detected in lysates of control morulae and blastocysts,
respectively. Exposure of embryos to TNF-α  (50 ng/ml) reduced the number
of  prote in  spots  to  15 and 17 compared to  that  of  control  morulae  and
b las tocys t s .  Seven  spo t s  in  moru la  and  13  p ro te in  spo t s  in  b las tocys t
f lourograms  showed  quan t i t a t ive  changes  in  the i r  express ions  wi th
exposure to TNF-α .  Morulae and blastocysts exposed to TNF-α  expressed
8 and 17 protein spots, respectively, that were not seen in control embryos.
I t  appears  from the present  s tudy that  exposure of  preimplantat ion stage
embryos to TNF-α  affects  their  protein synthesis  both quanti tat ively and
qua l i t a t ive ly .
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I N T R O D U C T I O N

Pre implan ta t ion  s tage  embryo
deve lopment  and  success fu l  implan ta t ion
depends on protein factors  synthesized and
secre ted  by  the  endomet r ium in to  the

u te r ine  lumen under  adequa te  hormone
regula t ion  (1–3) .  These  molecu les  a re
largely regulated by progesterone (2–6). We
have  demons t ra ted  in  the  rhesus  monkey
tha t  inh ib i t ion  of  p roges te rone  ac t ion  by
early luteal phase mifepristone administration



140 Luther  et   al Indian J Physiol  Pharmacol 2005; 49(2)

resu l t s  in  inh ib i t ion  in  the  moru la  to
blastocyst transition, adversely affecting the
viabi l i ty  of  b las tocysts  and the  process  of
implantation (7, 8). Thus, the adverse effect
observed  in  the  p re implan ta t ion  s tage
embryo  recovered  f rom the  u te r ine  lumen
of  mifepr i s tone  t rea ted  an imals  may  be
a t t r ibu ted  to  the  a l t e red  mi l ieu  of  the
uterine lumen. Among various biomolecules,
tumour  necros i s  fac tor -α  (TNF-α )  appears
to be one of  the candidates as  i t  has been
repor ted  tha t  TNF-α  i s  r egu la ted  in  a
cycl ical  manner in the human endometr ium
(9) ,  and  tha t  p roges te rone  inh ib i t s
endometr ia l  TNF-α  synthesis  and secre t ion
(2, 10). Thus, TNF-α  may be responsible for
the  degenera t ive  changes  observed  in  the
embryos  recovered  f rom the  an t i -
p roges te rone  t rea ted  an imals  (8 ) .  Indeed ,
several  s tudies  show that  TNF-α  decreases
the viabi l i ty ,  growth and different ia t ion of
pre implan ta t ion  s tage  b las tocys t s  (11–15) .
In  the  p resen t  s tudy ,  we  have  examined
the  e f fec t  o f  TNF-α  on  the  func t iona l
charac te r i s t i cs  o f  mouse  moru lae  and
blastocysts in vitro in terms of their de novo
protein synthesis ,  as  the pat tern of  protein
syn thes i s  cou ld  be  a  be t te r  func t iona l
marker for  cel l  function (16).

The  advancement  o f  newer  techniques
have helped us in understanding the protein
express ion prof i le  in  an  improved manner .
Two d imens iona l  e lec t rophores i s  (2D-
electrophoresis)  i s  one of  such techniques ,
tha t  has  been  used  to  a  g rea te r  ex ten t  in
terms of its reproducibility to study protein
expression profile by protein mapping (17).
Us ing  th i s  robus t  t echnique ,  p ro te ins  in  a
complex solution are resolved into individual
pro te in  spo ts  based  on  the i r  i so -e lec t r i c
po in t s  (p I )  and  molecu la r  weigh t  ranges

(Mr). In the present study, we employed 2D-
e lec t rophores i s  to  examine  the  p ro te in
profiles of morulae and blastocysts following
thei r  exposure  to  TNF-α .

M E T H O D S

Mouse  embryo  co l l ec t ion  and  cu l ture

Random-bred  sexua l ly  mature  Swiss
a lb ino  female  mice  were  sub jec ted  to
superovula t ion  and  a l lowed  to  mate  wi th
adul t  males  accord ing  to  the  s tandard ized
pro toco l  (18) .  Day  1  of  p regnancy  was
des igna ted  f rom the  day  of  de tec t ion  of
copulatory plug. Uterine horns were flushed
with M2 medium (pH 7.4) on day 4 morning
(19) ,  and  moru lae  and  b las tocys t s  wi th
normal  appearance  under  phase  con t ras t
microscope  were  co l lec ted  and  used  in
d i f fe ren t  exper iments  as  descr ibed  be low.
Medium M16 (pH 7 .6)  supplemented  wi th
sodium pyruvate (36 µg% w/v), bovine serum
albumin (0 .4% w/v)  a long wi th  or  wi thout
TNF-α  (50 ng/ml, R&D Systems, Minneapolis,
USA) was used at a ratio of 50 µl/embryo to
cu l tu re  moru lae  and  b las tocys t s  t aken  in
randomly  ass igned  pools  o f  4  embryos .
The  s tudy  des ign  was  approved  by  the
Ins t i tu t iona l  Animal  E th ics  Commit tee  o f
the All India Institute of Medical Sciences,
New Delhi .

Prote in  synthes i s  by  mouse  embryos

In order to examine the protein synthetic
abi l i ty  of  morulae  and blas tocys ts  wi th  or
without TNF-α  (50 ng/ml) in vitro ,  embryos
(n = 100)  were  cu l tu red  for  4  h  in  M16
medium conta in ing  100  µCi/ml  of  35S -
methionine in humidified 5% carbon dioxide
in air at  37oC (20).
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Embryos  were  washed  and  lysed  in  25
µ l  of  sample buffer  containing SDS 0.30%
w/v, DTT 3.09% w/v,  Tris-HCl 0.44% w/v,
Tr i s  base  0 .27% w/v .  High  amount  o f
dithiothrei tol  and very less amount of  SDS
is sufficient to solublise the cell  membrane
of  embryonic  ce l l s  wi thout  reduc ing  the
pro te in  o r  c leav ing  the  d i su lph ide  bonds .
The mixture is vortexed briefly to complete
the lysis.  The lysed samples were stored at
–70C t i l l  fu r ther  use .  The  ba tch  var ia t ion
was taken care by subjecting all the samples
together for iso-electric focusing followed by
SDS-PAGE. Prior to loading the sample on
to the iso-electric focusing gels, the samples
were  thawed comple te ly  to  d i sso lve  h igh
amount of DTT present in the sample buffer
and were subjected to centrifugation for 10
min  a t  12000  Xg.  A smal l  por t ion  of  the
lysate (2 µ l) was taken to measure the total
radioactive count using scinti l lation counter
and samples  wi th  a  to ta l  count  of  1  X10 5

CPM was  loaded  in  the  f i r s t  d imens iona l
gel, in glass tubes (ID: 1 mm; length:7 cm)
containing 4% (w/v) acrylamide, 2.1% (w/v)
Tr i ton-X-100 ,  59 .8% (w/w)  urea  and  a
mix ture  o f  ampholy tes  fo r  c rea t ing
continuous pH gradient of 3 to 7 the samples
were subjected to iso-electric focusing at 500
V, 12 h using 100 mM phosphoric acid  and
0.1 M NaOH as anode and cathode solutions
in  a  Min i  Pro tean  I I  se t  up  f rom BioRad
(Bio-Rad, California, USA) according to the
method  descr ibed  by  Dunbar  (21) .  Af te r
completing the iso-electric focusing the tube
gels were extruded from the tubes and were
reduced  in  sample  buf fe r  con ta in ing  3%
(w/v) SDS ,  0.8% (w/v) DTT, 1.18% (w/v)
Tr i s -HCl ,  3 .63  % (w/v)  Tr i sma base  and
0.01% (w/v) bromophenol blue for 2 min. The
second d imens ional  separa t ion  was  car r ied
out by sodium dodecyl sulphate polyacrylamide
ge l  e lec t rophores i s  (SDS-PAGE;  12 .5%

acry lamide) .  2D-molecu la r  weigh t  markers
(Bio-Rad,  Cal i fornia ,  USA) were  run on a
separate gel.  After completing the slab gel,
the gels (7 cm x 9 cm x 1 mm) were fixed
in 50% methanol, 10% acetic acid for 30 min,
treated with Amplify (Amersham Pharmacia
Biotech,  Amersham, UK) for 30 min,  dried
and exposed to Hyperfilm-β max (Amersham
Pharmacia  Biotech,  Amersham, UK) for  30
d a y s .

Analys i s  o f  2D-ge l  f lourogram images

Fluorograms  of  2D ge l  e lec t rophores i s
were scanned in high resolution scanner (60
nm, Personal FX, Bio-Rad Laboratories) and
conver ted  to  8  b i t  1024x1024 p ixe l  image
and  s to red  as  TIFF images .   The  images
were analyzed using the  analysis  sof tware ,
PDQes t  (BioRad ,  Ca l i fo rn ia ,  USA) .  Spot
detection was carried out  using algori thmic
ana ly t ic  too l ,  and  spo t  in tegra ted  op t ica l
densi ty  of  each spot  on the  individual  gel
was  ca lcu la ted .  The  or ig ina l  scans  were
filtered and gels were matched by using the
software program with the help of key spots
and  mas te r  f luorogram and  a  th ree-
d imens iona l  Gauss ian  image  was  c rea ted
from c lar i f ied  Gauss ian  spots .  A Gauss ian
spot  i s  a  p rec i se  th ree-d imens iona l
representa t ion  of  an  or ig ina l  scanned  spot
that is filtered and clarified from noise and
background .  The  spo ts ,  which  were  no t
inc luded  in  the  Gauss ian  image  a f te r
f i l t ra t ion ,  were  no t  inc luded  for  fu r ther
ana lys i s .  A  matchse t  o f  the  ge l s  was
prepared  f rom the  Gauss ian  image  and  a
car toon  image  was  c rea ted  for  v i sua l
display. For quantitative analysis of 2D gels,
spo ts  in  the  f luorograms  wi th  re la t ive ly
weak and strong intensi ty were selected so
that  intensi t ies  of  the spots  could be f ixed
in  a  l inear  curve  fo r  quan t i f i ca t ion .  The



142 Luther  et   al Indian J Physiol  Pharmacol 2005; 49(2)

scanned  f luorgrams  had  comparab le  to ta l
scanning  dens i ty  wi th  a  coef f ic ien t  o f
var ia t ion  of  14%.  For  compar ison between
the  f luorograms  of  a  g iven  spo t ,  the  da ta
were noted as spot integrated optical density
relative to the total density of the individual

f luorogram (IOD%).

R E S U L T S

Figures. 1 and 2 show the representation
of  f luorograms  of  35S-meth ion ine  l abe led
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Fig. 1 : Images of flourograms of de novo  synthesized proteins of mouse
morula without (A) and with exposure of TNF-α ,  50 ng/ml (B).
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Fig. 2 : Images of flourograms of de novo  synthesized proteins of mouse
blastocyst without (A) and with exposure of TNF-α , 50 ng/ml (B).
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pro te ins  in  lysa tes  o f  moru lae  and
blas tocys t s  respec t ive ly  a f te r   con t ro l  (A)
and 50 ng/ml of TNF-α  (B) treatment.  The
matched Gausian images of  f lourograms of
radioact ive  pro te in  spots  f rom cont ro l  and
TNF-α  exposed embryos are represented by
the  car toon  image  in  F igure  3 .  F igure  4
shows  the  t i l ed  images  of  d i f fe ren t ia l ly
regulated protein spots ,  that  are  present  in

both control  and TNF-α  exposed embryos.

The  computer  a ided  match ing  ana lys i s
revea led  a  to ta l  o f  35  spo ts  in  con t ro l
moru lae  and  15  spo ts  in  TNF-α  t r ea ted
morulae, of which the intensity of the spots
ranged  f rom 23  to  118 .  Of  these  spo ts ,  7
were matched representing 30.1% integrated
optical density (IOD) and 43.3% IOD of total

Fig. 3 : Car toon representa t ions  of  f lourograms of  two-dimensional  gel  e lec t rophores is  of  de novo  synthes ized
proteins in mouse morulae (A,B) and blastocysts (C,D). The embryos were cultured with (B,D) and without
(A,C) 50 ng/ml of TNF-α  in M16 medium containing 35S-methionine for 4 h.
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s ta in ing  dens i ty ,  r espec t ive ly  fo r  con t ro l
moru lae  and  TNF-α  (50  ng /ml)  t rea ted
morulae  (F ig .  4A) .  Thus ,  28  spo ts
representing 69.9% of optical density, which
were observed in control group morula were
not  v i s ib le  in  f luorograms  ob ta ined  f rom
TNF-α  t rea ted  morulae .  7  spots  in  TNF-α
t r ea ted  moru lae  represen ted  56 .7% IOD
exhib i ted  d i f fe ren t  Mr  and  p I  v laues  as
compared to  those  in  control  group.  There
were 8 new protein spots expressed only in
moru lae  exposed  to  TNF-α .  The  7  spo ts
which  were  common in  bo th  cont ro l  and
TNF-α  t r ea ted  embryos  a re  d i sp layed  as
ti led images along with the bar diagram of
their  IOD (Fig.  5A).  Out of the 7 common
spots, the IOD of 3 spots were high in TNF-
α  t reated morulae,  while 2 spots  showed a
lower degree of  expression.

A total of 40 spots in control and 17 in
TNF-α  exposed blastocysts  were picked up
by the software from the matched Gaussian
images .  The  in tens i ty  o f  the  fa in tes t  and
the  darkes t  spo ts  were  19  and  157
respec t ive ly .  Of  these ,  13  spo ts  were

common in  cont ro l  and  TNF-α  t r ea ted
blastocysts .  The IOD of  the matched spots
shown in  the  t i l ed  images  (F ig .  4B)
represented 32.7% and 80.6%, of total staining
dens i ty  in  con t ro l  and  TNF-α  t r ea ted
b las tocys t s .  Thus ,  27  spo ts  represen t ing
67 .3% of  op t ica l  dens i ty ,  which  were
observed in  control  group blastocysts  were
not  v i s ib le  in  f luorograms  ob ta ined  f rom
TNF-α  t reated blastocysts.  4 spots in TNF-
α  t r ea ted  b las tocys t s  represen t ing  19 .4%
IOD exhib i ted  d i f fe ren t  M r  and  p I  va lues
as compared to those in the control  group.
Figure  5B shows the  in tens i ty  d is t r ibut ion
of matched points  in terms of IOD%.

The protein map of the blastocyst lysate
showed 28 new spots representing 74.2% of
the  to ta l  IOD as  compared to  morulae .  17
spots  represent ing  68.8% of  the  to ta l  IOD
which  were  seen  in  moru lae  were  no t
de tec ted  in  b las tocys t s .  A  pro te in  spo t  o f
Mr  95 kD and pI 6.7 not present in control
morulae  was  seen  in  morulae  t rea ted  wi th
50  ng/ml  of  TNF-α ,  a s  wel l  a s ,  in  bo th
groups of  blastocysts .
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Fig. 5 : Histograms showing integrated optical  densit ies (IOD) of matched protein spots synthesized by morulae
(A) and blastocysts (B) as quantified from flourograms of two-dimensional electrophoresis.  The embryos
were exposed to either control medium ( ) or 50 ng/ml of TNF-α  (
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) .
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D I S C U S S I O N

It is evident from the present study that
TNF-α  exposure  in  v i t ro  adverse ly  a f fec ts
pro te in  syn thes i s  in  moru la  s tage  and
blas tocys t  s tage  pre implan ta t ion  embryos .
This observation corroborates well  with the
ear l i e r  in  v ivo  and  in  v i t ro  s tud ies
demons t ra t ing  s ign i f ican t  reduc t ion  in  the
viability of mouse and rat blastocysts along
wi th  h igh  leve l  o f  apopto t ic  ce l l  dea th
following TNF-α  exposure (11, 14, 15, 22).
Also ,  there  a re  repor t s  ind ica t ing  tha t  the
receptor for TNF (TNFR) are present on the
surface of  the preimplantat ion s tage mouse
and  monkey  embryos  (23 ,  24) .  Thus  the
adverse  e f fec t  o f  TNF-α  observed  in  the
protein synthet ic  abi l i ty  of  preimplantat ion
stage embryo could be mediated through the
TNFR presen t  on  pre implan ta t ion  s tage
embryos .

In  the  present  s tudy,  we observed  tha t
the  exposure  o f  moru la  and  b las tocys t  to
TNF-α  alters protein synthesis by inhibition
in  to ta l  p ro te in  express ion ,  as  wel l  as ,
decrease  in  the  express ion  of  spec i f ic
proteins. Out of 15 spots observed in control
moru la ,  on ly  7  were  de tec ted  in  the
f lourograms  of  TNF-α  t r ea ted  moru la ,
meaning  8  pro te in  spo ts  were  miss ing  in
TNF-α  treated morula. In blastocyst,  out of
40 spots detected in control,  only 13 could
be  seen  in  TNF-α  t r ea ted  embryos .  Four
spec i f ic  p ro te ins  were  de tec tab le  on ly  in
TNF-α  exposed b las tocys ts ,  which  may be
acu te  phase  p ro te ins  expressed  in  these
embryos  fo l lowing  the  s t ress  o f  cy to tox ic
ac t ion  of  TNF-α .  Addi t iona l ly ,  8  and  17
proteins in control  morulae and blastocysts
were  to ta l ly  absen t  in  the i r  cor responding
TNF-α  exposed embryos.  Thus,  collectively

i t  appears  tha t  the  exposure  o f
pre implan ta t ion  s tage  embryos  to  TNF-α
affects protein synthesis both quanti tat ively
and  qua l i t a t ive ly .

The  method  used  in  th i s  s tudy  to  map
the  pro te in  express ion  pa t te rn ,  the  2D
electrophoresis is one of the most powerful
and  advanced  ana ly t ica l  too l  to  s tudy  the
func t iona l  p ro teomics  in  any  b io log ica l
system (25). Using this method, the proteins
are  separa ted  based  on  the i r  molecu la r
weigh ts  and  p I  va lues ,  thus  a l lowing  for
separa t ion  of  a  l a rge  number  o f  p ro te ins
having  same molecu la r  weigh t .  Al though
there is a report  in the l i terature about the
protein map of mouse embryos (26), this is
the first  report in which 2D electrophoresis
has been used to s tudy embryonic funct ion
in  te rms of  pro te in  synthes is .  The  present
study limits itself to the analysis of number
of  quan t i t a t ive  and  qua l i t a t ive  changes  in
the  express ion  of  p ro te in .  Fur ther  s tud ies
need  to  be  done  to  charac te r ize  the
di f fe ren t ia l ly  expressed  pro te ins .

F ina l ly ,  the  resu l t s  ob ta ined  f rom the
presen t  s tudy  cor robora te  wel l  wi th  our
prev ious  observa t ion  tha t  inc reased  leve l s
of  TNF-α  in  the  u te r ine  lumina l  con ten t
around the  t ime of  implanta t ion  fo l lowing
lu tea l  phase  t rea tment  wi th  po ten t
an t ip roges t in  l ike  mi fepr i s tone  adverse ly
af fec t  the  deve lopmenta l  po ten t ia l  o f
pre implanta t ion  s tage  embryos  (24) .
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