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Protein Profile of Granulosa Cells in Cyclic and Acyclic Buffaloes
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ABSTRACT

The objective of the study is to analyze the alterations in the protein profile of follicular 
cells in normal cyclic and acyclic anoestrus water buffaloes. Ovaries from sexually mature 
buffaloes were collected from abattoir and categorized into two groups viz., i. Cyclic and ii. 
Acyclic.  In both the categories of ovaries, the follicular fluid (FF) was aspirated from all 
large follicles (> 9mm diameter) and small follicles (< 9 mm diameter) separately. FF was 
centrifuged and four categories of pelleted granulosa cells (CSG and ASG: Granulosa cells 
of small follicles in cyclic and acyclic groups respectively; CLG and ALG: Granulosa cells 
of large follicles in cyclic and acyclic groups respectively) were subjected for SDS-PAGE 
analysis. A total of 30 and 18 bands (from 7.1 to 209.0 kDa) were observed in CSG and CLG 
categories, while 16 bands in each of the ASG and ALG were recorded.  It was observed 
that 40 per cent of bands present in the CSG group were not observed in CLG group. On the 
contrary, almost all the proteins found in ASG group were retained in the ALG group. It can 
be inferred that a group of small molecular weight granulosa cell proteins, correlating to 
IGF / IGFBP system, play a key role in providing a favorable proteo-genomic environment 
in the early stages of follicular development. In acyclic animals, retaining of such proteins 
in the large follicles indicated that the non-availability of metabolic factors needed for final 
maturation of follicles.
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INTRODUCTION

Water buffaloes (Bubalus bubalis) are 
the major contributors of the dairy sector 

Ind. J. Vet. & Anim. Sci. Res., 48 (4) 45-51, July - Aug., 2019

in the south Asian countries. However the 
milk production parameters of buffaloes 
are dependent on their reproductive 
efficiency. Acyclicity due to anovulatory 
anoestrus is the major disturbance reported 
to be affecting the reproductive efficiency 
of buffaloes (Abraham, 2017). Inspite 
of being acyclic, the anoestrus cattle are 
found to exhibit usual ovarian follicular 
wave activity, but the follicles that are able 
to attain ovulatory size failed to induce 
oestrus signs and to ovulate (Ghuman et 
al., 2010; Satheshkumar et al.,2012). Khan 
et al. (2013) reported a lower oestradiol: 
Progesterone ratio in the follicular fluid (FF) 
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of acyclic buffaloes. Further anovulatory 
anoestrus is possibly associated with 
insufficient production of steroid hormones 
by the growing preovulatory follicle, 
which is normally characterized by a high 
steroidogenic synthesis by the cytochrome 
P450scc and P450arom enzymes (Diaz et 
al., 2012). These findings were indicative of 
failure in follicular maturation and defective 
steroidogenic activity in the follicular 
micro-environment which affected the 
oestrus expression and ovulation thereon.

The functional status of follicular 
cells is reflected in biochemical and protein 
profile of FF in buffaloes (Joy et al., 2015). 
Changes in mRNA expression of various 
genomic factors (gonadotropin receptors, 
growth factors and their binding proteins 
etc.,) associated with different stages of 
follicular growth and atresia has been 
appreciated in follicular cells (Mishra et al., 
2015). Apart from the changes in mRNA 
expression pattern, it was hypothesized that 
the proteomic factors of follicular cells will 
alter in relation to physiological status of 
follicular development. Hence the present 
research was conducted to study the protein 
profile of granulosa cells in cyclic and acyclic 
buffaloes by Sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-
PAGE) and to analyse the electrophoretic 
patterns between the two groups of animals.

MATERIALS AND METHODS

Source and preparation of ovaries

Ovaries were collected individually 
from sexually mature buffaloes (Bubalus 
bubalis) from Chennai Corporation abattoir 
and utilized for the study. The individual 
pair of ovaries were collected from each 

animal immediately after slaughter, washed 
in phosphate buffered saline (PBS) and 
transported at 37ºC in PBS to the laboratory 
within 30 minutes after collection.

The pair of ovaries was categorized 
into two groups viz., i. Cyclic: If prominent 
corpus luteum (CL) tissue is present in any 
one of the ovaries and ii. Acyclic: If no CL 
is present in both the ovaries.

In both the categories of ovaries, the 
FF was aspirated from all large follicles 
(> 9mm diameter) and small follicles (< 
9 mm diameter) separately using a sterile 
hypodermic insulin syringe and dispensed 
in separate petri dishes. The FF from one 
to two large follicles and four to five small 
follicles were considered as a single aliquot 
respectively. The aspirated FF was screened 
and oocytes were recovered. After the 
oocyte recovery, the FF was transferred to 
1.5ml micro-centrifuge tube and centrifuged 
at 10,000 g for 10-15 minutes at 4ºC. The 
supernatant FF was stored in separate 
micro-centrifuge tubes and four categories 
of pelleted granulosa cells (CSG and ASG: 
Granulosa cells of small follicles in cyclic 
and acyclic groups respectively; CLG and 
ALG: Granulosa cells of large follicles in 
cyclic and acyclic groups respectively) 
were stored at -20ºC for protein analysis. 
A total of 10 aliquots were studied in each 
category.

Total protein was extracted from 
granulosa cell pellets of all the four categories 
as described by Gerard et al. (1998). The 
total soluble protein (TP) was estimated by 
Bradford protein assay. Based on the TP 
concentration the extracted samples were 
evenly corrected to a  concentration of 6mg/
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dl with 1X PBS and further diluted to 1:10 
ratio with 1X PBS and the protein profile 
were studied by standard SDS-PAGE 
method with a 12% separating gel and a 
5% stacking gel. Broad range molecular-
weight (MW) standards (Bio-Rad) were 
also routinely loaded. Electrophoresis was 
performed at a constant intensity of 50 mA 
/ gel. At the end of migration, gels were 
stained with Coomassie blue stain overnight 
at room temperature and destained by 

repeated rinsing in gel de-staining solution. 
The enhanced chemiluminescence 
detection system (Amersham Life Science, 
Buckinghamshire, UK) was used to detect 
polypeptides.

RESULTS AND DISCUSSION

Comparative SDS-PAGE patterns of 
granulosa cells of small and large follicles 
in cyclic and acyclic buffaloes are presented 
in Table 1, Fig. 1 and Fig.2 respectively. 

Table – 1. SDS-PAGE patterns of granulosa cells in cyclic and acyclic buffaloes
Molecular weight 

(kDA)
No. of detectable bands

CSG CLG ASG ALG
>124 – 209 4 3 -- --
>80 – 124 4 3 4 4
>49.1 – 80 6 6 4 4
>34.8 – 49.1 6 4 4 5
>28.9 – 34.8 7 1 3 3
>20.6 – 28.9 2 -- -- --
7.1 – 20.6 1 1 1 --

Total no. of bands 30 18 16 16

Lane 1 : Protein marker (Broad range)	 Lane 1 : Large follicular cells
Lane 2 : Large follicular cells	 Lane 2 : Small follicular cells
Lane 3 : Small follicular cells	 Lane 3 : Protein marker (Broad range)
Fig.1: SDS-PAGE patterns of granulosa cells 	 Fig.2: SDS-PAGE patterns of granulosa cells	  
           in cyclic buffaloes	            in acyclic buffaloes
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SDS-PAGE analysis of follicular 
cell proteins revealed differences in the 
overall electrophoretic pattern between 
acyclic and cyclic buffaloes. A total of 30 
and 18 bands of MW ranging from 7.1 to 
209.0 kDa were observed in CSG and CLG 
categories, while 16 bands in each of the 
ASG and ALG were recorded.  However, 
Khan et al. (2013) reported that there were 
no qualitative alterations in the protein 
component of the FF during acyclicity in 
buffaloes. A maximum of 30 protein bands 
were detected in the granulosa cell lystaes 
of cyclic buffaloes in the present study 
which is in accordance with the findings of 
Kulkarni (1990) who recorded 26 protein 
bands in bubaline FF.

In cyclic animals, 40 per cent of protein 
bands (especially in the range of 20.6 – 34.8 
kDa) present in the small follicles obviously 
disappeared in the large follicles. On the 
contrary, in acyclic group, all the proteins 
present in the small follicles were found 
retained in the large follicles. It can be 
inferred that a group of small MW granulosa 
cell proteins play a key role in building 
up the essential nutrients, hormones and 
growth factors thus providing a favorable 
proteo-genomic environment in the early 
stages of follicular development. Under the 
gonadotrophin stimulus, these small MW 
proteins might decrease in concentration 
and release the sequestered metabolic 
factors during final stages of follicular 
development enabling the attainment of 
dominance. In acyclic animals, retaining of 
such proteins in the large follicles indicated 
that the bioavailability of metabolic factors 
needed for final maturation of follicles was 
prevented.

A prominent couplet of bands is 
observed just below the 49.1 kDa protein 
range in CSG group, which is much faintly 
expressed in granulosa cells of CLG group. 
This couplet of bands observed can be 
correlated to 44–42 kDa native IGFBP-3 
as reported by Mazerbourg and Monget 
(2018). In cyclic animals, the disappearance 
of IGFBP-3 in the larger follicles signifies 
the bioavailability of free IGF which 
ensures follicular maturation. Likewise, an 
intense band of protein with a MW of about 
30 kDa was present in small follicular cells 
of both the cyclic and acyclic group, which 
was found to be retained in large follicles 
of acyclic animals but disappeared in cyclic 
animals. Thus it could be speculated that 
the disappearance of that protein might 
have a major role in terminal follicular 
development. Similarly, Nandi et al. (2006) 
demonstrated a 30.1 kDa ovine intrafollicular 
factor that was inhibitory for both cumulus 
and granulosa cell proliferation in vitro. 
Bridges et al. (2002) and Mazerbourg and 
Monget (2018) stated that the apparent 
MW of IGFBP-5 ranged between 29 and 
30 kDa. The findings confirmed the fact 
that the concentrations of IGFBPs decrease 
during final stages of follicular growth, 
leading to an increase in IGF bioavailability 
for maturation, oestradiol production and 
ovulation in normally cycling animals 
(Fortune et al., 2004). On the other hand, 
IGFBPs persist in the follicular cells thus 
sequestering the IGF and preventing the 
progress in follicular maturation (Braw-Tal 
et al., 2009). Thus the failure in function 
of the IGF system in granulosa cells might 
contribute for the deficient follicular 
metabolism and steroidogenesis leading to 
anovulatory anoestrus condition. 
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No high MW proteins in the range 
between 124 to 209 kDa were detected in 
both the follicular categories of acyclic 
group. On the contrary, 3-4 bands were 
observed in this range in cyclic animals. In 
accordance with our findings, Gerard et al. 
(1998) demonstrated presence of a 200-kDa 
protein in granulosa cells lysates recovered 
from equine preovulatory follicles. They 
attributed that this stage specific expression 
of high MW protein might be involved 
in the differentiation and maturation 
mechanisms occurring in the follicle during 
the preovulatory period. Rivera and Fortune 
(2003) described Pregnancy-associated 
plasma protein A (PAPP-A), which is 
composed of two 200-kDa disulfide-bonded 
subunits, is the major protease that lyses 
the IGFBP-4/-5 and has been detected in 
the FF of bovine preovulatory follicles 
(Mazerbourg et al., 2001). In light of the 
present results, it is tempting to speculate 
that such high MW proteolytic system is 
active in the cyclic animals, but not in the 
acyclic animals. 

Eventhough we have not conducted 
specific protein characterization studies, 
based on the comparisons with previous 
literatures it could be concluded that 
low MW proteins in the granulosa cells, 
correlating to IGF / IGFBP system, play a 
key role in the follicular maturation. Factors 
affecting the final stages of development of 
dominant follicle are closely related to the 
metabolic status of animals. Reduced plasma 
concentrations of metabolic hormones 
(insulin) and related growth factors (IGF) 
were reported in nutrient-restricted anoestrus 
cows and these aberrations are thought to 
have direct effects on follicular dysfunction 
(Spicer and Echternkamp, 1995). Thus the 

study confirmed the hypothesis that the 
proteomic factors of follicular cells were 
altered in relation to the physiological status 
of follicular development.

It could be concluded that failure of 
the intra-follicular IGF / IGFBP system, 
probably due to deficient nutritional status, 
lead to ovulatory disturbances and follicular 
dysfunction in acyclic buffaloes.
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