
ABSTRACT
Silk sericin is a natural polymer with wide utility in biomedical applications. The use of native sericin protein 
has been well documented in cell culture and cryopreservation of various types of cells. However, the use of 
recombinant sericin is limited and currently there is no report on the effect of recombinant sericin fusion protein 
on cell culture. In this work, we report the use of recombinant sericin-cecropin B fusion in the proliferation and 
cryopreservation of primary human dermal fibroblast cells. Compared with cells cultured in the control with FBS, 
those cultured in sericin/sericin-cecropin B supplemented media (along with FBS) showed enhanced proliferation 
of cells. The culture medium containing sericin or its fusion also proved effective in cryopreservation of human 
dermal fibroblasts with reduced amount of FBS. However, low DMSO concentration did affect the viability of 
cells post-freezing. Both proliferation and cryoprotection properties were found enhanced in the recombinant 
sericin-cecropin B treated group than in recombinant sericin alone. Our results clearly show that the use of sericin-
cecropin B could act as potential media supplement for the enhanced proliferation and improved cryopreservation 
of human dermal fibroblasts.
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INTRODUCTION

Sericin and fibroin are the two major proteins in the silk 
fibre produced by the domesticated silkworm, Bombyx 
mori. Sericin proteins are produced by the middle silk 
gland (MSG) and Ser1 is the most abundant sericin 
protein. It is characterized by a serine-rich peptide 
consisting of 38-amino acids repeats reported to play 
important roles in hydrophilicity, cryoprotection, and 

cell proliferation (Tsujimoto et al., 2001; Terada et al., 
2005). Fibroin has been used in textile manufacturing 
and for several biomaterial applications, whereas sericin 
is treated as a waste material in the textile industry. 
However, sericin has shown interesting applications in 
cosmetics and pharmaceuticals (kundu et al., 2008; Cao 
and Zhang, 2017; Zhang et al., 2019). The use of cell 
and tissue culture is essential for various research and 
medical applications. Hence, the culture and storage of 
cells is of critical importance in a standard cell culture 
laboratory. Fetal bovine serum (FBS) is widely used in cell 
culture as it aids in cell proliferation, growth and storage. 
However, the serum is expensive and also causes concern 
regarding bovine spongiform encephalopathy (BSe). 
Sericin has been presented as a potential alternative to 
FBS, can promote proliferation of several types of cells 
and protect cells from freezing stress. Dermal fibroblasts 
are responsible for producing the extracellular matrix 
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medium containing culture medium as above, 23% FBS 
(Mp Biomedicals) and 10% DMSO (Sigma). Different 
concentrations of FBS (11.5%) and DMSO (5%) were 
also tested. recombinant protein concentration was 
500 µg/ml or 2 mg/ml and added in to medium in the 
respective groups. Cells after adding the freezing media 
were chilled on ice for 5 min and then kept at -80oC.
after 24 h, cells were thawed, fresh culture medium was 
added and centrifugation done  to remove the DMSO. 
Cells were then cultured on 6-well plates with 1 ml fresh 
culture media for a day and observations taken. Cells 
without the addition of recombinant proteins were also 
used as control.

Cell morphology, number and viability: Morphology 
of the cells was studied by visualizing the cells under 
inverted microscope (leitz, Germany). The viable and 
non-viable cell densities were determined by the Trypan 
Blue (HiMedia) exclusion method using a neubauer 
haemocytometer.

RESULTS AND DISCUSSION

Cell proliferation: results are presented in Figure 1 a and 
b. The cells grown in complete culture media (CM) were 
used as control. The attachment, growth and proliferation 
of cells were found in all groups and as same as that of 
control. The morphology of cells was typically spindle 
shaped and comparable to the cells grown in normal 
culture media. The CM + pB exhibited normal growth as 
it contained the complete culture media. Comparatively, 
the cells grown in recombinant sericin (CM + rS) and 
sericin-cecropin B fusion (CM + rSC) supplemented 
media showed marked increase in density of viable cells. 
Subsequently, the cell density gradually increased and 
attained confluence at 48-72 h. The highest proliferation 
of cells was observed in media supplemented with 
recombinant sericin-cecropin fusion protein CM + rSC. 
Compare to CM, the number of cells in the CM + rSC and 
CM + rS increased by 1.22 and 1.16 times, respectively, 
on 72 h. However, higher concentration of sericin and 
sericin-cecropin fusion protein drastically inhibited the 
cell growth and proliferation, resulting in round shaped 
and reduced number of cells (Figure 1a& b-D). We could 
not alter the concentration of FBS as the culture media 
supplied by the manufacturer already contained FBS with 
other ingredients. However, reduced amount of FBS was 
used in cryopreservation studies (below).

Cryopreservation: as shown in Figure 2, addition of 
recombinant sericin or its fusion with cecropin in the 
standard freezing media (CM containing 10% DMSO 
and 23% FBS) resulted in an increased number of viable 
cells recovered after freezing- thawing. Compared to all 
groups, the maximum cell viability after cryopreservation 
was achieved with CM + rSC followed by CM + rS. 
reduced amount of FBS to 11.50% did not alter the 
viability of cells in the presence of CM + rS or CM + rSC 
when compared to cells treated with CM alone. However, 
FBS below 11.50% was found harmful (data not shown). 
The concentration of DMSO at 5% had deleterious effect 
on the survivability of cells although the effect was less 

forming the connective tissue of the skin and play 
a crucial role in wound healing, tissue repair, and 
remodelling (Cao and Zhang, 2017).

proteins derived from genetic engineering are 
characterized by control over composition, sequence, 
molecular mass, and stereochemical purity. Most 
importantly, unlike native sericin, recombinant sericin is 
free from contamination. recently we have recombinantly 
expressed partial repeat sequences of sericin 1 protein 
and its fusion with cecropin B in bacteria (Thomas et 
al., 2020 - paper communicated). The recombinant 
sericin/sericin-cecropin B has shown strong antibacterial 
activity against gram-negative and positive bacteria. 
In this paper, we describe the effect of recombinant 
sericin-cecropin B fusion protein in the proliferation 
and cryoprotection of primary human dermal fibroblasts. 
This is the first report on the use of recombinant sericin 
fusion protein in cell culture applications.  

MATERIALS AND METHODS

recombinant sericin and Sericin-cecropin B proteins: B 
oth sericin and its fusion with cecropin were expressed in 
Escherichia coli as described by us (Thomas et al., 2020-
paper communicated). Briefly, 282 bp Ser1 sequence 
of Bombyx mori (accession no. aB112019) coding for 
94 amino acids containing one copy of 38-amino acid 
motif and two copies of decapeptide repeats alone or 
fused with an open reading frame of B. mori cecropin 
B (accession no.nM_001102561) without its signal 
sequence were cloned in to peT-47b(+) and expressed in 
E. coli rosetta (De3) strain. recombinant proteins were 
purified by immobilized metal affinity chromatography 
(IMaC). The following recombinant proteins were used 
for the assays: 1. sericin, 2. sericin-cecropin B fusion, 
and 3. proteins purified from bacteria harbouring empty 
vector as control.
 
Cells and culture conditions:  Human primary adult 
dermal fibroblast cells (eZXpand Dermal Fibroblast, 
HiMedia) were cultured in HiFibroXl Fibroblast 
expansion Medium, supplements and containing 
gentamycin-amphoterecin B (HiMedia). This modified 
culture medium contained reduced amount of FBS 
(2%, unlike the conventional 10%) as indicated by the 
manufacturer. Cells were cultured in an incubator at 
37 oC under 5% CO2 till they attained confluency. each 
well (6-well culture plates) was seeded with 1x105 cells 
and each treatment had three replicates. recombinant 
protein concentration was 25 or 150 µg/ml and added in 
to medium in the respective groups. Cells were allowed 
to grow and observations on adherent cells under 
microscope followed by digestion with trypsin and 
counting of cells. The following groups were employed 
for the assays: 1. CM (Culture medium) alone, 2. CM + 
pB (protein purified from bacteria harbouring empty 
vector), 3. CM + rS (recombinant sericin), and 4. CM + 
rSC (recombinant sericin-cecropin B).  

Cryopreservation of cells: Cells were grown to confluency 
and resuspended at 1 x 105 cells/ml in the freezing 
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pronounced in CM + rS and CM + rSC groups. Further, 
when the concentration of recombinant sericin and its 
fusion protein was increased to 2 mg/ml, significant 
decline in viability of cells was observed (Figure 2-D). 

In our study, addition of recombinant sericin or sericin-
cecropin fusion proteins along with FBS supplemented 
media can be used for enhanced growth of human 
dermal fibroblast cells. effect of sericin on serum-free 
or serum-reduced media on cell culture is reported 
(review by Cao and Zhang, 2017). However, previous 
studies are limited by the use of native sericin except 
one report which shows recombinant sericin helps in the 
proliferation of cells (Terada et al., 2002). In addition, 
no report on the recombinant sericin fusion protein on 
cell culture studies yet. The recombinant sericin in our 
constructs has repeat regions of Ser1 protein composed 
of 94 amino acid containing one copy of 38-amino 

acid motif and two copies of decapeptide repeats. The 
molecular mass of the recombinant sericin and sericin-
cecropin is approximately 12 and 16 kDa, respectively. 
low molecular weight sericin is most suitable for cell 
cultures (Terada et al., 2005; Cao and Zhang, 2017). The 
repeats in Ser1 protein is reported to have mitogenic 
and cryoprotective properties (Cao and Zhang, 2017). 
Sericin can promote proliferation of various types of 
cells including human fibroblast cells (Terada et al. 2002; 
2005; Tsubouchi et al., 2005; Toyosawa et al., 2006; 
aramwit et al., 2010; liu et al., 2016). 

at the same time, sericin also suppresses carcinogenesis 
and tumour promotion by reducing oxidative stress 
(Zhaorigetu et al., 2003). CHO and Hela cells cultured in 
the medium with 15 µg/ml sericin hydrolysate instead 
of FBS show survivability of both cells is similar or 
higher than that of FBS group (Zhang et al., 2019). 
The addition of recombinant sericin-cecropin further 
increased the proliferation of cells indicating that a 
combination of both sericin and cecropin yielded superior 
cultures than sericin alone. Similar to other polycationic 
peptides, cecropin B possesses broad antimicrobial 
spectrum, antioxidant and anti-endotoxin activity  
(Moore et al.,1996). Further, cecropin B and analogues 
have shown cytotoxic activity against several cancer 
cell lines but do not affect normal cells and shown 
proliferation of fibroblast cells (reed et al., 1992; Chen 
et al., 1997). The concerted action of both sericin and 
cecropin resulted in the enhanced proliferation of cells 
in our study. The proliferation of cells promoted by 
sericin is shown to be concentration-dependent. Sericin 
concentration from 0.01 to 0.1% was simulative while 
1% is harmful to the culture (Terada et al., 2002) and 
our results are comparable with this observation. using 
synthetic gene constructs, varying number of 38-amino 
acid repeats of B. mori sericin 1 protein are expressed in 
bacteria (Tsujimoto et al., 2001; Huang et al., 2003). In 
the presence of 0.01% of a recombinant sericin consists of 
two to four repeats of the consensus sequence, stimulated 
the hybridoma proliferation as that of native sericin 
(Terada et al., 2002). To conclude, addition of sericin-
cecropin fusion protein into FBS culture medium yields 
superior cell viability to FBS culture medium alone.

The cryopreservation of cells is crucial for the continuous 
source of functional cell lines. The conventional 
freezing media contains 10% DMSO and 25% FBS. 
There is significant difference in the viability of cells 
in the freezing media when supplemented with either 
recombinant sericin or sericin-cecropin B fusion protein. 
However, reduced FBS concentration to half results in 
lower cell viability, but the cell viability is still at par 
with control in sericin and sericin-cecropin treated 
groups. reduction in DMSO affects cell viability with a 
slight change in fibroblast survivability in the presence 
of recombinant sericin-cecropin. Our results show that 
replacement of FBS may not be advisable but freezing 
media with reduced amount of FBS, 10% DMSO along 
with sericin-cecropin is better for the cryopreservation 
of human primary dermal fibroblast cells. a 10% DMSO 
concentration is optimal both for the freezing of primary 

Figure 1. Effect of recombinant sericin and sericin-
cecropin fusion proteins on human dermal fibroblast 
cell proliferation. CM: culture medium, CM + PB: culture 
medium containing proteins purified from bacteria 
harbouring empty vector, CM + RS: culture medium 
containing recombinant sericin, CM + RSC: culture 
medium containing recombinant sericin-cecropin fusion 
protein. Recombinant protein concentration was 25 µg/
ml in the respective groups except in D where it was 150 
µg/ml. Observations were taken at 24, 48, and 72 h (A-C) 
and 24 h in D. a: Microscope observations showing cell 
attachment, morphology and proliferation, b: Estimation 
of viable cells. *Significant difference from control  
p < 0.05 by Student’s t-test
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hMSCs and SaOS-2 cell line, and that sericin cannot 
compensate for a 5% decrease of DMSO (verdanova et 
al., 2014). Most studies to date have not shown sericin 
superior to FBS as a cryopreservative agent (Toyosawa et 
al., 2009; Miyamoto et al., 2012; Ohnishi et al., 2012). 

However, freezing medium containing 1% sericin, 0.5% 
maltose, 0.3% proline, 0.3% glutamine and 10% DMSO in 
pBS is found better than medium with FBS using various 
cell lines (Sasaki et al., 2005). The serine-rich repetitive 
motif of 38 amino acid residues in the silk protein ser1 
is found to act as a cryoprotectant of cells under freezing 
conditions and it functions as an antioxidant barrier 
against oxidative stress (Tsujimoto et al., 2001). The 
combined action of both sericin and cecropin B, which 
is also an effective antioxidant, gives extra protection to 
cells under freezing stress conditions. Our results clearly 
show that recombinant sericin or sericin-cecropin fusion 
proteins have significant impact on proliferation and 
cryopreservation of primary human dermal fibroblast 
cells and can be used as cell culture supplements. another 
potential application of the recombinant sericin-cecropin 
fusion protein is that it can be an attractive alternative 
to conventional antibiotics used in cell culture media. 
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