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Abstract 

Senescence in green turtle is an interesting process to study because until now no clear explanation has been established about 
senescence at cellular or molecular level in this species. One of common markers used for detecting senescence is telomere 
shortening. Reduced telomerase activity may also cause senescence. The aims of this research are to establish and identify 
dermal fibroblast cell culture from green turtle and also to compare telomere length and telomerase activity from the cells 
subculture 5 and 14. Cells were identified with Rabbit Anti-Vimentin Polyclonal Antibody and Goat Polyclonal Antibody 
using confocal microscope. Telomere length was obtained using TeloTAGGG Telomere Length Assay (Roche), while 
telomerase activity was obtained using TeloTAGGG Telomerase PCR ElisaPlus. Primary cell culture from green turtle skin 
showed fibroblastic morphology and immunocytochemistry results using vimentin antibody proved that the culture was 
fibroblast cell. Measurement of telomere length and telomerase activity showed that telomere length and telomerase activity 
of subculture 14 was greater than subculture 5. However, based on morphology, green turtle fibroblast skin cell culture 
showed senescent morphology. Therefore, possible aging mechanism that the green turtle fibroblast skin cell culture 
underwent did not go through both telomere shortening and reduced telomerase activity. 
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1. Introduction 

Green turtle (Chelonia mydas) is one of the most 
popular long-lived animals whose age may exceed 100 
years [1, 2]. Aging in C. mydas is still unknown because 
early studies showed no mortality advances yet increasing 
reproductive capacity [3]. The study of aging in C. 
mydas is important for further comparison with mammals 
in the biomedical field. However, since 1999, IUCN 
recorded C. mydas as one of the endangered species, 
therefore sacrificing this animal for research must be 
minimized. One solution for this issue is the establishment 
of C. mydas cell culture. The establishment of new cell 
culture from primary explants may produce one dominant 
cell type dependent on medium, growth factor, and tissues 
collected from the donor. Therefore, cell type must be 
analyzed first before the aging process can be analyzed 
further. As cells replicate in culture, the cell will 
experience senescence caused by telomere shortening. 
Telomeres are repeated sequences at chromosome end and 
will become shortened at cell replication because of end-
replication problem [4]. DNA bases can only be added 
from hydroxyl 3’ end, so replication of lagging strand can 
only be processed by the presence of RNA primer. Once 
replication reaches the end of a chromosome, RNA primer 
at the 3’ end degraded and no DNA base can be added at 
this end. This telomere shortening phenomenon is one of 
the main causes of replicative senescence which leads to 
an estimation of Hayflick limit, number of which cells can 
be passage until cells stop divide, and finally undergo 
apoptosis [5]. As cells replicate and chromosomes 
shortened, chromosome fusion, break, and damage could 
happen to DNA. Thus, cells will activate p53 protein to 
arrest the cell cycle in the late G1 phase before cells may 
show senescence phenotype such as decreased protein 
degradation, housekeeping enzyme expression, energy 
production, and increased ROS level (reactive oxygen 
species) [6]. This phenotype may lead to a decrease in 
normal cell function, after which cell may undergo 
apoptosis. The presence of telomerase, a 
ribonucleoprotein, prevents telomere shortening because 
telomerase adds extra TAGGG base to telomere end [7]. 
In mammals, telomerase is no longer expressed in adult 
tissues [8], except in cancer [9] and stem cells [10]. 
Hence, analysis of telomere length and telomerase activity 
could be markers of aging in cell culture. Since C. mydas 
may not have a regular aging process such that is found in 
mammals, we hypothesize that telomere length and 
telomerase activity in dermal fibroblast cell culture at 
subculture 14 is higher than subculture 5. 

2. Methods 

2.1. Cell culture  

Explants for cell culture were biopsied from a 2-year old 
C. mydas hindleg skin. Explants were washed in PBS and 
then cultured in Leibovitz-15 medium (Sigma, cat. number: 
L5520), supplemented with 100 U/mL (P/S) (Sigma, cat. 
number: P4333) and incubated at 30 ± 1 oC in incubator 
(BlueM). Medium was changed every three days and 
subculture was performed by using 0.2% EDTA and 0.02% 
trypsin (Sigma, cat. number: T4049). 

2.2. Immunocytochemistry 

Cells at passage 2 were plated on cover glass. After cells 
reached confluent, cells were fixed in methanol/PBS series. 
0.05% PBST was used to increase cell membrane 
permeability. Cells were hybridized with Rabbit Anti-
Vimentin Polyclonal Antibody (ab-45939, Abcam) with 
concentration 4:1000 in PBS. After that first hybridization, 
fixed cells were blocked with 0.3% BSA-PBS. Fixed cells 
were hybridized further with Goat Polyclonal Anti-Rabbit 
IgG-FITC (ab-6717, Abcam) 4:1000 and mounted in 
glycerol/PBS 1:9. Cells preparation was then analyzed under 
confocal microscope (Zeiss, LSM 710) with maximum 
intensity. 

2.3. Telomere Length Assay 

Cells at subculture 5 and 14 were harvested using 0.02% 
EDTA and 0.2% trypsin. DNA isolated from these two 
subcultures with High Pure PCR Template Preparation Kit 
(Roche). Telomere length analysis was performed with 
TeloTAGGG Telomere Length Assay (12209136001, 
Roche). As much as 1µg DNA was restricted with 
HinfI/RsaI, then separated in 0.8% agarose (Sigma) gel 
electrophoresis with 1x TAE Buffer for 4 hours at 50 V. 
DNA was transferred to nylon membrane (11417240001, 
Roche) with capillary transfer method. Membrane hybridized 
with telomere probe and DIG Easy Hyb Granules was then 
reacted with Anti DIG-AP and substrate solution. Membrane 
was then analyzed with chemiluminescence assay and 
transfered to X-Ray film (Fujifilm). Telomere length was 
measured with ImageJ software.  

2.4. Telomerase Activity Assay 

Telomerase activity assay was done with TeloTAGGG 
Telomerase PCR ElisaPlus (120113789001, Roche). Protein 
from cells at subculture 5 and 14 was extracted with Lysis 
Buffer and centrifuged at 16.000 x g for 20 minutes. Protein 
concentration was measured with Bradford method. 
Telomerase was then added with DNA base to biotin-labeled 
synthetic primer with Telomeric Repeat Amplification 
Protocol (TRAP Assay). Furthermore, amplification result 
was hybridized with hybridization buffer T and hybridization 
buffer IS microplate module for analysis based on 
spectrophotometry. The result was analyzed in ELISA 
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microplate reader (BioRad) at wavelength 450 nm and 590 
nm. 

3. Results and discussion 

3.1. Cell Identification 

Cells cultured from C. mydas skin showed fibroblastic 
morphology which has spindle shaped-like structure with 
long cytoplasmic protruding. Cell staining with vimentin 
antibody and analysis using confocal microscope showed 
positive result which ensured us the cell type of C. mydas 
skin cell culture is fibroblast (Figure 1). 

 

Figure 1 Immunocytochemistry analysis of (a) C. mydas skin cell culture (x: 134.69 µm, y: 134.69 µm). (b) Vimentin stained 
with rabbit anti-vimentin antibody and goat anti-rabbit IgG-FITC.(c) Nuclei stained with DAPI 

 

 

 
 
Although the primary source of tissue culture, skin 

biopsies, is a mixture of various kinds of cells, skin cell 
cultures of C. mydas was eventually dominated by a 
particular cell. In terms of morphology, it can be concluded 
that the type of cell that is successfully cultured were 
fibroblasts. The FBS used in this research contained 
abundant growth factors including bFGF (basic fibroblast 
growth factor) that will support fibroblast growth [11].  

Fibroblasts are interstitial cells which build connective 
tissue. Fibroblasts were derived from mesenchymal cells and 
produce extracellular matrix such as collagen I and III, 

glycosaminoglycans, elastic fibers, and glycoproteins. 
Therefore, the role of fibroblast cells in the skin tissue is 
important if it is associated with the aging process. Reduced 
ability of skin fibroblasts to synthesize extracellular matrix 
collagen I and III will be associated with the appearance of 
wrinkles on the skin, which is the most particular symptom 
in the skin aging process [12]. Fibroblasts as a proponent of 
the connective tissue must be able to withstand mechanical 
stress. The ability of fibroblasts to migrate and have been 
known to withstand mechanical stress is determined by 
vimentin [13]. Vimentin is type III intermediate filament and 
is used as a marker of fibroblasts [14]. 

c 
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3.2. Telomere Length Analysis 

Telomere length in C. mydas is greater than telomere 
length in mammals [15]. Telomere length in human ranges 
from 10 to 15 kbp [16]. Marker used in this assay ranged 

from 0.8 to 21.2 kbp. However, Figure 2 showed that C. 
mydas telomere length is beyond 21.2 kbp. Therefore, 
measurement of telomere length was not accurate. However, 
the increase or decrease in telomere length can still be 
estimated. 

 

 
Figure 2 Telomere length in cultured skin fibroblasts of green turtles (a) The results of the analysis of telomeres in skin 

fibroblasts cultured from green turtle (M = marker, C = control DNA (human dermal telomere), DNA subculture 5 = 5, 14 = 
DNA subculture 14). (b) Comparative graph of telomere length on DNA subculture 5 and 14 

 
 
Figure 2.b showed that telomere length at subculture 14 

was greater than subculture 5. This result was different than 
what is commonly found in human. In human fibroblast cell 
culture, telomere length decreases as the subculture increases 
[17]. In human endothelial cells culture [18], telomere 
shortening can be observed between passage 4 and 13. 

No-telomere shortening phenomenon is also found in 
Emys orbicularis [19], which shows that the length of 
telomere from embryo blood cells was no different with the 
adult organism's. In Dermochelys coriacea, another member 
of Cheloniidae family, a study also shows similar results in 
which telomere shortening does not occur in blood cell 
embryo or adult organism [20]. However, conflicting results 
were found in Caretta caretta, which comes from the same 
family with Chelonia mydas. Telomeres in blood cells and 
adults epidermis of Caretta caretta experience telomere 
shortening with age. It can be concluded that the relationship 
between age and telomere length could be tissue and species-
specific. 
 

3.3. Telomerase activity analysis 

Telomerase activity assay result in C. mydas aligns with 
the telomere length result, which is higher in subculture 14 
than 5 (Figure 3). This phenomenon is also different if we 
compare the result to  human. In human, telomerase activity 
cannot be found in adult tissues. Based on telomere length 
and telomerase activity, our C. mydas dermal fibroblast cell 
culture from subculture 5 to subculture 14 did not undergo 
senescence. 

Previous research [15] showed that telomere elongation 
occured and increased telomerase activity in several organs 
of newly hatched, as compared to 7-month old, C. mydas.  In 
this research, telomere length and telomerase activity in cells 
at subculture 14 was higher than in subculture 5 (Figure 2 
and Figure 3). This consistent phenomenon occurred both in 
vivo and in vitro may conclude that C. mydas fibroblast skin 
cell culture can be used as a good material for further 
research on the aging process.  

In all human organs, except reproductive organs such as 
testis, telomerase activity does not exist after birth [8], as 
well as in cultured condition [21]. Allegedly green turtles 
have a special mechanism that does not exist in human to 
increase telomere length and telomerase activity with age. 
The phenomenon of increased telomerase activity with age 
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occurs not only in Chelonia mydas but also in several other 
species of the order Testudinae, such as in Chrysemis picta 
and Chelydra serpentine [22]. Chelydra serpentine cell 
culture indicated the presence of telomerase activity in 
subculture 157 and continued to  increase until subculture 
191. Thus, in the future, green turtle can be developed as an 
animal model for the aging process in the field of 
biomedicine. 

3.4. Morphology analysis 

Morphology of the cell differs between subculture 5 and 
14 (Figure 4). Cells at subculture 14 had enlarged nucleus, 
more vacuoles, and showed  multinuclei structure. This result 
showed some phenotype of aging cells and also cells 
doubling time was longer as the subcultures get higher. 

 
Figure 3 Comparative graph of telomerase activity in 5 and 14 subcultures. Relative telomerase activity (RTA) subculture 14 

is higher than 5 

 

 

 

 

Figure 4 Cell morphology subculture 5 and 14. (a) C. mydas skin fibroblast cell culture subculture 5 (45x). (b) C. mydas skin 
fibroblast cell culture subculture 14 (45x). (c) Enlargement of vacuoles in the cell at 14. (d) Multinuclei cell at subculture 14 
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Based on morphology analysis, it was shown that C. 
mydas fibroblast skin cell culture underwent aging. Cells in 
subculture 14 are relatively larger than subculture 5 and also 
have epithelial-like morphology. According to Baba and 
Catoi [23], enlargement of cell size and changes of shape can 
be caused by two things, the cells had started to age or cells 
transformed into cancer cells. Characteristics of transformed 
normal cells into cancer cells is increasing the size of the 
nucleus, growing ratio of nucleus and cytoplasm, irregular 
cell shape, formation of multilayer cells, and increasing the 
rate of cell proliferation. Because cells in this research did 
not form multilayer nor increasing the rate of proliferation, 
therefore cell culture in this research presumably underwent 
aging. According to Phipps et al. [24], cells that undergo 
aging may increase in size, nucleus, nucleoli. Furthermore, 
cell phenotypes that were abundantly occurring in this cell 
culture and strengthening the hypothesis were multinuclei 
formation, increasing the number of vacuoles, as well as the 
increasing number of microfilaments and decreasing rate of 
proliferation. Characteristics that occurred in this research 
might be due to the increased amount of RNA and protein in 
cells. Protein and RNA degradation rate might also be 
decreased while transcription and translation activities still 
exist. Cells will be held in the G1 phase so that the cells size 
continues to increase without undergoing fission. This 
process may lead to the formation of the enlarged vacuoles 
and multinuclei. In conclusion, based on the morphology, it 
is observed that cells underwent aging. However, based on 
telomere length and telomerase activity analysis, aging did 
not occur because telomeres and telomerase activity 
increased as subcultures go higher. C. mydas dermal 
fibroblast cells aging process could be induced by stress 
through cell culture conditions, but not through the telomere 
shortening. Two main pathways that might occur in cultured 
dermal fibroblasts of green turtles which also occur in 
mammalian cells is through the p53 pathway and pRB [25].  

p53 pathway can be activated through telomere shortening 
and increased ROS (reactive oxygen species). However, in 
this study, telomere shortening in C. mydas dermal fibroblast 
cell culture did not occur, thereby supposedly cells 
underwent aging through ROS-induced p53 pathway. ROS 
accumulate in cells due to incomplete redox reactions in the 
mitochondria (mitochondrial dysfunction) as well as 
environmental influences [26]. In addition, due to 
mitochondrial dysfunction, it is known that the amount of 
ROS in cells is also enhanced by the activity of Ras 
(oncogene) [27]. ROS causes DNA damage that triggers 
DNA damage response which induced p53 expression, which 
consequently render the cell cycle to be held in G1 phase. 

Aging in cultured skin fibroblasts of green turtles can also 
occur through the pRB. pRB pathway is activated by the p16 

cell cycle regulatory proteins. P16 protein is induced by 
stress stimuli experienced by C. mydas fibroblast skin cell 
culture as activated Ras by ROS and suboptimal culture 
conditions. pRB activation would lead to a reorganization of 
chromatin into heterochromatin. This means that proteins 
that play a role in inducing cell cycle sustainability such as 
G1/S cyclin and G1/S CDK (cyclin dependent kinase) could 
not be expressed [25]. Consequently, cells are arrested at G1 
phase and cause enlargement of cell size as observed in cells 
at subculture 14. 

4. Conclusions 

In this study, we suggested that dermal fibroblast of green 
turtle experienced aging that is caused by stress from culture 
conditions that give rise to the increase of ROS in cells. 
Increasing amount of ROS in the cells of green turtle skin 
fibroblasts might induce p53 pathway and aging through the 
PRB. To prove the aging pathway experienced by dermal 
fibroblasts cell culture of green turtle, further study through 
the analysis of p53 and pRB gene expression is needed. 
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