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Figure 4. Components of cytoskeleton. Actin, microtubules and intermediate filaments are the three major 

types of cytoskeletal system with various functions and roles in a cell (Alberts et al., 2002a). 
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The tail domain (with C-terminus) is globular and non-helical structure (Er Rafik et al., 

2004; Bragulla and Homberger, 2009). The rod domain and tail domain of partner keratins 

determines the diameter of the keratin filament. The tail domain also stabilizes the keratin 

filaments in vitro (Herrmann et al., 2000; Bousquet et al., 2001; Coulombe and Omary, 

2002). Interactions of these domains and sub domains with adjacent keratin molecules 

result in the formation of heterodimers, tetramers and eventually mature keratin filaments 

(Wilson et al., 1992; Bragulla and Homberger, 2009). 

The heterodimer structure is the building block of keratin filaments and it is formed by a 

equimolar amount of acidic and basic keratins from the rod domains in parallel orientation 

(Moll et al., 1982; Eichner et al., 1986; Er Rafik et al., 2004). Combination of heterodimers 

results in formation of tetramers which are mostly formed at the periphery of the cell. 

These tetramers act like the stored building blocks that can form keratin filaments when 

needed. (Bragulla and Homberger, 2009; Coulombe et al., 1998). 

The secondary structure of keratin can be changed with the influence of mechanical forces 

like compression, tension, shearing due to stretching, internal osmotic pressures in cells or 

chemical processes (changes in pH, osmolarity, ionic strength, etc.) (Wilson et al., 1992; 

Bragulla and Homberger, 2009). 

1.3.2.3 Major functions of keratins 

The major function of keratin filaments is to provide mechanical support to the epithelial 

cells against stress. They also maintain structural integrity along with the mechanical 

resilience of the cellular structure (Coulombe and Omary, 2002) . Likewise, keratin 

filaments have direct or indirect roles in vital cellular processes like cellular osmolarity 

(Toivola et al., 2004), apoptosis (Gilbert et al., 2004) and regulation of protein synthesis 

(Kim et al., 2006). 

1.3.2.4 Keratin mutations and related diseases 

There are about 54 functional keratin genes in humans and among them, 21 has been linked 

with various hereditary disorders (Szeverenyi et al., 2008; Chamcheu et al., 2011). 

Abnormal levels of expression of these genes and mutations in coding sequences of these 

genes are known to cause or predispose various diseases (Toivola et al., 2015) . For 

example, mutation in K5 (nucleotide deletion, 1649delG) (Gu and Coulombe, 2005) or K14 
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mutations found in EBS, epidermolytic hyperkeratosis (EH) and epidermolytic 

palmoplantar keratoderma (EPPK) in K14, K10 and K9 respectively (Ku et al., 1995). K18 

along with its major partner K8 are the primary keratins in liver and endocrine pancreas. It 

is found that the transgenic mice which expresses genetically mutated K18 (K18 R90C) 

have disruptive keratin filaments (figure 6b) (Omary et al., 2002). The disruption is more 

severe in organs like pancreas and liver where K8/K18 are the major keratin types, and less 

severe in colon, where K8/K19 are the major keratins (Ku et al., 1995). Hence, certain 

points in the IFs, like R90 in K18 for the keratin IFs, plays a vital role in the assembly and 

in the formation of the IFs like keratins, vimentin, lamins, desmin, nestin and peripherin 

(Ku et al., 1995). This mutation has not been reported in human K18, probably due to its 

embryolethal properties (Omary et al., 2002; Porter and Lane, 2003).  

        

 

Figure 6. MIN6 cells showing, keratin  (red), mitochondrial TOM20 (green) and nuclei (blue). (a) 

Normal keratin structure in murine insulinoma 6 (MIN6) cells overexpressing wild type K8 and K18 is shown 

where the structure of the keratin protein is long and undisrupted filament structures. (b) Keratin structure is 

disrupted due to the R90C mutation of K18 (lower). Scale bar = 5µm. 

1.3.2.6 K8G62C mutation 

K8 Glycine (G) 62 is also a highly conserved site and has a deep association with cirrhosis 

and liver fibrosis   (Ku et al., 2005; Strnad et al., 2006). Transgenic mice overexpressing 

G62C are more prone to liver injury and apoptosis. The mutation also inhibits the nearby 

K8 phosphorylation site at Serine 74 (S74) (Ku and Omary, 2006). 

b.
. 

a.
. 









18 
 

 

Figure 8. Generation of energy in the form of ATP in mitochondria. Acetyl CoA breaks down pyruvates 

and fatty acids and produce NADH in the matrix of the mitochondria. NADH is converted to ATP by going 

through electron transport chain in the inner membrane of the mitochondria  (Alberts et al., 2002b). 

Mitochondrial membrane potential helps in the generation of ATP and iron sulfur clusters 

(ISCs). ISCs help proteins in the mitochondria, cytosol and nucleus for performing 

essential functions like respiration, protein translation and genome maintenance in 

mitochondria (Veatch et al., 2009; Martínez-Reyes et al., 2016). 

1.4.3 Translocase of outer membrane  

TOM complex (figure 9) is the general gateway to all the mitochondrial preprotiens. These 

mitochondrial preproteins are the protein precursors carrying signal sequences that help in 

transportation of the mitochondrial proteins, synthesized in cytosol, in and out of the 

mitochondrial matrix (Pfanner et al., 1997). TOM complex comprises of TOM20, TOM22, 

TOM70 and TOM40, where TOM40 is a channel protein but TOM20, TOM22 and TOM70 

are receptor proteins (Hoogenraad et al., 2002). TOM40 is a barrel shaped membrane-

embedded central component protein which forms the protein importing pore with the 
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combination of TOM5, TOM6 and TOM7 (Hill et al., 1998; Verschoor and Lithgow, 1999; 

Becker et al., 2005). 

TOM20 along with TOM70 are the major receptors in the TOM complex. They are 

anchored to the N-terminal transmembrane segment in the outer membrane and expose the 

hydrophilic domain to the cytosol receiving N-terminal presequences (Neupert and 

Herrmann, 2007). TOM20 along with the help of arylhydrocarbon receptor-interacting 

protein (AIP), help in import of the mitochondrial preproteins (Yano et al., 2003). 

 

Figure 9. Translocase of outer membrane of mitochondria (TOM) complex. TOM complex comprises of 

various subunits which collectively helps in transportation of proteins from the cytosol to mitochondria. 

TOM20 lies at the outermost subunit of TOM complex (Bausewein et al., 2017). 

1.5 Keratin and mitochondria 
In a eukaryotic cells, generally IFs like keratin, vimentin, lamins, nestin and others are 

present. Apart from lamins, which are located in the nuclei, IFs are distributed throughout 

the cytoplasm (Herrmann et al., 2009; Schwarz and Leube, 2016). These IFs are involved 

in making the 3D scaffold for the cells and other novel functions. Since they act as an 

organizer of the cytoplasmic space, they interact with the cell organelles like mitochondria, 

Golgi bodies, lysosomes, ribosomes, lipid droplets and cellular junctions (Bauer and Traub, 

1995; Kumemura et al., 2004; Silvander et al., 2017; Styers et al., 2004; Toivola et al., 
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fresh when using the media. Phosphate buffered saline (PBS) was used to wash the dead 

cells away. Trypsin containing 0.25% EDTA was used to detach the cells from the base of 

the cell culture flask. The cells were splitted when they were confluent enough in the cell 

culture flask (about 80%). The cells were incubated at 370C at 5% CO2 level. 

4.2 Transfection of keratin plasmids 
Due to presence of only trace levels of keratin filaments in the MIN6 cells, K8 and K18 

plasmids were transfected using electroporation transfection method. Electroporation is the 

most popular transfection method where high voltage electric impulses lasting for 20-30 

miliseconds (ms) is given to the cells to introduce foreign plasmids or DNA to the cells. 

Electroporation produce transient and efficient transfection and expression of the 

transfected genes (Potter and Heller, 2003). When high voltage electric shocks is given to 

the cells, the pores at the cell membrane open up and the plasmids can enter the cytoplasm 

and finally to the nucleus where the plasmids integrate with the host for stable gene 

expression (Potter and Heller, 2003). For the transfection of keratin plasmids K8 WT, K18 

WT, K8 tagged with yellow fluorescent protein (YFP), K18 R90C and K8 G62C plasmids 

were used. Electronic setup of 250 volts (V) along with capacitance of 875 µF was given 

through the electroporation device. Since the keratin filaments are heterodimers, different 

pairs of K8 variants (type-II) and K18 variants (type-I) were used for a single 

electroporation event. The total amount of keratin used in each transfection was 10 µg of 

plasmid each of type-I and type-II keratins.  The Opti-MEM (1X) reduced serum media 

buffered with HEPES and sodium bicarbonate was used was used as the transfection media 

during the electroporation procedure. The transfected cells were incubated further for at 

least 48 -72 hours. The transfection efficiency for the keratin plasmids in the MIN6 cells 

was 10-15%. In this thesis work, the control groups for the experiments were not 

transfected and the normal untransfected MIN6 cells were used for the statistical analysis. 
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Table 1. Plasmids used for the transfection in the MIN6 cells for overexpression of different keratin IF types 

Plasmid Species Concentration (µg/ml) 

K8 WT human 10  

K8 YFP - 10  

K8 G62C human 10  

K18 WT human 10  

K18 R90C mouse 10  

 

4.3 Immunofluorescence staining 
Immunofluorescence staining is a common biochemical technique used to label desired 

cellular proteins or molecules with fluorescent molecules or fluorophores. It allows the 

close visual observation of action of the particular antibody on the antigen under special 

fluorescence microscopes (Beutner, 1961) 

4.3.1 Sample fixation 

The MIN6 cells were plated on sterile cover glasses with the thickness of 0.17 mm along 

with 1 ml of DMEM media solution in a 24-well cell culture plates and were allowed to 

incubate for 48-72 hours. After washing the cells with PBS solution for 2-3 times, 1% 

paraformaldehyde (PFA) was introduced for the fixation of the MIN6 cells. PFA was kept 

for 20 minutes at room temperature and was then removed and again washed with PBS 

three times at 5 minutes interval and the cells were stored with 1 ml PBS at 400C 

temperature. 

4.3.2 Immunofluorescence staining 

Indirect immunofluorescence technique was used to stain the cells where the primary 

antibody binds with target protein and the primary antibody is bound to a fluorophore 

molecule. The fluorophore molecules are excited by the light or radiation of a certain 

wavelength and in turn emits light/radiation of higher wavelength that possess lower 

energy levels than the incident wave and is detected and visualized with the help of 

fluorescence microscope (Robertson and Kertesz, 1975). 

After the fixation of the MIN6 cells with 1% PFA, cells were washed three times with PBS 

and the cover glasses were transferred to moisture chamber with a sterile forceps where the 
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entire staining procedure is performed. The cells were treated with NP-40 (nonyl 

phenoxypolyethoxylethanol, pH 7.1) in PBS to increase the permeability to the antibodies 

for five minutes. Then the coverslip glass was washed three times with PBS. The blocking 

step was done with the buffer A solution (2.5% bovine serum albumin (BSA, Sigma 

Aldrich) in PBS) for 20 minutes at room temperature. Then it was removed. To avoid 

unspecific binding of the primary antibody, buffer C was introduced (2.5% BSA with 2% 

donkey serum and 2% goat serum in PBS) and incubated for 10 minutes at room 

temperature. Then the samples were incubated with primary antibody overnight (table 1). 

Table 2. Primary antibodies used for immunofluorescence staining 

Target 

protein 

Antibody 

name 

Host Concentration 

 

Manufacturer  

K8 Troma I Rat 1:500 Developmental Studies 

Hybridoma Bank 

Tom20 TOM20 Rabbit 1:500 Santa Cruz Technologies 

Insulin Insulin Rabbit 1:500 Santa Cruz Technologies 

 

The primary antibodies were diluted with Buffer C. Different primary antibodies were used 

to detect different protein sets according to the aim of the experiments. Troma I was used to 

bind with K8 protein and used in all the experiments where keratin immunofluorescence 

was done. TOM20 antibody binds with the TOM20 receptor at the outer membrane of 

mitochondria and used alongside Troma I to examine the relationship between keratin and 

mitochondria. Similarly insulin antibody was used alongside Troma I to find the 

relationship between the keratin and insulin vesicles in the MIN6 cells. The staining 

controls were incubated with Buffer C solution without the primary antibody. 

After the incubation with the primary antibodies, the samples were washed three times with 

PBS to remove any unbound primary antibody and again blocked with Buffer C for 10 

minutes before introducing to the secondary antibodies and incubating in room temperature 

for 30 minutes. The secondary antibodies were diluted with Buffer C. Table 2 shows the 

different secondary antibodies used in the experiments. Alexa 488 have peak excitation and 

emission wavelengths of 493 nm and 519 nm respectively. Similarly Alexa Fluor 568 binds 
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4.4 Glucose stimulation of MIN6 cells and insulin production 
To investigate the effect of different levels of glucose stimulation on MIN6 cells and its 

insulin secreting pattern, various level of D-glucose (Sigma-Aldrich) was given to the 

MIN6 cells to check the variation or change in number of insulin vesicles in MIN6 cells 

over expressing wild type keratins (K8WT/K18WT), mutant keratins (K8WT/K18R90C 

and K8G62C/K18WT) and keratin-negative MIN6 cells. The cells were grown in normal 

DMEM media with 25 mm glucose in 24 well plates on cover glasses. The media was 

removed and washed two times with PBS and the cells were then incubated with Krebs 

Ringer Bicarbonate (KRB) buffer with 5 mM for 30 minutes to reset or stop the glucose 

production from the MIN6 cells. Then two different glucose levels with two different times 

were given for glucose stimulation to the MIN6 cells making a total of 4 cases (5 

mM/5mins, 5 mM/180mins, 30 mM/5mins and 30 mM/180mins). The cells were 

immediately fixed after their desired stimulation time with 1% PFA. Immunofluorescence 

staining for insulin, keratin and nuclei was done for the fixed cells followed by confocal 

microscopy with Leica TCS SP5 Matrix. KRB buffer and D-glucose solution were freshly 

prepared for the experiment. 

4.5 Microscopy 

4.5.1 Bright field and fluor escence microscopy 

The cells cultured for the experiments were checked once every two days by using an 

inverted light microscope using phase-contrast illumination. Leica DN IL with features like 

phase contrast illumination was used with different objectives, 10X, 20X and 40X. During 

the inspection, the confluency of the cells on the cell culture flasks was routinely checked 

along with normal/abnormal growth patterns. Bacterial or yeast contamination was also 

checked during the microscopy sessions. 

Likewise, Leica DM IRBE fluorescence microscope was used for analyzing the 

fluorescence of the K8 YFP transfected cell cultures for stable cell line experiment and 

after the immunofluorescence staining before going to the confocal microscope. 

4.5.2 Confocal fluorescence microscopy 

The laser scanning confocal microscope (LSCM) is widely used in medical and molecular 

biological researches due to the comparative higher resolution. The confocal microscope 
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5 RESULTS 

5.1 Mitochondrial motility is influenced with the presence of keratin IF 
To find out if the presence of keratin filament increase or decrease the speed of 

mitochondrial in MIN6 cells, the movement of mitochondria were tracked and analysed in 

this experiment. Mitochondrial motility was analyzed in MIN6 cells where the 

mitochondria were labeled with TMRE using live cell imaging in the Leica SP5 matrix 

LSCM. The individual mitochondria were manually tracked for 2 minutes (figure 12a). The 

motility of the mitochondria in the untransfected MIN6 cells (which are almost keratin 

null) were almost double the speed of the mitochondria in K8/K18 overexpressing MIN6 

cells (figure 12b). This result suggested that the presence of keratin in MIN6 cells resulted 

in less motility (about half) of the mitochondria and keratin filaments have a dynamic role 

in mitochondrial functionality in the MIN6 cells. 

 

Figure 12. Mitochondrial motility  decrease by almost half the speed due to presence of K8WT/K18WT. 

(a) Tracking movement of the individual mitochondria (magenta) in the MIN6 cells. The movement of 

mitochondria were tracked with the help of time lapse images from the Leica SP5 matrix confocal microscope 

where one image was taken every ten seconds for two minutes. Using Mitotracker plugin in ImageJ software, 

path of the mitochondria, represented by various colors, were traced and its velocity was calculated. (b) The 

average velocity of mitochondria in MIN6 cells overexpressing K8/K18 was about half the velocity of the 

mitochondria in untransfected MIN6 cells which are almost keratin null. Data is shown as average ± SEM.  

*** = p <0.001. Scale bar = 10 µm. 










































































