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Περίληψη

Παρά τη σημαντική ευαισθητοποίηση του κοινού και των τεχνολογικών εξελίξεων που 
ευνοούν την έγκαιρη διάγνωση και  τις άμεσες θεραπευτικές παρεμβάσεις για την καρδιαγγειακή 
νόσο, η καρδιακή ανεπάρκεια παραμένει ένα άλυτο πρόβλημα. Με τον επιπολασμό της να αφορά 
στο 2% των ενηλίκων και να αυξάνεται με την πρόοδο της ηλικίας, και με την θνητότητάς της 
παράλληλα  να  αυξάνεται, η προσπάθεια κατανόησης της παθοφυσιολογίας της  αποτελεί 
απαραίτητο βήμα. Αν και η σημερινή φαρμακευτική αγωγή της καρδιακής ανεπάρκειας (που 
στηρίζεται στην αναστολή του αδρενεργικού συστήματος καθώς και του άξονα ρενίνης-
αγγειοτενσίνης-αλδοστερόνης) συνέβαλλε σημαντικά στη βελτίωση της συμπτωματολογίας και της 
επιβίωσης, δεν ελάττωσε τη πρόοδο της νόσου. Επομένως, η μελέτη παράλληλων σηματοδοτικών 
μονοπατιών και η ανεύρεση σημαντικών  κόμβικών σημείων στη παθοφυσιολογία του 
μυοκαρδιοκυττάρου δύναται να αυξήσει την αποτελεσματικότητα της θεραπείας και την συνολική 
επιβίωση. Πρόσφατες μελέτες αναδεικνύουν το ρόλο του μυοκαρδιακού κυτταροσκελετού 
σημαντικό τόσο στη φυσιολογία όσο και στην παθοφυσιολογία του μυοκαρδιοκυττάρου. Ιδιαίτερη 
αναφορά έχει πραγματοποιηθεί σχετικά με το  δίκτυο των ενδιαμέσων ινιδίων που εκτός απο το 
μηχανικό του ρόλο στη διατήρηση της δομικής ακεραιότητας του κυττάρου έχει και συντονιστικό 
ρόλο, ρυθμίζοντας ενδοκυττάριες λειτουργίες.  Η δεσμίνη, η μυοειδική πρωτεΐνη των ενδιαμέσων 
ινιδίων, δημιουργεί ένα εκτενές δίκτυο που συνδέει τη συσταλτή συσκευή των μυοκυττάρων με την 
κυτταροπλασματική μεμβράνη στο επίπεδο των εμβόλιμων δίσκων για τα καρδιομυοκύτταρα, τον 
πυρήνα και διάφορα μεμβρανώδη κυτταρικά οργανίδια.   Πρόσφατα στο πλαίσιο διερεύνησης του 
μηχανισμού καρδιοπροστασίας που παρέχει ο κυτταροσκελετός της δεσμίνης, παρατηρήθηκε ότι η 
αποδιοργάνωση του κυτταροσκελετού είναι μια βασική διαδικασία για την εξέλιξη του μονοπατιού 
της απόπτωσης. Συγκεκριμένα, η υπερέκφραση του παράγοντα νέκρωσης των όγκων (ΤΝF-α) στο 
μυοκάρδιο ποντικών, μοντέλων καρδιακής ανέπάρκειας (ΜHCsTNF-α),  οδηγεί σε απομάκρυνση 
της δεσμίνης από τους εμβόλιμους δίσκους με διατάραξη της αρχιτεκτονικής τους και συσσώρευση 
της με τη μορφή  ενδοκυττάριων συσσωματωμάτων. Εν συνεχεία, ανευρέθηκε αναπάντεχα ότι η 
έλλειψη της δεσμίνης στο μυοκάρδιο που υπερεκφράζει ΤΝFa (TNF-α desm-/-) διορθώνει την 
παθολογία του μυοκαρδίου που δε φερει δεσμίνη αποτρέποντας την καρδιακή ανεπάρκεια. Είναι 
γνωστό ότι η έλλειψη δεσμίνης στο μυοκάρδιο (desm-/-) οδηγεί σε μιτοχονδριακή δυσλειτουργία, 
κυτταρικό θάνατο μυοκαρδιοκυττάρων, ίνωση, ασβεστίωση και καρδιακή ανεπάρκεια. Πρόσφατα, 
μελέτη  του ΤΝF-α desm-/-  μυοκαρδίου  ανέδειξε  έκτοπη  έκφραση  των κερατινών 8/18.  Oι 
κερατίνες  8/18  ανήκουν στην οικογένεια των ενδιαμέσων ινιδίων όπως η δεσμίνη,  αλλά 
εκφράζονται κυρίως σε επιθηλιακά κύτταρα. Δεδομένου ότι οι κερατίνες 8/18 είναι πρωτείνες των 
ενδιαμέσων ινιδίων (μέρος του κυτταροσκελετού) και χαρακτηρίζονται από σπουδαίες ιδιότητες 
όπως η δεσμίνη, ρυθμίζοντας τη δομική ακεραιότητα του κυττάρου, τη λειτουργία των 
μιτοχονδρίων καθώς και το μονοπάτι της απόπτωσης, η μελέτη τους είναι σημαντική. Ο στόχος της 
συγκεκριμένης μελέτης είναι η κατασκευή φορέων έκφρασης ποντικίσιων κερατινών 8/18 , μελέτη 
του ενδιαμέσου δικτύου και των χαρακτηριστικών τους σε ινοβλάστες καθώς  και τέλος συσχέτισή 
τους με την προστασία του μυοκαρδίου. Στη συγκεκριμένη μελέτη παρατηρήθηκε ότι η κερατίνη 
18 σταθεροποιεί την έκφραση της κερατίνης 8 και το αντίστροφο. Η έκτοπη έκφραση της κερατίνης 
8 μαζί με την κερατίνη 18 οδηγεί στο σχηματισμό ενός ινώδους δικτύου που περιβάλλει το πυρήνα, 
διατρέχει  το  κυτταρόπλασμα  και  φτάνει  στη  περιφέρεια.  Επιπλέον,  η  έκτοπη  έκφραση  του 
ενδιαμέσου δικτύου κερατινών στους ινοβλάστες δεν αλληλεπιδρά με το φυσικό ενδιάμεσο δίκτυο 
της βιμεντίνης. Καταλήγωντας, η μελέτη της έκφρασης του ενδιαμέσου δικτύου των κερατινών στο 
πάσχον μυοκάρδιο ίσως αναδείξει καρδιοπροστατευτικούς μηχανισμούς.
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Abstract

Despite considerable public awareness and technological advances that foster early 
diagnosis and aggressive therapeutic interventions for cardiovascular disease, heart failure,  a 
critical unsolved problem. With its prevalence to regard 2% of adults and increasing in the elderly, 
its mortality to  increase , understanding its pathophysiology is necessary.  Although current drug 
therapy of heart failure (dependent on adrenergic system and renin-angiotensin-aldosterone axis 
blockage) improved symptoms and increased overall survival, the progressive nature of heart failure 
has not been overcome yet.  Consequently, studying parallel signaling pathways and identifying 
important nodal  points in the pathophysiology of cardiomyocyte may increase the effectiveness of 
treatment and overall survival. Recent studies demonstrate that the role of cardiac cytoskeleton is 
important both in physiology and pathophysiology of cardiomyocyte. Particular reference has been 
made on the network of intermediate filament that besides the mechanical role in maintaining 
cellular integrity, it plays a coordinating role in regulating intracellular functions. Desmin,  the 
muscle specific intermediate filament protein, forms a  three dimensional scaffold which links the 
contractile apparatus to the plasma membrane intercalated disks (IDs), the nucleus and also other 
membranous cellular organelles. Recently under investigation of the mechanism of cardioprotection 
provided by the desmin cytoskelleton, it was identified that disruption of the cytoskeleton is a key 
event in apoptotic cell death pathways. Specifically, overexpression of tumor necrosis factor (TNF-
α) in the myocardium of heart failure mice models (MHCsTNF-α) leads to removal of desmin from 
the intercalated disks (IDs) with destruction of their architecture and accumulating into intracellular 
aggregates. Thereafter, it was found unexpectedly that desmin deficiency in overexpressing TNFa 
myocardium  (TNF-α desm-/-) rescues desmin null myocardium pathology, preventing heart failure. 
It is known that  desmin deficiency in myocardium (desm-/-)  results in mitochondrial dysfunction , 
cardiomyocyte death , fibrosis, calcification and heart failure.  Recently, study of TNF-α desm-/- 
myocardium revealed ectopic expression of keratin 8/18 in myocardium. Although, K8/18 belong to 
the family of intermediate filament as desmin, they are expressed in simple epithelial cells. Since 
keratins 8/18 are intermediate filament proteins (part of the cytoskeleton ) and are characterized by 
crucial properties like desmin such as regulating cellular integrity,  mitochondrial function as well 
as  apoptosis, their investigation is important. The objective of this study is to construct expression 
vectors of mouse keratins 8/18, study their intermediate network and their characteristics in 
fibroblasts as well as   their association with cardioprotection. In this study it was observed that the 
keratin 18 stabilizes the expression of keratin 8 and vice versa. Ectopic expression of keratin 8 
together with keratin 18 leads to the formation of a filamentous network that surrounds the nucleus, 
spans the  cytoplasm  and  reaches  the  periphery.  Furthermore,  ectopic  expression  of  keratin 
intermediate network in fibroblasts does not interfere with the natural intermediate filament network 
of vimentin. In coclusion, the study of the expression of keratin intermediate network in the failing 
myocardium may reveal cardioprotective mechanisms. 
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1.  Introduction

1.1.  Heart failure 

Despite considerable public awareness and technological advances that foster early 
diagnosis and aggressive therapeutic interventions for cardiovascular disease, heart failure, a 
pathophysiologic state in which blood delivery is insufficient for tissue requirements, remains a 
critical unsolved problem.Heart failure happens after an adverse defect on cardiac structure or 
fuction that results in  oxygen delivery failure to peripheral tissues despite normal filling pressures1. 
Heart failure is presented with shortness of breath , leg swelling and exercise intolerance. It is more 
often in elderly with a prevalence of 10% over 70years 2 and it is associated with high 5-year 
mortality rate since approximately a 60% of elderly would die within 5year 3 . Major cause is 
coronary artery disease while minor causes are viral infections (myocarditis) and cardiomyopathies 
such as dilated cardiomyopathy.

1.2.  Pathophysiology of Heart failure 

Heart failure is a progressive disorder that is initiated after an “index event” which reduces 
cardiac pumping capacity either by damaging cardiac muscle or disrupting myocardium to generate 
force. This index event may have an abrupt onset, as in the case of a myocardial infarction, it may 
have a gradual or insidious onset, as in the case hemodynamic pressure or volume overloading, or it 
may be hereditary, as in the case of genetic cardiomyopathies. In most cases , patients will remain 
asymptomatic as a result of compensatory mechanisms with activation of adrenergic , renin-
angiotensin or cytokine system. However, after some time, sustained action cause secondary 
damage, left ventricle remodeling and HF.

Left ventricle remodeling includes alterations in myocyte biology with fetal myosin heavy 
chain gene expression , b-adrenergic desensitization , cytoskeletal protein changes as well as 
myocardial changes with myocyte loss, matrix degradation and replacement fibrosis that lead to LV 
geometry changes with wall dilation and thinning. Therefore, the close relationship between the 
development of contractile dysfunction and cardiac remodeling is responsible for disease 
progression in primary or secondary dilated cardiomyopathy (DCM)  4 . Additionaly, aging of 
cardiomyocytes and cardiac interstitial cells (fibroblasts , endothelial cells) is also related with the 
progression of heart failure 5 .

A broad range of molecular pathways are thought to be involved in the pathophysiology of 
heart failure (Fig. 1). Particularly, cell-surface receptors are activated by the binding of a ligand or 
by a mechanical stimulus, and this induces the  activation of stress-response protein kinases and 
phosphatases such as cyclic-AMP-dependent protein kinase (PKA), protein kinase C(PKC), protein 
kinase D (PKD), MAPKs, CAMKII and calcineurin (Fig. 1). These enzymes, in turn, stimulate 
transcription factors, which target multiple genes resulting in a change in the cellular structure, size, 
shape and molecular regulation of the heart, often collectively referred to as cardiac remodelling. 
Although early attempts aimed at finding a common pathway that could be manipulated to rescue 
pathological cardiac remodelling  ,   the identification of complex parallel signalling cascades made 
it complicated . Nonetheless, there seem to be crucial signalling ‘nodes’ (points at which several 
pathways converge) —  for example, glycogen synthase kinase 3β (GSK3β) and histone 
deacetylases (HDACs) — and remodelling signals that can be modulated by administering small 
molecules and reducing the progression of heart failure 6 . 
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 Figure 1: Cardiomyocyte signalling pathways involved in the pathophysiology of heart failure.

1.3.  Cardiac Cytoskeleton 

Among those molecular pathways which are involed in the pathophysiology of heart failure, 
the cardiac filament network (cytoskeleton) plays a crucial role.Cardiac muscle cells are highly 
organized in a characteristic striated appearance which allows high efficiency in force generation, 
transmission and movement. In addition to the force generating contractile apparatus, composed 
primarily of interdigitating actin and myosin filaments, striated muscle contains at least three 
cytoskeletal systems. The intrasarcomeric cytoskeleton, located within the myobrillar lattice itself 
and composed of titin and nebulin, the extrasarcomeric cytoplasmic filaments composed mainly of 
intermediate filaments (IFs), and the membrane skeleton7,8. The IF containing lattices interconnect 
the myofibrils to each other, through the Z-discs, and the entire contractile apparatus to the 
sarcolemma cytoskeleton, several cytoplasmic organelles and the nucleus. This allows the formation 
of a continuous network connecting the extracellular with the nuclear matrix, that could be involved 
in diverse functions including cell integrity, coordination of cellular functions, force transmission 
and mechanochemical signaling, both within a single cardiomyocyte as well as throughout the 
entire heart 9 .

1.4.  Intermediate Filament Proteins

The intermediate filament (IF) cytoskeleton consists of heterogeneous protein subunits 
which share the ability to polymerize into 10-nm rope-like structures.All IF proteins share a 
tripartite domain structure consisting of a highly conserved α-helical central rod domain flanked by 
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variable N-terminal head and C-terminal tail domains. The central rod domain represents a major 
driving force during the self-assembly of all IF proteins. In addition to contributing to assembly,  the 
end domains are important sites of regulation and interaction with other cellular elements 10 (Figure 
2). 
 

Figure 2: Intermediate filament protein structure. 

Unlike microtubules and microfilaments, which are build from ubiquitously expressed 
subunits, the different members of the IF superfamily show tissue-specific and developmentally 
regulated expression. Thus, epithelial cells express keratines, neuronal cells express nestin, the 
neurofilament triplet proteins (NFL, NFM and NFH), peripherin and a-internexin; glial cells 
express the glial fibrillary acidic protein (GFAP); mesenchymal cells, such as blood, fibroblasts and 
endothelial cells, express vimentin and some synemin; lens cells express vimentin, filensin and 
phakinin. In addition to the tissue specific cytoplasmic IFs, all cells express B-type nuclear lamins 
(B1, B2, or B3) and all differentiated cells express A-type nuclear lamins (A and C) 11

1.5.  Cardiomyocyte IF protein network

The IF cytoskeleton of mature cardiac muscle is composed predominantly of the muscle 
specific IF protein desmin12,13. The desmin IF lattice surrounds the Z-discs, interconnects them 
together and links the entire contractile apparatus to different membranous compartments and 
organelles including the costameres of the sarcolemma, desmosomes of the intercalated discs, 
mitochondria and nucleus.This allows the formation of a continuous network that connects 
extracellular matrix and adjacent cardiomyocytes with the nucleus (Figure 3). The crucial role of 
desmin in the healthy and failing heart is indicated by genetic association of desmin missense 
mutations with idiopathic dilated cardiomyopathy in humans. Furthermore, in gene targeting studies 
, ablation of desmin expression leads to heart chamber dilation, extensive myocyte cell death and 
heart failure  14,  15.The mechanism by which the absence or mutation of desmin leads to dilated 
cardiomyopathy and heart failure is under investigation.
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Figure 3: Schematic representation of desmin IF scaffold in cardiac muscle.

Nowadays, while genetic engineering is continuously growing, genetically modified mouse 
models of heart failure are useful tools to delineate the pathophysiology of cardiac decompensation 
as well as the physiology of heart muscle. After Levine et al. identified that TNF-α (tumour necrosis 
factor alpha) a pluripotent proinflammatory cytokine is overexpressed in patients with end stage 
heart failure 16. ,  Mann et al. identified that cardiac specific overexpression of TNF-α in transgenic 
mice (aMHCsTNF-α mouse model) lead to dilated cardiomyopathy, LV dysfunction and heart 
failure  17 ,  18. TNF-α provokes cardiomyocyte apoptosis and LV wall thinning after activation of 
extrinsic and intrinsic apoptotic pathways that converge on effector caspases 19 which may cleave 
several intracellular substrates. Recently, Panagopoulou et al. identified that desmin is a substrate 
since TNF-α-dependent caspase activation induces desmin cleavage in aMHCsTNF-α mice.This 
cleavage provokes intercalated disk re-organization and formation of  desmin aggregates in 
cardiomyocytes. Therefore, TNFa induces mislocalization of proteins that are found in intercalated 
disks which are specific sarcolemmal structures that maintain the proper connection and 
communication between cardiomyocytes 20. 

The crucial role of muscle-specific IF protein desmin in cardiomyocyte biology is indicated 
in desmin knock-out mice. In desmin null mouse,  desmin gene is disrupted and thus gene 
expression is ablated. The deficiency of desmin IF protein in cardiac muscle leads to cardiomyocyte 
loss within the first 2-3weeks of age , then,  inflammation  , replacement fibrosis and calcification 
are presented with an initial (within 6months) cardiac hypertrophy which finally progresses to 
dilative cardiomyopathy  15. Although desmin null cardiomyocytes are characterized by myofibril 
disruption and IDs impairment ,the primary cause of desmin null cardiomyopathy is mitochondrial 
abnormalities 21.

Recently, in the context of revealing more the role of desmin in the TNF-α-induced   heart 
failure and its relation with the apoptotic pathway,  Panagopoulou et al. constructed a mouse model 
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that over-expresses TNF-α in heart and lacks desmin. According to the first observations , in the 
heart of TNF-α desmin-/- mice there is not increase of apoptotic cell death as it was expected but 
great improvement of desmin null pathologic phenotype. Particularly, TNF-α over-expression 
reduced LV remodeling , cardiac calcification, myofibrilllar disruption and mitochondrial defects 
found in desm-/- 20 (Papathanasiou et al. unpublished data). Although, there are a lot of possible 
explanations of this different action of TNF-α in desmin-/- myocardium, one might be that the 
absence of desmin as well as its aggregates in cardiomyocytes reduce the myocardial stress and 
their impaired function.  Moreover, TNF-α overexpression in the absence of desmin might be 
related with the expression of cardioprotective genes that improve TNF-α or desmin-/- pathology. 
Therefore, investigating the role of TNF-α in desm-/- myocardium could unravel possible 
cardioprotective mechanisms.

Recently, Papathanasiou et al. (unpublished data) identified that keratins 8 and 18, simple 
epithelium-specific , members of IF family are expressed in TNF-α desm-/- myocardium. 

1.6.  Keratin Family

Keratin 8 and 18 proteins belong to the keratin intermediate filament protein family. There 
are 54 genes in human genome that encode keratins.. They are divided into type I  and type II 
keratins (Figure 4). Type I  keratis  (except K18)  are clustered in chr.17  while type II in chr.12 
22.Type I proteins tend to be smaller (40-64 kDa) and more acidic (pI ~4.7-6.1) compared to the 
larger (52-68 kDa) and basic-neutral (pI ~5.4-8.4) type II proteins  23,  24,  25. keratins have common 
structure (a-helical central rod domain flanked by non helical head and tail domains, see Figure 2 ) 
as the other members of IF family. In contrast to the other members of IF family,  Keratin IF 
assembly obligatorily begins with the formation of type I-type II heterodimers  23,  26,  27. This 
requirement underlies the pairwise transcriptional regulation of keratin genes. Moreover, it was 
identified that, single keratin proteins deviating from equimolar type I/type II amounts are rapidly 
degraded  28. They form stable long , unbranched filament -10nm in diameter and they braid the 
nucleus, span through the cytoplasm, and are attached to the cytoplasmic plaques of the typical 
epithelial cell-cell junctions , the desmosomes 29 . In addition, regulation of keratin gene expression 
depends upon both the type and stage of differentiation in epithelia 26, 25 .
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Figure 4: Keratin  Family

Besides the variety of epithelial (soft or cyto-) keratins , hairs and nails are built up from a 
distinct subfamily of hard and trichophytic keratins (“hair keratins”) 30,  31 .The keratins associated 
with hair are uniquely specialized for stability reinforced by extensive extracellular disulfide 
bridging. The specialized keratins of the outer epidermis (K1, K2, K9, K10) are distinguished by 
tail domains greatly enriched in glycine and by the lack of caspase cleavage sites within the type I 
extracellular keratins (K9, K10). These keratins contribute to the structural integrity essential for the 
barrier function of the skin . Intracellular epithelial keratins  such as K5 and K14 crossbridge 
desmosomal junctions and thus provide structural continuity with the edges of epithelial cells. 
Individual keratins bind to the desmoplakin component of desmosomes with varying affinity and 
structural requirements 32 .

Keratins play a major role in cellular integrity , mechanical stability either in single or not 
epithelial tissues.Beside their mechanical role (hard principles) , new “soft”  principles have been 
identified. Keratins are involved in cell signaling, regulating the availability of other abundant 
cellular proteins, trafficking proteins in polarized epithelial  and act like stress proteins 33 (Figure 5). 
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Figure 5: Structural versus regulatory functions of keratins 34 . 

1.7.  Intermediate Filaments as stress-proteins

Whether injury is inflicted upon skin, muscle, central nervous system, liver, or a number of 
other tissues, rapid changes are elicited in regards to the transcription of IF genes and/or regulation 
of IF proteins themselves 35 . Environmental or internal stresses (see Figure 6) initiate stress 
signaling cascades, which activate the stress response and transcriptional machineries that induce 
the expression of the classical stress-induced HSP (heat-shock protein) genes. Stress also induces 
the transcription and translation of constitutive/resident IF genes (green circles), non-resident IF 
genes (blue circles) and the nuclear lamin IFs (orange). The increased expression of IFs provides 
pools for new filament assembly (not shown), binding to IF-associated proteins (IFAPs such as 
HSPs; red triangles). IF posttranslational modifications (e.g. phosphorylation (P)), serve important 
functions in IF dynamics, binding to IFAPs and targeting for degradation initially or after recovery 
from stress. Exposure to chronic stress, in the appropriate context, leads to inclusion body 
formation, which also includes HSPs and other chaperones. The mechanisms by which these IF 
alterations in response to stress impart a protective role include: (i) providing a mechanical support 
basally and during recovery from injury; (ii) serving as a scaffold that binds a variety of proteins 
including kinases, adaptor proteins such as 14-3-3, and HSPs such as HSP70. This may be part of 
multi-protein complexes that include protein kinase C, K8 and HSP70; (iii) serving as anti-
apoptotic proteins; (iv) regulating organelle functions; and (v) providing a phosphate buffer or 
sponge to contain unwarranted phosphorylation of proapoptotic proteins that are activated by 
phosphorylation 36 37.
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Figure     6:     Specific stresses upregulate IFs and HSPs.

 1.8.  Keratin 8 and 18

Keratin 8 and 18 (K8/18) are the major components of the IFs of simple or single layered 
epithelia found in the gastrointestinal tract, liver, exocrine pancreas, and mammary gland, from 
which many carcinomas arise  37 .  K18 is the only type I keratin found within the type II keratin 
multigene locus found on human chromosome 12. The other type I keratins are found on 
chromosome 17. The genes for K8 and K18 are adjacent to each other and at the distal end of the 
Krt type I locus. In mus musculus K8 & 18 genes are located in chromosome 15.They are the first 
keratins that appear in embryogenesis as early as in the pre-implantation embryo  as well as the 
oldest keratins in phylogenesis 38  .It should be noted that K8 and K18 are not strictly epithelium- 
specific since expression of K8 and K18 may occur in rare mesenchymal cells (more frequently in 
fetal stages) such as certain smooth muscle cells and fibroblastic reticulum cells of lymph nodes as 
well as various mesenchymal tumors including rhabdo- and leiomyosarcomas 39 , 40 where they are 
co-expressed with other intermediate filament types, notably vimentin and desmin. Already the 
tissue distribution of K8/K18—mainly in internal epithelia—suggests that structural and 
mechanical functions are not their key roles, although their absence or dysfunction may be 
associated with hepatocyte and trophoblast fragility 34 .

1.9. Keratin 8 or 18 deficiency 

Genetic targeting techniques using K8 or K18 knock-out mice models have revealed distinct 
regulatory functions of these keratins 34 . They play a role in protecting the placental barrier function 
41  and protecting cells—in particular liver cells—from apoptosis 42 , against stress, and from injury 
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43, possibly by functioning as a phosphate “sponge” for stress-activated kinases 44 . Interestingly, K8 
and K18 may play a role in the regulation of the cell cycle, whereby phosphorylation of these 
keratins and binding of 14-3-3 adaptor proteins seem to be involved 45, 46, 47, 34. In human pathology, 
defects in K8 and K18 may predispose to liver diseases, in particular cryptogenic liver cirrhosis 48 , 
as well as to chronic pancreatitis and in inflammatory bowel disease 49 .  Altered K8 and K18 
proteins, together with several stress proteins, in particular ubiquitin and p62, constitute the hyaline 
protein aggregates of hepatocytes of several (e.g. alcoholic) liver diseases now known as (MB) 
Mallory–Denk bodies  50 . Moreover, keratin 8 and 18 expression attenuates TNFa-mediated 
apoptosis through association with TRADD and regulates c-FLIP and ERK1/2 anti-apoptotic 
pathway 51,  52 . Furthermore, they regulate mitochondrial shape and function in hepatocytes  53 . 
Finally, keratin 18 overexpression inhibits MB formation 54 .

.
  

1.10. DNA cloning 

Discovery of the structure of DNA in 1953 and subsequent elucidation of how DNA directs 
synthesis of RNA, which then directs assembly of proteins—the so-called central dogma—were 
monumental achievements marking the early days of molecular biology. However, the simplified 
representation of the central dogma as DNA → RNA → protein does not reflect the role of proteins 
in the synthesis of nucleic acids. Moreover, proteins are largely responsible for regulating gene 
expression, the entire process whereby the information encoded in DNA is decoded into the proteins 
that characterize various cell types.

Techniques for DNA cloning have opened incredible opportunities to identify or study the 
genes involved in almost every known biological process . DNA cloning is the basis for other 
related technologies, such as gene therapy and genetic engineering of organisms. DNA cloning also 
made it possible to do genome sequencing. DNA cloning is a technique for isolating and 
reproducing a large numbers of identical DNA fragments. By introducing recombinant DNA into 
host cells the foreign DNA is reproduced along with the host cells. 

Cloning of DNA molecules from genome can be achieved by two different approaches: cell 
based cloning or using polymerase chain reaction . For both these methods the use of restriction 
enzymes plays an important part. Restriction enzymes recognize a specific sequence on a DNA 
strand and cleave the DNA by catalyzing breaks in specific phosphodiester bonds 55 . The cleavage 
is on both strands of the DNA so that a double stranded break is made . This cleavage can give two 
types of ends, depending upon the specific restriction enzyme. Some restriction enzymes make 
sticky ends, with protruding single strands, which form hydrogen-bonded base pair with 
complementary sticky ends of other DNA fragments cut with the same enzyme. Other restriction 
enzymes make blunt ends; cleave both strands of DNA at the opposing phosphodiester bonds, 
leaving no unpaired bases on either end . Any blunt end can be joined to any other blunt end 
regardless of how the blunt end was generated.

The restriction enzymes were discovered in bacteria in the late 1960s  55 . Bacteria use 
restriction enzymes as protection against intruding DNA from other organisms, such as viruses and 
other bacterial cells. There are three classes of restriction enzymes, indicated I, II and III. Type I and 
III cleave the recognition sequence unspecific and at random sites. Type II restriction enzymes, the 
type most used within the gene technology, is specific and cleave the DNA within the recognition 
sequence itself . The DNA sequence recognized by Type II restriction enzymes is symmetric and 
usually palindromic. The DNA sequence is between 4 and 8 bp in length, with most restriction 
enzymes recognizing 4 or 6 bp. When the plasmid vector and the DNA fragments to be cloned are 
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cut with the same restriction enzymes, the DNA fragments can be ligated into the plasmid vector 
and form a circular recombinant DNA molecule. During the ligation reaction DNA ligase form 
phosphodiester bonds between the 3’hydroxyl and the 5’  phosphate ends of the nucleic acid 
molecule 56 . Cell based DNA cloning involves separating a specific gene or DNA fragment from a 
larger chromosome using restriction enzymes. In order to clone a gene, its DNA sequence needs a 
carrier that can take it into the cell. 

There are many different kinds of vectors and most of them are isolated from larger 
plasmids that occur naturally in bacterial cells. Plasmid vectors are small circular molecules of 
double-stranded DNA that can replicate separately from the host chromosome. Generally, a cloning 
vector contains three elements: a cloning site where the foreign DNA fragment can be inserted, a 
gene for antibiotics resistance and a replication origin to allow the plasmid to be replicated in the 
host cell. 

When cloning DNA segments amplified by PCR into plasmid vectors there are different 
ways to do this. One possibility is to introduce specific PCR primers modified at their 5’ ends so 
that they contain a suitable recognition site for restriction enzymes. By doing this the amplified 
DNA fragment of interest will carry restriction sites at its termini that can be used for further 
cloning into plasmid vectors. The vector and the amplified DNA fragment can thus be cleaved with 
appropriate restriction enzymes and ligated together 57 . Another method is TA cloning 58 , a much 
more efficient cloning strategy than blunt-end ligation and useful when compatible restriction sites 
are not available for subcloning DNA fragments from one vector into another. By using Taq 
polymerase, single deoxyadenosine is added to the 3’  ends of the PCR fragments. This can be 
exploited by cloning the PCR product into linearized T vector, fitted with single overhanging 3’ 
deoxythymidine residues at each of its 3’termini. PCR fragments that carry unpaired deoxyadenosin 
residues at their 3’termini can easily be cloned into vectors with single unpaired deoxythymidine 
residues at its 3’termini 59 , a fact that several commercial companies have taken advantage of . 

The recombinant DNA generated by PCR or cell based cloning is then transformed into 
suitable host cells and reproduced along with the host cell DNA. Bacteria are most often used as 
host cells, and strains of Escherichia coli (E. coli) cells are the most common cell to use because 
they are easy to transform with DNA plasmid and its metabolism are well understood . To be able to 
take up foreign DNA, the bacteria cells need to be made competent. This is often achieved by 
treating them with divalent cations under cold conditions.For E. coli transformation with plasmid 
the DNA needs assistance to pass through the cell membranes and to reach the site where it can be 
expressed and replicated. 

The plasmids can be introduced chemical or by electroporation . Chemical transformation 
involves a short heat shock of the solution to induce the cells to take up the DNA. In electroporation 
a brief electrical pulse is applied to the solution containing the cells and the DNA fragments to be 
inserted. In both cases the intention is to simplify the penetration through the cell membranes. 
When recombinant DNA is transferred into bacterial cells the recombinant DNA replicate 
independently of the cells genome. The host cells transformed by recombinant DNA are grown in 
culture and as the bacterium grows, the new recombinant DNA molecule is copied by DNA 
replication and, as the cell divides, the number of cells carrying the recombinant molecule 
increases. 

To distinguish bacteria transformed by recombinant plasmids from bacteria that have no 
recombinant plasmid different methods have been developed. One way to do this selection is to use 
vectors carrying genes for antibiotic resistance. Most plasmid vectors contain antibiotic resistance 
gene that will change the antibiotic resistant of the bacteria when a fragment is transformed. This 
allows selection for recombinant plasmids because only those bacteria that have been successfully 
transformed with the desired recombinant plasmid molecules will grow on agar plates in the 
presence of that bacterium.

To select for clones that have insert in their vectors a so-called blue-white screening can be
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done.This is a non-destructive histochemical procedure to detect β-galactosidase activity in 
transformed bacteria . However, this requires the use of plasmid vectors that carry unique restriction 
sites that serve as a marker with a marker gene. When DNA fragments are incorporated these 
marker genes are disrupted . Using α-complementation (blue-white selection), the β-galactosidase 
enzyme will not be produced when the lacZ gene in the plasmid vector is disrupted, but a plasmid 
without an insert will still produce β-galactosidase because the lacZ gene is still intact . β-
Galactosidase cleaves a synthetic sugar, X-gal, that is similar to lactose, into two sugar components, 
galactose and glucose , one of which is blue  60 . Therefore, colonies containing plasmid vectors 
without insert will turn blue; on the other hand colonies containing plasmid vectors with insert will 
remain white .

Instead of blue-white selection, in this study, restriction digestions were performed to select 
the transformed clones. To identify clones carrying the recombinant plasmid, with the desired DNA 
insert, colonies are picked and grown in culture containing the appropriate antibiotic. The plasmid 
DNA is extracted by the standard minipreparation technique and analysed by restriction digest. The 
size of the insert or the orientation of the insert can be verified by restriction analysis of minipreps 
of vector DNA. After digesting the DNA, the samples are run on a agarose gel and the band sizes 
formed are compared with DNA fragments of known size. To confirm that the cloned DNA 
fragments are correct sequencing need to be done. This is especially important when the cloned 
DNA fragment is generated by PCR, since the polymerase can make mistakes, incorporating wrong 
nucleotides.

Figure 7: Basic principles of DNA cloning .
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1.11.  Gene-transfer strategies

Gene transfer to animal cells can be achieved essentially via three routes. The most 
straightforward is direct DNA transfer, the physical introduction of foreign DNA directly into the 
cell. For example, in cultured cells this can be done by microinjection, whereas for cells in vivo 
direct transfer is often achieved by bombardment with tiny DNA-coated metal particles. The second 
route is termed transfection, and this encompasses a number of techniques, some chemical and 
some physical, which can be used to persuade cells to take up DNA from their surroundings. The 
third is to package the DNA inside an animal virus, since viruses have evolved mechanisms to 
naturally infect cells and introduce their own nucleic acid. The transfer of foreign DNA into a cell 
by this route is termed transduction. Whichever route is chosen, the result is transformation, i.e. a 
change of the recipient cell’s genotype caused by the acquired foreign DNA, the transgene. 
Transformation can be transient or stable, depending on how long the foreign DNA persists in the 
cell.

DNA-mediated transformation of animal cells occurs in two stages, the first involving the 
introduction of DNA into the cell (the transfection stage) and the second involving its incorporation 
into the genome (the integration stage). Transfection is much more efficient than integration; hence 
a large proportion of transfected cells never integrate the foreign DNA they contain. The DNA is 
maintained in the nucleus in an extrachromosomal state and, assuming it does not contain an origin 
of replication that functions in the host cell, it persists for just a short time (1-2days) before it is 
diluted and degraded. This is known as transient transformation (the term transient transfection is 
also used), reflecting the fact that the properties of the cell are changed by the introduced transgene, 
but only for a short duration. In a small proportion of transfected cells, the DNA will integrate into 
the genome, forming a new genetic locus that will be inherited by all clonal descendants. This is 
known as stable transformation, and results in the formation of a ‘cell line’ carrying and expressing 
the transgene. Since integration is such an inefficient process, the rare stably transformed cells must 
be isolated from the large background of non-transformed and transiently transformed cells by 
selection.

-

   Figure 8 : Transient transfection of a reporter gene
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1.12.  Polyethylenimine (PEI) transfection

Mammalian cells take up exogenous DNA with various techniques such as the 
DNA/calcium phosphate coprecipitate method or phospholipid mediated endocytosis with 
liposomes or lipofection as well as electroporation.Recently, the use of polymers as transfection 
agents confers several advantages, due to their ease of preparation, purification and chemical 
modification as well as their enormous stability. The cationic polymer polyethylenimine (PEI) has 
been widely used for non-viral transfection in vitro and in vivo and has an advantage over other 
polycations in that it combines strong DNA compaction capacity with an intrinsic endosomolytic 
activity. It facilitates the tight compaction of plasmid DNA into small and positively charged 
complexes, which are readily internalized via non-specific adsorptive endocytosis by a large variety 
of cells in vitro.PEI  has emerged as a potent candidate for gene transfer, even though the use of 
PEI-derived gene delivery vehicles is still limited by a relatively low transfection efficiency and 
short duration of gene expression  61 compared to viral transfection systems, as well as cytotoxic 
effects 62 . PEI provides effective DNA binding and protection, combined with a high endosomolytic 
competence and nuclear localization, which all contribute to the superior transfection efficacy of the 
corresponding DNA vectors compared to another agents 63 .

    
 

Figure 9: Polyethylenimine-mediated gene delivery

1.13.  Adenoviral vectors and adenovirus construction system

Recombinant E1-deleted vectors derived from human adenovirus serotype 5 (Ad5) are 
highly efficient for in vitro and in vivo gene transfer into a variety of mammalian cells and tissues 
and have been used in functional and gene therapy studies , vaccination , and, lately, the 
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introduction of cDNA libraries into cell-based assay systems for gene discovery . Numerous 
methods for their construction have been described . These vectors also offer the advantage of high 
levels of transient transgene expression and relative ease of construction, propagation, and 
purification to high-titer stable virus 64 . Therefore, they are considered to be particularly suited as 
vector systems for functional genomics and cDNA expression cloning.

The principles of adenovirus construction system involve a donor virus (helper DNA) that 
contains genes essential for viral replication and a donor plasmid (vector DNA) that has the 
transgene as well as non-coding viral cis-acting elements that include a packaging domain. 
Separation of viral genes and cis-acting sequences during production is an important factor 
determining the efficiency and safety of a vector system preventing their reconstitution by 
recombination into productive viral particles. Recently, Hillgenberg et al. described a high-
efficiency system for the construction of adenovirus vectors and its application to the generation of 
representative adenovirus-based cDNA expression libraries 65 . According to the assay described in 
Hillgenberg et al.,  construction of adenoviral particles that express keratin 8 and 18 IF proteins 
could be performed for infecting cardiomyocytes.Although preparation of recombinant adenovirus 
is complex and time consuming , adenoviruses have high infectivity, broad host range and gene 
transfer is not dependent on active cell division providing several advantages over plasmid DNA- 
and retroviral vector–mediated gene transfer into eukaryotic cells  66  and particularly 
cardiomyocytes.

In this study , adenoviral shuttle vector , pAdCMVloxP  was used. It includes the adenoviral 
5 'ITR, a packaging signal of the adenoviral genome,the cytomegalovirus immediate early 
enhancer/promoter, a multiple cloning site, a single loxP sequence on 3' end of the transgene along 
with SV40 poly(A) signal  67 . Except from being  used as a donor plasmid for adenovirus 
contstrction, it can be used an adenoviral vector for transient transgene expression in mammalian 
cell lines.

1.14.  Hypothesis

Since keratin 8 and 18 (K8-18) are ectopically expressed  in the TNF-α desmin-/-  cardiac 
muscle in which the pathological phenotype of desmin's deficiency is absent ,  K8-18 expression 
may have a cardioprotective role. 
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1.15. Aim of the study

Among all molecular pathways involed in the pathophysiology of heart failure,   the cardiac 
cytoskeleton and particularly the IF protein network plays a crucial role. Beside their mechanical 
role in cardiomyocyte, IF proteins have also a regulatory role in cell signalling, cell growth and 
stress control as well as  organelle function such as mitochondria. Therefore, investigating the role 
of keratin 8 and 18 IF network in TNFa desmin-/- cardiomyocytes may reveal the mechanisms that 
participate in cardioprotection. 

The main goal of this study is to  investigate the potential cardioprotective role of keratin 
8/18 IF network in vitro. Particularly, whether K8/18 IF network compensates desmin's deficiency. 
Since cardiomyocytes do not express keratin 8-18 under normal conditions , cloning of murine 
keratin 8 and 18 cDNA should be initially performed. Therefore, specific aims of the study are:

1) construction of K8 and 18 plasmid adenoviral vectors
2) expression analysis in NIH 3T3 cell line  (non-expressing K8/18 cell line)
3) construction of adenoviruses expressing K8 or K18
4) Infection of desmin-/- cardiomyocytes and performance of cell death assay with H202

Because of time-limitation, this study will involve the construction of K8 and K18 adenoviral 
vectors and the expression analysis experiments of keratin 8 and 18 IF proteins in NIH 3T3 cell 
line. The expreriments will study the expression of K8 or K18 or both after :

1) single transfection with K8 adenoviral plasmid-vector (pAd-Krt8)
2) single transfection with K18 adenoviral plasmid vector (pAd-Krt18)
3) double transfection with pAd-Krt8 and pAd-Krt18

with immunofluorescence technique. The properties of Keratin 8/18 IF proteins will be studied 
along with the ability to form filamentous network in a non-expressing keratin cell line. 
Furthermore, keratin and vimentin (native IF of NIH) filamentous network interaction will be 
studied.
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2. Materials and Methods

2.1. RNA electrophoresis

Reagents and instruments requirements  

 Liver total RNA 
 37% Formaldehyde (12,3M)
 Ethidium Bromide 100mg/ml
 Formamide
 Glycerol
 Bromophenol Blue
 10x MOPS buffer 

 200mM MOPS
 50mM CH3COONa
 10mM EDTA
 pH=7 (adjust with NaOH)
 Store at RT in a dark place

 Agarose gel with 37% Formaldehyde
 Agarose (1-1,2%)
 1x MOPS buffer
 0,7% Formaldehyde
 Ethidium Bromide (EthBr) ,100mg/ml
 autoclave, distilled water 

 Running Buffer 
 1x MOPS buffer
 Formaldehyde 0,74%
 autoclave, distilled water (RNase-free)

 RNA sample Loading Buffer 
 4mM EDTA
 2,66% Formaldehyde
 50% Glycerol
 30% Formamide
 2,5x MOPS buffer
 bromophenol blue
 autoclave, distilled water

 Electrophoresis Machine (agarose tank)
 Ultraviolet Radiation Machine

Method

After RNA electrophoresis buffers were prepared, 1,2% agarose gel with formaldehyde is set 
up. 1,2 gr agarose in 75ml  autoclaved, distilled water is heated until dissolved and then cooled to 
60oC. Then, 10ml 10x MOPS ,  1,8ml Formaldehyde 37% (12,3M) and 1ul EthBr (100mg/ml) are 
added. The gel is poured in a tank and a comb is used that will form wells large enough to 
accommodate at least 25 µl. The gel after congealment, is assembled in the electrophoresesis tank 
and enough running buffer is added to cover the gel by a few millimeters and then the comb is 
removed. Afterwards , 1,5ug from each RNA sample is diluted in 1x RNA loading buffer, then , 
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heated (RNA denaturation) at 65oC  for 3-5mins, chilled on ice (4oC) and finally, it is loaded in 
agarose wells.  Electrophoresis is accomplished at 6-10V/cm until the bromophenol blue (the faster-
migrating dye) has migrated at least 2-3 cm into the gel, or as far as 2/3 the length of the gel 
(duration: 20-30mins). Finally, the gel is visualized on a UV transilluminator.

2.2. Primer Pair Design  

Primer Pair design is essential for several applications as PCR, DNA sequencing and 
hybridization.Polymerase chain reaction is widely held as one of the most important inventions of 
the 20th century in molecular biology. Small amount of genetic material can now be amplified with a 
DNA polymerase and a primer pair in order to identify and/or  manipulate DNA. 

The ideal primer pair have the following characteristics. The optimal length of each primer 
is generally 18-22 bases , long enough for specificity and short enough to bind easily at annealing 
temperature.The primer's GC content which determines primer melting temperature (Tm) should be 
between 50-60% .Tm is the temperature at which one half of the DNA duplex will dissociate to 
become single stranded and indicates duplex stability. A primer  with Tm>65oC has  a tendency for 
secondary annealing. The optimal range of  primer Tm is 58-62oC and Tm difference between 
primer pair should be 2 units. In addition , it is important to design primers that are specific for the 
desired PCR product. Primer-BLAST, an online software, was developed at NCBI to help users 
make primers that are specific to the input PCR template. It supports PCR primers design and then, 
submits them to BLAST search against user-selected database. The blast results are then 
automatically analyzed to avoid primer pairs that can cause amplification of targets other than the 
input template. Moreover, it is recommended to avoid 3 or more Gs  Cs at the 3’ primer end , 
mismatches at the 3'end, complementary sequences within the primer as well as primer-dimer 
formation by complementarity at the 3'ends of primer pairs.  Finally, the potition range of its primer 
on input template and the amplicon length depend on the experimental goals. 

2.2.1  Primer  reconstitution

 Reagents

 primer pellet
 autoclave, distilled water  

 Method

Using the nanomole quantity –  to reconstitute to a given concentration , convert nmole to 
umole and then divide the desired concentration, usually 100umole/L (100uM).

2.3.  Reverse Transcription

Reagents and Instruments Requirements 

 total RNA (in our case from liver )
 Random primers or gene-specific antisense primer 
 dNTP mix (10mM each dATP,dGTP,dCTP and dTTP at neutral pH) 
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 Autoclave, distilled water 
 5x First Strand Buffer 

 250 mM Tris-HCl (pH 8.3 at room temperature), 375 mM KCl, 15 mM MgCl2
 0,1M DTT 
 RNase OUT Recombinant Ribonuclease Inhibitor (40u/ul) 
 Moloney-Murine Leukemia Virus Reverse Transcriptase (M-MLV RT) 
 E.Coli RNase H 
 PCR machine 
 Ice 
 nuclease-free microcentrifuge tubes 

Method

Reverse transcription is a method used frequently for expression analysis experiments after 
quantitive PCR as well as molecular cloning applications. Moloney Murine Leukemia Virus (M-
MLV) reverse transcriptase is a recombinant DNA polymerase that synthesizes a complementary 
DNA strand (cDNA) from single stranded RNA, DNA or an RNA:DNA hybrid. It lacks DNA 
endonuclease activity and has lower RNAse H activity compared to another reverse transcription 
enzymes. The size of cDNA formed may be up to 7kb and its optimal activity is at 37oC.   

For the first strand cDNA synthesis using M-MLV reverse transcriptase (M-MLV RT), it is 
usually used a 20ul reaction volume for 1ng-5ug of total RNA. In each nuclease-free 
microcentrifuge tube, 2ug  total RNA (from liver) and sterile , distilled water were added so that 
final volume would be 10ul. Afterwards, a second mix solution was prepared with dNTPs and  with 
random primers.Random primers are DNA hexamers that anneal on the template and are essential 
for priming by M-MLV RT. Particularly, 0,09ul random primers ( 0.3ug ),  0,5ul 10mM dNTPs and 
sterile, distilled water were added to a final volume of 2ul. Previous solutions were always on ice. 
Then, total RNA solution and  random primers with dNTPs mix were blended, then, heated to 65oC 
( improves RNA denaturation and primer annealing) for 5min and quick chilled on ice for 2min 
.Afterwards, 4ul of 5x First Strand Buffer, 2ul 0,1M DTT and 1ul RNAse Out recombinant 
ribonuclease inhibitor (40u/ul) were added to each previous RNA mix and then, heated to 37oC for 
2min.  In the continuity, 1ul M-MLV reverse transcriptase was added , then, each mix was heated to 
37oC for 50min (reverse transcription). 

The cDNA can now be used as a template for amplification PCR. However, amplification of 
PCR targets >1kb may require the removal of RNA complementary to the cDNA. In order to 
remove RNA complementary to the cDNA, 1ul of E.Coli RNase H was finally added and then, the 
solution was  incubated at 37oC for 20min. Finally , it  was stored to freeze storage at -20oC

2.4. Reverse Transcription Polymerase Chain Reaction (RT-PCR)
 

Reagents

– with Taq DNA polymerase
 ssDNA(cDNA ) or dsDNA 
 10x PCR buffer [200mM Tris-HCl (pH 8.4), 500mM KCl 
 50mM MgCl2 
 10mM dNTP Mix (10mM ATP, 10mM TTP, 10mM GTP, 10mM CTP)
 Forward primer , 10uM 
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 Reverse primer, 10uM 
 Taq Polymerase (5u/ul) 
 autoclaved , distilled water 

– PCR HF Supermix   
 ssDNA (cDNA) or dsDNA 
 PCR SuperMIx High Fidelity 

 66mM Tris-SO4 (pH 9,1 at 25oC) , 
 19,8mM (NH4)2SO4 , 
 2,2mM MgSO4, 
 220uM dNTPs, 
 Stabilizers 
 22U/ml DNA polymerase mixture 

 Taq DNA polymerase 
 Proofreading Pyrococcus species GB-D polymerase

– Q5 HF DNA polymerase
 ssDNA (cDNA) or dsDNA  
 5x Q5 reaction bufferr  
 10mM dNTPs 
 10uM Forward primer 
 10uM Reverse primer 
 Q5 HF DNA polymerase 
 Autoclaved, distilled (Nuclease-free) water

− Cycling Conditions
− Instruments

 PCR machine: thermal cycling

Method

The polymerase chain reaction (PCR) is a powerful method for fast in νitro enzymatic amplifications 
of specific DΝΑ sequences. Each PCR is likely to require specific optimization in order to achieve 
specificity, fidelity and efficiency for the template/primer pairs chosen. 

In addition , according to the experimental procedure , different DNA polymerases may be used. In 
case of molecular cloning , the fidelity of PCR is essential . DNA Polymerase is important for the fidelity of 
the PCR products. Except from the tradditional Taq polymerase, there are another polymerases and mixtures 
with higher fidelity than Taq. A PCR High fidelity Supermix with Taq and the proofreading Pyrococcus 
species GB-D polymerase provides six times higher fidelity than Taq polymerase. Additionaly,  a Q5 high 
fidelity polymerase has a 50 fold lower error rate than Taq polymerase and 6 fold lower than Pyrococcus 
furiosus(Pfu) DNA polymerase.

ΑΙΙ of the reaction components were mixed in together in a 0.5-mL PCR tube in any sequence except 
for the DNA polymerase, which was added last. All the components were also  right before PCR cycling. 
However,  it is not necessary , the PCR was set up  οn ice.                 

The optimal conditions of the PCR reactions and thermal cyclings  for our specific cDNA 
targets,  keratin 8 and 18 as well as for b-actin , the positive control are indicated below:

 Reaction     and     Cycling     Conditions  
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  b-actin PCR

 Keratin 8   (KRT8)  PCR
 Keratin 18 (KRT18) PCR
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 Keratin 8   (KRT8)  PCR

Steps 
 1-2 : Denaturation
 3    :  Annealing
 4    :  Extension

FW : Forward primer
RV  : Reverse primer

2.5. DNA electrophoresis
 
Reagents 
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 DNA samples 
 Loading Dye 

 6x Orange G 
 DNA ladder (e.x 1kb) 
 Agarose Gel (x %, w/v) 

 1x TAE (ml ) 
 Agarose (gr) 
 Ethidium Bromide ( 5ul/100ml agarose gel) 

 Running Buffer 
 1x TAE 
 distilled water 

 Instruments 
 Gilson Pippetes/ pippete tips  
 Gel tanks/ comb 
 Electrophoresis Tank and Machine 
 Ultraviolet Radiation Machine 

Method 
Gel electrophoresis separates DNA molecules according to size.According to the expected 

DNA band sizes the percentage of agarose in gel differentiates (see figure below) .  To prepare 1,5% 
agarose gel,  1,5gr agarose in 100ml running buffer  1x TAE  are heated until dissolved and then, 
cooled to 60oC. After the addition of 5ul EthBr (100mg/ml) per 100ml agarose gel,  gel is poured 
on tank with comb. When gel is cooled and harden , remove comb from gel, and place it inside an 
electrophoresis tank filled with 1x running buffer enough to cover the gel. Afterwards, an amount (it 
depends on the case) of DNA samples with 1x Orange G loading dye is loaded into each well. 
Electrophoresis is accomplished at 6-10V/cm until the orange G dye (the faster-migrating dye) has 
migrated at least 2-3 cm into the gel, or as far as 2/3 the length of the gel (duration: 20-
30mins).Negatively charged molecules as DNA or RNA are run on the positive end of 
electrophoresis tank. Finally, the gel is visualized on a UV transilluminator. The sizes of the bands 
in the unknown samples can be calibrated by comparison to size markers (for example, 1kb DNA 
ladder) that have been run also (ex. in the leftmost lane) in the gel. 
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2.5.1. Preparation of DNA or RNA loading Dye
 
Bromophenol Blue 

 Reagents 
 30% (v/v) glycerol 
 0,25% (w/v) bromophenol blue 
 0,25% (w/v) xylene cyanol FF 
 sterile, distilled water
 Store at 4oC or RT

Orange G 

 Reagents
 30% (v/v) glycerol [or Sucrose(40%), Ficoll (15%) ] 
 0,25% (w/v) Orange G 
 sterile, distilled water
 Store at 4oC or RT 

Method 
In  50ml sterile distilled water ,  25gr Orange G are dissolved and then 30ml of glycerol are 

added . Finally, sterile distilled water is added to reach a final volume of 100ml. Bromophenol Blue 
loading  Dye is formed like orange G.        

2.6. Gel extraction Protocol (QIAGEN)

Reagents 

 DNA Samples 
 Loading Dye 
 1% Agarose Gel 
 Running buffer

 1x TAE
 QIAquick gel extracion buffers 

 Buffer QG 
 Buffer PE with Ethanol 

 Isopropanol 
 Autoclaved , distilled water 

Instruments
 balance 
 Water-bath 
 Clean Sharp Scalpel 
 QIAquick spin columns 
 Centrifuge machine 
 Freeze Storage (-20oC)
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Method
   

In the beginning , cleaning of electrophoresis tank , preparation of fresh 1x TAE running 
buffer and 1%  agarose gel with 5ug EthBr / 100ml were set up. DNA sample with its loading dye 
is loaded  to the gel along with the DNA ladder. After sample (according to the loading dye) is run 
enough in the gel at  the electrophoresis tank (5-6V/cm), the gel is visualized with a low frequency 
UV transilluminator. Then,  the DNA fragment is excised from the agarose gel with a clean, sharp 
scalpel. The gel slice is weighed in a 1,5ml microcentrifuge tube and 3 volumes of buffer QG to 1 
volume of gel (100mg of gel slice corresponds approximately to 100ul). Then , the tube is 
incubated at 50oC for 10min and every 2-3min during the incubation the solution is mixed by 
vortexing. If the color of the mixture is orange or violet, 10 μl of 3 M sodium acetate pH=5 are 
added, and mixed. After the gel slice is completely dissolved , 1gel volume of isopropanol is added 
to the sample and mixed. The sample is applied to a QIAquick spin column with a 2ml collection 
tube and is centrifuged for 1min. After DNA is bound in the column , flow-through is discarded and 
the column is placed again in the same collection tube. Then, 0,5ml of QG buffer is added and is 
centrifuged for 1min. The flow-through is discarded again. Then, in order to wash bound DNA, 
0,75ml of PE (with ethanol) buffer is added to the column , is centrifuged for 1min and the flow-
through is discarded. Column is centrifuged for an additional 1min and residual ethanol from Buffer 
PE is discarded.  QIAquick column was let with open lid for 1 min. Then, column is placed into a 
clean 1,5ml microcentrifuge tube. 10ul of ddH20 are added to the centre of the membrane and the 
column is let stand for 1min. Then, centrifuge for 1min is applied and DNA is eluted. DNA solution 
is stored to freeze storage at -20oC. All previous centrifugations were at 13000rpm.   

2.7. Nucleic Acid Quantitation 

Reagents 
 Nucleic Acid (DNA or RNA) 
 Autoclave, distilled water 

Instruments 
 Spectrophotometer 
 Quartz tube 

Method  

Nucleic Acid concentration may be quatitated by the absorbance at 260nm (OD260nm or 
A260) through a spectrophotometer. Particularly, DNA sample is diluted 1:500 with sterile, distilled 
water and transferred to a quartz tube. Then, the  concentration is measured using the following 
formula :  
C= OD260nm * dilution factor (500) * 50 μg/ml .
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2.8. Luria-Bertani (LB) medium and agar plates
 
Reagents 

 Tryptone 
 Yeast Extract 
 NaCl 
 NaOH for pH adjustment 
 deionized water 
 Agar (15gr/L) , 1,5%, w/v 
 1000x Antibiotic (ex. 50mg/ml  kanamycin or 100mg/ml ampicillin, etc ) 

Instruments 
 Autoclave 
 Fire machine 
 100mm plates 
 bottles 

Method 

The Luria-Bertani (LB) medium contains 1% tryptone, 1% NaCl and 0,5% Yeast Extract. 
The pH of the solution should be from 7 to 7,4 and optimally at 7,2 as it is essential for cell 
growth.Particularly, for 1liter LB, 10gr Tryptone, 10gr NaCl and 5gr Yeast Extract are dissolved to 
950ml deionized water. The  pH of the soultion is adjusted to 7,2 with the addition of NaOH and the 
final volume is bringed up to 1 liter. Then, it is autoclaved on liquid cycle for 3hrs. The sollution is 
allowed to cool to 55oC. If it is needed a antibiotic is added,  either kanamycin or ampicillin to a 
final concentration of 50 and 100ug/ml , respectively. Finally, LB is stored at room temperature 
while if antibiotic is added at 4oC.

For the preparation of LB agar plates, LB medium is prepared as above, but before 
autoclaving 15gr agar per liter are added. The mix is autoclaved again in liquid cycle and is allowed 
to cool to 55oC. Immediately, an antibiotic,  either kanamycin or ampicillin is added to a final 
concentration of 50 or 100ug per ml, respectively. Then, before the solution starts to congeal , it is 
poured into 10cm plates and is let harden over-nigh on bench before storing at 4oC in the dark. 

2.9. TA Cloning Reaction-Ligation 
 
Reagents 

 pCRTMII-TOPOR vector (4,0 kb) 
 PCR products with 3’-A overhangs 
 Salt solution 
 1,2M NaCl 
 0,06M MgCl2 
 Autoclave, distilled water 

Equipments 
 Cold storage 

Method 
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As mentioned previously, PCR High fidelity supermix has a mixture of Taq DNA 
polymerase and the proofreading Pyrococcus species GB-D polymerase. Taq polymerase has a 
nontemplate-dependent terminal transferase activity that adds a single deoxyadenosine (A) to the 3΄ 
ends of PCR products. Particularly, this mix provides higher fidelity than single Taq polymerese and 
a majority of PCR products with 3-adenine overhang.

The plasmid, pCRTMII-TOPOR vector is supplied by Invitrogen linearized with single 3' 
deoxythymidine (T)  residues. This molecular state is conserved by formation of a covalent bond 
between the 3′  phosphate of the cleaved (by topoisomerase I)  strand  and a tyrosyl residue (Tyr-
274) of topoisomerase I. The phospho-tyrosyl bond between the DNA and enzyme can subsequently 
be attacked by the 5′  hydroxyl of the PCR product, reversing the reaction and releasing 
topoisomerase I  68 . Generally, 5'ends of primer are provided dephoshorylated and thus 5'ends of 
PCR products are also dephosphorylated. Therefore, the interaction between the linearized vector 
and the PCR product results in their efficient ligation and  formation of a circular plasmid along 
with the release of topoisomerase I. With this TOPO vector, DNA ligase is no  needed.

For TOPO Cloning and transformation into chemically competent E. coli, adding sodium 
chloride and magnesium chloride to a final concentration of 200 mM NaCl, 10 mM MgCl2  in the 
TOPO® Cloning reaction increases the number of colonies over time. Moreover, per cloning 
reaction 10ng of TOPO vector (10ng/ul) are used.  The amount of insert is calculated with the 
following formula : 

 insert(ng) = vector (ng) x size of insert (kb) x 1/size of vector(kb) x molar ratio insert/vector
For an efficient ligation the molar ratio of insert to vector is 3:1.   

According to the size of TOPO vector which is 4kb and that of the PCR products keratin 8 
(cK8) and 18 (cK18) which is  1,6kb and 1,35kb respectively, the amount of its component is 
calculated for the TA cloning reaction. Particularly, 10ng of TOPO vector are mixed with 12ng of 
cK8 along with 1ul salt solution (1.2 M NaCl; 0.06 M MgCl2 ) and autoclaved, distilled water   to a 
final volume of 6ul. The solution was gently mixed and incubated for 20min at room temperature 
(25oC). Then , it was placed on ice and transformation of chemically competent E.coli ( DH5A ) 
cells was followed. If not , mix may be stored at freeze storage (-20oC). cK18 and TOPO vector 
cloning reaction was performed with the same way like cK8. In this case, 10ng of cK18 were mixed 
with 10ng vector.                        

2.10. Transformation of chemically competent E.Coli (DH5A) cells
 
Reagents 

 DH5A chemically competent cells 
 Plasmid 
 LB 
 LB agar plates with antibiotic 

Instruments 

 Water-bath 
 Incubator 

Method 

In the beginning,  chemical competent DH5A cells are removed from -80oC freezer and 
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thawed on ice for 10min. Then, the plasmid is added into a tube with 100ul competent cells ,  mixed 
gently and placed on ice for 30min. An amount of 1-10ng plasmid is usually enough for a 
transformation. Then, the tube is removed to a water-bath at 42oC and heat-shock is performed to 
the DH5A cells for 30-45sec. The tube is immediately removed on ice for 1min. 900ul LB medium 
are added  and the mix is incubated in an horizontal shaker at 37oC for 1 hour. During the 
incubation, transformed cells would express the  antibiotic resistance gene. Finally, the 1/10 and the 
9/10 of the solution are spread carefully under sterile conditions using fire to pre-warmed agar 
plates with antibiotic (kanamycin or ampicillin) and  are incubated over-night (12-16hrs) at 37oC. 
The transformed DH5A cells would form colonies on the plate.

2.11. Mini or Midi or Max Liquid Culture    
 
Reagents 

 Pick with tips 
 LB medium with

 antibiotic (kanamycin or ampicillin)

Instruments 

 Shaking Incubator  

Method 

After the formation of colonies on selective plates , the growth of cells may be performed in 
liquid cultures depending on the experimental procedures. According to the volume of liquid culture 
, there are mini (5ml) , midi (50-100ml) and max (200-250ml) cultures. For mini-cultures , a colony 
is picked with a tip and is inoculated in 5ml LB medium antibiotic (kanamycin or ampicillin) to a 
final concentration of 100ug/ml. In case of midi and max liquid cultures, pre-inoculation step is 
performed where transformed cells are grown in 1-2ml LB medium with antibiotic and then , 
depending on the final volume, 1/1000 from the pre-inoculum volume is added. In all cases, the 
liquid cultures are incubated at 37oC for 12-16 hrs until they are blurred.      

2.12. DNA preparation

2.12. 1. Mini DNA preparation (mini-prep)
 
Alkaline Preps 

− Reagents
 Mini-culture 
 Solution P1 

 50mM Glucose 
 10mM EDTA, pH=8 
 25mM Tris, pH=8 
 Autoclaved, distilled water  

 Solution P2
 0,2N NaOH 
 1% SDS 
 Autoclaved distilled water 

 Solution P3 ( 4oC ) 
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 15% Acetic acid glacial 
 3M CH3COOK 
 Autoclaved, distilled water 

  Chorophorm : Phenol : Isoamyl , 24:25:1
 Phenol 
 Chlorophorm : isoamyl alcohol (24:1)

 Ethanol (100% and 70%) 
 Autoclaved, distilled water 
 TE buffer (10 mM Tris·Cl. 1 mM EDTA, pH 8) 
 RNase A 

Instruments 
 Centrifuge Machine (Cold and RT) 
 Cold Storage 

Method 

In the beginning, after the solutions P 1-3 are set up, 2-5ml from the mini-culture are 
centrifuged at 3000rpm , at 4oC for 10min. The supernatant is removed and the cell pellet is 
resuspended using 150ul of solution P1. After vortexing and pipeting, the mix is transferred to new 
1,5ml centrifuge tube and is let for 2min at room temperature. Then, 300ul of solution P2  are 
added, mixed carefully by inverting the tube 5-6 times and the mix  is placed on ice for 5min. 
Afterwards, 225ul of solution P3 are added , mixed as previously and the mix is also placed on ice 
for 5min. After cell lysis reaction is finished, the mix is centrifuged at 13000rpm at 4oC for 30min 
and the supernatant is transferred to new 1,5ml microcentrifuge tube. 600ul phenol and 
chlorophorm isoamyl (CPI) solution is added and mixed with mild vortex. Then, the solution is 
cetrifuged at 13000rpm for 5min at room temperature. Upper phase (-500ul) is transferred to new 
1,5ml tube and 1200ul of room temperature (RT) 100% Ethanol are added. The solution is mixed 
well and let at RT for 2min. Then, it is centrifuged at RT for 5min and supernatant is removed. Tube 
is drained  while keeping DNA pellet inside.1ml of 70% Ethanol is added and mixed by brief vortex 
in order to wash DNA pellet.  It is centrifuged at 13000rpm for 5min at room temperature. 
Supernatant is discarded and the tube is drained enough leaving at room temperature with open lid 
(or using vaccum centrifuge for 5min) for 15min  so that DNA pellet is not enough dry. According 
to the size of DNA pellet, it is resuspended in 30-100ul ddH20 or TE (Tris-EDTA)  with RNase A to 
a final concetration of 200ug/ul (ex. 2ul of 10mg/ml RNase per 100ul ddH20). Mini-DNA preps 
may be stored at -20oC.     

 
2.12.1.1  Plasmid DNA preparation with mini-columns
 
Reagents 

 Nucleospin Plasmid Isolation kit buffers
 Resuspension Buffer A1 
 Buffer A2 (SDS/alkaline lysis) 
 Buffer A3 (inactivation) 
 Buffer A4+Ethanol 

 Autoclave, distilled water 

Instruments 
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 nucleospin mini-columns 
 Centrifuge Machine 

Method

1-5ml mini-culture is centrifuged at 3500rpm for 10min and supernatant is discarded. Cell 
pellet is resuspended with 250ul buffer A1. Then, 250ul buffer A2 are added , mixed gently by 
inverting 6-8 times and the mix is left at room temperature for 5min or until lysate appears clear. 
Alkaline lysis is then, inactivated with the addition of 300ul buffer A3 and mixing by inverting 6-8 
times. It is recommended not to vortex the mix in order to avoid sheering of genomic DNA in the 
solution. Afterwards, the lysate is centrifuged at 13000rpm for 5min at room temperature. If 
supernatant is not clear , centrifugation should be repeated. Then, supernatant is transferred to mini-
columns. It is centrifuged at 11000g for 1min at RT and DNA is bound on column while flow-
through is discarded. The column is washed by adding 600ul A4 with Ethanol and centrifugation for 
1min at 11000g , discarding flow-through. The column is centrifuged for 2min at 11000g to discard 
excess ethanol and dry the membrane of mini-column. The DNA is eluted by adding 50ul ddH20 to 
the centre of the membrane and centrifugation for 1min at 11000g. The DNA sample may be stored 
at freeze storage (-20oC).      

2.12.2 DNA midi preparation (QIAGEN) 
 
Reagents 

 midi prep buffers (QIAGEN) 
 RES Buffer with RNase A (resuspension ) 
 Lysis Buffer 
 EQU buffer (equilibration) 
 NEU buffer  (neutralization) 
 Wash buffer 
 Elution Buffer 

 Isopropanol 
 Ethanol (100% , 70%) 
 Autoclaved, distilled water or TE (Tris-EDTA) 

Instruments 
 Midi-prep columns 
 Column filters 

Method 

An over-night 100ml (midi) culture is centrifuged at 3000rpm for 10min at 4oC. The 
supernatant is discarded and the cell pellet is resuspended with 8ml RES buffer with RNase A. After 
the addition of 8ml lysis buffer,  the solution is mixed gently by inverting the tube 5times and is 
incubated at RT for exactly 5min to avoid degradation of plasmid DNA or liberation of 
chromosomal DNA. Then, 8ml of NEU buffer are added and immediatelly mixed by inverting 10-
15times so that lysis reaction is inactivated. The column is equilibrated with the addition of 12ml 
EQU buffer onto the rim of column filter and allowing to empty by gravity flow. After inverting the 
tube with the lysate 3times , it is applied to the equilibrated column which is allowed to empty by 
gravity. The column filter is discarded and the column is washed with the addition of 8ml WASH 
buffer. Then, column is placed on new sterile 50ml centrifuge tube and DNA is eluted with the 
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addition of 5ml ELU buffer. Afterwards, 3,5ml RT isopropanol is added for plasmid DNA 
precipitation. The solution is mixed with vortex and it is centrifuged at 15000g for 30min at 4oC. 
Then, supernatant is discarded and DNA pellet is washed with 2ml 70% ethanol after centrifugation 
at 15000g at RT for 5min. Supernatant is discarded and DNA pellet is let to dry at RT. DNA pellet is 
reconstituted with 100ul ddH2O or TE. DNA solution may be stored at -20oC freeze storage.        

2.13.  PCR product purification protocol (QIAGEN)
 
Reagents 

 Sample 
  100bp-10kb ss or ds DNA 

 Buffers 
 PB (although is confidential, it contains guanidine hydrochloride and isopropanol) 
 PE with Ethanol 

 Autoclave, distilled water 

Instruments 
 QIAquick spin column (<10ug/column) 
 Collection tube 
 Centrifuge machine 

Method 

Using PCR purification kit , 100bp to 10kb ss or ds DNA may be purified from a solution 
using mini-columns while all the rest elements such as buffers, enzymes are removed. In the 
beginning , 5volumes of buffer PB are added to 1volume of the PCR sample and mixed. Then, the 
sample is applied to a spin column in a provided 2ml collection tube. It is centrifuged at 13000 rpm 
for 1min at RT so DNA is bound on membrane. The flow-through is discarded and 0,75ml buffer 
PE are applied and centrifuged again with the same speed and time to wash the column. The flow-
through is discarded again and spin column is centrifuged again as previously to remove excess 
ethanol. Then, column is allowed to dry with open lid  for 2min at RT. Finally, 50ul ddH2O are 
added to the centre of membrane and let it stand for 2min. With centrifugation with the same 
conditions as previously, DNA is eluted. It may be used either immediately for expreriment or
stored at freeze storage (-20oC). 

2.14.  DNA Digestion with restriction enzymes 

Design 
 NEB cutter online software 
 DNA sequence 

 plasmid vector 
 insert 

 Identify Restriction maps 

Reagents 
 DNA 
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 10x NEB buffer 
 100x BSA (optional)
 Enzyme (units / volume) 
 Autoclaved, distilled water 

Instruments 
 Water-Bath 

Method 

DNA Digestion is used frequently in molecular cloning either to identify recombinant 
plasmids or use DNA fragments for cloning techniques. The amount of DNA that is cutted depends 
on the application. Diagnostic digestions typically involve ~500ng of DNA, while molecular 
cloning often requires 1-3μg of DNA. The total reaction volume usually varies from 10-50μL 
depending on application and is largely determined by the volume of DNA to be cut. Generally, the 
amount of enzyme used is 1-5units/ug DNA and should be added by the end. By definition, one unit 
of enzyme will cut 1ug of DNA in a 50 μL reaction in 1 hour The enzymes also need a digestion 
buffer and optionally  bovine serum albumin for an efficient digestion. Additionally, the maximum 
volume that an enzyme can be used is 1/10 of the total reaction volume.  Digestion buffers provided 
by New England Biolabs (NEB) are known as NEB1, 2, 3 or 4 buffers and are also provided as 10x 
buffers. According to NEB , each enzyme can act optimally under certain NEB buffers along with 
BSA or not.Besides the buffer that comes with the enzyme, buffers from other company can be used 
, too as long as the contents are the same. For example, 1ug DNA  are digested in 20ul total 
reaction. 2ul 10x NEB buffer , 0,2ul 100x BSA if recommended , 0,5ul (10u/ul) enzyme  and 
autoclaved, distilled water to reach 20ul final volume are added. Then, the solution is gently mixed 
by pippeting and is incubated at the optimal temperature of the enzyme for 1-3hrs in water-bath. 
Finally, 2-5ul of the digested sample , as well as the uncut DNA along with the loading dye and a 
DNA ladder are run on appropriate (w/v) agarose gel  to identify the result and a proportional 
experimental procedure is applied.

2.15.  DNA sequencing
 
Reagents 

 DNA samples 
 Plasmid or 
 PCR product 

 Primers 
 Universal (Forward, reverse) 
 Own primer 

Instruments 
 Sequencing machine 
 By VBC Genomics 

Method

DNA sequencing is essential in molecular cloning. It is based on Sanger method. The 
automated method uses 4 fluorescently labeled terminationg nucleotides present in a single reaction. 
The fragments from PCR with a labeled primer are seperated by electrophoresis in a single vertical 
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gel and as migrating fragments pass through the scanning laser , they fluorescence. A fluorescent 
detector records the color order of the passing bands and that order is translated into sequence date 
by a computer.  

This method is performed by VBC Genomics. DNA samples should be diluted either in 
ddH20 or TE (Tris-EDTA). The concentration of a plasmid DNA should be at least 80ng/ul and the 
amount per reaction should be 500ng.  In contrast, the concentration of PCR product should be at 
least 14fml/ul and the amount for each reaction 80-100fmol. It is recommended to send 3 times 
more amount for each reaction in case that repeat is needed. Additionally, for the sequencing 
reaction could be used either universal  or own designed primers. The concentration of the primer is 
like in PCR , 10mM and usually an amount of 20ul/ reaction from own primer is sent. 

The sequencing results may be analyzed through a multi-align online software where the 
sequencing result from each reaction  is aligned with known DNA sequence.

2.16.  DNA Polymerase I, Large (Klenow) Fragment reaction
 
Reagents 

 DNA with sticky ends 
 NEB buffer 1-4 or T4 DNA ligase buffer 
 dNTPs 1mM  
 Klenow fragment (5u/ul) 
 EDTA, pH=8 

Instruments 
 PCR machine 

Method 

DNA polymerase I , Large Fragment (Klenow) catalyzes 3' overhang removal along with 5' 
overhang fill in and results in formation of blunt ends to polynucleotides. DNA should be dissolved 
in 1x NEB buffer 1-4 or T4 DNA ligase reaction buffer supplemented with 33uM dNTPs. Then, 
1unit Klenow per 1ug DNA is added and the solution is incubated at 25oC in PCR machine for 
15min. The reaction is stopped by adding EDTA to cf=10mM and heating at 75oC for 20min in 
PCR machine. DNA may be purified either with gel extraction or using QIAGEN mini-column. 
DNA sample may be stored at freeze storage (-20oC).   

2.17.  Dephosphorylation with Antarctic Phosphatase
 
Reagents 

 Digested either vector or DNA 
 10x antarctic phosphatase buffer 
 Antarctic phosphatase  (5u/ul) 
 Autoclaved, distilled water 

Equipments 
 Water-bath 
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Method 

Dephosphorylation is sometimes necessary to avoid self-ligation of the vector. DNA 
dephosphorylation may be achieved by antarctic phosphatase (AP)  which can be heat inactivated. 
The protocol that is usually followed is : 1/10 volume of 10X Antarctic Phosphatase Reaction 
Buffer is added to 1– 5 μg of DNA cut with any restriction endonuclease in any buffer. Then, 1 μl of 
Antarctic Phosphatase (5 units) is added and mixed. The mix is incubated for 15 minutes at 37°C 
for 5΄ extensions or blunt-ends, 60 minutes for 3΄ extensions. Generally, 30min are enough for the 
reaction. Finally, heat inactivation of  enzyme for 5 minutes at 65°C is performed.

2.18.  T4 DNA Ligase
 
Reagents 

 Linearized duplex DNA or RNA 
 10x T4 DNA ligase buffer 
 T4 DNA ligase 
 Autoclaved, distilled water 

Equipments 
 Water-bath 

Method 

T4 DNA ligase catalyzes the formation of phosphodiester bond between juxtaposed 
5'phosphate and 3'OH termini in duplex DNA or RNA. Moreover, with the replication of the 
plasmid in bacterial cells the continuity would be established for the rest. The final volume of the 
reaction usually varies from 5-10ul (the lower the better). Ligation is commonly used in molecular 
cloning and introduction of an insert to a vector. Particularly, insert and vector are combined with 
molar ratio 3 to1 and final concentration 10-11 ng/ul in the ligation reaction. In general , the amount 
of insert in ngs is calculated with the following formula: 

ngs insert= (ng vector x kb size of insert / kb size of vector ) x molar ratio insert to vector
According to that we can define insert/vector ratio in ngs as well as the exact amount of each in the 
reaction with final volume 5ul and final concentration 10-11ng both of them per ul. Then, 1/10 of 
reaction volume of 10x T4 DNA ligase buffer along with unit/ul T4 DNA ligase The mix is 
incubated at 16oC , over-night. 

Ligation reaction may be also performed at room temperature (20-25oC). It is usually used 
1ul T4 DNA ligase per reaction for 10min when there are sticky ends while for  2hours when there 
are blunt ends. Then, the product of ligation reaction is used in transforming competent bacterial 
cells.   

2.19.  Glycerol Stock of bacterial cultures
 
Reagents 

 Mini-culture 
 Autoclaved 80% glycerol 

Instruments & materials 
 2ml micro-centrifuge tubes 
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 Liquid Nitrogen 
 Fire 
 Cold storage (-80oC) 

Method 

Making permanent stocks is an important part of doing molecular cloning. All the strains, 
clones and mutants that are made in lab should be stocked as glycerol stocks as well as DNA 
solution in order to be able to recover them. 

In the beginning , an overnight culture of the bacterial strain that needs to be stocked  is 
grown up. If bacterium carries a plasmid , the culture is grown up with the appropriate antibiotic (as 
mentioned in another chapter). Then, 1ml of autoclaved , 80% glycerol is added with sterile 
conditions into 4ml of culture and mixed.The freezing vials, two for each strain are labelled with the 
name of bacterial strain, plasmid in the strain , person stocking and date. Afterwards, 1,8ml of each 
culture are aliquoted into two pre-labelled and pre-chilled freezing vials. Tubes are placed either to 
liquid nitrogen or dry ice-ethanol bath. Once the cultures are frozen, the tubes are placed in -80oC 
freeze storage.     

2.20.  T4 PN-Kinase reaction
 
Reagents 

 5’-dephosphorylated nucleotides 
 PCR product 

 10x T4 PNK buffer 
 100mM ATP 
 PNK enzyme (10u/ul) 
 Autoclaved, distilled water 

Instruments 
 PCR machine 

Method 

T4 Polynucleotide (PN) kinase catalyzes the transfer and exchange of Pi from γ-position of 
ATP to 5-OH terminal of polynucleotides. Usually, the 5-ends of PCR products are 
dephosphorylated because 5' primer end is provided hydroxylated and not phosphorylated. In 
ligation reactions , T4 DNA ligase  catalyzes the formation of phosphodiester bond between 
juxtaposed 5'phosphate and 3'OH termini in duplex DNA. Therefore, a blunt ligation between a 
PCR product and a dephoshorylated vector requires 5'end phosphorylation of the PCR product with 
T4 PN kinase.For non-radioactive phosphorylation ,up to 300pmol is recommended (or the total 
amount of purified PCR product) to be used in 50ul reaction containing 1x T4 Polynucleotide 
kinase buffer , 1mM ATP and 10 units of T4 PNK.The mix is incubated at 37oC for 30min. The 
product may be purified either with PCR purification kit or gel extraction and used for ligation or 
stored at freeze storage (-20oC).   
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2.21.  Cell culture

Aseptic Enviroment Preparation 

After molecular cloning and construction of expression plasmid vectors with the desired 
DNA insert are performed, expression analysis is generally performed in a cell line. Cell culture is 
an essential part in molecular biology. All cell cultures must be undertaken in microbiological safety
cabinet using aseptic technique to ensure sterility. Hood sah should be close to proper position so 
laminar flow is maintained. Cluttering in hood must be avoided. Additionally all media, supplement 
and reagents should be sterile to avoid microbial growth. It is recommended to use pre-autoclaved, 
DNAse/RNAse-free pippete filter tips, autoclaved glass 9'' pasteur pipettes as well as 70% Ethanol 
for surface cleaning.
  

2.22.  Thawing a cell  line

Materials
 Dulbecco's Modified Eagle's Medium (DMEM)
 Fetal bovine serum (FBS)
 Penicillin-Streptomycin (P-S) 
 cryovial of a cell line 

Instruments
 Incubator 37oC, 5% CO2
 Centrifuge Machine

Method
  
In the beginning , preparation of complete growth medium is performed. Each cell line 

requires specific media and supplements to grow. It is usually used Dulbecco's Modified Eagle's 
medium (DMEM), fetal bovine serum (FBS) and an antibiotic  such as penicillin along with 
streptomycin (P-S). Particularly, in our experimental procedure 3T3 mouse embryonic fibroblasts 
would be used. According to ATCC, complete growth medium of 3T3 MEFs is DMEM , 
supplemented with FBS and PS to a final concentration of 10% and 1% , respectively. 

To begin with, cryovial is thawed by gentle agitation in a 37oC water bath with the lid above 
the water. Cell suspension is transferred from the vial to a 15ml sterile centrifuge tube with 9ml 
complete growth medium. Then, it is centrifuged at 600rpm for 5min to remove the 
cryopreservative DMSO. DMSO is cytotoxic above 4oC. Supernatant is discarded and cell pellet is 
resuspended with 1ml complete medium. Cell suspension is added to a new flask or plate 
containing prewarmed complete growth medium and it is incubated in a suitable incubator at 37oC, 
95% air and 5% CO2. Culture medium should be changed every 2-3 days and when cell culture 
reach 80% confluency, a sub-cultivation ratio of 1:5 or 1:10 is recommended. In addition, growth 
medium should be always be prewarmed at 37oC to diminish cold-induced stress on cell line.

Except from the growth medium, culture conditions depends on the cell line and it is 
generally recommended to check manufactorer's details for its requirements.     
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2.23.  Freezing a cell line 

Materials 
 DMEM or Phosphate Buffer Saline (PBS)
 Trypsin
 Complete growth medium
 FBS
 DMSO

Instruments
 Centrifuge Machine
 Cryovials

Method

Adherent cultured cells are washed with 1x Phosphate Buffer Solution (PBS) or DMEM. 
Trypsin is added for 2min at RT or lesser at 37oC and cell deattach from flask surface. 
Trypsinization is inactivated by the addition of FBS with contains trypsin inhibitors. Cells are 
harvested with pipetting and transferred to a 15ml centrifuge tube. Cell suspension is centrifuged 
and supenatant with trypsin is discarded. Cell pellet is resuspended with complete growth medium 
(1ml). Then , FBS and DMSO are added to a final concentration of 50% and 5% ,respectively. 
Then, the solution is aliquoted to cryovials (1-1,5ml/vial) so that each will contain 2-3 x 10^6 cells 
per vial. Cryovials should be labelled with the cell type , number, passage and date. It is 
recommended to immediately transfer the vial on ice and to freeze storage at -80oC. For long term 
storage , vial is removed to liquid N2 freeze storage at -130oC (usually, after one day).     

2.24.  Sub-culturing adherent cultured cells 

Materials 
 PBS or DMEM
 complete growth medium.
 Trypsin

Instruments
 flasks or well plates
 centrifuge machine
 incubator

Method

When a cell line reaches aproximatelly 80% confluency in a flask or plate, sub-culturing 
(splitting)  is needed. For example,  a 80% confluent T-75 flask is washed with 1x PBS or DMEM. 
1,5-2ml trypsin are added immediatelly and flask is incubated at RT for 2min. Trypsinization is 
inactivated by addition of  8-8,5ml complete growth medium, then , cells are harvested by pipetting 
and transferred to a 15ml centrifuge tube. After centrifugation at 600g for 5min at RT , supernatant 
is discarded, cell pellet is resuspended with 1ml complete growth medium. Then, 4ml complete 
medium are added and sub-cultivation with a ratio 1:5 or 1:10 (1ml from 5ml) is performed to a 
new T-75 flask with 10ml prewarmed complete growth medium. Spread cells to all the surface by 
shaking the flask to all the directions. If plating a specific number of cells per well to well plates is 
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needed fo experiment, haemocytometer is used to count cell number/ml. Finally,the flask or well 
plate is incubated in a suitable incubator, usually,  at 37oC and 5%CO2. 

2.25.  Cell counting using a heamocytometer 

Materials 
 cell suspension

Instruments
 heamocytometer

Method
In the beginning, heamocytometer is cleaned with 70% Ethanol and affix the coverslip using 

gentle pressure. Cell suspension to be counted is well mixed by gentle pipetting. Using a 200ul 
Gilson pipette, a heamocytometer chamber at the edge is filled with the cell suspension so that is 
drawn under the coverslip by capillary action. According to the grid lines of the haemocytometer 
and using a 10X  inverted microscope , cell counting at 5 squares (4 corners and 1 center) is 
performed. The number of cell per ml is determined by the following formula: 
cells/ml = average count per square x 10^4

2.26.  Transfection with Polyethylenimine (PEI)

Materials
 expression recombinant DNA vectors 
 Polyethylenimine (PEI)
 DMEM
 DMEM/4%FBS (partial growth medium)
 complete growth medium

Instruments
 well plate with cultured cells
 coverslips (optional)
 incubator 

Method

 Polyethylenimine is used as transfection reagent with DNA. Negative charged DNA 
molecules are neutralized with polyethilimine and those particles are easier to approach cell 
membrane and DNA is introduced to cells.   

To begin with, 2-3hrs before the transfection, complete growth medium is changed to 
DMEM/4% FBS/no antibiotic (D4) from a 6well plate with cultured cells at 60% confuency per 
well. The confluency varies according to the experimental procedure. In addition , it is known that 
starvation increases endocytosis and transfection efficiency. Thus, a deprivation phase with D4 
before transfection is recommended. Then, 2ug DNA are added in 200ul DMEM at a 1,5ml 
centrifuge tube and incubated at RT for 5min. Afterwards, 3x (DNA) ug PEI are added (6ug) , 
mixed with agitation and the solution is incubated at RT for 15min so that DNA and PEI particles 
are formed. Then, D4 is removed and transfection mix is added to each well. 1,5ml to 2ml DMEM 
are added per well so the surface is covered enough. Then, cultured cells are incubated at 37oC, 
5%CO2 for 5-6hrs. Transfection mix is changed with complete growth medium and cultured cells 
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are incubated again for 20-24hrs according to the experiment in a suitable incubator (37oC, 
5%CO2). If double transfection is performed , 2ug from each DNA are mixed (4ug total) and 3x4= 
12ug PEI are also added with the same manner as above. 

According to the experimental procedure, coverslips are sterilized and added before sub-
cultivation of cells in well plates. Transfection is performed as above. It is essential that the well 
surface is always covered  with enough medium so cells not to dry.           

2.27.  Immunofluorescence

Materials
 1x phosphate buffer saline
 Methanol/ Ethanol (70:30)
 PBS/0,5% Triton X-100   (PBS-0,5T)
 PBS/0,1% Triton X-100   (PBS-0,1T)
 PBS/0,1% Triton X-100 /5% Bovine Serum Albumin (BSA) 
 PBS/0,1% Triton X-100/2,5% BSA (PBS-0,1T-2,5%BSA)
 Primary  Antibodies
 Secondary Antibodies conjugated with fluophore
 DAPI
 mounting immunofluorescence buffer

Instruments
 PAP-PEN
 coverslips

Method

Antibodies are an important tool for demonstrating both the presence and the subcellular 
localization of an antigen. Cell staining may be used to determine subcellular localization of an 
antigen as well as concentration of an antigen especially by an image analyzer. 

To begin with , adherent cultured cells either on well or on coverslip are washed with 1x 
PBS twice and fixed with pre-cooled Methanol/Ethanol (70:30) for 12min at -20oC.  Methanol 
fixation is harsh and can cause loss of cells. Then, fixed cells are washed with 1xPBS twice and 
permeabilized with PBS-0,5T for 5min , (shaking at 25rpm.) Afterwards, permeabilized cells are 
washed with PBS-0,1T twice . If cultured cells are on well surface, PAP-PEN is used to form circles 
so  immunostaining at specific areas is performed. If cells are on coverslip , it is removed from well 
and is placed on histology slide so cell surface is above (PAP-PEN is not needed). Then, blocking is 
performed with PBS-0,1T-5%BSA for 1hr to avoid unspecific binding of antibodies in the 
continuity. Afterwards, it follows incubation with primary antibody diluted in PBS-0,1T-2,5%BSA 
for 1,5-2hrs at RT. Primary antibody dilution is usually 1:50 or 1:100 , however, it is recommened 
to check manufactorer's details. If more than one primary antibody is used , they should be from 
different host. Then, it follows wash with PBST-0,1T twice and 10min washes with PBST-0,1 in 
case of well plates. From this time point , light exposure should be minimized by covering the slides 
or plates with aluminium foil because fluorophore-conjugated secondary antibody is light 
sensitive.Then,it follows incubation with secondary Antibody diluted in PBS-0,1T-2,5%BSA for 1-
1,5hr. Secondary antibody dilution is usually 1:1000, however, manufactorer's details should be 
checked. If more than one secondary antibody is used , each one should recognize different host of 
its primary antibody and the fluorophores should have also differential excitation and emision 
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lengths. It follows then, wash exactly as previously with PBS-0,1T and afterwards with PBS twice. 
Then, nuclei are stained with DAPI  (1ug DAPI per 10ml PBS) for 4min. DAPI is also 
photosensitive. After washing again with the same manner with PBS this time , the slides or the 
well plate is allowed to dry. Then, immunofluorescence mount solution is placed on cells. In case of 
well plates coverslips are placed upon cells. Instead, cells on coverslips are turned over on slides. 
Corners are sealed with nail polish to prevent coverslips from moving. Finally, they are stored at 
4oC protected from light. Slides can be analyzed right away or later on inverted or upright 
fluorescence microscope in case of well plate or slides respectively.

In general, all steps can be performed at RT unless otherwise stated mentioned.Additionaly, 
when well plates are used , rinses and washes are done with 2-3ml without shaking unless a time is 
specified. If pap-pen is used to immunostain specific areas , shaking is not needed.   

2.28.  Fluorescence Microscopy
 

Perhaps the most versatile and powerful technique for localizing and quantifying proteins 
within a cell by light microscopy is fluorescent staining of cells and observation by fluorescence 
microscopy. A chemical is said to be fluorescent if it absorbs light at one wavelength (the excitation 
wavelength) and emits light (fluoresces) at a specific and longer wavelength. Most fluorescent dyes, 
or flurochromes, emit visible light, but some (such as Cy5 and Cy7) emit infrared light. In modern 
fluorescence microscopes, only fluorescent light emitted by the sample is used to form an image; 
light of the exciting wavelength induces the fluorescence but is then not allowed to pass the filters
placed between the objective lens and the eye or camera.The common chemical dyes just mentioned 
stain nucleic acids or broad classes of proteins. However, investigators often want to detect the 
presence and location of specific proteins. A widely used method for this purpose employs specific 
antibodies covalently linked to flurochromes. Commonly used flurochromes include rhodamine and 
Texas red, which emit red light; Cy3, which emits orange light; and fluorescein, which emits green 
light. These flurochromes can be chemically coupled to purified antibodies specific for almost any 
desired macromolecule. When a flurochrome–antibody complex is added to a permeabilized cell or 
tissue section, the complex will bind to the corresponding antigens, which then light up when 
illuminated by the exciting wavelength, a technique called immunfluorescence microscopy. Staining 
a specimen with two or three dyes that fluoresce at different wavelengths allows multiple proteins 
to be localized within a cell.Immunofluoresence can be used in combination with other, non-
antibody methods of fluorescent staining, for example, use of DAPI to label DNA. 

There are two classes of immunofluorescence techniques, primary (or direct) and secondary 
(or indirect).Primary, or direct, immunofluorescence uses a single antibody that is chemically linked 
to a fluorophore. The antibody recognizes the target molecule and binds to it, and the fluorophore it 
carries can be detected via microscopy. Although direct immunofluorescence is faster and reduces 
background signal by avoiding antibody cross-reactivity or non-specificity, it has less sensitivity. 
Secondary, or indirect, immunofluorescence uses two antibodies; the unlabeled first (primary) 
antibody specifically binds the target molecule, and the secondary antibody, which carries the 
fluorophore, recognises the primary antibody and binds to it. Multiple secondary antibodies can 
bind a single primary antibody. Although, this protocol is more complex and time consuming than 
the direct protocol above, it provides signal amplification by increasing the number of fluorophore 
molecules per antigen and allows more flexibility because a variety of different secondary 
antibodies and detection techniques can be used for a given primary antibody.

47



Monoclonal Primary Antibodies

1) a-keratin 8 (Troma-I,rat)
2) a-Keratin 18 (N16, sc-31700,goat)
3) a-vimentin (goat)

Polyclonal Secondary antibodies

1) a-rat , Alexa 488nm (green fluorophore)
2) a-goat, Alexa 594nm (red fluorophore)
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3. Results

3.1   K8 and K18 gene locus, cDNA and protein

Keratin 8 and 18 (Krt8, krt18) are the major intermediate filament proteins in simple 
epithelium of  gastrointestinal tract, liver, exocrine pancreas as well as mammary gland 37 . Murine 
keratin 8 and 18 genes are located in chromosome 15  (Figure 10). Krt8 mRNA is 1805bp in length 
and keratin 8 protein has 490 amino acids (aa) with a molecular weight of 55kDa (Figure 11-12). 
While krt8  obligate heteropolymer partner, krt18  has a mRNA of 1400bp in length. Krt18 protein 
has 423 aa and a molecular weight of 45kDa (Figure 13-14).     

Figure 10: Gene locus of keratin 8 and 18

 

Figure  11: .Mus musculus keratin 8 linear mRNA, 1805 bp , (NCBI Reference Sequence: 
NM_031170.2), coding sequence is marked.
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Figure 12: Mus musculus (type II) keratin 8 protein , 490aa ,  (NP_112447.2)

 

Figure 13: Mus musculus keratin 18 mRNA, 1400 bp , (NCBI Reference Sequence: 
NM_010664.2), coding sequence is marked.
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Figure 14: Mus musculus (type I) keratin 18 protein, 423aa, (NP_034794.2)

3.2.  Cloning keratin 8 or 18 to plasmid vectors

Keratin 8 and 18 are the major intermediate filament proteins in hepatocytes. In order to 
isolate and clone these keratins to plasmid vectors, reverse transcription and polymerase chain 
reaction with specific primers are required. 

3.2.1.  K8 and K18 Primer Pairs 

According to the nucleotide sequence of each keratin mRNA , a specific primer pair was 
designed depending on the online software Primer-BLAST by NCBI . Each primer pair was 
designed with that manner so that the PCR product would contain all the open reading frame (ORF) 
along with parts of the 5' and 3' untranslated regions (UTRs). Particularly, primer pair 
characteristics for each keratin as well as the annealing site of forward and reverse primer on 
mRNA sequence are indicated below (Figures 15-16). PCR product for Krt8 would have 1599bp 
length while that of Krt18,  1337bp.     

Krt8     primer     pair  

Krt18     primer     pair  

Figure   15  : Characteristics of keratin 8 and 18 primer pairs. PCR product for Krt8 has 1599bp 
length while for Krt18  has 1337bp. Each pair is specific for the respective keratin.
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Figure 16: Murine keratin 8 and 18,  mRNA sequence and primer pair annealing sites.
Annealing sites of forward and reverse primers are indicated with yellow colour. The starting codon 
is coloured red while terminating codon blue. PCR products contain ORF and parts of 5',3' UTRs.
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3.2.2. Liver total RNA electrophoresis 

Murine  liver total RNA  had been isolated and stored at -80oC freeze storage. Before 
reverse transcription was applied, electorphoresis of the liver total RNA samples had beed 
performed to determine their integrity.  Electrophoresis to an 1,2% agarose gel with formaldehyde 
(denaturing agent) was performed for  two samples A and B  (Figure 17).  

      Figure 17: RNA electrophoresis for sample A and B. 
Sample A had sharp 28S and  18S rRNA bands with a 2:1   

       intensity ratio which are characteristics of an intact total
       eykaryotic RNA.Sample B RNA was partially degraded.  

                     

As it is generally known an intact total eykaryotic RNA forms two bands on a denaturing gel 
when it is electrophorised.  These bands correspond to  the 28S and 18S rRNA and the intensity of 
the first one should be 2 times more than the second.  According to that,  total liver RNA of sample 
A was intact and was used as a template for reverse transcription. 

3.2.3.  Reverse Transcription-PCR

Then, reverse transcription and polymerase chain reaction were used to identify and multiply 
our desired products of Krt8 and Krt18. First Strand cDNA synthesis was performed using M-MLV 
reverse transcriptase along with random primers . 

Then, reverse-transcription PCR was performed either with Krt8 or Krt18 primer pair. 
Polymerase chain reactions were performed with polymerases that could determine the high fidelity 
of each PCR product for molecular cloning techniques. The PCR for Krt8 was performed with Q5 
high fidelity polymerase while for Krt18 a PCR high fidelity Supermix was used including Taq and 
the proofreading Pyrococcus species GB-D polymerase. A PCR High fidelity Supermix provides six 
times higher fidelity than Taq polymerase while  a Q5 HF polymerase has a 50 fold lower error rate 
than Taq polymerase. In order to identify that reverse-transcription was successful , control reaction 
was also applied using instead, b-actin primer pair . Optimized PCR protocol and cycling conditions 
were described  on  Chapter  2.2-4. After electrophoresis of PCR products was finished, it was 
observed that reverse-transcription was efficient since the 0,5Kb b-actin band was present. Except 
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from that, PCR for Krt8 and Krt18 resulted in a 1,6kb and 1,4kb products, respectively, that 
according to the primer-blast program with the designed primer-pairs correspond to the expected 
products lengths (Figure 18) .        

Figure 18 : RT-PCR for Krt8 and Krt18.
PCR products for Krt8 and Krt18 are approximately 
1,6Kb and 1,4Kb in length, respectively. Control b-actin 
band is 0,5kb.
   

Since RT-PCR was successful, PCR was repeated 4times for each keratin to increase the 
amount of product. Afterwards , according to the gel extraction protocol of QIAGEN , the expected 
DNA products were extracted and purified from the agarose gel (Figure 19).  DNA concentration of 
the PCR products was quantitated through spectrophotometer. 

    

    Figure 19 : Gel Extraction of Krt8 and Krt18 
    PCR products

Although PCR HF supermix provides  lower fidelity  than Q5 HF polymerase, it produces 
products that have mixed blunt and 3-A' ends, however ,   the majority of them have a 3'-A 
overhang. In contrast Q5 HF polymerase produces  blunt-end products. According to that , Krt8 
blunt-end PCR products would be subcloned to pBluescript vector with blunt-end cloning while 
Krt18 PCR products with 3'A overhang would be subcloned to pCRII-TOPO vector with TA 
cloning.
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3.2.4.  Subcloning Krt8 to pBluescriptII SK(+) vector

Krt8 PCR product was produced by Q5 HF DNA polymerase to determine high fidelity for 
molecular cloning techniques. Q5 HF DNA polymerase is a thermostable DNA polymerease with 
3' → 5' exonuclease activity , fused to a processivity-enhancing  domain to support robust DNA 
amplification. It has a 50 fold lower error rate than Taq polymerase and produces blunt-ends 
products. 

Krt8 PCR product was subcloned to pBluescriptII SK(+) vector with blunt-end cloning. 
pBluescriptII SK(+) plasmid vector contains a origin of replication, an ampicillin-resistance gene as 
well as a multiple cloning site with a variable number of different restriction sites along with 
annealing sites for universal primers used for sequencing (Figure 20). 

Figure 20: pBluescriptII SK(+) vector and the sequence surrounding the SmaI cloning site 

In the beginning, (3ug) pBluescript vector was digested with SmaI which is a restriction 
enzyme that leaves blunt ends   CCC/GGG .
                                                  GGG/CCC  
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 Figure 21: pBlusecriptII vector digested with SmaI.
pBS digested with SmaI has  a 3kb band while undigested pBS has a different pattern with a lower 
supercoiled band and higher polymer bands. 

Then, it was dephosphorylated by antarctic phosphatase in order to inhibit self-ligation . 
Afterwards,  Krt8 PCR product was treated with T4  polynucleotide kinase (PNK) in order to 
phosphorylate the 5'-hydroxyl ends of the product . This 5'end phosphorylation of the PCR product 
was necessary for T4 DNA ligase to catalyze the formation of phosphodiester bond between 
juxtaposed 5'phosphate and 3'OH termini . Krt8 PCR product phosphorylation and  pBS vector 
dephosphorylation reactions were inactivated with electrophoresis and after phosphorylated Krt8 
PCR product and dephosphorylated pBS vector were extracted from the gel (Figure 22)  , ligation 
with T4 DNA ligase was performed.  

 

   
Figure 22: Gel extraction of dephosphorylated 

pBluescript vector and phoshorylated Krt8 PCR product

The result of ligation reaction would form a circular plasmid with Krt8 PCR product inside 
the pBluescript vector (pBS-Krt8). 

After ligation reaction was performed, the presence of a variable number of restriction sites 
surrounding SmaI cloning site provided a number of sites for subcloning. Additionally, the presence 
of universal primers annealing sites surrounding SmaI cloning site provided a direct potential for 
sequencing.

In the continuity, pBS-K8 was used for transformation of chemically competent DH5A cells. 
Then, a number of colonies was isolated from the selective plates (with ampicillin)  and grown in 
liquid mini-cultures containing ampicillin (see material and methods). Afterwards, isolation of pBS-
Krt8 from each colony was performed using DNA preparation protocol (pBS-Krt8 mini-preps).

 In the continuity, the insertion as well as the orientation of Krt18 PCR product inside the 
pBluescriptII vector was determined with  identifying digestions of pBS-Krt8 mini-preps. pBS-Krt8 
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mini-preps were digested with BamHI restriction enzyme. BamHI is a single cutter of Krt8 PCR 
product (on 1410 site)  as well as a single cutter of  pBS vector since the restriction sites of multiple 
cloning site (MCS) are unique (Figures 23 and 20).

Figure 23:  Krt8 single enzyme cutters. BamHI cuts on 1410 site of Krt8.

The length of pBluescript vector is 3 Kb while Krt8 PCR product has 1,6 Kb length. 
Therefore, pBS-Krt8 length is approximately 4,6 Kb. Restriction digestion with BamHI would 
result in specific DNA fragments depending on insertion and PCR product orientation (Figure 24).

Restriction 
Enzymes

 Plasmid DNA (Kb) PCR product orientation Digestion DNA Fragments 
(kb) 

BamHI
pBS-Krt8 (4,6Kb) 5' → 3' 4,4 + 0,2
pBS-Krt8 (4,6Kb) 3' → 5' 1,4 + 3,2
Self ligated vector (3Kb) No insert 3

 
Figure 24: BamHI restriction digestion of pBS-Krt8 mini-preps

Restriction digestions with BamHI were performed for approximately 35 clones because it 
would be difficult to isolate the desired clone  from a  blunt-end ligation reaction. However, a 
number of these clones had the Krt8 PCR product with the desired 5'→3' orientation (Figure 
25).Particularly, the 5th ,8th,10th and 32th  colonies had a an approximately 5kb band along with a 
0,2kb DNA band (Figure 25).
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  Figure 25:  Positive pBS-Krt8 clones digested     
   with BamHI. Digestions of 5,8,10,32th  clones result  
   in a 4,5kb+ 0,2kb bands. Undigested pBS-K8 and    
   BamHI-pBS are the control samples.
  
   

After positive pBS-Krt8 mini-preps were idientified , they were quantitated  and an amount 
of them was sent for sequencing by VBC genomics (Go to Sequencing Results Chapter). 

3.2.5.  Subcloning Krt18 to pCRII-TOPO vector

As far as Krt18  subloning to pCRII-TOPO vector is concerned, the plasmid, pCRII-TOPO 
vector is supplied linearized with single 3'thymidine (T) overhangs for TA cloning. Topoisomerase I 
from Vaccinia virus is covalently bound to the 3-T' overhangs of the vector with a phospho-tyrosyl 
bond 68 . The phospho-tyrosyl bond between the DNA and enzyme can subsequently be attacked by 
the 5′ hydroxyl of the PCR product which corresponds to the 5' hydroxyl primer end,  reversing the 
reaction and releasing topoisomerase (Figure 26).

  
  

 

Figure 26: Topoisomerase I covalently bound to linearized 
pCRII-TOPO vector

Depending on TA cloning technique , purified Krt18 PCR product was mixed with pCRII-
TOPO vector. The result of this reaction would form a circular plasmid with Krt18 PCR product 
inside the multiple cloning site of pCRII-TOPO  vector (pTP-Krt18).  The sequence surrounding the 
TOPO cloning site provides a variable number of restriction sites for subloning as well as annealing 
sites of universal primers for sequencing (Figure 27). Additionally, it provides  antibiotic-resistance 
genes for selection and an origin of replication. Galactosidase selection assay was not used.   
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Figure 27: pCRII-TOPO vector and the sequence surrounding the TOPO cloning site. 

Plasmid Krt18 (pTP-Krt18) was used for transformation of chemically competent DH5A 
cells . Then, a number of colonies was isolated from the selective plates (with antibiotic)  and 
grown in liquid mini-cultures containing antibiotic . Afterwards, isolation of pKrt18 from each 
colony was performed using DNA preparation protocol (pTP-Krt18 mini-preps.

 In the continuity, the insertion as well as the orientation of Krt18 PCR product inside the 
TOPO vector was determined with  identifying digestions of pTP-Krt18 mini-preps. pTP-Krt18 
mini-preps were digested with HindIII restriction enzyme. HindIII is a single cutter of Krt18 PCR 
product (on 1116 site)  as well as a single cutter of  TOPO vector since the restriction sites of 
multiple cloning site (MCS) are unique (Figure 28 and 27).      
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Figure 28: Krt18 single cutters. HindIII cuts at 1116 site  (NEB cutter)

The length of TOPO vector is 4 Kb while Krt18 PCR product has 1,35 Kb length. Therefore, 
pTP-Krt18 length is approximately 5,4 Kb. Restriction digestion with HindIII would result in 
specific DNA fragments depending on insertion and PCR product orientation (Figure 29).

Restriction 
Enzymes

 Plasmid DNA (Kb) PCR product orientation Digestion DNA Fragments 
(kb) 

HindIII
pTP-Krt18 (5,4Kb) 5' → 3' 1,2 + 4,2
pTP-Krt18 (5,4Kb) 3' → 5' 0,3 + 5,1
Self ligated vector (4Kb) No insert 4

Figure 29: HindIII restriction digestion of pTP-Krt18 mini-preps  
  

According to the previous , identifying digestions for pKrt18 mini-preps were performed 
with HindIII restriction enzyme .Electrophoresis to 1,5% agarose gel revealed that the 1st colony 
contains the plasmid with Krt18 PCR product along with the desired orientation 5' →  3'. The 
digestion of 1st clone with HindIII results in 2 DNA bands , a 4kb and a 1kb bands that correspond 
to the expected ones (Figure 30). Finally, plasmid Krt18 from the 1st colony (pTP-Krt18.1) was 
quantitated and an amount of it was sent for sequencing by VBC genomics.

  

 Figure 30: Identifying digestions of 
pTP-Krt18 mini-preps with HindIII. 
Despite the RNA backround at the 
bottom of the gel , 1st clone has a 4Kb 
and a 1Kb DNA bands. 
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3.3.  Sequencing of murine Krt8 and Krt18 

pBS-Krt8 contains murine Krt8 PCR product while pTP-Krt18 contains the murine Krt18 
PCR product. Clones with the desired orientation of the insert such as the 5th pBS-Krt8 clone (pBS-
krt8.5) and the 1st pTP-Krt18 clone (pTP-Krt18.1) were sent for sequencing. Sequencing results by 
VBC genomics were analyzed using the online Multi-align software (Figure 31-35).   

3.3.1.  Sequencing mKrt8 from pBS-Krt8.5

Figure 31: Forward sequencing of Krt8 in pBS-Krt8.5.
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There are no mutations from the start (Krt8 FW primer) until the 1st yellow arrow. Continue to 
middle sequencing.   

Figure 32: Sequencing of the middle part of Krt8 in pBS-Krt8.5.
No mutations are identified between the 1st and the 2nd yellow arrow.  Continue to the reverse 
sequencing.
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Figure 18: Reverse sequencing of Krt8 in pBS-Krt8.5.
No mutations were identified between the end (Krt8 RV primer)  and the 2nd yellow arrow.  
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3.3.2  Sequencing of mKrt18 from  pTP-Krt18.1

Figure 34: Forward sequencing of Krt18 PCR product in pTP-Krt18.1 . 
No mutations were found from the start ( FW Krt8 primer sequence) until 870bp position (995).
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Figure 35: Reverse sequencing of Krt18 PCR product in pTP-Krt18.1.
No mutations were found from the end (RV Krt18 primer) back to 870bp position (911).There  is 
also an overlap between the FW and RV sequencing ( from the yellow to the blue line) where no 
mutations were identified.

In conclusion,  mKrt8 and mKrt18 subloned in pBS-krt8.5 and pTP-Krt18.1 were sequenced 
using the universal primers of the vectors along with a designed primer  for the middle part of Krt8. 
Depending on the results , no mutations were identified (Figure 31-35). Among each sequencing 
there were ,also, overlapping areas that confirmed these results.In the continuity, the previous 
positive clones were stocked as glycerol stocks. Since, the fidelity of  Krt8 and Krt18 PCR products 
were determined, subcloning those products to expression vector (pAdCMVLoxP vector) was 
initiated and performed.  
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3.4.  Subcloning Krt8 and Krt18 to adenoviral expression vectors

mKrt8 and mKrt18 cDNAs encode keratin 8 and keratin18 , respectively. Keratin 8 and 18 
are intermediate filament proteins found in simple epithelium as previously described 37 . In order to 
study the cellular effect of keratin 8 and 18 intermediate filament network formation in various cell 
lines, expression of those cDNAs  is necessary. For this purpose, subcloning of Krt8 and Krt18 
cDNAs to expression vectors was performed. 

Expression vectors are usually a plasmid or virus designed for protein expression in cells. 
The vector is used to introduce a specific gene into a target cell, and can commandeer the cell's 
mechanism for protein synthesis to produce the protein encoded by the gene. The plasmid is 
engineered to contain regulatory sequences that act as enhancer and promoter regions and lead to 
efficient transcription of the gene carried on the expression vector. Vectors are transfected into the 
cells and the DNA may be integrated into the genome by homologous recombination in the case of 
stable transfection, or the cells may be transiently transfected. Examples of mammalian expression 
vectors include the adenoviral vectors, the pSV and the pCMV series of vectors. The promoters for 
cytomegalovirus (CMV) and SV40 are commonly used in mammalian expression vectors to drive 
protein expression. 

 In our expreriment procedures pAdApt LoxP CMV TbGH(+) plasmid (pAdMCSloxP) will 
be used. It is a adenoviral shuttle vector that can propagate either in prokaryocytes or mammalian 
cells. pAdMCSloxP includes the adenoviral 5 'ITR, a packaging signal from 0–1 map unit (mu) of 
the adenoviral genome, a multiple cloning site, a single loxP sequence 3' of the transgene, and 9.2–
16.1 mu.  The pAdCMVloxP plasmid was constructed by the insertion of cytomegalovirus 
immediate early enhancer/promoter (CMV promoter) and SV40 poly(A) signal into pAdMCSloxP 
67 (Figure 36).  

The pAdCMVLoxP vector provides the ability to transfect transiently a mammalian cell line 
for expression analysis.However, the main reason was that it may be also used as a donor plasmid 
of Krt8 or Krt18 for the construction of recombinant adenoviruses after the homologous 
recombination with AdlantisI donor virus, kindly provided by Hillgenberg M et al. 65 .   
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Figure 36: pAdCMVLoxP vector

3.4.1.  Subcloning Krt8 cDNA to pAdCMVLoxP vector

pBS-Krt8.5 clone containing Krt8 cDNA was grown with midi-culture and plasmid DNA 
was isolated with midi-prep. Then, pBS-Krt8.5 was digested with EcoRV and XbaI. EcoRV and 
XbaI are zero cutters (online program : NEB cutter) of Krt8 cDNA while they are single cutters of 
pBluescript vector inside its MCS ( Figure 20). After digestion with EcoRV and XbaI , Krt8 cDNA 
is released from the vector and has a 5' blunt-end (EcoRV) along with a 3' sticky-end (XbaI). 
(Figure 37).

 

Figure 37: pBS-Krt8 digested with EcoRV and XbaI.  
After EcoRV/XbaI digestion of pBS-K8 (4,6kb) there are 2 DNA bands , a 3kb (vector) and 1,6kb 
(released krt8 cDNA fragment).

Released krt8 cDNA fragment was then, extracted and purified from the gel. In the 
continuity , pAdCMVLoxP vector (6,2kb) was digested also with EcoRV/XbaI (Figure 38).  
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  Figure 38: Digestion of pAdCMVloxP (pAd) with EcoRV/XbaI. 
Digested  pAd DNA band is slightly higher (6,2kb) than undigested 
supercoiled pAd. 

EcoRV/XbaI pAdCMVLoxP vector was also extracted and purified from the gel. Then, it 
was dephosphorylated with antarctic phosphatase to inhibit self-ligation and purified with mini-
column (PCR product purification protocol).  After DNA concentration was measured for 
EcoRV/XbaI Krt8 cDNA and EcoRV/XbaI dephoshorylated pAd vector,  ligation with T4 DNA 
ligase was performed.  In this case blunt-sticky ligation was performed and exactly as previously 
described positive colonies with the correct orientation (5' → 3') of Krt8 cDNA were identified with 
restriction digestions and they were selected.Finally, pAdCMVLoxP vector (6,2kb) contains the 
cDNA of Krt8 (1,6kb) with 5' → 3' orientation inside the MCS downstream of the CMV promoter 
and is named pAd-Krt8 plasmid (7,8kb).The subcloning process of Krt8 cDNA from pBS-Krt8.5 to 
pAdCMVLoxP vector is figured below (Figure 39). 
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Figure 39 : Subcloning Krt8 cDNA to pAdCMVLoxP vector.
 Adenoviral shuttle vector with Krt8 cDNA is formed (pAd-Krt8).  

3.4.2  Subcloning Krt18 cDNA to pAdCMVLoxP vector

pTP-Krt18.1 clone was grown and DNA was purified. Then, pTP-Krt18.1 (5,4kb) was 
digested and linearized with SpeI restriction enzyme (Figure 40). SpeI is a zero cutter of Krt18 
cDNA (1,4kb)  and a single cutter of pTOPO vector as well as pTP-Krt18.1.

 

                    Figure 40: pTP-Krt18.1 digested with SpeI. 
 After SpeI digestion there are 2 DNA bands, a 5,4kb band (linearized 

                    pTP-Krt18.1 and a 2,5kb band (undigested supercoiled pTP-Krt18.1) 
      

Afterwards , linearized pTP-Krt18.1 was gel extracted and purified. Then, it was treated 
with DNA Polymerase I, Large (Klenow) Fragment and sticky-ends of SpeI digestion transformed 
into blunt-ends. Afterwards, linearized blunt-ended pTP-Krt18.1 was purified and then digested 
with XbaI. XbaI is a zero cutter of Krt18 cDNA while it is a single cutter of pTOPO vector as well 
as pTP-Krt18.1 . XbaI digestion resulted in the release of Krt18 cDNA with a 5' blunt-end (Klenow 
reaction) and a 3' sticky (XbaI) end (Figure 41).  

             
     Figure 41: SpeI→Klnw/pTP-Krt18.1 digested with XbaI.

      After XbaI digestion  of SpeI → Klenow treated pTP-Krt18.1 , there are 2 
DNA bands , a 4kb (TOPO vector) and a 1,4kb which corresponds to 

krt18  cDNA.  
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Then ,released Krt18 cDNA (1,4kb) was extracted from the gel and purified. Then, it was 
ligated with EcoRV/XbaI pAdCMVLoxP (6,2kb) (isolated previously during pAd-krt8 subcloning) 
through a blunt-sticky ligation mediated by T4 DNA ligase. After the ligation,  pAdCMVLoxP 
vector would contain Krt18 cDNA in the MCS (pAd-krt18). Colonies with Krt18 cDNA and a 5' → 
3' orientation of this insert downstream of CMV promoter were isolated after identifying digestions. 
The subcloning process of Krt18 cDNA from pTP-Krt18.1 to pAdCMVLoxP vector is figured 
below (Figure 42).

Figure 42: Subcloning Krt18 cDNA to pAdCMVLoxP vector.
 Adenoviral shuttle vector with Krt18 cDNA is formed (pAd-Krt18).  

Finally,  pAd-Krt8 and pAd-Krt18 with the desired 5' →  3' orientation of the insert are 
indicated below (Figure 43).  PacI is a single cutter of pAd and a zero cutter of Krt8 cDNA. SpeI is 
a zero cutter of Krt8 cDNA. However, at the left arm of Krt8 cDNA a SpeI restriction site was 
added because a part of pTOPO MCS was incorporated.    As far as pAd-Krt18 is concerned, 
HindIII is a zero cutter of pAd but a single cutter of Krt18 (-1,2kb position). 
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Figure 43: pAd-Krt8 and pAd-Krt18 along with restriction sites used for identification

Restriction 
Enzymes

 Plasmid DNA (Kb) PCR product orientation Digestion DNA Fragments 
(kb) 

PacI
pAd-Krt8 (7,8Kb) 5' → 3' or 3' → 5' 7,8Kb

Self ligated pAd (6,2kb) No insert 6.2Kb

SpeI

pAd-Krt8 (7,8Kb) 5' → 3' 5,6 + 2,2
pAd-Krt8 (7,8Kb) 3' → 5' 7,2 + 0,6

Self ligated pAd vector 
(6,2Kb)

No insert 6,2kb

PacI
pAd-Krt18 (7,6kb) 5' → 3' or 3' → 5' 7,6kb

PAd(6,2kb) No insert 6,2kb

PacI/
HindIII

pAd-Krt18 (7,6kb) 5' → 3' 5,2kb+2,4kb
pAd-Krt18 (7,6kb) 3' → 5' 6,2kb+1,4kb

pAd No insert 6,2kb

Figure 44: Restriction digestions either with PacI , SpeI or PacI / HindIII of pAd-krt8 or pAd-
Krt18. According to the presence of insert or its orientation in pAdCMVLoxP , distinct digestion 
DNA fragments are produced. 
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Although, subcloning of either Krt8 or Krt18 cDNA was performed with blunt-sticky 
ligation , orientation identifying digestions  as SpeI/pAd-Krt8 and PacI/HIndIII pAd-Krt18 
confirmed the expected 5' → 3' orientation (Figure 44-45) . Below it is indicated that the 6th pAd-
Krt8.5 (pAd-Krt8.5/6) and  the 3rd  pAd-Krt18.1 (pAd-Krt18.1/3) clones do have Krt8 and Krt18 
cDNAs respectively with 5' → 3' orientation downstream the CMV promoter.

Figure 45: Identifying digestions of pAd-
Krt8.5/6 and pAd-Krt18.1/3 . 
SpeI/pAd-Krt8.5/6 produced 2 bands, a 5,6kb 
(pAd fragment) and a 2,2kb (Krt8 fragment) .
PacI/HindIIIpAd-Krt18.1/3 produced 2 bands, a 
5,2kb (pAd fragment) and a 2,4kb (krt18 
fragment). PacI/pAd-K8 or PacI/pAd-K18 gave a 
higher band than PacI/pAd since there is an 
insert. PacI/pAd and undigested pAd-K8 or pAd-
K18 were used as controls.
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3.5.  Transfection of pAd-Krt8 and pAd-Krt18 to NIH3t3 cell line

The process of introducing nucleic acids into eukaryotic cells by nonviral methods is defined 
as transfection. Using various chemical, lipid or physical methods, this gene transfer technology is a 
powerful tool to study gene function and protein expression in the context of a cell.Transfection is a 
method that neutralizes or obviates the issue of introducing negatively charged molecules (e.g., 
phosphate backbones of DNA and RNA) into cells with a negatively charged membrane.  Plasmid 
DNA is most commonly transfected into cells, but other macromolecules can be transferred as well. 

Plasmid DNAs were previously constructed and each one contain a keratin cDNA  either K8 
(pAd-Krt8) or K18 (pAd-Krt18).Each adenoviral shuttle plasmid contains a CMV promoter as well 
as SV40 poly(A) sequence. SV40 PolyA (Simian virus 40 PolyA, also called PolyA) sequence is a 
240bp DNA sequence that possesses the activity of transcription termination and can add PolyA tail 
to mRNA.Polyadenylation (polyA) confers mRNA stability and promotes an mRNA’s translational 
efficiency.Additionaly, cytomegalovirus (CMV) immediate early enhancer/promoter is a powerful 
promoter frequently used for driving the expression of transgenes in mammalian cells. These 
characteristics of recombinat adenoviral shuttle plasmid vectors provide the capability to express 
keratin transgene in mammalian cells.

3.5.1  Experiment Design

In order to study keratin 8 and 18 expression and their characteristics , expression analysis 
study was performed in NIH 3T3 cell line. NIH 3T3 cell line contains modified mouse embryonic 
fibroblasts and do not express keratins 69 . Instead the major intermediate filament of fibroblasts is 
vimentin. NIH 3T3 cell line was thawed , cultured and  splitted to well plates in order to perform 
transfection.Polyethylenimine (PEI) was used as transfection agent.Transfection either with single 
keratin or  both of them was performed. Additionally,  pAdCMVLoxP vector-transfected as well as 
untrasfected NIH 3T3 cells (transfection media with no plasmid component) were used as negative 
controls. Moreover, pAdCMVLoxP with GFP cDNA (pAd-GFP) was used as a positive control for 
trasfection assay with PEI. Finally, human embryonic kidneys 293 cells (HEK293) are simple 
epithelium cells and their major intermediate filaments are keratins 8 and 18. For this reason, 
HEK293 cells were the positive control for keratin 8/18 expression. Below , the design of the 
experiment is indicated (Figure 46) .

 

Figure 46: Expression analysis experiment for pAd-K8 and pAd-K18.

3.5.2.  NIH 3T3 transfected with pAd-GFP 

Although transfection with PEI was performed , the efficiency of this method was low. NIH 
3T3 cells were transfected with pAd-GFP and the percentage of green fluorescence protein (GFP) - 
expressing cells was low,  approximately 5% per high optical field (HOF) (Figure 47).
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 Since, soluble GFP has been shown to be extracted by methanol fixation 70  , images for GFP 
expression were taken prior to that step.
             
                         Bright-field                                                                       GFP 

  

                        

Figure 47: NIH 3T3 transfected with pAd-GFP.  Low transfection efficiency with polyethylimine 
agent. 

3.5.3. K8-K18 expression profile in HEK vs NIH cells

Keratin 8 and 18 (K8/18) are the major components of the intermediate filaments of simple 
or single layered epithelia found in the gastrointestinal tract, liver, exocrine pancreas, mammary 
gland and kidney37 . HEK 293 cell line is composed by adeno-transformed human embryonic 
kidney (HEK) cells and HEK cells express keratin 8 and 18 IF proteins as it is shown below (Figure 
48) . Keratin 8 along with keratin 18 form a filamentous network that surrounds the nucleus , spans 
the cytoplasm reaching the cellular periphery.  Keratin 8 may form filaments with other keratin 
partners and it spans more distal than keratin 18 (Figure 48-49). Generally, it is known that keratins 
form heteropolymeric filamentous networks that are  attached to the cytoplasmic plaques of the 
typical epithelial cell-cell junctions , the desmosomes 29 .

 In contrast to simple epithelial cells , NIH 3T3 fibrobast-like cells do not express keratin 8 
and 18.  Τhe major intermediate filament protein in NIH 3T3 cells is vimentin 71, 69. 

The prototypic type III gene, vimentin, is expressed in a plethora of non-epithelial cell types, 
and its product can homopolymerize to form 10-nm filaments in vitro as well as in vivo. Few other 
proteins in assembly group B are capable of this feat; most require the involvement of another 
‘group B’ sequence, often vimentin, for proper assembly 72 .
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Figure 48: Keratin 8 and 18  expression in HEK 293 cells. NIH 3T3 cells do not express keratins 
8 and 18.
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                     K8                                              K18                                                  merge 

Figure 49: Keratin 8 (K8) along with  K18 form a filamentous network in HEK 293 cells.

3.5.4.  Vimentin Network in NIH 3T3 fibroblasts

Below, NIH 3T3 cells were transfected with pAdCMVLoxP and expression of keratin 8 and 
vimentin was studied with immunofluorescence. pAdCMVLoxP is a blank vector and it does not 
contain any transgene (neither Krt8 nor Krt18). In NIH 3T3 cells, vimentin surrounds the nucleus , 
spans through the cytoplasm and forms filaments (figure 50).

 

                 Krt8                                             Vimentin
  

 

Figure 50: Vimentin Network in NIH 3T3 fibroblasts . NIH 3T3 fibrobast-like cells do not 
express keratin 8.   The major intermediate filament protein of NIH 3T3 cells is vimentin.

3.5.5.  K8-transfected NIH 3T3 fibroblasts

In contrast to vimentin protein which usually homopolymerize, keratins have to form 
specific heteropolymeric pairs between type I and type II keratins in order to form filaments. 
Expression of keratin 8 was studied in NIH 3T3 cells after transfection with pAd-Krt8 vector.
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Merged images after Krt8 and Krt18 IF           

                 A                                                      B                                                      C

 

                      E                                                F     

Figure 51: K8-transfected NIH 3T3 fibroblasts. (A-F:merged images) Single transfection with 
pAd.Krt8 induces keratin 8 expression but no keratin18 expression. Keratin 8 single expression 
forms mainly perinuclear aggregates but no filaments.  (green →  Krt8,  red →  krt18, blue → 
nucleus )                                

Keratin 8 is expressed in fibroblast-like NIH 3T3 cells after single transfection with Krt8 
vector. However, keratin 8 does not form cytoplasmic filaments but aggregates that are located 
mostly perinuclearly. Furthermore, it seems that keratin 8 does not induce the expression of its 
heteropolymeric partner keratin 18. Since expression of a heteropolymeric keratin partner is 
necessary for filament protein formation, it seems that there is not expression or induction of any 
keratin protein partner in NIH 3T3 cells (Figure 51).      

3.5.6  K18-transfected NIH fibroblasts

Then, keratin 18 expression was studied  after single transfection with pAd.Krt18 vector in 
NIH 3T3 cell line. It seems that there is either no expression of keratin 18 or rapid degradation of 
Krt18. Furthermore, there is not expression of keratin 8 after Krt18 transfection.  Additionally, the 
rapid degradation of keratin 18 could be explained by the absence of any heteropolymeric keratin 
partner as Krt8 that could stabilize its expression and therefore filament protein formation   (Figure 
52) .
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Merged Images after K8 and K18 IF

                               A
                          
                             B

    

Figure 52: K18-transfected NIH fibroblasts (A-B). Single transfection with pAd.Krt18 does not 
induce keratin 8 expression. Keratin 18 is not found intracellularly when keratin 8 is not present and 
it seems that is degraded rapidly in Krt8 absence (green → Krt8,  red → krt18, blue → nucleus ). (B 
image is a magnification ).

3.5.7.  K8 and K18-transfected NIH 3T3 fibroblasts

In the continuity, NIH 3T3 cells were transfected with pAd.Krt8 and pAd.Krt18 
simultaneously. Then, keratin 8 and 18 expression was studied.   
               
                     K8                                        K18                                                  merge
1.

 
 

2.
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Figure 53: K8 and K18-transfected NIH 3T3 fibroblasts (1-6). Double transfection of NIH 3t3 
with pAd.Krt8 and pAd.Krt18 constructs. Keratin 8 and 18 are expressed in the cytoplasm and form 
a filamentous network (green → Krt8,  red → krt18, blue → nucleus ), (6: merge).   
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Keratin 8 and 18 are expressed after double transfection with pAd.Krt8 and pAd.Krt18. 
Keratin 8 along with its heteropolymeric protein partner keratin 18 are co-localized inside the 
cytoplasm and form a filamentous network that surrounds nucleus and spans the  cytoplasm 
reaching the cellular periphery (Figure 53). In contrast to single expression with Krt8 and formation 
of aggregates, keratin 18 expression attenuates aggregate formation. Moreover, expression of 
keratin 8 stabilizes keratin 18 expression and attenuates its rapid degradation when single 
expression of Krt18 is present. Furthermore, Krt8 reaches more the cellular periphery than krt18 
possibly interacting with  cytoplasmic membrane proteins like desmosomes in case of epithelial 
cells. Additionally, among the transfected cells there is differential DNA transfection (DNA amount 
or ratio) that may lead to increased signal or abnormal network formation. It is noteworthy to 
mention that fibroblast-like NIH 3T3 cells have the essential protein machinery to construct keratin 
network. Therefore, pAd.Krt8 and pAd.Krt18 vectors contain the necessary coding genes for keratin 
expression and their expression characteristics are similar according to previous studies.     

3.5.8.  Vimentin  and keratin network 

  As it was mentioned previously, the major intermediate filament protein in NIH 3T3 cells is 
vimentin. Although keratin 8 and 18 intermediate filaments are mainly found in simple epithelial 
cells , fibroblast-like NIH 3T3 cells have the capability to express and form a keratin 8/18 
filamentous network after transfection assay. According to that, it would be interesting to study if 
keratin expression interacts with the native vimentin intermediate filament network.

3.5.8.1.  K8-transfected fibroblasts and vimentin

In the absence of keratin 18,  keratin 8  is not able to form keratin filaments but it forms 
cytoplasmic aggregates that do not interfere with the native vimentin filamentous network (Figure 
54).          

                     K8                                             Vimentin                                 Merge
1.

2.  
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Figure 54: K8-transfected fibroblasts and vimentin. Keratin 8 and vimentin in single transfected 
NIH 3T3 cells with pAd.Krt8. Keratin 8 forms perinuclear aggregates that do not interfere with 
vimentin filamentous network in the absence of keratin 18.

According to previous results, keratin 18 is rapidly degradated after single transfection with 
pAd.Krt18 and it does not induce keratin 8 expression. 

3.5.8.2.  K18-transfected fibroblasts and vimentin

Below, it seems that native vimentin network is not influenced after pAd-Krt18 transfection in NIH 
3T3 cells (Figure 55). 
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Figure 55: K18-transfected fibroblasts and vimentin (A-B). Immunofluoresence for Krt8 and 
Vimentin after pAd.Krt18 transfection to NIH 3T3. Keratin 18 is rapidly degraded  in the absence of 
keratin 8 while native the vimentin filamentous network of NIH 3T3 remains unchanged. (Krt8 → 
green, vimentin → red, nucleus → blue).

3.5.8.3  K8 and K18-transfected fibroblasts and vimentin 

Finally, keratin 8/18 network was compared with native vimentin filament network in NIH 
3T3 cells. In the presence of keratin 18 , keratin 8 along with keratin 18 form a filamentous 
cytoplasmic network besided the native vimentin filamentous network. It seems that vimentin 
presence does not inhibit keratin network expression and formation. Keratin 8/18  as vimentin 
filamentous network  spans surround nucleus and spans through cytoplasm to cellular periphery but 
it reaches the outer edges of cytoplasm more than vimentin  (Figure 56).

                     K8                                                 Vimentin                                       Merge 
1.

2.

Figure 56: K8 and K18-transfected fibroblasts and vimentin (1-2).  Immunofluoresence for Krt8 
and Vimentin double transfection with pAd-Krt8 & pAd.Krt18 to NIH 3T3. Keratin 8 along with 
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keratin 18 form a filamentous cytoplasmic network beside fibroblast's vimentin network (Krt8 → 
green, vimentin → red, nucleus → blue).

4.  Discussion

4.1.  Keratin 8 and 18  expression

Many factors influence the expression of foreign genes in animal cells, and an understanding 
of these factors allows transgene expression to be controlled. In this study, it seems that the 
expression of keratin 8 and 18 IF proteins appears both necessary and sufficient for the formation of 
filament structures which is also supported by Kulesh et al.  69 . Eukaryotic mRNAs comprise a 
coding region (which actually encodes the gene product) bracketed by untranslated regions (UTRs) 
of variable lengths. Both the 5′ and 3′ UTRs can influence gene expression in a number of ways 73 . 
For example, the 5′  UTR may contain one or more AUG codons upstream of the authentic 
translational start site, and these are often detrimental to translational initiation. The 3′  UTR may 
contain regulatory elements that control mRNA stability (e.g. AU-rich sequences that reduce 
stability have been identified 74 . Furthermore, both the 5′  and 3′  UTRs may be rich in secondary 
structure, which prevents efficient translation.In animal systems , UTR sequences are generally 
removed from transgene constructs to maximize expression . Although we constructed keratin 8 and 
18 transgenes with parts of UTRs , their expression was not inhibited. According to the principles of 
regular cellular expression, construction of full cDNA transgenes seems to be related more relevant 
to overexpression assays.  Moreover, expression of a transgene is also dependent on its promoter. 
Strong promoters and enhancers that function in a wide range of cell types were found in certain 
viruses, and several of these have been subverted for use in plasmid vectors. The elements most 
commonly used in mammalian cells are the SV40 early promoter and enhancer 75 , the Rous 
sarcoma virus long-terminal-repeat promoter and enhancer 76  and the human cytomegalovirus 
immediate early promoter 77 . Although these function widely, they are not necessarily active in all 
mammalian cells, e.g. the SV40 promoter functions poorly in the human embryonic kidney line 293 
78 . Particularly, in NIH 3T3 fibroblasts, SV40 promoter is fuctionable  69 as well as CMV promoter. 
Furthermore, polyadenylation signals (terminators) are required in eukaryotic genes to generate a 
defined 3′  end to the mRNA. This poly(A)  tail is required for the export of mRNA into the 
cytoplasm, and also increases its stability. In the absence of such a site, the level of recombinant 
protein produced in transformed cells can fall by as much as 90% 79 . Therefore, the presence of 
CMV promoter and the Poly(A) site from the SV40 early transcription unit in the adenoviral K8 and 
K18 vectors along with NIH 3T3 fibroblast transcriptional machinery  was necessary for their 
expression.

4.2.  Keratin 18 stabilizes K8 expression

Keratin 8 along with K18  form obligatory heterodimers like the other Type I and II keratin 
family members23. This requirement underlies the pairwise transcriptional regulation of keratin 
genes. Moreover, it was identified that, single keratin proteins deviating from equimolar type I/type 
II amounts are rapidly degraded 28. . Since, equimolar ratio is necessary , equal amount of pAd.K8 
and pAd.K18 were combined.  Keratin 8 and 18 expression was dose-dependent on the amount of 
vector DNA transfected to NIH 3T3 fibroblasts (not shown). Particularly,  1ug K8 : 1ug K18 
transfection was resulted in 1% while 2ug-2ug in 4% K8-K18 expression respectively. K8 and K18 
expression in K8 and K18 transfected NIH 3T3 cells resulted in filamentous network formation that 
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surrounds the nucleus and spans through the cytoplasm to the periphery. As we exprected, keratin 8 
and 18 protein are co-localized. Furthermore, Krt8 reaches more the cellular periphery than krt18 
possibly interacting with  cytoplasmic membrane proteins like desmosomes in case of epithelial 
cells. Among K8 and K18 transfected fibroblasts, there were also some cells staining weakly and 
other staining more strongly that could be explained by differential intracellular amount of  K8 and 
K18 DNA vector. Additionally, although the possibility of equimolar ration per cell in culture is not 
known , we observed that the case of perinuclear aggregates inside K8 and K18 transfected NIH 
cells was minimal. 

4.3.  Single K18 is degraded rapidly

Although keratin 18 is normally restricted in expression in adult animals to simple 
epithelium, Kulesh et al. identified that transfection of the isolated K18 gene into fibroblasts 
resulted in the expression of both K18 mRNA and K18 protein without induction of the endogenous 
homologous keratin genes 69 . Since immunofluorescent staining of K18 transfected NIH 3T3 cells 
didn't detect keratin 18 filaments , it seems that keratin 18 is rapidly degraded in mouse fibroblasts. 
These results combined with those for K18 and Endo B (K18 mouse homolog) expression in 
somatic cell hybrids and chromatin and methylation studies of Endo B , suggest that expression of 
K18 is not restricted in fibroblasts because of the absence of transcriptional regulators but rather 
that K18 expression may be modulated either by an additional post-translational modification or an 
epigenetic inactivation mechanism. Furthermore , as it is generally known , gene expression may be 
regulated by several protein factors but  in this study we observed that keratin 18 expression didn't 
induce the expression of its heteropolymeric partner , keratin 8  69. Futhermore, K18 is rapidly 
degraded in fibroblasts when K8 is absent and it seems that fibroblasts have the necessary 
machinery to degrade rapidly K18 without the formation of K18 aggreagates. Therefore, K18 
protein stability and filament formation depends on the presence of K8.

4.4.  Single K8 is degraded slowly

On the other hand, immunofluorescent staining of K8 transfected NIH 3T3 fibroblasts 
revealed that K8 didn't induced the expression of endogenous K18 gene. In contrast to K18 
transfected fibroblasts, expression of K8 cDNA in fibroblasts resulted in formation of cytoplasmic 
punctuations which resemble as aggregates that were mainly located perinuclearly. Kulesh et al. 
identified that K8 appeared relatively stable in NIH 3T3 fibroblasts when expressed alone because it 
was not degraded rapidly  69  . This event was not related with an expression of keratin filament 
partner since K8 expression neither induced expression of K18 nor another keratin filament  69 . K8 
aggregation may reflect a dysfuction of proteolytic machinery in K8 transfected fibroblasts. Both 
K8 and K18 have candidate PEST signal sequences, which are postulated to be responsible for the 
degradation of various intracellular proteins 80 . However, these sequences are located in the head 
and tail domains of K8 and near the  center of K18. Some PEST proteins may be shielded from 
proteolytic degradation by complexing with a second protein 81 . The interaction of K8 and K18 or 
the interaction of higher-order intermediates of IF formation may similarly safeguard these keratins 
from degradation. Moreover, in several K8-transfected fibroblasts it was detected K8 in the form of 
nonfilamentous deposits and therefore  K8 aggregates may reflect precipitated K8 form 69  .
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4.5. Keratin 8/18 IF network

According to these results and the work of Kulesh et al. , acidic and basic keratins are 
stabilized when expressed together.Moreover, the induction of a type I keratin by the expression of 
a type II keratin in fibroblasts as reported by other investigators  82 appears not to be a general 
mechanism for all keratins. Additionally, although Kulesh et al. used human K8 and K18 cDNA in 
transfection assays , murine homologes seem to obey the same principles in murine fibroblasts. K18 
expression is stabilized when K8 is present and keratin intermediate network is created.NIH 3T3 
fibroblasts do have the necessary protein machinery to construct another IFs such as keratins. No 
synthesis of a complementary , endogenous keratin is detected in NIH 3T3 fibroblasts expressing 
only K8 or K18. Generally, according to the related studies, there is the suggestion that tight 
coordinate regulation of the mRNA levels of the two keratin proteins may not be necessary to 
ensure the equal amounts of the proteins commonly found in the cytoskeletons of epithelial cells. 
However, construction of a single vector expressing simultaneously Krt8 and Krt18 transgenes may 
be  useful.  Simultaneous  transfection  with  different  transgenes  may result  in  contamination  by 
single-transfected cells. The use of a multicistronic expression cassette such as internal ribosomal 
entry  site  (IRES)  or  foot-and-mouth  disease  virus  (FMDV)  2A segment  would  enable  the  co-
expression of multiple genes. Although equivalent expression of multiple genes is achieved with 2A 
segment, addition of amino acids at the end of the 1st and at the beginning of the 2nd transgene may 
alter the regulation and protein interaction in case of  keratins83. In contrast to 2A segment, IRES 
does not alter protein sequence of the transgenes but its primary disadvantage is poor downstream 
gene  translatio  relative  to  the  upstream  gene84.  Since  keratin  18  is  degraded  rapidly  and  its 
overexpression  attenuates  Mallory  Body  formation  which  are  rich  in  keratin  8  aggregates54, 
construction of the following K18-IRES-K8 construct  would be interesting to  study.  Moreover, 
keratin 8/18 IF network on fibroblasts seem to play a mechanical role in cellular integrity but 
whether it performs another possible functions according to its properties in different tissues should 
be under investigation.

4.6.  Keratin network parallel to vimentin

      Cell architecture is largely based on the interaction of cytoskeletal proteins, which include 
intermediate filaments (IF), microfilaments, microtubules, as well as their type-specific membrane-
attachment structures and associated proteins.Recent studies support that an ectopic IF network may 
be expressed without interfering with the native cytoskeleton and may rescue a defective native IF 
network. Ectopic expression of desmin led to the formation of an additional, keratin-independent IF 
cytoskeleton and did not interfere with the keratin-desmosome interaction as well as with the 
normal epidermal architecture and the program of terminal differentiation 85  . Another study 
supported functional improvement of mutant keratin cells on addition of desmin 86 . In our study, 
immunofluorescent staining revealed that either keratin 8 or keratin 18 expression or both didn't 
affect vimentin expression and its network. There are studies that support coexpression of simple 
epithelial keratins and vimentin as for example in human mesothelium or in in the human eye 
corneal endothelium under pathological conditions,  87,88 .  Furthermore, Krt8 reaches more the 
cellular periphery than vimentin possibly interacting with  cytoplasmic membrane proteins like 
desmosomes in case of epithelial cells. When both IF systems are present in the same cell, keratins 
have been reported to preferentially interact with desmosomes 89 . The globular end domains of 
keratin and vimentin IF are significantly different  90 ; these differences may be responsible for 
differential interactions with desmoplakin  91  .Therefore, since keratin 8 and 18 IF network didn't 
interact with the native IF network of fibroblasts and it seems that the keratin network retains its 
natural characteristics. Expression of an ectopic IF network may attenuate cell damage by 
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mechanical or regulatory functions upon stress.

4.7.  Keratin 8/18 IF network and potential cardioprotection

As described in the introduction, keratin 8/18 network attenuates TNFa mediated apoptosis, 
regulates mitochondrial function and retains cellular integrity that may provide protection to 
cardiomyocytes upon stress and especially, when native desmin IF network is impaired. Therefore, 
keratin 8/18 IF network expression may be used as cardioprotective agent. Recently, Panagopoulou 
et al. identified that desmin is a substrate since TNFa-dependent caspase activation induces desmin 
cleavage in aMHCsTNFa mice.This cleavage provokes intercalated disk re-organization and 
formation of  desmin aggregates in cardiomyocytes 20 . Among K8 and K18 , K18  has a conserved 
caspase cleavage motif as desmin (VEVD)  33  . However, keratin 8-18 filament network is not 
impaired in TNFa desmin-/-  mice and this event may reflect that post-translational   K18  
modifications may inhibit cleavage. Keratin hyperphosphorylation occurs early-on upon an 
apoptotic signal and provides significant protection (but not prevention) from caspase-mediated 
degradation, as demonstrated in vitro for K18 92 .  Post-translational modifications in a stressed 
myocardium may regulate the function of keratin IF network. Recently, K18 glycosylation was 
associated with protection in epithelial injury by promoting the phosphorylation and activation of 
cell-survival kinases 93 . 

K8/18 ectopic  expression  may regulate TNFR2 signaling pathway in cardiomyocytes 
.Recently, Yoshihiro Higuchi et al. identified that TNFR2 role is crucial in TNFa-mediated heart 
failure in transgenic mice since ablation of the TNFR2 gene exacerbates heart failure and reduces 
survival. Consequently, signaling via TNFR2 may play a cardioprotective role in the pathogenesis 
of cytokine-mediated heart failure  94. A scientific group identified that K8/18 deficiency is 
associated with increased targeting (distribution) of Fas ligand to the plasma membrane from Golgi 
apparatus as well as related with enhanced Fas-mediated susceptibility to apoptosis 93 . Furthermore, 
K8 and K18 both bind to the cytoplasmic domain of TNF receptor type 2 (TNFR2) and moderate 
the effects of TNF. K8/18  may regulate similarly TNFR2 distribution on plasma membrane either 
stabilizing it or reducing its recycling. Otherwise, K8/18 ectopic expression may regulate TRAF2 
(degradation) in TNFR2 signaling pathway. Particularly, K8/18 may protect from apoptosis and 
against stress possibly by functioning as a phosphate “sponge” for stress-activated kinases 44 .As a 
consequence, K8/18 ectopic  expression  may modulate TRAF degradation, regulating either 
phosphorylation pattern of TNFR2 or degradation by the proteasome and lysosome.   

K8/18 ectopic  expression  in cardiomyocytes may attenuate TNFa-induced apoptosis 
modulating TNFR1 signaling pathway. Inada et al. identified that K8/18 attenuate the TNFa-
induced cytotoxity through association with TRADD 51  . K18 could affect TNF-induced death 
signaling in a step upstream of caspase- 8 activation, which strongly supports that K18 sequesters 
TRADD and inhibits the recruitment of TRADD to activated TNFR1, leading to the inhibition of 
DISC formation (TRADD–FADD–caspase-8) and caspase- 8 activation.

Therefore, studing the keratin 8/18 intermediate filament network in the failing heart may 
reveal their potential cardioprotective role. Cardiac cytoskeleton is involved in the pathogenesis of 
heart failure. Intermediate filaments , a member of cytoskeleton maintains the mechanical cellular 
integrity and the normal homeostasis of regulatory pathways inside the cell. Cardiac muscle specific 
IF,  desmin ,  acts particularly, as a mechanochemical coordinator in cardiomyocyte. In failing heart 
, desmin cytoskeleton is impaired. Expression of compensatory IF proteins such as keratins 8/18 
acting as stress proteins may attenuate native desmin network  dysfunction.  Therefore, construction 
of adenoviral particles that express K8 and K18, infection of desmin-/- cardiomyocytes and 
investigation of their potential anti-apoptotic effect are promising  events. Adenovirus-mediated K8 
and K18 gene delivery may act as a gene therapy in heart failure.       
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