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<< Οι γνώσεις είναι για το πνεύµα ό,τι τα µάτια για το σώµα, δηλαδή, το 
φως της διάνοιας. Αντίθετα, η άγνοια και η αµάθεια είναι το σκοτάδι >> 
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‘‘Knowledge is for the spirit, like the eyes for the body, namely, 

the light of intellect. In contrast, illiteracy and ignorance is the 

darkness.’’  
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1. Introduction 

1.1. Current state of cancer treatments 

1.1.1. Overview 
 

With the tremendous increase of malignant tumors over the last decade, and the alarming on 

going rise, the quest to discover and implement new cancer treatments has won vast 

importance. According to the Global Cancer Statistics, it is expected that by 2025, 19.3 

million new cancer cases would have be diagnosed. Furthermore, based on the statistics 

conducted in 2012 (Ferlay et al. 2014), globally Lung and breast cancer are the most common 

cancer accounting 13.0% and 11.9% of total cases, respectively. 

Deliberate efforts have been carried out to manage cancer, but the efficacious treatment is up 

till now an open question.  In the last century, the undertaken approach to eradicate cancer 

was by using cytotoxic chemotherapeutic agents that damage DNA or inhibit the rabidly 

dividing cells (Ricci 2006). But thanks to the advances in the molecular and genetic 

approaches that have driven cancer treatment to another new era. Cancer treatment by now 

includes several modalities, starting by tumor resection by surgery, radiation and 

chemotherapy therapy that inhibits new vessel formation, DNA replication which works on 

arresting cell cycle, moving on with hormonal therapy such as Tamoxifen and aromatase 

inhibitors which acts on the pro-growth signal amplification (Lu, Desta, and Flockhart 2012). 

Moreover, immunotherapy such as Trastuzumab, that acts as well on the pro-growth signal 

amplification and ending by small molecules such as Imatinib, which act on the pro-growth 

signal transmission (Urruticoechea et al. 2010). 

Often, treatment modalities are combined to create a program that is patient and tumor 

specific. Resecting cancer by surgery is the oldest most known method especially if the cancer 

is not metastasized. A more efficient strategy is the combination of surgery with radiation 

therapy or surgery with chemotherapy (Begg, Stewart, and Vens 2011). This regime is mostly 

performed when the tumor is metastasized. Thus, the tumor is primarily removed by resection 

and then radiation therapy or chemotherapy is used to eradicate the metastasized tumor. One 

of the biggest issues opposing the treatment of cancer is drug resistance. Drug resistance is 
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well-known phenomenon where the patients tolerate the administered drugs and do not 

respond to treatment (Luqmani 2005). Poor pharmacokinetics of chemotherapeutic drugs, 

tumor resistance and the inability to deliver the drug to the tumor site plays also a crucial 

problem (Liang et al. 2010). 

The ability of many prokaryotes to produce and release peptidic or proteinaceous substances 

with antibacterial and antifungal activity has been known for quite a long time (Steiner et al. 

2015; Zasloff 1987) Recently, the role of candidate peptides in tumor targeting has been 

recognized (Ruczynski et al. 2014). 

 

1.1.2. Techniques undertaken to evade the plasma membrane 
 

As the lipophilic nature of the plasma membrane acts as an effective barrier to the 

macromolecules. Various methods have been implicated to bypass the plasma membrane and 

deliver large hydrophobic molecules into the cell. The direct evasion of the plasma membrane 

leads to the activation of the endocytic pathway that leads to the endocytosis of these 

molecules by means of endosomes and then their degradation by the lysosomal enzymes 

which may lead to low in vivo bioavailability of the shuffled molecule.  Therefore, many 

approaches had been undertaken to overcome this problem in order to deliver the therapeutic 

agent successfully. 

 

1.1.3. Delivery of therapeutic substances  
 

They can be classified into two categories: invasive and non-invasive methods. Invasive 

method includes for instance microinjection and electroporation. Microinjection is a technique 

used to mechanically inject a substance by means of micropipette to the living cells at a 

microscopic level. This technique had been used since 1988 when H.Arnheiter, etal 

(Arnheiter and Haller 1988) and his colleagues microinjected Mx specific antibodies to 

determine the role of Mx proteins by neutralizing them in intact cells. Furthermore, 

electroporation is the application of brief electric pulse to form temporary pores in cell 

membrane. This method is often implicated to prokaryotes and eukaryotes, in which a foreign 
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DNA or RNA molecule is introduced by transformation, leading to the expression of different 

products. Ratna chakrabyty, et al. (Chakrabarti, Wylie, and Schuster 1989) described a 

method to electrophoretically transfer monoclonal antibodies into mammalian cells. The main 

drawback of such invasive technique is that they partially damage the cellular membrane.  On 

the other hand, non-invasive technique involves pH sensitive carriers such as pH sensitive 

liposomes. They function by destabilizing the endosomal membrane by lowering the pH, 

leading to the release of the entrapped therapeutic agent into the cytoplasm (Straubinger, 

Düzgünes, and Papahadjopoulos 1985). 

 

1.2. Cell Penetrating peptides 

1.2.1. An overview 
 

In order to create an adequate internalization method without damaging the cellular 

membrane and guaranteeing a good bioavailability of the therapeutic agent in vitro, scientists 

took a look and got inspired from the naturally occurring phenomenon of internalization of 

high molecular weight molecules. They found out that there is a misconception regarding that 

the plasma membrane that serves as stringent, impermeable and acts as an effective cell 

barrier to high molecular weight materials and hydrophobic molecules. Thus, it has been 

demonstrated by two independent groups Green and Frankel that the an 86 amino acids Trans-

Activator of Transcription (Tat-86) protein of the human immunodeficiency virus (HIV-1) 

was efficiently up-taken by cells and was localized in the nuclei, stimulating viral gene 

expression (Frankel and Pabo 1988; Green and Loewenstein 1988). It was also found that 

only 72 amino acids which codes for the N-terminus of the protein is important for the full 

TAT activity (Frankel, Biancalana, and Hudson 1989). Another example is Antennapedia 

homeodomain (Antp), a transcription factor of Drosophila melanogaster. Antp homeodomain 

third helix ‘’penetratin’’ is involved in the translocation process (Derossi et al. 1994). 

Penetratin is a 16-mer peptide that is parts of the three a helices that form the homeodomain. 

Moreover, it  is internalized by the mammalian nerve cells specifically in the nuclei and 

results in the modification of the neuron morphology (Joliot et al. 1991). Another examples of 

peptide that function in translocation include VP22 a part of Herpes simplex type 1 protein 

(Elliott and O’Hare 1997). All the before mentioned examples have in common relatively 

small sequences that function in membrane translocation and depending on the type of protein
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they originate from, they accumulate and exert a certain function. These small sequences are 

annotated as Protein transduction domains (PTD), Trojan horse peptides or Cell penetrating 

peptides CPPs. 

CPPs have been defined as relatively short peptides, 5–40 amino acids, with the ability to gain 

access to the cell interior by means of different mechanisms, mainly including endocytosis. 

They are quit discriminative in their length and sequence, but they have the capacity to 

promote the intracellular delivery of covalently or non-covalently conjugated bioactive 

cargoes (Ed. Langel, Ü. 2006). They originate from partial sequences of transcription factors, 

helix forming peptides and anti-microbial peptides. 

CPPs have solved the immense problem of efficiently internalizing therapeutic agents to 

target cells, as the plasma membrane acts as an effective cell barrier to high molecular weight 

materials. The majority of CPPs possess multiple lysine and arginine residues, amphipathic 

and cationic in nature (Futaki 2005). They can act as molecular cargoes in the transportation 

of cytotoxic drugs, antisense oligonucleotide as well as in gene therapy. Voluminous efforts 

have been undertaken to classify CPPs, according to Reissmann (Reissmann 2014) they can 

be classified to their origin and biochemical properties. Some examples of the sequences of 

the most known CPPs are listed in table 1 

 

Table 1. Classification of CPPs according to their chemical properties 

Cationic peptides   

Penetratin RQIKIWFQNRRMKWKK Antennapedia 
homeodomain 

 

Tat (47-57) YGRKKRRQRRR HIV Tat protein  

VP22 DAATATRGRSAASRPTERPRAPARSASRPRRPVE Herpes simplex 
virus transcription 
factor 

 

Hydrophobic peptides   

Transportan GWTLNSAGYLLGKINLKALAALAKKIL Galanin and mastoparan   

TP10 AGYLLGKINLKALAALAKKIL Galanin and mastoparan  
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Amphipathic peptides   

Azurin p18 LSTAADMQGVVTDGMASG Azurin  

Azurin p28 LSTAADMQGVVTDGMASGLDKDYLKPDD Azurin  

 

 

1.2.2. Advantages of peptides in treatment 
 

In the last 25 years, there is an apparent expand in the usage of peptides in the treatment of 

diseases. This can be explained by the benefits that peptides offer over commercially used 

chemically synthesized drugs. As previously referred, therapeutic peptides possess many 

benefits over protein drugs. Their relatively small size which doesn’t exceed 40 amino acids, 

make their production easier as they don’t have a sophisticated conformational structure. 

Being small allows easier access to the target with low risk of immunogenicity problems. 

Moreover, peptides can be modified by means of conjugation with small molecules, the 

addition of polyethylene glycol (PEG) to the N or C terminus and the use of D-amino acids to 

increase their stability. 

The scope of peptide usage is enormous.  They can be used to treat cardiovascular disease, 

dental (Khurshid et al. 2015) and dermatological manifestations (Chang, Kish, and Fung 

2010), bacterial infections (Strempel, Strehmel, and Overhage 2015), viral infections (Jamjian 

and McNicholl 2004), osteoporosis (Gennari 1989), prostate cancer (Brogden and Faulds 

1995; Wagner et al. 2001), immunostimulation. They can also enhance cellular uptake as 

CPPs. Besides, they can act as a sole anticancer agent and tumor marker in other cases 

(Khandare and Minko 2006; Lien and Lowman 2003) as listed in table 2.
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Table 2.  List of peptides having pathological usage, their generic and trade name, disease and properties. 

 

Generic name  Trade name Disease/target Properties 

Telavancin Vibativ® Skin infection Antibacterial agent 

Liraglutide  Victoza® Type 2 diabetes  GLP-1 receptor agonist 

Boceprevir Victrelis® HepatitisC Virus  genotype 1 NS3/4A protease 
inhibitor 

Telaprevir  Incivek® HepatitisC Virus  genotype 1 NS3/4A protease 
inhibitor 

Calcitonin Miacalcic® osteoporosis Inhibition of osteoclast activity 

Goserelin Zoladex® Prostate cancer Inhibitor of pituitary gonadotropin 

Leuproolide acetate Lupron® Prostate cancer Inhibitor of pituitary gonadotropin 

Enfuvirtide Fuzeon® HIV infection HIV-1 fusion inhibitor 

 

 

 

1.2.3. Mechanism of CPPs internalization  
 

The exact mechanism up till now is not clearly known; the means of internalization depends 

on the type of CPP, cell line, cargo molecule, temperature and incubation time. Therefore, the 

mechanism of up taking the CPPs harboring the cargo molecule is a sophisticated procedure. 

According to (Reissmann 2014) he described that CPP have to first come in contact with the 

cellular membrane which may arouse a disturbance in the cellular membrane and lead to the 

change of its shape and structure (fig. 1). 
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Figure 1.  Mechanisms of internalization of CPPs (Reissmann 2014)

 

 

1.3. Pseudomonas aeruginosa (Ps. aeruginosa) 

Pseudomonas aeruginosa is a gram negative quintessential opportunistic bacterium that 

causes infection to immunocompromised patients. It can infect a broad range of hosts, from 

amoeba to humans (Lavenir et al. 2007; Pukatzki, Kessin, and Mekalanos 2002; Rahme et al. 

2000). 

Multiple factors contribute to virulence of Ps.aeruginosa. These include the different types of 

adhesions (Stover et al., 2000), biofilm formation (Rahme et al. 2000) cyanide production 

(Gallagher & Manoil, 2001), Type-III secretion (Holder et al., 2001), quorum sensing which 

centrals in the production of elastases and pyocyanin (Rahme et al. 2000). Azurin is a 

virulence factor belonging to the quorum sensing. Quorum sensing is a method that the 

bacterium uses to control its own population by regulating their gene expression pattern. 
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1.3.1. Azurin: An overview 
 

Azurin is a ~14 kDa (128 aminoacids) protein which is not only produced by Ps. aeruginosa 

but also from Neisseria meningitides (Nguyen and Duy Nguyen 2016). The characteristics of 

the protein from different pathogen differ in characteristics, for instance azurin produced from 

Neisseria meningitides is surface exposed and not periplasmic (Deeudom, Huston, and Moir 

2015). In addition, azurin produced from Neisseria meningitides contains a lapidated moiety 

termed H8 epitope on the N terminus that is composed of 39 amino acids. The H8 epitope 

showed an importance in facilitating the entrance of the protein to brain tumors and exerting 

cytotoxic effect (Chaudhari et al. 2006). The lipidation of the H8 moiety showed significance 

in surface displaying of the protein, but it didn’t indicate any cytotoxic effect. Fusion of the 

H8 epitope from Neisseria meningitides to Ps. aeruginosa enhanced the uptake of the protein 

to the glioblastoma cells and exerted a cytotoxic effect (Hong et al. 2006). 

 

Azurin is classified as a member of type-I copper containing redox proteins termed 

Cupredoxins. When oxidized they show an intense blue color of the oxidized state (Cu (II)), 

giving this group of proteins their name as blue copper proteins or Cupredoxins. They show 

an absorption maximum around 600 nm, moreover they are involved in electron shuttle 

during denitrification process in P. aeruginosa (De Rienzo et al. 2000). 

Amino acids 50-77 of azurin (P28) have attracted major interest due to its distinctive cell 

penetrating activity (B. N. Taylor et al. 2009) (fig 2). Moreover, P28 was found to 

preferentially target human malignant cells compared to normal cells and exert a dose and 

time  dependent anti-proliferative effect (T Yamada et al. 2013). 

Despite, several postulations regarding the mechanism of P28 entry; it now seems that the 

majority of CPPs enter by an adsorptive mediated endocytosis rather than direct plasma 

membrane translocation. 
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Figure 2. Standard ribbon representation of azurin active site is on top and the a-helix on the right (with 
N-terminus on bottom and C-terminus on top). Active site atoms are explicitly shown, including the 
copper ion (Violet). (Rizzuti et al. 2004)

 

 

1.4. Fluorescent proteins 

Green fluorescent protein (GFP) is the most widely used reporter in protein localization 

(Michaelson and Philips 2006), quantification of cellular processes (Lo et al. 2015), protein 

interactions (Torrado, Iglesias, and Mikhailov 2008), tumor metastasis (Hasegawa et al. 2000) 

and bacterial infections (Valdivia et al. 1996). GFP and its analogues have been discovered 

and isolated in 1960s from a variety of sources such as Aequorea Victoria, bioluminescent 

reef corals such as Entacmea quadricolor, Clavularia and Anthozoa (Ai et al. 2008; R. E. 

Campbell et al. 2002; Delagrave et al. 1995; Fradkov et al. 2000; Matz et al. 1999; Shaner et 

al. 2008; Wiedenmann et al. 2004). Since, their discovery many modifications have been 

undertaken to improve the brightness, photo stability, acquiring a wider range of emission 

wavelengths and possessing faster maturations times (Cormack, Valdivia, and Falkow 1996; 

Fisher and DeLisa 2008; Kiss et al. 2009; Pédelacq et al. 2006; Subach et al. 2008; Zheng, 

Baumann, and Reymond 2004). Although a large number of studies have reported the use of 

GFP and (GFP)-like proteins as the classical  fluorescent reporter (Feilmeier et al. 2000; 
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Lewis and Errington 1996), the protein still suffers from several limitations although 

deliberate efforts for improvement had been undertaken . First, these proteins require strict the 

presence of molecular oxygen in order to catalyze the posttranslational cyclization of the 

fluorophore. This limits it usage under anaerobic conditions prevailing in the cores of solid 

tumors (Heim, Prasher, and Tsien 1994a; Reid and Flynn 1997; Remington 2006). Even 

though GFP has been used as a tag in anaerobic bacterium such as Streptococcus gordonii, 

fluorescence wasn’t detected unless the cells were exposed to air for the fluorescence 

detection (Coralli et al. 2001; Hansen et al. 2001; Vordermark, Shibata, and Brown 2001) . 

Second, the relatively large size ~ 25 KDa (240 amino acids), which might play a role in steric 

hindrance arising in a misfolded and subsequently dysfunctional fusion protein  (Chapman et 

al. 2008). Third, the slow maturation of the chromophore till the fluorescence detection limits 

the study in highly energetic cellular processes such as transcription of short-lived RNAs 

(Chudakov et al. 2010; Cubitt et al. 1995). Finally, the high sensitivity of the GFP at low pHs 

limits its application in acidic milieu of cells such as vacuoles and endosomes (Bizzarri et 

al.2009; Hansen et al. 2001). 

1.5.1. Flavin based Fluorescent protein 
 

A new class of fluorescent proteins was developed that are independent of oxygen and solve 

many problems encountering the classical GFP family. These fluorescent proteins are derived 

from plant photoreceptors that are regulating light process in plants such as stomatal opening, 

phototaxis, and chloroplast translocation (Christie and Glasgow 2007; Losi et al. 2002). The 

protein is a part of the photoactive bacterial blue light photoreceptor LOV (light oxygen 

voltage) domain of Bacillus subtilis YtvA. LOV belongs to the Per-ARNT-Sim (PAS) 

superfamily of domains, which play a vital role in sensing blue light in phototropins (Drepper 

et al. 2007; B. L. Taylor and Zhulin 1999). Once exposed to blue light a reversible photocycle 

involving the formation of covalent adduct between the Flavin mononucleotide (FMN) 

chromophore and a cysteine residue in the LOV domain.  The latter generates singlet oxygen 

and other reactive oxygen species (ROS) upon excitation, leading to excessive oxidation of  
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the biomolecule and death of the target cell (Avila-Perez et al. 2009; Holzer et al. 2002; 

Kasahara et al. 2002; Salomon et al. 2000; Schüttrigkeit et al. 2003). 

A C-to-A mutation in LOV by site directed mutagenesis and tuned for E.coli codon usage 

(designated as EcFbFp) enhances the fluorescence by ten folds in comparison with the wild 

type LOV domain (Losi et al. 2002). EcFbFp has notably small size ~14 KDa, displaying a 

bright cyan green fluorescence at (495 nm) when exposed to blue light (450 nm) under both 

aerobic and anaerobic conditions. 

 

1.5. Photodynamic therapy 

1.5.1. Overview 
 

Phototherapy can be dated back to 4000 years ago (Abdel-Kader 2014), when the ancient 

Egyptians used orally ingested Amni Majus plant and sunlight to treat depigmentation of skin 

lesions, a condition by now known as vitiligo and leukoderma (Josefsen and Boyle 2008). It 

was then after many centuries, when this method was brought to light again by Niels Finsen 

who further developed this technique to treat diseases. He used red light to prevent the 

formation of the pustules by smallpox (Finsen 1901). In addition, he used ultraviolet light 

from the sun to treat cutaneous tuberculosis. Niels Finsen was awarded the Nobel price 

investigating in this field. It also in 1903, when Raab’s professors Jesionek worked in 

collaboration with von Tappeiner, a dermatologist further described this technique (Tappeiner 

1903).  They used the combinatorial therapy of sun light or arc lamp and 1% eosin to treat 

skin carcinoma. Four year later, they described this phenomenon as photodynamic action  

(von Tappeiner HA 1907). The German physician Fiedrich Meyer-Betz performed a ground-

breaking study with PDT with porphyrins on humans and it was his own hands. He tested the 

effect of 200 mg haematoporphyrin (Hp) and PDT on his own skin (Meyer-Betz 1913). 

Despite the great and accomplishments PDT wasn’t widely used for nearly 50 years. Studies 

during the 1950’s to1960 by Lipson and Schwartz further developed Hp by acetylation and 

reduction to form a haematoporphyrin derivative (HPD) which possessed a double photo-
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toxicity compared to its source (Schwarz, S. K., Abolon, K. and Vermund 1955) . Lipson and 

E.J. Baldes described the accumulation of HPD in tumors and the ability of the 

photosensitizing agent to fluoresce and detect tumors (LIPSON RL, BALDES EJ 1961).  By 

now, PDT is being extensively used as a non- invasive method for the elimination of bacterial 

(Sperandio, Huang, and Hamblin 2013; Tennert et al. 2014), fungal (Machado-de-Sena et al. 

2014; Mang, Mikulski, and Hall 2010) and viral infections (Apolikhina et al. 2011; Lim et al. 

2012) and its application in many fields such as in dermatology (Basset-Seguin 2013; Hirsch 

2003; Sidoroff 2011; Szeimies et al. 2009; Wiegell et al. 2012), oncology (Brackett and 

Gollnick 2011; Triesscheijn et al. 2006; Usuda et al. 2006; De Visscher et al. 2013) and 

urology (Bozzini et al. 2012). 

  

 

 

1.5.2. Mechanism of PDT 
 

PDT is constituted by three elements; a photosynthesizing agent (PS), Visible light and 

oxygen. Upon Irradiation, the PS absorbs light (photons) and a biochemical cascade is 

initiated leading to four types of reactions. Type I and II are indirect and are confirmed 

clinically, while type III and IV are direct. In the first type of reaction either singlet or triplet 

excited photosensitizer form radicals (e.g. OH˙, O₂⁻) by electron transfer reactions as Fenton 

like reaction.  PS mediated PDT mostly undergoes Type II reactions and leads to the 

formation of highly reactive species where oxygen is a limiting step. These reactive 

photoproducts lead to the cell toxicity and subsequently cell death (fig.3).  
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Figure 3. Simplified Jablonski diagram. Through light activation the PS is converted from the ground 
state (S0) to the singlet state (PS1). The PS undergoes intersystem crossing to transform to the triplet state 
(PS3) consequently, leading to the release of ROS and cell death (Juarranz et al. 2008). *Intersystem 
crossing (ISC) 
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1.5.3. Advantages of PDT 
 

By using an appropriate cytotoxic agent that specifically target malignant cells, localized 

treatment using the PDT can be achieved. Due to the fact that the PS is only activated when 

illuminated with the appropriate wavelength of light, a site specific cytotoxic effect can be 

obtained with minimal systematic toxicity. Moreover, PDT is not interfering with other 

therapeutic regimes such as chemotherapy, surgery or immunotherapy. 

PDT can be applied topically for instance for skin conditions such as acne and psoriasis or 

systematically with the aid of a fiber optic system to illuminate and activate the PS at the site 

of action without the formation of scars (Karakullukcu et al. 2011). Another major advantage 

of PDT mediated therapies is that, apoptosis (programmed cell death) rather than necrosis 

takes place. In this way the inflammatory response is abolished as the contents of the cells are 

exposed to the outside but indulged by the cells. Finally, the low cost that PDT mediated 

therapy offers compared to other treatment regimens makes it a treatment of choice in many 

conditions. 
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2. AIM OF THE STUDY 
 

Despite an uncountable sum of drugs that exist on the market for cancer treatment, 

nevertheless, the majority suffer from voluminous drawbacks. The fact that the most common 

and popular drugs are chemically based gives rise to many complications starting from patient 

intolerance, drug non-specificity affecting all body tissues and organs, resistance to treatment 

and thus the failure of treatment.   

Taking the before mentioned facts into account motivated us in creating a potential anticancer 

drug that is protein based, besides possessing an anti-cancer activity only upon irradiation 

with blue light, a technique known as photodynamic therapy.  Furthermore, it was our main 

concern to explicitly target cancer cells without harming normal cells. Hence, using 

recombinant DNA technology we fused the potential anticancer agent with a well-known cell 

penetrating peptide annotated as P28. This peptide is a derivative of a bacterial protein called 

azurin, which specifically targets cancer cell leaving normal cells unharmed. 

To demonstrate the potential of this approach and the suitability for application the P28 fusion 

proteins characterization, internalization by lung and breast cancer cells, mechanism of 

producing cytotoxicity will be investigated. 

To this end, we anticipate that our results create a good platform for a future protein based 

anticancer drug which specifically targets cancer cells minimizing side effects. 
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3. MATERIALS 
 

3.1. Equipments 

 
 

Bunsen burner Labogaz CV 470 Plus Apragaz, France 
 

Centrifuge 5415 R Eppendorf, Germany 

Centrifuge 5810 R Eppendorf, Germany 

Chemi-Smart 5000 Vilber Lourmat, Germany 

Duomax 1030 Shaking plate Heidolph, Germany 

Gel Doc XR+ BIO-RAD, USA 

HLC Bio Tech BioFrontier, Singapore 

Innova 4 Incubator Shaker New Brunswick Scientific, USA 

Magnetic Stirrer MR Hei-Standard Heidolph, Germany 

peQlabNanodrop2000c 
Spectrophotometer 
 

ThermoScientific, USA 

Digital scale TE 4101 Sartorius, Germany 

Transferpette S 1 µl Brand, Germany 

Transferpette S 10 µl Brand, Germany 

Transferpette S 100 µl Brand, Germany 

Transferpette S 1000 µl Brand, Germany 

Transferpette S 5 ml Brand, Germany 

Vortex Genie 2 T Scientific Industries, USA 

Miniprotean Tetracell Electroporesis 
chamber 
 

BIO-RAD, USA 

Biorad micropulser BIO-RAD, USA 
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Electroporation cuvettes (2 mm) Biozym Scientific GmbH, Hessisch 
Oldendorf 

Liebherr Fridge (4 °C /- 20 °C) Liebherr-Holding GmbH, Biberach a. d. Riss 

Ice machine Scotsman® AF 200 Scotsman Ice Systems, Milan (Italy) 

Galaxy 170 R, CO2 Incubator New Brunswick Scientific GmbH, Nürtingen 

Innova 42 shaking incubator New Brunswick Scientific GmbH, Nürtingen 

Edmund Bühler TH30/SH30 shaking 
incubator 
 

Edmund Bühler GmbH, Tübingen, Germany 

Incubation hood VWR, Germany 

Light microscope Primovert ZEISS Carl Zeiss MicroImaging GmbH, Germany 

IKAMAG® REO  Magnetic stirring plate IKA Works GmbH & Co. KG, Staufen 

IKAMAG® RET Magnetic stirring plate IKA Works GmbH & Co. KG, Staufen 

Tecan Infinite M200 microplate microtiter 
reader 
 

Tecan  AG, Switzerland 

Mettler Toledo pH meter Mettler Toledo, China 

NanoDrop 2000 ThermoScientific, USA 

cuvettes (1/2 micro; 1.6 ml; 1 cm) VWR International GmbH, Darmstadt 

Heidolph reax top-vortex mixer  Heidolph, Germany 

GFL Water baths GFL Gesellschaft für Labortechnik GmbH, 
Burgwedel 
 

Whatman filter paper Whatman International Ltd., Maidstone (UK) 
 
 

MSC-Advantage Biological safety 
Cabinets 
 

Thermoscientific, USA 

Thermomixer compact Eppendorf, Germany 

Confocal microscope LSM 710 Carl Zeiss MicroImaging GmbH, Germany 

Blue light exposure system University of Ulm workshop 

Sensoquest Lab cycler Sensoquest, Göttingen, Germany 
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Photo documentation system Mitsubishi  
P93D 
 

Eurofins MWG Operon, Ebersberg 

Power pac basic Power supply BIO-RAD, USA 

Protein concentrating and desalting 
columns 
 

GE healthcare GmbH, Germany  

Owl™ HEP semidry electroblotting 
system 
 

Thermoscientific, Owl, USA 

Ultra-low temperature Freezer VIP series 
(-80 °C) 
 

Sanyo Electronic Biomedical Co., Japan 

Sterile filter Filtropur S 0.2 µm SARSTEDT AG & Co., Nümbrecht 

Sensitive balance  MC5 Sartorius AG, Göttingen 

Sensitive balance  CP 324 S Sartorius AG, Göttingen 

Sensitive balance  TE 4101 Sartorius AG, Göttingen 

Systec autoclave DE45 Systec,Germany 
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3.2. Materials for biological techniques 

 

3.2.1. Cytotoxicity determination 
 
MTT Sigma Aldrich, Germany 

 

3.2.2. Reactive oxygen species determination 
 
H2DCFDA Sigma Aldrich, Germany 

 

3.3. Materials for DNA analysis 

 

3.3.1. Bacterial strains 
 
E.coli BL21 (DE3) F- ompT gal dcm Ion, 

hsdSB (rB-, mB-) (DE3) 
Stratagene, La Jolla (USA) 

E.coli DH5α  supE44 ΔlacU169 (φ80 lacZΔM15) 

hsdR17 recA1 gyrA96 thi-1 relA2 

DSMZ, Germany 

 

3.3.2. Plasmids 
 
pET22b Ampicillin resistance Novagen,USA 

pET28a Kanamycin resistance Novagen,USA 

pET28aEcFbFp Kanamycin resistance This study 

pET28a-His-EcFbFp-P28 Kanamycin resistance This study 

pET22b-His-P28-EcFbFp Ampicillin resistance This study 

pET22b-P28-EcFbFp-His Ampicillin resistance This study 

pET22b128 Ampicillin resistance This study 

pET22b28 Ampicillin resistance This study 

HispET22b28 Ampicillin resistance This study 

pET28a-His-MrFbFp-P28 Kanamycin resistance This study 
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3.3.3. Primers 
 
MrFbFp Forward primer 5’ CGC GGC AGC CAT ATG TGC GC 3’ 

MrFbFp Reverse primer 5’ GGT GCT CAG TTC CAG CGC CTG TTC 3’  

P28 Forward primer 5’ GCG CTG GAA CTG AGC ACC GCC 3’ 

P28 Reverse primer 5’ GGT GGT GCT CGA GTT AGT CGT CG 3’ 

 

3.3.4. Enzymes 
 
Restriction endonucleases (NdeI/1500U) Thermo Fisher Scientific Inc.,Rockford (USA) 

Restriction endonucleases (NdeI/2000U) Thermo Fisher Scientific Inc.,Rockford (USA) 

T4 DNA ligase (1 U/µl) Thermo Fisher Scientific Inc.,Rockford (USA) 

 

3.3.5. DNA isolation 
 
Zyppy™ Plasmid Miniprep Kit Zymo Research Europe GmbH, Freiburg 

QIAGEN Plasmid Midi kit Qiagen,Germany 

 

3.3.6. DNA agarose gel 
 
GeneRuler DNA Ladder Mix (100 to 
10,000 bp) 

Thermo Fisher Scientific Inc., Rockford 
(USA) 
 

GeneRuler Low range DNA ladder (25 to 
700 bp) 

Thermo Fisher Scientific Inc., Rockford 
(USA) 
 

6×  DNA Loading Dye Thermo Fisher Scientific Inc., Rockford 
(USA) 

 

3.3.7. DNA purification kits 
 
MiniElute® PCR Purification Kit Qiagen,Germany 

QIAquick Gel Extraction Kit  Qiagen,Germany 
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3.4. Materials for protein analysis 

 

3.4.1. Enzymes 
 
Lysozyme, from chicken egg white Sigma-Aldrich Chemie GmbH, Steinheim 

Pierce protease inhibitor tablets, EDTA 

free 

 

 

Thermo Fisher Scientific Inc.,Rockford 

(USA) 

3.4.2. Protein concentration determination 
 
Pierce™ BCA Protein AssayKit Thermo Fisher Scientific Inc., Rockford 

(USA) 

 
 

3.4.3. Protein purification and concentration 
 
HisPur Ni-NTA affinity column (10 ml) Thermo Fisher Scientific Inc., Rockford 

(USA) 
Slide-A-Lyzer™ Cassette 3.5K MWCO Thermo Fisher Scientific Inc., Rockford 

(USA) 
 

 

3.4.4. SDS PAGE 
 
PageRuler™ Prestained Protein Ladder 

(10 to 250kDa) 

Thermo Fisher Scientific Inc., Rockford 

(USA) 
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3.4.5. Western blot 
 
6×  His Epitope tag antibody (100 µg) Thermo Fisher Scientific Inc., Germany 

Goat antimouse IgG (H+L) peroxidase, 
HRP conjucate (2 ml) 
 

Thermo Fisher Scientific Inc., Germany 

Pierce™ ECL Western Thermo Fisher Scientific Inc., Rockford 
(USA) 

Immunoblot pVDF memebrane BIO-RAD, USA 

Thin plot paper BIO-RAD, USA 

 

3.5. Cell culture  

 

3.5.1. Mammalian cell lines 
 
A549 CCl-185™ Homosapiens lung 
carcinoma 
 

ATCC 
®

, USA 

MCF7 HTB-22™ Homosapiens adeno- 
carcinoma 

ATCC 
®

, USA 

 

3.5.2. Media and solutions 
 

3.5.2.1. Growth medium 
 

DMEM Gibco by life technologies, USA 

1% FBS Gibco by life technologies, USA 

1% penstrep Gibco by life technologies, USA 

10% FBS Gibco by life technologies, USA 

1% MEM  Gibco by life technologies, USA 
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3.5.2.2. Freezing medium 
 

70% DEMEM Gibco by life technologies, UK 

20% FBS Gibco by life technologies, UK 

10% DMSO Sigma Aldrich, Germany 

 

3.5.2.3. Others 
 

0.05% Trypsin-EDTA (1× ) Gibco by life technologies, UK 

PBS-Dulbecco (1× ) w/o Ca2+, Mg2+ Gibco by life technologies, UK 

 

 

 

3.5.3. Cell culture Materials 
 
 
Blue and red cap tubes Greiner Bio One, Germany / Sarstadt, 

Germany 
 

Cell culture flasks Greiner Bio One, Germany 

Centrifuge tubes Sarstadt, Germany / Greiner Bio One, 
Germany 
 

Freezing vials Greiner Bio One, Germany 

96-well plates Sarstadt, Germany 

Serological pipettes Greiner Bio One, Germany 

Pipette tips Greiner Bio One, Germany / Sarstadt, 
Germany 
 

Cell scraper Greiner Bio One, Germany 
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3.6. Software 
 
Image lab BIO-RAD, USA 

Nanodrop peQlab Thermoscientific, USA 

Tecan I- Control 1.10 Tecan, swizerland 

Microsoft office 2007 Microsoft Corporation, USA 

Chemi-capt Vilber Lourmat, Germany 

CLC Main workbench 7 University of ulm 

Snap gene GSL Biotech, USA 

Zen (Blue/Black) edition Carl Zeiss, Germany 

OriginPro 9.0G University of Ulm 
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4. METHODS 

4.1 Bacterial Culture Methods 

4.1.1 Escherichia coli growth medium 
 

Lysogeny broth (LB medium) is a rich medium which was used as a standard growth medium 

for E.coli in all bacterial culturing experiments (BERTANI 1951). In addition, SOB medium 

(super optimal broth) (Sambrook and Russell 2001) and TB (transformation buffer) were used 

for the production of chemical competent cells medium to increase the transformation 

efficiency and their storage, respectively. 

 

Solutions used:  

LB medium  
1% (W/V) Tryptone 10 g 
171 mM NaCl 10 g 
0.5% (W/V) Yeast extract 5 g 
adH2O 1000 ml 
 

 

Processing: 

  

In order to prepare a 1000 ml solution, the before mentioned ingredients were weight and 

dissolved. 800 ml of deionized/MilliQ water was then added. The solution was mixed till a 

translucent yellowish medium with no lumps was observed.  The medium was then 

transferred to schott glass bottles with the lid half screwed and directly autoclaved. 
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4.1.2 LB medium additives 
 

For the efficient maintenance of positive transformants during selection and sub-culturing, a 

selection marker was used during the growth of bacterial clones. The gene of interest or under 

investigation (insert) was cloned in a vector containing a gene that encodes for antibiotic 

resistance. The antibiotic resistance is specific for each vector as shown in section 3.3.2 of 

materials.  After transformation, the bacterial clones harboring the insert are only able to grow 

and survive on plates containing antibiotic to form colonies. 

 

 

Solutions used:  

 

Antibiotic  Abbreviation Solvent Stock 

concentration 

Working 

concentration 

Ampicillin Sodium 
Salt 
 

Amp H2O 100 mg/ml 100 µg/ml 

Kanamycin Sulphate Kana H2O 50 mg/ml 50 µg/ml 

 

 

Processing: 

A particular amount of antibiotic as shown was thoroughly dissolved in sterile MilliQ water. 

The mixture was passed aseptically through a 0.22 µm sterile filter membrane, then aliquoted 

and stored at -20 oC. For liquid media, the antibiotic was added just before use to the required 

final concentration. As for the solid media, the autoclaved solution was allowed to cool down 

~ 50 °C and then the antibiotic was added and stirred for 5 minutes. Plates were then prepared 

and left to solidify at room temperature and stored at 4 °C. 
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4.1.3 Escherichia coli growth conditions 
 

Processing: 

Typically, for sub-cultivation of E. coli an autoclaved glass test tube containing 5 ml LB was 

used which was supplemented with the adequate antibiotic and sealed with metal caps. During 

the protein production a higher volume was needed for pre-culture.  In such cases a 250 ml 

flask containing 50 ml LB was used as a pre-culture to inoculate 250 ml LB medium placed in 

1L baffled flasks. Baffled flasks were used to improve the aeration and oxygen distribution.  

Cultures were incubated at 37 °C, 150 rpm shaker incubator overnight. Regarding solid agar 

plates which were streaked with bacteria, they were incubated at 37 °C with inverted position 

to avoid the condensation of moisture on the forming colonies. 

 

4.1.4 Preservation of recombinant DNA constructs 
 

Several constructs were created during this study. Therefore, their adequate storage to prevent 

their loss was crucial or their usage in further studies.  Two ways of storage were carried out, 

either on the bacterial level or the DNA level. 

 

Processing: 

On the bacterial level, glycerol stocks were performed. 500 µL of overnight recombinant 

E.coli were added to 500 µL of sterile 100% (v/v) glycerol in cryotubes. Stocks were placed 

in liquid nitrogen for 10 minutes and directly stored at -80 °C until use. The recombinant 

plasmids were also stored after performing a mini/midi preparation (section 4.2.2) and stored 

at -20 °C. 
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4.2 Molecular Biological Methods 

4.2.1 Sterilization of biological utensils 
 

Standard autoclaving at 121 °C for 20 minutes was performed in order to get rid of any 

foreign DNA and to inactivate any contaminants such as nucleases.  

 

Processing: 

Thermally stable buffers and solutions were autoclaved. Thermal liable solutions were passed 

through 0.22 µm filter membrane. Glass bottles and plastic ware were likewise autoclaved. 

Small metal utensils were immersed in 70% (v/v) ethanol and passed through the flame using 

a Bunsen burner shortly before utilization. 

 

4.2.2 Plasmid DNA isolation 
 

Many methods have been proposed for extracting and purifying the plasmids out of bacteria 

(Birnboim and Doly 1979). All the methods have the same basic steps. They start by growth 

of bacterial culture, followed by harvesting and lysis of bacteria and at the end purification of 

the plasmid DNA. In our study, we used the alkaline lysis method using either ZyppyTM 

Plasmid Miniprep Kit for the ripid, small scale isolation of plasmid DNA from bacteria or the 

Qiagen plasmid midi kit for the production of larger scale and higher concentration up to 

1000ng/µl.  

 

Processing using ZyppyTM Plasmid Miniprep Kit: 

 

Manufacturer’s instruction were Followed with minor modifications. The pallet of a 5 ml 

overnight liquid culture was obtained by centrifugation (15000 g/2 min/4 °C) and discarding 

the supernatant. The pallet was re-suspended in 600 µl sterile MilliQ water. 700 µl of lysis 

buffer were added and the Eppendorf cups were inverted 3-4 times followed by the direct 

addition 350µl neutralization buffer. Extending the lysis for longer time was avoided as this 
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result in the shearing of genomic DNA and consequence in an impure plasmid. The samples 

were centrifuged (15000 g/15 min/4 °C). The supernatant was then applied to the fast spin 

column that selectively binds plasmid DNA on the silica membrane. Another centrifugation 

step was performed to accelerate the passing of the supernatant (13000 g/2 min/4 °C). This 

was followed by two successive washing steps. Finally, 30 µl of sterile MilliQ water were 

added, samples were left at room temperature for 5 minutes and then centrifuged (13000 g/ 

1 min/4 °C). Finally, plasmids were stored at -20 °C till use. 

 

Processing using Qiagen plasmid midi kit: 

A 50 ml overnight culture was centrifuged (20,000 g/15 min/4 °C) and the pallets were re-

suspended in 4 ml buffer P1 after discarding the supernatant. Cells were then lysed using 4 ml 

of buffer P2 and mixed vigorously by inverting 4-10 times. Eppendorf cups were not vortexed 

to avoid the shearing of genomic DNA. 4 ml of pre-chilled neutralization buffer P3 was added 

and mixed by inverting 4-10 times and then incubated on ice for 15 minutes. Samples were 

centrifuged (18,500 g/30 min/4 °C) then, the supernatant was removed and re-centrifuged at 

(18,500 g/15 min/4 °C). The Qiagen tip 100 was equilibrated by applying 4 ml of buffer QBT 

and allowed to empty by gravity flow. The supernatant was applied to the equilibrated tip and 

left to enter the resin by gravity flow. Elution was carried out by adding 5 ml of Buffer QF 

after washing of the column using 2 × 10 ml of buffer QC. The DNA was precipitated by 

adding 3.5 ml isopropanol to the eluted DNA, mixed then centrifuged (18,500 g/30 min/4 °C).  

The DNA pellets were washed with 70% ethanol and centrifuged at (18,500 g/10 min/4 °C). 

The supernatant was carefully removed and the pallets were air dried for 5-10 minutes. 

Finally, pallets were re-suspended in 50 ml sterile MilliQ water and stored at -20 °C till use. 

 

4.2.3 DNA purification  
 

DNA purification was performed either to the eluted plasmids or from agarose gels. Elution 

buffer that were used to elute the DNA from the matrix of the column usually have salts. 

These salts may interfere with the ionic strength of other buffers used for further 

microbiological application. For instance; PCR, restriction digestion, ligation, transformation, 

etc. In the case of transformation the high salt concentration may lead to high conductivity 
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which results in bacterial death from the sparking shock. Consequently, resulting in lower 

transformation efficiency if not a complete failure of the process. 

Gel purification was applied for example after restriction digestion or to a PCR product in 

which a desired DNA fragment was separated from unwanted ones. An agarose gel is firstly 

performed and the DNA is separated electrophoretically, then the gel was stained with 

ethidium bromide and visualized by a UV light (λ=365). The desired band was allocated with 

reference to a DNA ladder and excised using a clean scalpel.  Prolonged illumination was 

avoided to minimize the DNA damage caused by the UV. 

Processing of PCR products: 

QIAquick PCR purifcation kit was used to purify the PCR product from unwanted salts 

following manufacturers’ protocol. 5 volumes of Buffer PB was added to 1 volume of the 

PCR reaction and mixed. 10 µl of 3 M sodium acetate, pH 5.0 were added if the mixture is 

orange or violet to adjust the pH. The DNA was applied to the QIAquick column and 

centrifuged for 1 minute. Washing was carried out by applying 0.75 ml of PE buffer to the 

column and centrifuged for 1 minute. Another centrifugation step was carried out to remove 

any residual ethanol. Finally, the DNA was eluted by placing them in a 1.5 ml centrifugation 

tube and adding 10 µl of MilliQ water.          

Processing from gel extraction: 

QIAquick Gel extraction kit was used to purify the excised DNA fragment following the 

manufactures’ protocol. 3 volumes of buffer QG was added to 1 gel volume and incubated at 

50 °C for 10 minutes. The pH of the mixture was adjusted if needed by adding 10 µl of 3 M 

sodium acetate pH 5.0. One gel volume of isopropanol was added and the mixture was mixed. 

The sample was applied to the QIAquick column and centrifuged for 1 minute to bind the 

DNA to the resin. 500 µl of buffer QG was added to the column and then centrifuged for 1 

minute. One washing step was carried out by adding 750 µl buffer PE and centrifuged for 1 

minute. Another centrifugation step was carried out to get rid of any residual ethanol. Finally, 

10 µl of MilliQ water were added and the column was left to stand for 5 minutes before the 

last centrifugation step for one minute.  
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4.2.4 Agarose electrophoresis of DNA 
 

Gel electrophoresis is a method used to separate DNA fragment with respect to their size with 

means of applying an electric field. Agarose is a polymer extracted from seaweed and upon 

cooling of the polymer it creates pores which are a function of the concentration of agarose 

initially added.  

Due to the fact that DNA is negatively charged an electric field is applied that draws the DNA 

from the cathode (negative pole) to the anode (positive pole). Therefore, by means of the 

agarose gel, higher molecular weight molecules will run slower as more friction is abundant 

during moving through the pores (Sambrook and Russell 2001). Agarose gel concentration 

was determined according to the DNA fragment that was investigated. A 0.8% (w/v) gel was 

used to separate fragments < 1000bp and 2% (w/v) gel was used to separate fragments  

> 1000bp.  

Solution used: 

50×TAE Buffer   
2M Tris 242 g 
1M Acetic acid 57 ml 
50 mM EDTA 18.7 g 
adH2O 1000 ml 
Adjust pH 7.5 using HCl 

 

Processing: 

The desirable agarose amount was weight and dissolved in 1× TAE buffer, then poured in the 

gel tray having the comb with the desirable loading capacity (15-30 µl) mounted on to it. The 

gel was left to solidify for 20 minutes.  The gel tray containing the gel was then placed in the 

electrophoresis tank filled with 1× TAE buffer and the comb was carefully removed. DNA 

sample was mixed with 1× loading dye that help the DNA to sink into the well and aids in 

tracking the DNA while migrating into the gel. A suitable DNA ladder was loaded on the gel 

as a size reference and the gel was run at a constant electric field for 45-60 minutes at 7 V/cm 

of gel. The gel was stained with ethidium bromide for 15 minutes and then detected using a 

UV photo documentation system. 
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4.2.5 DNA staining of agarose gels 
 

Ethidium bromide is a fluorescent tag that intercalates with the DNA double strand (Sharp, 

Sugden, and Sambrook 1973). Upon UV (302 nm -366 nm) irradiation the bound dye shows 

fluorescence at 590 nm in the visible red orange range (Le Pecq and Paoletti 1967). It is a 

very sensitive method as the DNA bound dye shows ~ 20-30 fold higher fluorescence 

compared to unbound dye, besides it can detect DNA amount as low as 10 ng. 

Solution used: 

Ethidium bromide staining solution   
EtBr (10 µg/ml) 10 µl 
1× TAE buffer 57 ml 
 

Processing: 

Ethidium bromide bath was prepared by adding 10 µl of a 10 µg/ml stock solution in 200 ml 

of 1× TAE buffer. The ethidium bromide was homogenized in the buffer to avoid any 

overstained areas on the gel. Following the agarose gel electrophoresis (section 4.2.4 of 

methods), the gel was immersed in ethidium bromide bath for 15 minutes at room 

temperature. Using Bio-Rad photo documentation system, the DNA bands were visualized by 

applying an excitation wavelength of 312 nm and collecting the emission of the intercalated 

dye at 590 nm. 

 

4.2.6 Detection of DNA size and concentration 
 

Suitable DNA standard markers were loaded on the agarose gel during electrophoresis that 

facilitates the comparison of the fragment under investigation to the nearest standard band(s) 

(fig. 4). Moreover, the concentration of the investigated DNA was empirically determined by 

comparing their relative intensities to that of the standards.  
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Figure 4. Gene ruler™ DNA Ladder Mix and Low range  
(http://www.thermoscientificbio.com) last accessed at 26.07.17 

 

Solution used: 

DNA ladder mixture  
GeneRuler Mix™/LR™ 2 µl 
6× Loading dye 2 µl 
MilliQ H2O 4 µl 
 

Processing: 

8 µl of the DNA ladder mixture were loaded in separate wells during the run of the samples 

under investigation, staining and visualization were carried out as described in sections 4.2.5 

and 4.2.6. 

 

4.2.7 Determination of DNA concentration 
 

The concentration of the DNA under investigation was accurately determined using the Nano 

drop. It is a spectrophotometric method that allows the determination of DNA in very small 

amounts as low as 1 µl. It also gives evidence about the purity of the sample by means of two 

values, the absorbance ratio at 260 nm and 280 nm. A260/A280 value of 1.8-2 reflects pure 
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DNA. Lower values indicate contamination with protein, phenol or other contaminants that 

absorb at λ=280 nm. A260/230 is a secondary measure of nucleic acid purity. A value 

between 2.0-2.2 indicates a pure DNA, lower values indicate the presence of contaminants 

that absorb at λ=230 nm (Sambrook and Russell 2001). 

 
Processing: 

According to the manufacturers’ instructions, the device was first blanked by pipetting 1 µl of 

MilliQ water on the sensor. Water was then wiped off and 1 µl of the sample was added and 

the concentration was measured. The device was cleaned by adding MilliQ water to the sensor 

and the device was blanked. 

 

 

4.2.8 DNA restriction digestion  
 

Restriction digestion is a method used in molecular biology and genetic engineering to 

prepare the DNA analysis or further processing. Restriction enzymes are endonucleases that 

cut the DNA at particular recognition sequences, creating a palindromic overhangs annotated 

as sticky ends. This feature allows for further cloning processes such as ligation of insert and 

vectors to take place.  

Processing: 

Following the manufacturers’ instructions, the DNA sample was incubated with the desirable 

restriction enzyme (e.g. NdeI, XhoI, etc.), then the buffer was added making sure that it is 

compatible with both restriction enzymes ensuring a 50%-100% activity. This was calculated 

by the aid of an online program offered by Thermo Fischer Scientific since the restriction 

enzymes were purchased from the same company. The concentration was adjusted using 

water. The sample was incubated for one hour at 37 °C.  Finally, the enzymes were 

inactivated by placing the sample at 65 °C -80 °C for 20 minutes. An agarose gel 

electrophoresis was done as shown in section 4.2.4  for a control digestion or the sample was 

purified if further process was to be performed such as ligation 4.2.9. 
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4.2.9 Ligation of the restricted DNA fragment into vector 
 

 Ligation is a process used in molecular biology to create a recombinant DNA molecule. The 

process requires the use of a same pair of restriction enzymes that cut both the DNA fragment 

to be cloned (insert) and the vector. Ligation requires the use of T4 ligase enzyme; an ATP 

dependent enzyme that that binds double stranded DNA molecules through the formation of 

phosphodiester bonds between their free 3′-hydroxyl and 5′-phosphate groups (Harvey et al. 

1971). 

 

Processing: 

A 1:1 or 1:3 insert to vector molar ratio was used in this study which led to a successful 

ligation in 20 µl reaction mixture. The correct molar volumes were determined using Gibthon 

Ligation Calculator (http://django.gibthon.org/tools/ligcalc/).  Two ways of ligations were 

carried out in this study; either the ligation mixture was incubated for 1 h at 22 °C or a 

ligation gradient using the thermocycler was created as follows: 22 °C, 15 min/ 21 °C,15 min/ 

19 °C, 15 min/18 °C, 15 min/ 16 °C/ 30 min. The enzyme was then inactivated by placing the 

samples at 65 °C for 20 min. The recombinant DNA was purified using QIA purification kit 

(section 4.2.2 of methods) and then transformed to competent cells via electroporation or heat 

shock (section 4.2.13 of methods). Otherwise, samples were stored at -20 °C. 

4.2.10 Polymerase chain reaction (PCR) 
 

This technique was first described by kary B. Mullis and Faloona (Saiki et al. 1985). Three 

main steps constitute this technique. First, the denaturation of the double stranded DNA 

template which occurs at 98 °C, followed by annealing of the complementary primer to the 

single stranded DNA template and finally, the elongation of the newly synthesized strand by 

the addition of nucleotides.  DNA polymerase can synthesize in only one direction by 

extending the 3' end of the preexisting nucleotide chain. The melting temperature Tm is primer 

specific and can be calculated by the following equation: 

Tm [°C] = 4 x (G + C) + 2 x (A + T) 
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The annealing temperature is typically chosen to be 3-5 °C lower than the lowest melting 

temperature (Tm) of the two primers used. 

 
Another variant of the classical PCR is the overlap extension PCR OE-PCR or Splicing by 

overlap extension / Splicing by overhang extension (SOE) PCR. This method produces long 

polynucleotide sequences by splicing smaller DNA fragments together. In our study, we used 

a two-step OE-PCR for the construction of His-MrFbFp-P28 using p28a-MrFbFp and 

pET28a-His-EcFbFp-P28 constructs. The amplification of MrFpFp and P28 with overlapping 

overhangs was done in separate PCR reactions as follows;  

 

 

 

I) PCR of MrFbFp and P28 with overlapping overhangs 

 

PCR mixture 1  
5×  Phusion HF buffer 10 µl 
dNTP (10 mM) 1 µl 
FW primer (10 pmol/ µl) 0.25 µl 
RW primer (10 pmol/ µl) 0.25 µl 
Template 10 ng 
DNA polymerase (2U/ µl) 0.5 µl 
adH2O 50 µl 
 

 
PCR program 1  
 Step Temperature Time Repeat from step no. Passes 
1 Initial denaturation 98 °C 30 s - 1 
2 Denaturation 98 °C 10 s - 30 
3 Annealing  Variable 30 s - 30 
4 Elongation 72 °C 15 s 2 30 
5 Final elongation 72 °C 10 min - 1 
6 Cooling 4 °C � -  
 

 
 

 



METHODS 
 

 37"

 

II) Amplification OE-PCR without primers 
 

In a 25 µl reaction mixture, an equimolar concentration of both templates should be used 
without the addition of the primers. Taking into consideration that 100 ng should be from the 
longest fragment (MrFbFp) and thus 22.47 ng of P28 fragment. This gave us the following 
PCR mixture; 

 

PCR mixture 2   
5×  Phusion HF buffer 5 µl 
dNTP (10 mM) 0.5 µl 
MrFbFp Template  100 ng 
P28Template 22.4 ng 
DNA polymerase (2U/ µl) 0.25 µl 
adH2O 25 µl 
 

 

PCR program 2 
 Step Temperature Time(min) Passes 
1 Initial denaturation 98 °C 30 s - 
2 Denaturation 98 °C 10 s 30 
3 Elongation 72 °C 30 s 30 
4 Final Elongation 72 °C � - 

 
 

III) Amplification OE-PCR with primers 
 

PCR mixture 3  
5×  Phusion HF buffer 10 µl 
dNTP (10 mM) 1 µl 
Template  5 µl (1/5 of PCR product 2) 
FW MrFbFp 0.25 µl 
RW P28 0.25 µl 
DNA polymerase (2U/ µl) 0.5 µl 
adH2O 50 µl 
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PCR program 3  
 Step Temperature Time Repeat from step no. Passes 
1 Initial denaturation 98 °C 30 s - 1 
2 Denaturation 98 °C 10 s - 20 
3 Annealing  64 °C 30 s - 20 
4 Elongation 72 °C 15 s 2 20 
5 Final elongation 72 °C 10 min -  
6 Cooling 4 °C � -  
 

 

4.2.11 DNA sequencing 
 

Recombinant DNA samples were sequenced using sanger sequencing (Sanger, Nicklen, and 

Coulson 1977) to confirm the right sequence and the absence of mutations. Sequencing were 

performed by two companies GATC Biotech, Konstanz and MWG eurofins, Ebersberg. 

 
 

Processing: 

 
According to the company’s instructions, 30 µl of pure DNA with a concentration between 

30-80 ng/µl was prepared for GATC Biotech and 20 µl of pure DNA with a concentration 

between 50-100 ng/µl was prepared for MWG eurofins, Ebersberg. T7 forward and reverse 

primers were used for sequencing. 

 

 

4.2.12 Preparation of competent cells 
 

In order to introduce a foreign genetic material into bacterial cells, cells have to be dealt in a 

special way to make them competent. In other words, make the cell membrane more liable to 

accept exogenous DNA.  
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Preparation of chemical competent E.coli 

Solutions used:  

SOB medium I  
Tryptone 10 g 
NaCl 0.14 g 
Yeast extract 1.5 g 
KCl 0.48 g 
adH2O 125 ml 
 

SOB medium II  
MgCl2.6H2O 0.508 g 
MgSO4 0.61 g 
adH2O 125 ml 
 

 

TB I  
PIPES 0.756 g 
CaCl2.2H2O 0.42 g 
adH2O 125 ml 
 

 

TB II  
KCl 4.66 g 
MgCl2.4H2O 1.72 g 
adH2O 125 ml 
 
 
 
 
Processing of chemical competent cells: 

Preparation of electro-competent E.coli 

SOB medium I and II were prepared separately in schott bottles as illustrated. Both bottles 

were autoclaved and combined aseptically after cooling down just before usage. TB I and II 

were prepared separately in schott bottles as illustrated. Both bottles were autoclaved and 

combined aseptically after cooling down just before usage. According to (Inoue, Nojima, and 

Okayama 1990) chemical competent cells were prepared. A 250 ml SOB medium was 

inoculated with  the desired bacterial strain at 18 °C, 250 rpm till an OD600 nm of 0.6 
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(Stationary phase). The Flasks were put on ice for 10 minutes and the cells were then 

centrifuged for (10 min/2500 g/4 °C). The pellet was then resuspended with ice cold TB 

buffer after discarding the supernatant and incubated again for 10 minutes on ice. The samples 

were then centrifuged for (10 min/2500 g/4 °C) and the pellet was resuspended in 20 ml TB 

buffer. DMSO was added to a final volume of 7% with gentle swirling. 200 ml aliquots were 

performed in microcentrifuge tubes. Aliquots were frozen in liquid nitrogen and stored at  

 -80 °C. 

Solutions used:  

Ice chilled sterile MilliQ water 
Ice chilled sterile 10% glycerol (w/v) 
 
 
Processing of electro competent cells: 
 
According to Dower et al. (1988), 250 ml LB medium were inoculated with a 5 ml overnight 

culture till an OD of 0.5-0.8 (stationary phase). Cells were placed on ice for 20 minutes and 

then centrifuged (10 min/2500 g/4 °C). Pellets were resuspended in 250 ml ice cold MilliQ 

water. The culture was centrifuged for (10 min/2500 g/4 °C) and the pallets were resuspend in 

50 ml ice cold 10% glycerol (w/v). This culture was centrifuged again (10 min/2500 g/4 °C) 

and pellets were resuspended in 30 ml ice cold 10% glycerol (w/v). Another centrifugation 

step at (10 min/2500 g/4 °C) was performed and pellets were resuspended in 1 ml ice cold 

10% glycerol (w/v). 50 ml aliquots were performed in microcentrifuge tubes. Finally, aliquots 

were frozen in liquid nitrogen and stored at -80 °C. 

 

4.2.2.13 Transformation methodologies 
 

Heat shock method 

This method was used to chemically transform chemically competent cells (section 4.2.12 of 

methods) with plasmid DNA, cDNA as well as ligation products. Under septic conditions, the 

200 µl of the competent cells were thawed on ice, to them 2-3 µl (100-400 ng) DNA were 

added and mixed gently. The mixture was incubated on ice for 40 minutes. The sample tube 

was then placed on 42 °C, 1 minute. Following the heat shock, the samples were placed on ice 

for 10 minutes. 800 µl of LB medium were added to the transformed cells for cell 



METHODS 
 

 41"

regeneration and incubated (37 °C/175 rpm/1 h). Three spreading volumes were performed to 

assure the attainment of single well separated colonies. Therefore, 20 µl and 100 µl were 

platted on LB agar plate supplemented with the suitable antibiotic. The rest of the sample was 

centrifuged at (RT/2400 g/1 min) and the supernatant was discarded except 100 µl which 

were used to resuspend the pallet and spread it onto antibiotic selective LB agar plates. Agar 

plates were incubated at 37 °C for 24 hours. Colonies were then screened by first performing 

a plasmid preparation and then a restriction digestion. 

 

Electroporation method 

This method was used to transform electrocompetent cells (section 4.2.12 of methods) with 

plasmid DNA, cDNA as well as ligation products. 1µl of (100-400 ng) purified DNA was 

mixed with the 50 µl aliquots of electro competent cells. This mixture was transferred to 

electroporation cuvettes (electrode distance of 2 mm) which was pre chilled on ice.  

 

The electroporation cuvette was put to the sample chamber holder of the pulse generator 

“Gene Pulser Xcell™”. Cells were subjected to an electric shock (voltage of 2.5 kV, capacity 

of 25 µF, resistance of 200 Ω, time constant of 4.5-5 ms), then quickly supplied with 800 µl of 

pre-chilled LB medium, and then transferred to a sterile Eppendorf microtube. 800 µl of LB 

medium were added to the transformed cell for cell regeneration and incubated  

(37 °C/175 rpm/1 hour). Three spreading volumes were performed to assure the attainment of 

single well separated colonies. Therefore, 20 µl and 100 µl were platted on LB agar plate 

supplemented with the suitable antibiotic. The rest of the sample was centrifuged at  

(RT/2400 g/1 min) and the supernatant was discarded except 100 µl to resuspend the pallet 

and spread it onto antibiotic specific LB agar plates. Agar plates were incubated at 37 °C for 

24 hours. Colonies were then screened by first performing a plasmid preparation and then a 

restriction digestion. 
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4.3 Protein Analysis Methods 

4.3.1. Expression of recombinant proteins in E.coli 
 

Expression was accomplished by using a pET expression system. This system is the most 

powerful system developed for the expression of recombinant proteins. The gene of interest is 

cloned within the MCS of pET22b or pET28a which is downstream of T7lac promotor. The 

source of T7 RNA polymerase is provided by transforming the plasmid to an E.coli strain 

BL21(DE3) whose genome codes for the T7 RNA polymerase under the control of lacUV5 

promotor that are IPTG inducible. Another benefit of this system is that the cloned genes that 

might be toxic to the host strain are tightly regulated. In addition, the pET system codes for a 

6× his-tag sequence which can be upstream or downstream to the cloned gene resulting in  

C-/N- terminus 6×  histag protein. This feature helps in the successful purification of the 

protein via Ni-NTA chromatography (section 4.3.2 of methods). Alternatively, it can be also 

used in immunoblotting using anti-histag antibody (section 4.3.7 of methods) to confirm 

positive protein production. 

 
Processing: 

250 ml LB medium placed in 1 L Erlenmeyer flasks were inoculated with an OD600 of 0.1 

from an overnight culture of E.coli BL21 (DE3) containing the desired recombinant plasmid. 

The cultures were then incubated at 37 °C/150 rpm till an OD600 of 0.5-0.8 (stationary 

phase). At that point, protein production was induced using 500 µM final concentration and 

lowering the temperature to 30 °C to drive the cells for protein production rather than cell 

division. Protein production was carried out for 24 hours. 1 ml samples were taken before 

induction as controls and 2,4,6 hours after induction. 1× loading dye was added to the samples 

and heated at 95 °C for 15 minutes and stored at -20 °C if not an SDS PAGE is carried out. 

Cell culture was harvested by centrifugation (4000 g/30 min/4 °C). Finally, the supernatant 

was discarded and the pellets were stored at -80 °C until use. 
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4.3.2. Ni-NTA affinity chromatography of 6×  his tagged proteins  
 

For this purpose (IMIAC) immobilized metal ion affinity chromatography was used to 

specifically purify proteins having a polyhistidine tag which can be present either on the  

C-/N- terminus of the protein. The NTA (nitrilotriacetic acid) are pre-charged with Ni2+ using 

four from the six of its coordination sites. Due to the fact that histidine possess a high affinity 

to bind to nickel, with the vacant two coordination sites a tight but reversible bond is formed 

between the polyhistidine tag of the protein and the resin. Later, specific protein can be eluted 

using imidazole which is a structural analogue of histidine (Chong et al. 2009).  

 
 
 
Solutions used: 
 
Lysis buffer  
50 mM NaH2PO4 6.90 g 
300 mM NaCl 17.54 g 
10 mM imidazole 0.68 g 
adH2O  
Adjust pH to 8.0 using NaOH  
 

Wash buffer  
50 mM NaH2PO4 6.90 g 
300 mM NaCl 17.54 g 
20 mM imidazole 1.36 g 
adH2O  
Adjust pH to 8.0 using NaOH  
 

 

Elution buffer  
50 mM NaH2PO4 6.90 g 
300 mM NaCl 17.54 g 
500 mM imidazole 17 g 
adH2O  
Adjust pH to 8.0 using NaOH  
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Processing: 

The column was prepared by adding 10 ml of Ni-NTA (HisPurTMNickel NTA Resin, 

thermofischer scientific) in a 20 ml column with a filter on its bottom. The resin was left to 

settle down and the liquid phase was drained by gravity flow. The column was equilibrated 

with two bed volume lysis buffer and allowed to drain by gravity flow. The pellets were 

resuspended in lysis buffer, 1mg/ml lysozyme and 1× protease inhibitor was added and 

incubated for 30 minutes on ice. The mixture was then sonicated (Branson sonicator, 

Heidelberg, Germany) for 5 minutes at an output 8 and 50% power. The crude cell extract 

was loaded on the pre-equilibrated column with the bottom closed. The column was incubated 

on the rotary shaker for 30 minutes to allow the binding of the his-tagged protein to the 

nickel. The bottom cap was then opened to allow the drainage by gravity flow. This step was 

repeated if the crude cell extract was more than the capacity of the column.  Non-specific or 

low bound proteins were washed three times using two bed volume wash buffer and drainage 

was allowed by gravity flow. Elution of the bound protein was achieved by eluting the 

column using 10-12 ml of elution buffer. The exact concentration of wash and elution buffer 

that are needed, were primarily determined by taking samples for an SDS PAGE analysis. The 

eluted sample was then dialyzed (section 4.3.3 of methods). The column was regenerated 

using two bed volume MES buffer and then washed with two bed volume water finally, stored 

in 30% ethanol. 

 

 

4.3.3. Purification and/or concentration of eluted proteins  
 

Dialysis of eluted proteins 

Slide-A-Lyzer Dialysis cassettes were used to conveniently remove any low molecular weight 

contaminants, desalting and buffer exchange. The cassette membrane is composed of low 

binding regenerated cellulose and ensures a tightly sealed chamber. 
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Processing: 

According to manufactures’ instructions, the cassette (3,5 K MWCO) was hydrated for one 

minute in water. Excess fluid was removed by tapping the edge of the cassette gently on 

paper. A syringe was filled with sample, with the bevel sideways the tip of the syringe was 

inserted in one of the syringe ports. The sample was injected slowly and air was withdrawn by 

pulling up on the syringe piston. The cassette was dialyzed against 5 L of deionized water for 

two hours and the water was replaced with fresh water for 2 more hours, then the water was 

replaced again for overnight. To remove the sample after dialysis, the cassette was placed 

with the bevel sideways and the tip of the needle was inserted in the cassette, air was inserted 

to separate the membranes and the sample was withdrawn. The sample was lyophilized 

overnight. 

 

Utrafiltration of eluted proteins 

For this purpose Vivaspin concentrators were used to buffer exchange and concentrate the 

samples. This is achieved by passing the sample through an appropriate size of membrane, in 

which the pore size should be at least be 50% small than the molecular size of the protein. In 

our case a 10.000 MWCO was used. 

Processing: 

The sample was filled in the concentrator and filled up with water. The columns were 

centrifuged at 3220 g till the sample was passed through the filter. The column was refilled 

with water and centrifuged. This process was repeated till the sample was free from salts. 

Finally, the sample was centrifuged till reached the desirable concentration.  
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4.3.4. Determination of protein concentration   
 

To determine the total protein in solution, the Pierce™ BCA Protein Assay Kit” was used. It 

is a biochemical assay in which the peptide bonds in the protein reduce the Cu2+ ions from 

copper (II) sulphate to Cu+. The resulting Cu+ chelate with two molecules of bicinchoninic 

acid resulting in a purple complex. This complex strongly absorbs at 562 nm. A standard 

curve is performed over a wide range (20-2000 µg/ml) where the absorption values are 

linearly proportional with the concentrations. 

Processing: 

Following manufactures’ instructions, a range of concentration from the standard were done, 

25 µl of the standards and diluted unknowns were pipetted in 96 well plates in triplicates. 

Working reagent was prepared by mixing reagent A and B in 50:1 ratio, respectively. 200 µl 

of the working reagent were added. The plate was orbitally mixed using Tecan infinite 2000 

for 30 s and then incubated at 37 °C for 30 min. Absorbance at 562 nm was measured using a 

microplate reader. A standard curve was done and the unknown protein concentrations were 

determined. 

4.3.4. Sodium Dodecyl Sulphate polyacrylamide gel electrophoresis (SDS-PAGE)  
 

Biological macromolecules, mainly proteins are separated by means of their electrophoretic 

mobility through the polyacrylamide gels (Laemmli 1970). Under denaturating conditions, 

SDS an anionic detergent is added to linearize the protein by destroying their tertiary and 

quaternary structures.  Furthermore, imparting an even distribution of negative charges per 

unit mass of the protein. By this way, fractionation is achieved during electrophoresis with 

respect to the proteins size. During electrophoresis, proteins with higher molecular weight 

migrate slower thus appearing higher compared to low molecular weight proteins appearing 

migrating faster and appearing nearer to the anode. A standard protein ladder is also loaded to 

the gel during electrophoresis which aids in the determination of the approximate size of the 

tested proteins.  
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Solutions used: 

SDS PAGE Separating 
gel 10% 

Stacking gel 4% 

Rotiphorese®40% 2.08 ml 0.5 ml 
Separating gel buffer 2.08 ml    ---- 
Stacking gel buffer   ---- 1.25 ml 
H2O 4.17 ml 3.25 ml 
APS 10% (w/v) 75 µl 30 µl 
TEMED 7.5 µl 15 µl 
 

 

Separating gel buffer  
1.5M Tris 90.86 g 
13.9 mM SDS 2 g 
adH2O 500 ml 
Adjust pH to 8.8 using HCl  
 

 

Stacking gel buffer  
1.25M Tris 37.8 g 
13.9 mM SDS 2 g 
adH2O 500 ml 
Adjust pH to 8.8 using HCl  
 

4×  Laemmli sample buffer  
1 M Tris-HCL, PH 6.8 2.5 g 
0.04 M SDS 1 g 
5.48 M Glycerol 4 ml 
2.85 M β-Mercaptoethanol 2 ml 
0.3 mM Bromophenol blue 2 mg 
adH2O 10 ml 
 

 

10x electrophoresis running 
buffer 

 

0.25 M Tris 30.3 g 
1.92 M Glycine 142.6 g 
34.7 mM SDS 10 g 
adH2O 1000 ml 
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Figure 5. PageRuler™ Prestained Protein Ladder (10 to 250 kDa)  
(http://www.thermoscientificbio.com) last accessed at 26.07.17 

 

 

Processing: 

Before the assembly and casting of the gels, glass plates (spacer and thin plate) were 

thoroughly cleaned and degreased with 70% ethanol. Both plates where put together in the 

casting frame and secured on the casting stand. The separating gel (10%) was formulated as 

shown in 4.3.4 section of methods and the polymerization was started by the addition of 

ammonium persulfate (APS) and tetramethylethylenediamine (TEMED). APS acted as the 

source of the free radical, whereas TEMED stabilized the free radicals and catalyzed the 

formation of cross-linkages between acrylamide and bisacrylamide. Separating gel was then 

poured between the spacer and the thin plate leaving about 2 cm from the top. 1-2 ml of  

iso-propanol or water was added on top of the separating gel to ensure an even and smooth 

surface. The gel was left to polymerize for about 15 minutes meanwhile the stacking gel was 

prepared as shown in section 4.3.4 of methods. Iso-propanol was removed and the staking gel 

was poured following the insertion of the appropriate comb size. The comb was carefully 

added to avoid the formation of any air bubbles. The gel was left to polymerize for 15 minutes 

and then removed from the casting frame. The gel sandwich was then put in the gaskets to fit 

it in the electrophoresis chamber. Two gels should be run at time, if not then a dummy was 

added to ensure a continuous flow of the current. The electrophoresis tank was then filled  
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with 1× electrophoresis running buffer and the comb was carefully removed. Deanturated 

protein samples were heated at 95 °C for 10 minutes and an adequate volume was loaded on 

the gel. 6µl of protein ladder was added as a size reference (fig. 5). The gels were run using 20 

mA/gel for 1-1.5 h or till the bromophenol blue reached the bottom of the separating gel. 

Staining of the gels (section 4.3.5 of methods) was then performed to visualize the bands. 

 
 

4.3.5. Protein staining of polyacrylamide gels 
 

Coomassie staining 

This method is a sensitive mean to visualize proteins approximately 100 ng/band on the 

polyacrylamide gels (Weber and Osborn 1969). The dye binds specifically to aromatic and 

basic side chains of amino acids residues in the protein polypeptide chain.  Two ways of 

staining were used, a methanol containing staining solution and a methanol free staining 

solution to avoid the drawback of methanol toxicity.  

Solutions used: 

Coomassie staining solution  
0.25% (w/v) Coomassie Brilliant Blue R250  
45% (v/v) methanol  
10% (v/v) acetic acid  
 

Coomassie destaining solution  
45% (v/v) methanol  
10% (v/v) acetic acid  
 

Methanol free coomassie staining solution  
5% Al2(SO4)3 × 14-18 H2O  
2% H3PO4  
10% Ethanol  
0.02% CBB-G250  
 

Methanol free coomassie destaining solution  
10 % (v/v) Ethanol  
2 % (v/v) H3PO4  
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Processing: 

Methanol containing coomassie staining was carried out by first dissolving the coommasie in 

methanol for 2 hrs, then methanol and acetic acid were poured. The mixture was stirred for 

another 1 h. Staining of the gel was carried out by washing the gel 3 × 5 min, and placing the 

gel for 20 minutes in the staining solution and carefully destained for 30 minutes.  

Regarding the methanol free coomassie staining, aluminum sulphate was first solved in water 

overnight, then phosphoric acid was added and filled up with water and then mixed with 

ethanol. After the solution was homogenized, CBB was added. Staining was carried out by 

washing the gel 3 × 5 min, and placing the gel for 2 h in the staining solution. The gel was 

destained if necessary. For documentation, the gel was put on a visible transilluminator.  

4.3.6. Western Blott 

This analytical technique is used to detect specific proteins by means of antibody complex on 

the PVDF membrane.  

Solutions used: 

Transfer buffer  
48 mM Tris 5.8 g 
37 mM Glycine 2.8 g 
1.28 mM SDS 0.37 g 
4.9M Methanol 200 ml 
adH2O 1000 ml 
 

Processing: 

According to (Towbin et al. 1979) after SDS-PAGE, the stacking gel was removed by a 

scalpel and the gel was equilibrated in the transfer buffer. Whatman filter paper and PVDF 

membrane were cut the same size of the gel and immersed in the transfer buffer. The PVDF 

membrane was activated by placing it in firstly 100% methanol. The transfer stack was built 

from the cathode to the anode as shown in (fig. 6) allowing the blotting of the proteins from 

the SDS-PAGE to the PVDF membrane. Air bubbles were removed by rolling a glass tube 

over the sandwich. A semi-dry blotting was performed and the transfer was carried out for  

10 minutes at a constant electric field of 0.8 mA/cm2. After transfer the proteins were 

visualized by immunostaining. 
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Figure 6. Western Blot transfer stack 

 

4.3.7. Immunostaining of proteins 

 
Immunoblotting involves the use of antibodies to identify specific target proteins from non-

specific ones. This is achieved through a specific antigen antibody complex to identify the 

target protein.  

 
PBS buffer  
136.89 mM NaCl 8.0 g 
2.68 mM KCl 0.2 g 
8.09 mM Na2HPO4 × 2 H2O 1.44 g 
1.74 mM KH2PO4 0.24 g 
adH2O 1000 ml 
Adjust pH to 7.4 using HCl  
 

PBST  
0. 5% (v/v) Tween 20 5 ml 
adPBS 1000 ml 
 

Blocking buffer  
5% (w/v) Skimmed milk powder 5.0 g 
0. 5% (v/v) Tween 20 5 ml 
adPBS 100 ml 
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Processing: 

Following the blotting (section 4.3.6 of methods) the membrane was blocked to avoid any 

unspecific protein binding sites using blocking buffer for one hour on the shaking plate. This 

results in a reduced interfering background. The membrane was then incubated with the 

primary antibody overnight at 4 °C. The primary antibody was directed against 6× histag and 

was diluted 1:5000 in blocking buffer. The membrane was then rinsed 3 × 5 minutes with 

PBST at RT with slight shaking (20 rpm). This was followed by the incubation of the 

membrane with the horseradish peroxidase (HRP) conjugated secondary antibody  

(1 h/20 rpm/RT) for the indirect detection of the target protein. The secondary antibody was 

diluted 1:5000 in blocking buffer. The membrane was rinsed thoroughly 3 × 5 minutes with 

PBST at RT with slight shaking (20 rpm) to remove any nonspecific possible bindings of 

antibodies on the membrane that might interfere with positive signals. Signals were detected 

using Pierce™ ECL Western Blotting Substrate Kit. 

 

Signal detection using Pierce™ ECL Western Blotting Substrate Kit 

It is a sensitive method utilizing an enhanced chemiluminescent substrate (ECL) for the 

detection of the horseradish peroxidase (HRP) activity from antibodies after western blotting. 

According to manufacturers’ instructions, reagent 1 and 2 were mixed equimolarly shorty 

before use. The membrane was placed in a plastic sheet protector and a sufficient amount of 

the working reagent was pipetted. Excess reagent was removed using clean tissue wipers from 

the boarders. Moreover, any air bubbles were also removed by rolling a glass tube over the 

membrane. The bands were then visualized using chemi-capt system. Exposure time was 

varied between 30 s to 5 min, until reaching the desired signal intensity. 
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4.3.8. Spectrophotometric assays 

 

Fluorescence spectrum of the recombinant fusion proteins 

The fluorescence spectrum of EcFbFp, P28-EcFbFp-His, His-P28-EcFbFp and  

His-EcFbFp-P28 were monitored using a fluorescence spectrophotometer (Tecan infinite 

2000). 

 

Processing: 

50 µL of the respective fluorescence proteins in anion exchange elution buffer were pipetted 

into 96 well plate. Excitation wave length was adjusted at 450 nm and the emission was 

recorded by scanning emission between 460 and 600 nm. Excitation spectra were recorded by 

adjusting emission at 520 nm and scanning the excitation wavelength from 300 to 510 nm. 

 

Stability of recombinant fusion proteins to temperature  

The thermal stability of the purified fusion proteins were evaluated by using a Fluorescence 

spectrophotometer connected to a temperature controller (HORIBA Jobin Yvon GmbH, 

Germany).  

 

Processing: 

25 µM of the recombinant fusion protein were dissolved in anion exchange elution buffer, 50 

µL each of which were added in a quartz fluorimeter cell, 4 mm. Samples were heated to the 

desired temperature (37 °C and 50 °C) that were sealed to minimize loss due to evaporation. 

Fluorescence emission spectrum was recorded between 470 and 600 nm every 30 minutes for 

a total of 150 minutes. 
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Stability of recombinant fusion proteins to pH  

The pH stability of the recombinant fusion proteins were tested against a range of pH from 

strongly acidic condition to alkaline ones. 

 

Solutions used: 

 

pH 2  
4 mM Na2HPO4 20 ml 
98 mM C6H8O7 980 ml 
 

 

pH 4  
77.1 mM Na2HPO4 385.5 ml 
61.45 mM C6H8O7 614.5 ml 
 

 

pH 8  
194.5 mM Na2HPO4 972.5 ml 
2.75mM C6H8O7 27.5 ml 
 

 

pH 10  
60 mM Na2CO3 600 ml 
40 mM NaHCO3 400 ml 
 

Processing: 

A stock solution composed of 200 mM Na2HPO4 / 100 mM C6H8O7 and  

100 mM Na2CO3 / 100 mM NaHCO3 were initially prepared, in which the purified fusion 

proteins were dissolved in the different citric acid/phosphate and carbonate buffer formulation 

that produced different pH values as shown. The purified fusion proteins were dissolved in to 

the respective pH buffers and 50 µL samples were pipetted into a flat bottom 96-well plate  
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(Greiner Bio One, Germany). Fluorescence was measured every 30 minutes for a total time of 

3 hours using a fluorescence spectrophotometer (Tecan infinite 2000) with the excitation 

wavelength adjusted at 450 nm and the emission at 495 nm. 

 

4.4. Cell Culture Methods 

4.4.1. Cell lines 
 

Human Homosapiens A549 epithelial lung carcinoma 

A549 cells are adenocarcinoma human alveolar basal epithelial cells, derived from a 58 year 

old Caucasian male. It was first developed in 1972 by D. J. Giard, et al (Lieber et al. 1976). 

An explant from the tumor was taken to which culturing of cancerous lung tissue was 

undertaken. This type of normal lung cell are squamous in nature performs the task in 

diffusing water, electrolytes and other substances across the alveoli of the lungs. In vivo they 

grow as adherent monolayer. The cells used for the experiments where passaged at least 4 

times before using them.  

 

Human Homospiens MCF7 mammary gland carcinoma 

MCF7 cells are adenocarcinoma human mammary epithelial cells. They were isolated from a 

69 year old Caucasian female with a metastatic cancer.  MCF 7 stands for Michigan Cancer 

Foundation, where in 1973 the cell lines were first established.  In vivo they grow as adherent 

monolayer. The cells used for the experiments where passaged at least 4 times before using 

them.  

 

4.4.2. Cell Cultivation 
 

All cell culturing was performed under the laminar flow. A549 and MCF7 cells were grown 

in growth medium in 75 cm2 tissue culture flasks, in a humidified atmosphere with 5% CO2 at 
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37 ºC. Culture flasks had filtered caps to allow for sufficient gas exchange, during handling 

cells were left out of the incubator for the least time possible to minimize any kind of stress to 

the cells. Every 3 days the medium was removed and replaced with warm, fresh growth 

medium.  

 

4.1.3 Sub culturing of cells 

  
In order to avoid suppression of cellular growth, cells were harvested and splitted when they 

reached a certain population density. Ideally, cells are harvested when they are in a semi-

confluent state and are still in log phase. Over growth of the cells to confluence was avoided 

to minimize the stress on the cells that might lead to unrecovered cells. 

 

Processing:  

Cells were sub cultured when they reached 70-80% confluence. Cell containing the mitotic 

features were rinsed 2 × 10 ml with PBS, and subsequently 3 ml Trypsin/EDTA (T/E) were 

added and incubated for 5 min at 37 °C/5%CO2. Trypsin is an enzyme that helps in the 

detachment of the cells for the surface of the flask by disrupting the peptide bonds. EDTA is a 

metal chelator which also helps in the detachment of the cells.  Flasks well then tapped gently 

from the side to loosen the cells and 7 ml of FBS containing medium was added. FBS is a 

bovine serum that stops the proteolytic activity of the trypsin. Cells were subsequently 

transferred to 15 ml falcons and centrifuged (2 min/700 rpm). The cells were resuspended in 

growth medium after discarding the supernatant. Finally, cells were counted 10,000 cell/cm2 

and seeded in 75 cm2 culture flasks. 

 

4.1.4 Counting of cells 

An inverted phase microscopy was used to monitor the cells viability using phase contrast. 

Living cells were adherent on the surface of the flask, while non-viable cells showed rounded 

and floating. Cell number was assessed using the hemocytometer. The sample is introduced 

between the gap, that is formed by putting a thin glass slide on the thickened cytometers’ 
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device. The chamber is divided into nine gridded sections, cell counting is usually done by 

counting the four outer sections. Each square of the chamber represents a total volume of 10-4 

cm3. The cell concentration per ml and thus the total number of cells were determined. 

 

Processing:  

The cell suspension obtained from (section 4.1.3 of methods) was diluted 1:1 and pipetted 

carefully in the gap between the cover slide and the hemocytometer. The sample was allowed 

to go in by capillary action. Cells were counted in each of the outer 4 corners excluding the 

cells that touching the grid lines. Finally, the cell count per ml was calculated using the 

equation:  

cells/ ml= (n) × 104 × dilution factor, n = the average cell count per square of the four corner 

squares counted. 

 

4.1.5 Freezing of cells  

Freezing of cells is subtle procedure, therefore many precautions were taken. Changing in the 

concentration of pH, electrolytes, dehydration and even water crystals formed during freezing 

can cause death of the cells. For this reason as cryoprotective reagent that lowers the freezing 

point such as DMSO was used. Cells were freshly subcultured two days before freezing. 

Freezing was carried out gradually from room temperature to -80 °C and then stored in liquid 

nitrogen. 

 

Solution used:  

Freezing medium   
DMEM 
FBS 
DMSO 

 70% 
20% 
10% 
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Processing:  

Cells were washed and trypsinated as described in section 4.1.3 of methods and resuspended 

in 1 ml freezing medium. The vials were put at 4 °C for 30 minutes and then transferred to  

-20 °C for another 30 minutes, then the cells were left overnight at -80 °C and finally stored in 

liquid nitrogen for long term storage. Storage at such low temperatures like liquid nitrogen 

can arrest the growth of ice crystals and prolong the cells viability. 

 

4.1.6 Thawing of cells  
 

Minimal handling should be carried out with cryopreserved cells. Therefore, cells were 

thawed on ice and handled quickly. 

Processing:  

The internal pressure of the vial was slowly removed and the content of the vial was 

transferred to a 15 ml falcon tube. 10 ml of growth medium was added and the cells were 

washed by centrifuging them for (2 min/700 rpm). The supernatant was removed and the cells 

were gently resuspended in 10 ml of growth medium and transferred in 75 cm2 flasks. The 

medium in the flask was changed after 24 hours to eliminate any traces from the DMSO that 

might cause stress on the cells and thus hinder their growth. 
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4.5. Cell Biological Methods 

4.5.1. Extraction of total protein lysate 
 

Solution used:  

RIPA buffer  
50 mM Tris-HCl, pH 7.4  
1% Triton X 100  
0.1% SDS  
150 mM NaCl  
2 mM EDTA  
50 mM NaF  
0.5% Na-deoxycholate  
1×  Pierce protease inhibitor tablets*,  
EDTA free 
 
* Protease inhibitor added to RIPA buffer prior to 
use 
 
 
 

 

Processing:  

MCF7 and A549 cells were seeded in a 6 well plate at a density of 0.3 × 106 cells/well. Cells 

were incubated overnight until 70-80% confluency, before being treated with 100 µM of 

different fusion proteins (EcFbFp, P28-EcFbFp-His, His-P28-EcFbFp, His-EcFbFp-P28) and 

grown for 24 hours. The cells were then washed 3 times with PBS and harvested, after 

trypsinization in PBS then, centrifuged for 5 minutes at 3,000 rpm. Pellets were resuspended 

in 200 µL RIPA buffer (50 mM Tris-HCL, pH 7.4, 1% triton, 0.5% Na-deoxycholate, 0.1% 

SDS, 150 mM NaCl, 2 mM EDTA and 50 mM NaF supplemented with protease inhibitor 

prior to use) and allowed to stand on ice for 30 minutes with occasional vortexing. The lysate 

was then centrifuged at 14,000 ×g for 15 minutes at 4 °C.  The concentration of the total 

protein extract (TPE) was estimated using BCA assay.  The concentration of the TPE was 

then adjusted to 40 µg/ml using RIPA buffer. The TPE were resolved on SDS-PAGE and 

electrophoretically transferred onto PVDF membrane as previously described (Towbin et al. 

1979). 
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4.5.2. Confocal microscopy 
 

Confocal microscopy is an optical measuring technique used to detect for instance the uptake 

of proteins into cell lines by means of a fluorescent marker.   

Processing:  

2 × 104 MCF7 and A549 cells were seeded overnight in ibidi µ-slides at 37 °C in a 5% CO2 

humidified atmosphere. Growth medium was replaced with 100 µM each of the fusion 

proteins; EcFbFp, P28-EcFbFp-His, His-P28-EcFbFp, His-EcFbFp-P28. Uptake was carried 

out for 3 hours, slides were then rinsed 3× with prewarmed PBS to remove excess protein 

followed by staining the cellular plasma membrane using cell mask deep red according to 

manufacturer’s instructions (Life technologies, Germany). Cellular uptake and localization 

was visualized using inverted laser scanning microscope (LSM 710, Carl Zeiss Inc.). For this 

purpose 488 nm laser was used to excite the fusion proteins and 633 nm laser was used for the 

membrane staining. 

 

4.5.3. Blue light exposure system 
 
Four luxeon rebel (Philips Lumileds, San Jose, Ca, USA) 488 nm Light emitting diode (LED) 

possessing a 125° viewing angle with a current of 350 mW, were mounted on rectangular 

panel at a distance of 0.5 cm from the surface of the cell culture plate. This distance had been 

empirically determined in order to eliminate possible thermal effects on the cultured cells due 

to the LEDs. All blue light exposure experiments were conducted inside the incubator  

(Omata et al. 2006). 

4.5.4. Cytotoxic effect of the recombinant fusion proteins 
 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) is a colorimetric assay 

that detects the living cells in a solution. MTT is reduced by mitochondrial reductases found 

in living cells to soluble purple formazan crystals that are solubilized by a strong detergent 

(DMSO) resulting in a colored solution. The absorbance of this colored solution can be 

quantified by measuring at wavelength 562 nm. 
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Solution used:  

MTT Solution  
MTT powder  (5 mg/ml) 50 mg 
PBS 10 ml 
Sterile Filter the Solution  
 

Processing:  

For cytotoxicity experiments cells were treated with different regimes of azurin fusion-

proteins, in presence of absence of blue light. In a typical experiment, the medium was 

replaced with 25 µM, 50 µM, 100 µM, 200 µM or 400 µM of EcFbFp, P28-EcFbFp-His, His-

P28-EcFbFp, His-EcFbFp-P28 each in DMEM. Protein uptake was carried out for 24 h, 

followed by two times washing with 200 µl of PBS (Dulbecco’s Phosphate buffered saline). 

100 µl of DMEM were then added and the wells were irradiated with blue light for 2 minutes. 

MTT assay was carried out after 24 hours post irradiation. Briefly, 10 µl of MTT reagent were 

added to each well and the plates were incubated for 3 hours at 37 °C, in the dark, to allow the 

formation of the purple formazan crystals. The supernatant was aspirated and 100 µL of 

dimethyl sulfoxide DMSO (Sigma, Germany) were added to solve the formazan crystals.  The 

plate was gently swirled for 30 s and the absorbance was measured at 562 nm using a plate 

reader (Tecan, Zurich, Switzerland). Values were normalized to untreated cells, as a control. 

Each experiment was repeated three times and means and standard deviations were calculated. 

Significance levels were determined by Student’s t test. 

 

4.5.5. Detection of reactive oxygen species H2DCFDA assay 
 

ROS is involved in cell proliferation and oxidative defense mechanisms responsible for 

bacterial death. Subsequently, the intracellular reactive oxygen species were determined. 

H2DCFDA in presence of intracellular esterase’s cleaves the acetate group and results in the 

oxidation to a fluorescent DCF which emits fluorescence at 535 nm.  
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Solution used:  

H2DCFDA Solution  
4 µM H2DCFDA powder   50 mg 
DMSO  10 ml 
 

Processing:  

Cells were seeded in 96 well plate at a density of 5 × 103 cells per well. 24 hours post culture, 

cells were incubated with 100 µM of the various fusion proteins EcFbFp, P28-EcFbFp-His, 

His-P28-EcFbFp, His-EcFbFp-P28 and negative controls, without light or diamide were used 

to establish a baseline ROS levels.  Uptake was carried out for 24 hours, then cells were 

gently washed twice with PBS and fresh medium was added and exposed to light for  

2 minutes. 2 µM final concentration of H2DCFDA were added and fluorescence was directly 

measured using a fluorescence spectrophotometer (Tecan infinite 2000). During all the 

measurements, cells were kept in the dark as much as possible. Fluorescence was calculated 

by dividing drug treated wells by stained control wells to which unstained wells were 

subtracted (Ling et al. 2011). Significance levels were determined by Student’s t test.
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5. Results 
 

5.1 Cloning of recombinant genes 

5.1.1 Cloning of His-P28-EcFbFp in pET22b vector 
 

Synthetic genes (P28-EcFbFp and His-P28-EcFbFp) were designed and purchased from 

MWG eurofins (Ebersberg, Germany). The genes contained an NdeI restriction site on the 5’ 

end and XhoI on the 3’ end of the gene as shown in fig. 7. The genes were digested and 

cloned in pET22b vector in order to create a P28 free amino terminal or P28 that is occupied 

on both terminals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
Figure 7. Cloning of HisP28EcFbFp gene to construct a pET22b-His-P28-EcFbFp expression plasmid. 
Using NdeI/XhoI double digestion, pET22b and the synthetic gene HisP28EcFbFp was digested and 
separated on 0.8% agarose gel electrophoresis. Bands corresponding to the linearized pET22b and 
HisP28EcFbFp was purified and ligated. 

NdeI/XhoI 

Ligation of His-P28-EcFbFp 
to pET22b vector 
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5.1.2 Cloning of P28-EcFbFp-His in pET22b vector 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
Figure 8. Cloning of P28EcFbFp gene to construct a pET22b-P28-EcFbFp-His expression plasmid. Using 
NdeI/XhoI double digestion, pET22b and the synthetic gene P28EcFbFp was digested and separated on 
0.8% agarose gel electrophoresis. Bands corresponding to the linearized pET22b and P28EcFbFp was 
purified and ligated. 
 

 

 

NdeI/XhoI 

Ligation of His-P28-EcFbFp 
to pET22b vector 
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5.1.2 Cloning of His-EcFbFp-P28 in pET28a vector 
 

In order to create a free carboxylic terminal; synthetic gene was purchased cloned in a 

standard company’s vector (pEX-A2) which was designed containing an Nde I restriction site 

on the N terminus and XhoI restriction site on the C terminus of the gene. The gene was then 

restricted by NdeI and XhoI restriction enzymes and cloned in pET28a. pET28aEcFbFp was 

provided by Dr. Thomas Drepper (FZ Jülich/ Heinrich University Düsseldorf, Germany). 

   

 

  

  

         

 

NdeI/XhoI 
Ligation of His- EcFbFp-P28 

to pET28a vector 

 

NdeI-His-EcFbFp-P28-XhoI 

Figure (9): Cloning of His-EcFbFp-P28 genes and construction of 
pET28a-EcFbFp-P28 expression plasmid. Using NdeI/XhoI double 
digestion, pET28a and the pEX-A2 (standard company’s vector) 
containing His-EcFbFp-P28 were digested and separated on 0.8% 
agarose gel electrophoresis. Bands corresponding to the linearized 
pET28a and His-EcFbFp-P28 were purified and ligated. 
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5.1.3 Overlap extension PCR of His-Mrfbfp-P28 construct and cloning in pET28a vector 
 

His-MrFbFp-P28 construct was generated by OE-PCR using pET28a-MrFbFp which was 

provided by Dr. Thomas Drepper (FZ Jülich/ Heinrich University Düsseldorf, Germany) and 

pET22b-His-EcFbFp-P28 vectors. The primers were designed in a way that the reverse primer 

binding to MrFbFp possesses a 3’ overhang that hybridizes with the overhang of the Forward 

primer of P28. The OE-PCR was done in a three step reaction, first producing the overhangs 

of MrFbFp and P28 each in a separate reaction and then an amplification step OE-PCR 

without primers and finally, amplification step OE-PCR with primers as elaborated in section 

4.2.10 of methods. 

 

  

pET28a'(
His'EcFbFp'

P28(

 

OE-PCR  

Ligation to pET28a 

Figure 10. Generation of pET28a-His-MrFbFp-P28 vector by OE-PCR 
using pET28a-MrFpFp and pET28a-His-EcFbFp-P28 vectors and 
ligating the product in a pET28a vector. Black bars represent the 
forward and reverse primer and the red bars represent the overlapping 
part of the primers. 
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5.2 Expression of recombinant fusion proteins 

Each of EcFbFp, P28-EcFbFp, P28-EcFbFp-His, His-EcFpFp-P28 and His-MFbFp-P28 

Fusion proteins were expressed as shown in section 5.3.1 of methods. Briefly, flasks were 

inoculated with a starting OD600 of 0.1 and incubated at 37 °C, 150 rpm. A temperature shift 

to 30 °C after induction with 0.5 mM IPTG was then performed and protein expression was 

carried out overnight. In case of WT azurin the protein expression was kept at 37 °C after 

induction. 1 ml samples were taken before induction, 2,4,6 and 24 hours after induction and  

1× loading dye was added and samples were heated at 95 °C for 15 min. 20 µl of samples 

were loaded on the SDS gel and the gels were ran as shown in section 4.3.4 of methods.  

 

 

5.3 Purification of recombinant fusion proteins 

Recombinant fusion proteins WT azurin, EcFbFp, His-P28-EcFbFp, P28-EcFbFp-His,  

His-EcFpFp-P28, MrFbFp and His-MrFbFp-P28 were purified using immobilized Ni-NTA 

affinity chromatography. An increase of imidazole concentration (10 mM, 15 mM and  

20 mM) in the wash buffer was performed to eliminate unspecific proteins while retaining the 

fusion proteins.  As described in section 4.3.2 of methods, the supernatant resulting from the 

protein purification was loaded on the Ni-NTA columns and incubated while shaking for  

30 minutes to allow the binding of the protein to the Ni. In all cases, 20 mM were adequate to 

wash out all unspecific or weakly bound proteins without losing the protein of interest, while 

in case of His-MrFbFp-P28 15 mM was found to be the highest concentration of imidazole 

that could be applied to retain the recombinant protein. The concentration of the proteins 

obtained varied between 10 mg to 20 mg per liter of culture. From the SDS-page (fig.11) it 

can be observed that the proteins possess a relatively high purity. Elution of all fusion proteins 

were carried out with 500 mM imidazole. Proteins were dialyzed against water then 

lyophilized and stored at -20 °C for long term storage. The stability of the purified and stored 

fusion proteins were validated by the fluorescence tests performed.  
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Figure 11. SDS-page from the purification of wild type azurin (A), EcFbFp (B), P28-EcFbFp-His (C),  
His-P28-EcFbFp (D), His-EcFbFp-P28 (E), MrFbFp (F) and His-MrFbFp-P28 (G) using immobilized   
Ni-NTA affinity chromatography. 1× loading dye was added to the samples and cooked at 95 °C for 
15 min. 20 µ l of samples were loaded and proteins were resolved on a denaturing polyacrylamide gel. Gels 
were run at 20 mA per gel for 40min.  In which; L: Ladder, FT: Flow through, W1: first washing,  
W2: second washing, W3: third washing and E1: First elution, E2: second elution, E3: third elution. 

 

 

 

5.4 Characterization of recombinant fusion proteins 

5.4.1 Detection of fluorescence spectrum 

 

Fluorescence of the fusion proteins (EcFbFp, P28-EcFbFp-His, His-P28-EcFbFp and His-

EcFbFp-P28) were monitored by fluorescence spectrophotometer (Tecan infinite 2000). 

Excitation wave length was adjusted at 450 nm and the emission was recorded by scanning 

emission between 460 and 600 nm. Excitation spectra were recorded by adjusting emission at 

520 nm and scanning the excitation wavelength from 300 to 510 nm. A characteristic peak of 

FMN appears at (450 nm) visible blue region a lower excitation peak at UV-A (370 nm) of 

the spectrum. An intact emission peak (495 nm) rather than a free FMN peak (525 nm).   

 

 

25KDa 

15KDa 

L      lysate   FT       W1      W2       E1        E2        E3 

G 



RESULTS 
 

 70"

338 378 418 458 498 538 578
0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

2,2

2,4

Fl
uo

re
sc
en

ce
*(A

.U
.)

Wavelength*(nm)

*EcFbFp
*P28=EcFbFp=His
*His=P28=EcfbFp
*His=EcFbFp=P28

 

 

Figure 12. Fluorescence spectrum of the recombinant fusion proteins dissolved in elution buffer  
(50 mM NaH2PO4, 300 mM NaCl, 500 mM Imidazole). Excitation wave length was adjusted at 450 nm and 
the emission was recorded by scanning emission between 460 and 600 nm. Excitation spectra were 
recorded by adjusting emission at 520 nm and scanning the excitation wavelength from 300 to 510 nm. 

 

 
 

5.4.2 Stability of the recombinant fusion proteins to pH 
 

The recombinant fusion proteins tolerate a wide range of pH from strongly acidic conditions 

to alkaline ones and yet showing high stability. Thermal tolerance was determined at pH 2 

(fig. 13A) and pH 4 (fig. 13B). Our measurement also covered the alkaline pH (fig.13C and 

13 D). We characterized the tolerance of the fusion proteins by incubating them in different 

pH’s buffer compositions over a period of three hours (see materials and methods). In order to 

estimate the accurate protein stability in relevance with time, all values were normalized by 

the peak fluorescence emission intensity collected at 495 nm at zero point. We found that the 

fusion proteins exhibit a fluorescence over a broad pH from pH 4-10 retaining 70-85% of 

their initial fluorescence at maximum tested time. Moreover, at pH 2 the all fusion proteins 

lose merely circa 30% of their initial fluorescence upon prolonged incubation time.  
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Figure 13. Effect of different pH values on stability of fusion proteins. Fluorescence values (495 nm) were 
measured for each fusion protein after incubation in buffer solutions producing pH 2 (A), pH 4 (B), pH8 
(C), or pH10 (D), for the indicated times. Each bar represents a different fusion protein and color 
gradients represent different pH values. Values were normalized to fluorescence measured at zero time. 
Values represent means of three experiments ± SD 

 

 

 

5.4.3 Thermal stability of the recombinant fusion proteins 
 

The tolerance of the proteins to temperature is a vital property that determines their proper 

function when administered in the body without losing any of their native features. Here, we 

detected the fluorescence of the fusion protein derivatives at physiological temperature 

(fig.14A) and we overextended the test to cover a more elevated temperature (fig.14B). Since, 

the fluorescence is a direct indicator of the stability, purified fusion protein derivatives were 

A) B) 

C) D) 
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excited at 450 nm and the emission was collected and assessed at 495 nm. Values were 

normalized to the peak fluorescence emission intensity measured at room temperature  

(25 °C). We found that all fusion proteins are immensely stable retaining 90% of their initial 

fluorescence at 37 °C on prolonged incubation times. However, at elevated temperature 

Fusion protein loose nearly 50% of their room temperature fluorescence.  
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Figure 14. Effect of temperature on the stability of the fusion protein derivatives. Protein constructs were 
incubated at 37 °C (A) or 50 °C (B) for the indicated times, after which fluorescence levels were measured 
(excitation wavelength is 450 nm and emission at 495 nm). Values were normalized to fluorescence levels 
of proteins incubated at room temperatures. Values represent means of three independent measurements 
± SD. 

 

 

5.5. Fusion protein extraction and western blot analysis 

 

Both His-P28-EcFbFp and His-EcFbFp-P28 are evidently internalized by lung and breast 

cancer cells. The uptake of the 14 KDa wild type azurin in relation to the recombinant fusion 

proteins was relatively lower. This highlights the truncated wild type azurin in its role as a cell 

penetrating peptide (Tohru Yamada et al. 2009). There is an obvious uptake of both  

A) B) 
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His-P28-EcFbFp in A549 cell with a less uptake in MCF 7 cells, on the other hand the uptake 

of His-EcFbFp-P28 in MCF 7 cells is more pronounced than lung cancer. There is no uptake 

of EcFbFp which is also confirmed by the confocal pictures and this shows the essential role 

of P28 as a cell penetrating peptide. 

 

 

 

 

    

 

Figure 15. The total protein extract was obtained from A549 and MCF7 cancer cell. 40ug/ml of the fusion 
protein derivatives were loaded and resolved on a denaturing polyacrylamide gel and transformed 
electrophoretically on PVDF membrane. The blots were probed with primary anti histidine antibody and 
beta-actin antibody was used as a loading control. The membrane was probed with secondary antibody 
for 1hour. Chemiluminescence was detected by adding ECL enhanced peroxidase substrate (see material 
and methods). 

 

5.6. Entry of azurin derived fusion protein in mammalian cells 

 

We examined the internalization of the fusion protein derivatives during three hours of 

incubation in case of both breast and Lung cancer cells. The cell membrane was stained red 

with cell mask deep red. His-EcFbFp-P28 shows by far the best protein uptake in both cell 

lines compared to His-P28-EcFbFp and P28-EcFbFp-His. While EcFbFp wasn’t up taken 

from both cell lines, His-P28-EcFbFp showed a reduced internalization in comparison with 

P28-EcFbFp-His that showed a punctate internalization and thus a slow and inefficient entry 

and possible localization on the surface of the cell (fig. 16,17).  
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Figure 16. A comparative internalization of P28 fusion proteins derivatives in A549 cancer cell lines.  Cells 
were incubated with 100 µM of each of EcFbFp, His-EcFbFp-P28, His-P28-EcFbFp and  
P28-EcFbFp-His fusion proteins for three hours and auto fluorescence was detected (green). In addition, 
the plasma membrane was stained with cell mask deep red. Images were recorded with confocal 
microscopy (LSM710). The scale bar corresponds to 20 µm. 
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Figure 17. A comparative internalization of P28 fusion proteins derivatives in MCF 7 cancer cell lines.  
Cells were incubated with 100 µM of each of EcFbFp, His-EcFbFp-P28, His-P28-EcFbFp and  
P28-EcFbFp-His fusion proteins for three hours and auto fluorescence was detected (green). In addition, 
the plasma membrane was stained with cell mask deep red. Images were recorded with confocal 
microscopy (LSM710). The scale bar corresponds to 20 µm. 
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5.7. Azurin fusion proteins enhance cytotoxicity in MCF-7 and A549 cells 

MTT assay was performed to determine the anti-proliferative effect of the azurin fusion 

proteins derivatives. The lung cancer cell lines A549 and breast cancer cell lines MCF7 were 

treated with the different fusion protein derivatives with different concentrations in the 

presence and absence of blue light along with untreated control for 24 hours. Concentrations 

of proteins used were calculated depending on the initial fluorescence intensity of the protein. 

All fusion protein showed by far more cytotoxicity when compared to EcFbFp. In general, 

blue light busts the effect of the protein by at least 30% when compared to treating the cells 

with protein alone. The synergistic effect of 100 µM of His-EcFbFp-P28 combined with blue 

light resulted in 70% cytotoxicity with a high significance P<0.0001 in case of A549 cell lines 

and 50% cytotoxicity in case of MCF 7 cells. While, in case of His-P28-EcFbFp in 

combination with blue light required a higher protein concentration of 400 µM to produce 

approximately 50% cytotoxicity in both cell lines.  Moreover, 50% cytotoxicity was achieved 

when treating MCF7 cells with 400 µM of P28-EcFbFp-His in combination with blue light. 

 

                 Figure 18. Inhibition of human breast cancer cell proliferation by azurin fusion proteins. A549 cells were 
exposed to increasing concentrations of fusion proteins and percent viabilities were determined using the 
MTT assay as described in “Materials and Methods”. (-) represent uptake of fusion proteins in absence of 
blue light while (+) represent fusion protein-uptake after exposure to blue light for 2 minutes. Different 
fusion proteins are represented by different hatching patterns as shown in the legend. Values were 
normalized to viability of untreated cells and error bars represent means ± SD. 
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              Figure 19. Inhibition of human breast cancer cell proliferation by azurin fusion proteins. MCF 7 cells lines 
were exposed to increasing concentrations of fusion proteins and percent viabilities were determined using 
the MTT assay as described in “Materials and Methods”. (-) represent uptake of fusion proteins in 
absence of blue light while (+) represent fusion protein-uptake after exposure to blue light for 2 minutes. 
Different fusion proteins are represented by different hatching patterns as shown in the legend. Values 
were normalized to viability of untreated cells and error bars represent means ± SD. 

 

5.8. ROS generation in fusion protein treated MCF-7 and A549 cells 

H2DCFDA was added to determine the ROS species that are produced during treatment. 

H2DCFDA a non-fluorescent dye is oxidized to a Fluorescent DCF in the presence of 

intracellular ROS.  Blue light exposure for two minutes took place after fusion proteins 

uptake. H2DCFDA was added as soon as possible (2-5 s) after light exposure. Results show a 

high significance in both cancer cell lines A549 and MCF 7. Where, the combined treatment 

of blue light and protein is by far significant to blue light treatment alone. Furthermore,  

His-EcFbFp-P28 combined treatment relative to EcFbFp combined therapy shows a high 

significance P< 0.001 in both cell lines. A significance of P<0.05 is shown in A549 cell lines 

and P<0.001 in case of MCF7 cell lines during the treatment of His-P28-EcFbFp with blue 

light relative to the combined treatment of EcFbFp and blue light. 
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Figure 20.  Intracellular ROS generation before and after exposure to blue light in A549 (A) and 
MCF7 (B) cell lines. H2DCFDA was added as soon as after light exposure (generally 2-5 s). (-) represent 
uptake of fusion proteins in absence of blue light while (+) represent fusion protein-uptake after exposure 
to blue light for two minutes. Different fusion proteins are represented by different hatching patterns as 
shown in the legend. ROS represent the fluorescent readings from drug treated wells after subtracting the 
controls as shown in material and methods section. Error bars represent means ± SD. 
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6. DISCUSSION 
 

6.1 A short overview 
 
``Cancer ´´ is a term that refers to uncontrolled growth of cells. These cells have the ability to 

invade surrounding tissues and get metastasized and may eventually lead to the patient's death 

if left untreated. Cancer is one of the most deadly diseases known worldwide which can affect 

almost every tissue and body organ. The rate of mortality and morbidity is on the ongoing rise 

since the first records that began around the 20th century. According to the world health 

organization, the number of new cases are expected to raise about 70% in the coming two 

decades (Stewart and Wild 2014).  For this reason, there is an ongoing great deal of effort by 

the scientists to find out the causes that give rise to this problem or find treatment modalities 

to eliminate the disease.  

As described by (Kasper et al. 2005) treatment modalities can be classified into surgery, 

chemotherapy, biologic therapy and radiation therapy. Chemotherapy includes hormonal 

therapy and targeted therapy such as monoclonal antibodies and CPPs. Immunotherapy and 

gene therapy are examples of biologic therapy whereas photodynamic therapy constitutes the 

radiation therapy. Sometimes cancer treatment can be achieved either with one modality or by 

the combination of different modalities.  

 

6.2 Bacteria and bacterial products in the treatment of cancer 

 
The use of bacteria or bacterial products for the treatment of cancer can be dated back to 

several decades. Bacterial peptides such as Exotoxin A from Ps. aeruginosa is used in the 

treatment of Pancreatic cancer, melanoma, head and neck squamous carcinoma, lung cancer, 

breast cancer and multiple myeloma. Moreover, Diphtheria toxin from Corynebacterium 

diphtheria is used in the management of T cell lymphoma, glioblastoma and malignant brain 

tumors. Pep27anal2 from Streptococcus pneumoniae is used in the treatment of breast and 

gastric cancer and leukemia. Last but not least, Entap from Enterococcus species is used in 

the elimination of gastric adenocarcinoma, uterine cervix adenocarcinoma, mammary gland  
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adenocarcinoma, prostate carcinoma and colorectal adenocarcinoma. Finally, azurin from 

Ps.aeruginosa is used in the treatment of breast cancer, lung cancer, and melanoma and 

reticulum cell sarcoma.  

 

In this study, we developed a new tumor-targeting strategy utilizing a fusion protein 

comprised of two components; the P28 fragment of the pseudomonal protein azurin and a 

flavin-dependent fluorescent protein designated EcFbFp. The P28 peptide possesses a dual 

action: first, it acts as a CPP, and, second, it specifically targets cancer cells without harming 

normal cells and it was shown that at high concentrations it exhibits some anticancer 

properties. A fusion of P28 fragment to Glutathione S transferase (GST), which is incapable 

of entering to the mammalian cell by itself, can be internalized into J774 or human melanoma 

or breast cancer cells (Tohru Yamada et al. 2005).  

In the present work, we utilized the unique function of P28 of azurin as a CPP and 

recombinantly created a fusion protein with flavin dependent fluorescent protein designated as 

EcFbFp. 

 

6.3 Fluorescent proteins 

 

Fluorescent proteins, such as GFP and GFP-like proteins, are always in focus due to their 

tremendous use as reporters in cell biology, microbiology and genetic engineering (Li et al. 

2007; Rosochacki and Matejczyk 2002). Nevertheless, their application in the anoxic tumor 

milieu is restricted by the fact that oxygen is crucial for their function due to its involvement 

in the final oxidation step for the chromophore formation (Craggs 2009). In addition, their 

signal intensity is further influenced by different factors, which prevail in the 

microenvironment of the tumor, e.g. pH value. At acidic pH, their fluorescence can be 

quenched and therefore cannot be used as reporter in cellular compartments and organelles of 

living cells possessing low pH (T. N. Campbell and Choy 2001). Flavin mononucleotide 

domain shows a cyan green fluorescence λmax 450 upon excitation with blue light (fig. 21) and 

possess  
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a small molecular size of 14 KDa, approximately. Flavin mononucleotide protein solved the 

problem of oxygen dependent fluorescence as they can fluoresce in both aerobic and 

anaerobic condition (Drepper et al. 2007) , besides showed a great deal of pH stability as 

discussed later. 

 

 

Figure 21. Visualization of recombinant fusion proteins under the UV light 

 

Fusion proteins were expressed at 30 °C as expression at 37 °C resulted in low yield of 

protein.  This could be due to the formation of inclusion bodies and incorrectly folded 

proteins. Consequently, leading to the degradation or the accumulation of a non-fluorescent 

form of FPs. (Evdokimov et al. 2006; Heim, Prasher, and Tsien 1994b).   

Purified fusion proteins were dialyzed to eliminate any lower molecular weight proteins and 

get rid of unwanted salts after being passed on an ion exchange column, which specifically 

binds his tag proteins. The purity was visualized and detected by an SDS PAGE 

electrophoresis that reveals a high purity of our fusion proteins (Fig.11). 

 

6.4 Intrinsic properties of the recombinant fusion proteins 

 

It is by now well established that there exists a pH gradient between the extracellular and the 

intracellular environment of the cancer cells across the plasma membrane (M.D. Blanco, C.  
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Teijón 2012; Prescott et al. 2000). Due to the fact that tumor cells rapidly consume oxygen 

and nutrients, a misbalance between the development of new blood vessels and tumor growth 

occurs leading to hypoxic conditions in cancer cells. This condition drives the cells to acquire 

energy through glycolysis generating lactic acid, hence lowering the pH of the cancer cell. A 

further problem that adds to the extracellular low pH is the poor vascularization in the cancer 

cells which leads to the accumulation of acidic products due to their reduced wash out. Thus, 

the intracellular pH of the cancer cells is neutral to alkaline (Becelli et al. 2007; De Milito et 

al. 2010) and the extracellular pH is acidic. This creates a pH gradient that becomes steeper as 

the tumor size increases (Raghunand et al. 1999). 

 

Accordingly, we tested in our study the stability of the fusion proteins under both acidic and 

basic pH in order to mimic the variable pH range in the body. All fusion proteins showed a 

high stability retaining 70-85% of their initial fluorescence even at highly acidic condition 

(pH 2) the fusion proteins showed immense stability losing only 30% of the initial fluoresce 

(fig.13). Having these results in hand, we can say that the fusion proteins can survive in a 

wide range of pH and possibly from this point can be used as a promising drug candidate.  

 

In agreement with our results, (Mukherjee et al. 2013) showed that EcFbFp and iLOV exhibit 

fluorescence over a range of pH 4-11 and in general retain 60-70% of the maximum 

fluorescence upon prolonged incubation time at pH 4. But, rapidly loose fluorescence at lower 

pH with the appearance of the characteristic FMN emission spectrum and the loss of 

fluorescence emission peak at 495 nm. In contrast to the latter study, however, our results 

show that the P28-EcFbFp fusions were very stable at highly acidic condition. Apparently, the 

presence of P28 did not affect the folding pattern of EcFbFp and provided some degree of 

“protection” against pH changes (fig. 13A). 
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Figure 22. Differences between healthy and tumor tissue. A) Healthy tissue is characterized by a good flow 

in blood vessel. They provide adequate amounts of glucose and oxygen to normal cells. Lymph vessels are 

present and allow the elimination of waste products. B) Tumoral tissue promotes the metastasis of 

abnormal cells to other tissues, inadequate supply of nutrients and poor lymphatic network that does not 

drain properly increasing the amount of waste products in these tissues and also increases the protons 

which decrease the physiological pH. (M.D. Blanco, C. Teijón 2012; Prescott et al. 2000) 

An additional intrinsic and fundamental property of a potential chemotherapeutic peptide is to 

test its thermal stability. An environment should be created that mimics the end user condition 

as closely as possible. For this reason, we tested the thermal stability of our recombinant 

fusion protein at 37 °C mimicking the body temperature. It is apparent from (fig.14A) that the 

fusion proteins are highly stable retaining 90% of their initial fluorescence giving an 

indication about their proper folding and thus their apt activity. Furthermore, in accordance 

with the International Conference on Harmonization (ICH), a mandatory stability test has to  
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be performed to determine the intrinsic stability of a drug (ICH 2003). The underlying 

principle of such tests is to determine the quality of the potential drug and how it will react to 

different environmental conditions such as temperature for further drug developments 

process. In that way the storage conditions and the shelf life has to be determined as 

temperature is one of the primary factors that affect the stability of a drug. We found that the 

application of higher temperatures led to the loss of nearly 50% of the original fluorescence 

(fig.14B), along with the gradual reduction of the 495 peak and the appearance of a smoother 

emission spectrum, which indicates a partial degradation of the protein. 

 

6.5 Preferential internalization of recombinant fusion proteins 

 
There is a continuous debate about the mechanism with which azurin, P28 enters cancer cells.  

It was reported that preferential entry of P28 into human breast cancer cell lines exists in a 

caveolin-mediated pathway (Yamada et al., 2009). Other studies tested the internalization of 

GST-GFP-azurin fusion in J774 and melanoma UISO-Mel-2 cells and have shown that azurin 

entry is energy dependent process, and that it is likely to be mediated through an endocytic 

pathway (Tohru Yamada et al. 2005). 

The work done by Taylor et al. (B. N. Taylor et al. 2009) the same as group of Tohru Yamada 

(Tohru Yamada et al. 2005) later suggested that amino acids 69,70,75,76 and 85 of azurin 

provide the most likely chance for membrane contact. This observation was performed 

through a software called MAPAS which is a method used to identify strong membrane 

contacts and define regions of the protein surface that form such contacts.  This implies that 

the C-terminus of P28 (amino acids 50-67) of azurin play a critical role in the peptide 

membrane adhesion and probable entry.  

Further, we show that the C-terminus is probably more important for the internalization of the 

peptide than the N-terminus into lung and breast cancer cells lines. The 14 KDa EcFbFp did 

not have an influence on the P28 entry to cancer cells. There is an apparent effective and 

efficient uptake of the each of the fusion protein when compared to the control EcFbFp, in 

which is not internalized by both cancer cell lines. This highlights the importance and the vital  
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role of the cargo peptide for a quick and efficient internalization of the potential drug during 

the tested conditions. Our findings are supported and correlated with western blotting, where 

the internalization of both His-EcFbFp-P28 and His-P28-EcFbFp is clearly observed 

compared to the wild type azurin, which showed lower uptake in MCF7 cancer cell line.  

The presence of a highly hydrophobic leucine and tyrosine at the C-terminus of P28 might 

contribute to the uptake and add to the importance of having a free C-terminus for the 

internalization. Moreover, the positively charged lysine facilitates the adherence of the fusion 

proteins to the negatively charged surface glycoproteins, facilitating the entry to cells. Our 

findings with regards to WT azurin internalization by cancer cells is in consistence with the 

studies done by Punj V,et al. (Punj et al. 2004). 

In order to find out the mechanism in which azurin, P28 and P18 (amino acids 60-77) are 

internalized (Tohru Yamada et al. 2009) conducted several investigations involving blocking 

at various steps of different pathways leading to inhibition of clathrin-mediated endocytosis, 

stabilization of microtubules, and inhibition of cell cycle and inhibitors of energy-dependent 

transport mechanism. They came to the conclusion that the route of azurin penetration is 

attributed to non-endocytotic pathway. Instead, they later proved the internalization involves 

caveolae as the internalization was inhibited by 50% to 65% when the caveolae transport by 

disrupted by nonodazole. Moreover, they speculate that the Golgi apparatus might also be 

involved in azurin internalization because brefeldin A, a Golgi disrupting agent, inhibited the 

internalization of P28 and P18 and lead to their accumulation in the cytoplasm. 

Since, it was also proposed that the cell penetration of azurin and P28 and P18 is not a result 

of altering the integrity of the cells and therefore doesn’t cause a cellular membrane 

disruption.  The assessment of this condition was performed using sodium azide and oubain 

(Na+ K+ ATPase pump), which are inhibitors of energy-dependent transport mechanism. No 

inhibition of penetration of P28 and P18 was observed, suggesting that the route of 

penetration was due to non-endocytotic pathways.  
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6.6 Azurin recombinant fusion proteins in the treatment of Lung and Breast 
cancer 

 

In the present work we succeeded in creating fusion proteins that are able to target cancer 

cells using the cell penetrating peptide P28 and recombinantly fused it to EcFbFp. It was 

previously suggested that P28 of azurin possess some anticancer effect at elevated 

concentrations (Tohru Yamada et al. 2009), but as mentioned previously the concentration of 

P28 that was used in our study was sub-tumorociadal concentrations. In order to eliminate the 

possible anti-tumor effect that could be a resultant of the activity of P28 and to use the 

function of P28 as CPP. Different concentrations of synthetically synthesized P28 were 

incubated with lung and breast cancer cell lines to confirm the minimal cytotoxicity of P28. 

Taken together, our results clearly show that EcFbFp can be used as an excellent 

photosensitizer for the directed tumor therapy by using a technique called photodynamic 

therapy.   PS’s are compounds that are chemically synthesized or naturally exist and are able 

to absorb a specific wavelength of light generating highly reactive oxygen species mainly in 

the form of singlet oxygen (1O2). Therefore, through the application of an excitation 

wavelength of 450 nm to excite the FMN chromophore contained in the EcFbFp, cellular 

destruction was achieved either through   a programmed cell death (apoptosis) or non-

programmed cell death (necrosis) in lung and breast cancer cell lines (fig.18 and fig.19). The 

exact mechanism underlying the cause of cellular death is currently under investigation with a 

more sensitive fluorescence activated cell sorting (FACS). In this way, photodynamic therapy 

has the ability to specifically kill cancer cells giving this noninvasive technique that offers a 

great advantage in treatments. By, this means fulfilling one of the fundamental criteria that 

make an excellent PS by its ability to target and localize in the site of action with minimal 

with no toxicity on neighboring normal cells.   

Furthermore, the wavelength of PS that is being used depends on the kind of aesthetic result. 

As a general rule, the shorter the wavelength (blue and green) the more superficial ablation 

(0.5 mm-0.6 mm), while the longer wavelength (red and infrared) the PS possesses the deeper  
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light can propagate into the tissue (3 mm). Finally, loss of light mediation as a result of 

photobleaching has been shown to be beneficial in avoiding over dosage during treatment 

(Ascencio et al. 2008). 

A variety of fluorescent proteins used are described in the literature for the treatment of 

diseases. Some of these proteins are derivatives of GFP possessing a p-hydroxybenzylidene-

imidazolidone chromophore and others such as mini singlet oxygen generator (miniSOG) 

having a more FMN chromphore. MiniSOG is a 106 aminoacid small protein (Wingen et al. 

2014). It absorbs at 448 nm with a shoulder at 473 nm. PDT-MiniSOG mediated therapy is 

used in disease treatment and tumor ablation by generating a high yield of singlet oxygen. 

(Ryumina et al. 2013) used PDT-MiniSOG mediated therapy to usefully induce in vitro 

cytotoxic effect in different compartments of the Hela Kyto cells (Ryumina et al. 2013). An 

effective and rapid death of Caenorhabditis elegans neurons was caused by a mitochondria 

targeting miniSOG (Qi et al. 2012). A point mutation was done to miniSOG resulted in the 

enhanced the neural ablation in less than tenth of the time (Xu and Chisholm 2016). 

Furthermore, Bulina and Lukyanov groups who were the first to use a genetically encoded 

photosensitizer annotated as Killer red protein (KRED). ROS production was achieved by the 

light exposure in the green- orange region of the spectrum (520-590 nm) (Bulina et al. 2006) . 

It has been recently shown that the cytotoxic effect of KRED is produced via type I reaction, 

which leads to the production of free radicals and hydrogen peroxide and not singlet oxygen 

which in the case of type II photosensitizion reactions (Shu et al. 2011; Vegh et al. 2011). In 

addition, it has been shown that the localization of KRED in different cell compartments led 

to different cellular responses. For instance the protein localization in the mitochondria 

triggers caspase mediated apoptosis (Bulina et al. 2006) while chromatin localization hinders 

temporarily cell division and DNA damage (Serebrovskaya et al. 2011; Waldeck et al. 2011). 

Shirmanova etal. demonstrated that irradiation of KRED with 593 nm light lead to the 

bleaching of the protein and the destruction of cells and apoptosis in tumor xenografts of mice 

(Shirmanova et al. 2013). 

Cytotoxicity assays of the fusion proteins reveled that His-EcFbFp-P28 and His-P28-EcFbFp 

possess the most cytotoxic effect compared to the control EcFbFp alone and P28, in which the 

cell viability is reduced to 30 and 60 percent, respectively in case of A549 and to 50 percent 

in case or MCF7 cell lines.  
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Through the combination therapy of blue light and the fusion proteins, we were able to use a 

low intensity illumination of blue light (450mW) that is not harmful for the cells with the 

exposure time of as low as two minutes in order to retain the normal structure of the cells. 

Since blue light is known to cause cytotoxic effect to cells (Lan et al. 2015) at prolonged 

exposure times. 

We utilized the fluorescent protein not only as reporter but an excellent ROS generator, since 

flavins have been implicated as absorbent to blue light intracellularly and extracellularly and 

transducing it to ROS (Dolmans, Fukumura, and Jain 2003; Massey 2000) .  

The amount of ROS generation by the combined therapy of blue light and fusion proteins was 

determined. Since, most ROS are short-lived (nanoseconds)(Kiley and Storz 2004), DCFDA 

was added post exposure to blue light as fast as possible (usually 2-5 sec) to obtain reliable 

readings (Omata et al. 2006).  The current results clearly demonstrates that the cytotoxicity of 

the combined therapy of using blue light and fusion protein is highly significant compared to 

using blue light alone especially in the case of His-EcFbFp-P28 and His-P28-EcFbFp. This is 

also justified by the detected ROS levels (fig.20).  

Future studies should focus on in vivo studies, to bring the fusion proteins in animal models 

stimulated to have breast or lung carcinomas. To confirm that our novel drug directly target 

and localizes in cancer cells and exert its effect and the possibility of using this therapeutic 

agent in patients having lung and breast cancer. 
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7. CONCLUSION 
 

A novel fusion protein has been developed as a potential anticancer drug was constructed in 

which it is tumor cell specific. Thanks to the cell penetrating peptide P28 derived from azurin 

``well-known protein localization motif `` which acts as a vehicle for larger molecular weight 

cargo proteins. In this study, we used Echerichia Coli Flavin Mononucleotide binding protein 

(EcFbFp) as our cargo protein producing the anti-tumor effect. Through our work we have 

proved that the constructed fusion proteins were internalized by lung and breast cancer cells. 

Once exposed to blue light a reversible photocycle involving the formation of covalent adduct 

between the Flavin mononucleotide (FMN) chromophore and a cysteine residue in the LOV 

domain.  The latter generates singlet oxygen and other reactive oxygen species (ROS) upon 

excitation, leading to excessive oxidation of the biomolecule and death of the target cell. 

EcFbFp mediated Photodynamic therapy (PDT) utilizes and directs light to excite a pre-

administrated drug generating ROS and consequently leading to cell death, apoptosis and/or 

necrosis. A further advantage to the cargo protein is that it is active under anaerobic 

circumstances, which makes it an excellent candidate for in vivo conditions were oxygen is 

deficient. Last but not least, we showed that EcFbFp possesses a great stability over a range of 

pH’s facilitating its usage and application in cancer milieu where the extracellular 

environment is highly acidic and the intracellular is neutral to alkaline. In addition, the fusion 

proteins showed a great deal of stability at physiological pH. Finally, this could be considered 

a highly promising targeted therapy for lung and breast cancer. 
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