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กิตติกรรมประกาศ 

โครงการวิจ ัยเร ื ่อง “แนวทางใหม่สำหรับการรักษากลุ ่มเชื ้อดื ้อยา “ESKAPE” โดยใช้โมเดล 
Pseudomonas aeruginosa” นี ้ได้รับทุนอุดหนุนจากสำนักงานกองทุนสนับสนุนการวิจัย (สกว.) และ
มหาวิทยาลัยมหิดล ผู้วิจัยขอขอบพระคุณให้การสนับสนุนทุนวิจัยและให้โอกาสผู้วิจัยได้ทำงานวิจัย 

ผู ้วิจัยขอขอบคุณบุคคลที ่มีส่วนสนับสนุนจนทำให้การวิจัยของโครงการนี ้สำเร็จสมบูรณ์ตาม
วัตถุประสงค์ที ่ตั ้งไว้ดังนี ้ ศาสตราจารย์ ดร. วันเพ็ญ ชัยคำภา ที่ได้ช่วยให้ข้อเสนอแนะแนวทางในการ
ดำเนินงาน ขอบคุณ นักวิจัย ผู้ช่วยวิจัย นักศึกษา และเจ้าหน้าที่ภาควิชาจุลชีววิทยาและอิมมิวโนโลยี คณะ
เวชศาสตร์เขตร้อนมหาวิทยาลัยมหิดลที่ร่วมทำงานในโครงการวิจัยนี้และดำเนินงานได้สำเร็จลุล่วงตามแผนที่
วางไว้ 
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Abstract 

Project Code:  RSA5980048 

Project Title: Novel approach for combating a clique of multi-drug resistant “ESKAPE”: a 
Pseudomonas aeruginosa model 

Investigator: Associate Professor Dr. Nitaya  Indrawattana 

E-mail Address: nitaya.ind@mahidol.ac.th 

Project Period: June 2016-June 2019 

ESKAPE is an acronym of Enterococcus faecium, Staphylococcus aureus, Klebseilla 
pneumoniae, Acinetobacter baumannii, Pseudomnas aeruginosa and Enterbacter species 
which are common causative agents of life-threatening nosocomial infections among critically 
ill and immunocompromised individuals. These microorganisms are endowed with new 
paradigms in pathogenesis, transmission, and drug resistance.  Currently, there is an 
urgent/immediate need of a broadly effective agent that can cope with these multi-drug 
resistant (MDR) pathogens. In this study a novel approach to combat with the MDR ESKAPE is 
proposed by using P. aeruginosa as a model for proving of concept. Engineered human single 
chain antibodies (human scFv) or humanized-nanobodies specific to the bacterial virulence 
factors including invasin (elastase), toxin (exotoxin A; ETA) and quorum sensing molecules (N-
acyl-L-homoserine lactones; C12-HSL) were produced in vitro by using phage display 
technology. The HuscFv tested for their neutralizing activities by using several functional versus 
functional inhibition assays. Molecular mechanisms leading to the neutralizing capacity of the 
small antibodies were investigated by using phage mimotope search and computerized 
homology modeling and intermolecular docking. It is envisaged that the so-produced fully 
human scFv or humanized-nanobodies in their right mixture should be a safe and novel 
remedy for combating against the drug resistant pathogen. Similar approach can be adopted 
for inventing prototypic therapeutics for other members of the ESKAPE and other pathogens. 

Keywords: AHLs, Biofilm, Elastase, Exotoxin A, Human monoclonal scFv/nanobodies, 
Pseudomonas aeruginosa, Quorum sensing  
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บทคัดย่อ 

รหัสโครงการ:  RSA5980048 

ชื่อโครงการ: แนวทางใหม่สำหรับการรักษากลุ่มเช้ือด้ือยา “ESKAPE” โดยใช้โมเดล Pseudomonas 
aeruginosa 

ชื่อนักวิจัย:  รองศาสตราจารย์ ดร.นิตยา  อินทราวัฒนา 

อีเมล์:  nitaya.ind@mahidol.ac.th 

ระยะเวลาโครงการ:  มิถุนายน 2559 – มถิุนายน 2561  

ESKAPE คือชื ่อของกลุ ่มแบคทีเรียที ่ประกอบด้วย Enterococcus faecium, Staphylococcus 
aureus, Klebseilla pneumoniae, Acinetobacter baumannii, Pseudomnas aeruginosa แ ล ะ 
Enterbacter ซึ่งแบคทีเรียกลุ่มน้ีเป็นสาเหตุที ่พบได้บ่อยที่ก่อให้เกิดการติดเชื ้อในผู้ป่วยในโรงพยาบาล
โดยเฉพาะอย่างยิ่งผู้ป่วยที่มีภาวะภูมิคุ้มกันบกพร่อง  แบคทีเรียกลุ่มนี้มีการแพร่กระจายไปทั่วโลก อีกทั้งยังมี
แนวโน้มการดื้อต่อยาปฏิชีวนะที่ใช้รักษาเพิ่มขึ้นเรื่อยๆ และรวมถึงกลุ่มเชื้อแบคทีเรียที่ดื้อยาปฏิชีวนะหลาย
ชนิด (Multi-drug resietance, MDR)   ในปัจจุบันมีความต้องการเร่งด่วนและทันทีเพื่อหาวิธีการรับมือกับ
เชื้อโรคที่ดื้อยาปฏิชีวนะเหล่าน้ี  ในการศึกษาครั้งนี้ได้นำเสนอแนวทางใหม่ในการต่อสู้กับ MDR-ESKAPE โดย
ใช้ P. aeruginosa เป็นแบบจำลอง โดยทำการผลิตแอนติบอดีสายเดี่ยวของมนุษย์ (human scFv) ด้วย
เทคนิค phage display library ซึ่งแอนติบอดีที่ผลิตได้นี้ความจำเพาะต่อปัจจัยความรุนแรงของแบคทีเรีย 
เ ช ่ น  elastase (LasB), exotoxin A (ETA, recombinant ETA, recombinant-ETA-subdomains) and 
quorum sensing molecules (N-acyl-L-homoserine lactones; C12-HSL) ซ ึ ่ ง พบ ว ่ า  ETA-bound 
HuscFvs จำนวน 3 โคลน สามารถยับยั้ง ETA ในการเหนี่ยวนำให้เกิด apoptosis ของ mammalian cell 
และ C12-HSL-bound HuscFvs จำนวน 4 โคลน สามารถยับย ั ้ง C12-HSL ในการเหนี ่ยวนำให้เกิด 
apoptosis ของเซลล์ด้วยเช่นกัน และ LasB-bound HuscFvs จำนวน 2 โคลน สามารถยับย้ังการทำงานของ 
LasB เมื่อทำการตรวจสอบโครงสร้างของ specific HuScFv กับ antigen ด้วยโปรแกรมคอมพิวเตอร์จะพบ 
HuScFv จับกับส่วนที่เป็น active site ของแอนติเจนจึงทำให้สามารถยับยั้งการทำงานของแอนติเจนได้ ผล
จากการศึกษานี้ชี้ให้เห็นว่า HuscFvs มีประสิทธิภาพมีศักยภาพสูงและปลอดภัย ซึ่งสามารถนำมาพัฒนาเป็น
วิธีการรักษาการติดเช้ือ P. aeruginosa และแบคทีเรียชนิดอ่ืนๆ ได้ 

Keywords: AHLs, Biofilm, Elastase, Exotoxin A, Human monoclonal scFv/nanobodies, 
Pseudomonas aeruginosa, Quorum sensing  
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Executive Summary 

 

 “ESKAPE” is an acronym of a clique of bacteria which are efficiently 'escaping' the 
bacteriocidal actions of most, if not all, currently available antibiotics. ESKAPE encompasses 
both Gram-positive and Gram-negative microorganisms including:   Enterococcus faecium, 
Staphylococcus aureus, Klebseilla pneumoniae, Acinetobacter baumannii, Pseudomnas 
aeruginosa and Enterbacter species”. These bacteria are common causes of life-threatening 
nosocomial infections among critically ill and immunocompromised individuals. They are 
endowed with new paradigms in pathogenesis, transmission, and drug resistance (Rice et al., 
2008, 2010).  In 2004, The Infectious Diseases Society of America (IDSA) proposed solution in 
its policy report: “Bad Bugs, No Drugs: Antibiotic R&D Stagnates, a Public Health Crisis 
Brews” and more recently the IDSA issued a “Call of Action” to provide an update on the 
scope of the ESKAPE problem and the proposed solutions to fight against them. A primary 
objective of these IDSA reports is to encourage a community and legislative response to 
establish greater financial parity between the antimicrobial development (to cope with the 
mounting threat of the antimicrobial resistance) and the development of other drugs. 
However, after a decade of extensive development, a number of antibacterials produced by 
many major pharmaceutical companies in phase 2 or 3 of clinical trials remain disappointing. 
At this time, there have been no systematically administered antimicrobials in advanced 
development that have activity against bacteria already resistant to most or all currently 
available antibacterials (Boucher HW et al., 2009). As such, there is an urgent/immediate need 
of a broadly effective agent that can cope with these multi-drug resistant (MDR) pathogens.  

In this research proposal, a novel approach to combat the ESKAPE is proposing using 
Pseudomonas aeruginosa as a model for the proof of concept. The P. aeruginosa was chosen 
as the ESKAPE representative because the rates of infection by the drug resistant strains are 
increasing worldwide. Patients at risk include those in the intensive care units, particularly if 
they are ventilator dependent, and individuals with cystic fibrosis, cancers, diabetes, trauma, 
surgery, as well as neonatal infants. P. aeruginosa is the second most common cause of health 
care-associated pneumonia and the leading cause of pneumonia in pediatric patients in the 
intensive care units (Richards MJ, et al., 1999; Gaynes R, Edwards JS, 2005). It is also dominant 
Gram-negative group of bacteria which cause urosepsis, the most severe clinical manifestation 
of urinary tract infection (Kalra OP, Raizada A, 2009). In Thailand, the surveillance of hospital 
acquired infections from Khon-Kaen hospital showed that P. aeruginosa is the majority of 
clinical isolates accounting for 11.31%, followed by S. aureus (10.12%), and A. baumannii 
(9.52%). High prevalence of this agent was also reported from National Nosocomial Infections 
Surveillance (NNIS) system and the observations in Lumpang and Siriraj hospitals (Sakunee S 
and Khamoun P, 2007).  
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In this proposed research, engineered human monoclonal single chain antibody (scFv) 
and/or humanized-nanobodies specific to the P. aeruginosa virulence factors including 
enzyme, toxin, and quorum sensing molecules, that neutralize the respective bacterial targets 
will be produced. It is envisaged that the so-produced small antibodies in their right mixture 
should be a safe and novel remedy for combating against the drug resistant pathogen. Similar 
approach can be adopted for inventing therapeutics for other members of the ESKAPE and 
other pathogens. 
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Literature review 

 

P. aeruginosa:  

     P. aeruginosa is a Gram-negative bacillus that is motile by a single polar flagellum. It is a 
common causative agent in healthcare settings which accounts for 14% of all hospital-
acquired infections and 20% of the reported causative agents in the intensive care units 
(ICUs) where it is the principal cause of death among patients with cystic fibrosis, cancer, 
severe burns, diabetes, trauma, surgery, and neonates (Driscoll JA et al., 2007; Gellatly SL. and 
Hancock RE., 2013). The fatality rate in these patients is near to 50 percent (Todar K, 2004; 
Fujitani S et al., 2011).  P. aeruginosa is ubiquitous in the environment, soil, water, vegetation 
and animals. The bacteria are found on skin and in throat and stool of normal subjects. It can 
be introduced into hospitals by foods, visitors, and patients referred from other clinical 
settings. Hospital utilities such as respiratory equipment, implanted medical devices such as 
intubation tubes and stents, sinks, taps, toilets, showers, and mops are reservoirs of the 
bacteria. Transmission occurs from patient to patient via the hand of healthcare worker, 
patients’ contact with the bacterial reservoirs, and by ingestion of contaminated food and 
drink. P. aeruginosa requires minimal nutrients and can tolerate a wide variety of physical 
conditions.  It forms biofilm on the surface which renders them refractory to antibacterial 
treatment and harsh environment. The prevalence of biofilm-related chronic diseases 
especially chronic rhinosinusitis (Prince AA et al., 2008) is on a rise. About 65% of bacterial 
infections in human are associated with biofilm forming bacteria (Post JC et al., 2004).   

   

Virulence factors of P. aeruginosa:   

P. aeruginosa can grow in various host environments and causes different types of 
infections due to its ability to produce a variety of virulence factors including adhesins, 
exotoxins, toxic enzymes, effector proteins, pigments and biofilm (Japoni A, Farshad S, and 
Alborzi A, 2009; Gellatly SL and Hancock RE, 2013). Some of them are mentioned below: 

 

1. Adhesins 

   P. aeruginosa adheres to the epithelial cell by using its fimbriae to bind to specific 
receptors such as galactose, mannose, or sialic acid receptors normally present on the 
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epithelial cells (Prince A, 1992; Gellatly SL and Hancock RE, 2013). It may need enzymes to 
help in digesting away the host extracellular matrix (please see below) and expose the 
appropriate receptors on the epithelial cell surface. After attachment, the bacterium multiplies 
(colonizes) and secrete a variety of virulence factors. Tissue injury (e.g., trauma, wound, surgery, 
some underlying conditions) may facilitate the bacterial colonization such as in the respiratory 
tract, eyes, and urinary tract---this step is called “Opportunistic adherence”. Some strains of 
P. aeruginosa, called mucoid strains produce exopolysaccharides (repeating polymers of 
mannuronic acid and glucuronic acid; algenate) that have additional or alternative role as 
adhesin. The algenate forms a slime that makes up matrix of the bacterial biofilm, which 
protects the cells from the environmental stress, hose defenses, and antibiotics (Ramphal R 
et al., 1980; Paraje M, 2011). P aeruginosa strains that form biofilm are most often found in 
the lungs of patients with cystic fibrosis (Lee B et al., 2005; Sousa AM and Pereira MO, 2014). 

2. Invasins 

   P. aeruginosa produces two proteases, namely alkaline protease and elastase which 
involved in the bacterial invasion and pathogenesis. Alkaline protease lyses fibrin. Both 
elastase and alkaline protease destroy the extracellular matrix of cornea and other structures 
composed of fibrin and elastin. They inactivate gamma interferon and tumor necrosis factor. 
Elastase is a neutral zinc metalloprotease that cleaves collagen, digests IgG and IgA and 
complement protein, lyses fibronectin to expose the host receptors for bacterial attachment, 
disrupts the respiratory epithelium and interferes with the ciliary function.  This enzyme is 
encoded by lasB gene. The 33 kDa elastase is initially synthesized as a 53 kDa pre-proenzyme 
which is processed to mature form via a 51 kDa pro-elastase intermediate. Elastase has been 
crystallized and its three-dimensional (3D) structure was determined (Thaley MM et al., 1991). 
The enzymatic active site required for substrate interaction and catalysis are conserved, i.e., 
Glu141, Tyr155 and His223. The zinc ligands in P. aeruginosa elastase are His140, His144 and 
Glu164 (Bever RA et al., 1988; McIver K et al., 1991). Asp189-Arg179 and Asp201-Arg205 
stabilize the enzyme at the expense of catalytic activity and Glu249 is important for catalytic 
efficiency, stability and unfolding co-operativity of the molecule.  Figure 1 illustrates 3D 
structure of P. aeruginosa elastase (Bian F et al., 2015). 
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Figure 1: (A) Front view. (B) Side view of P. aeruginosa elastase. Green circles indicate salt 
bridges. 

Source: Bian F et al. (2015) 

 

Because of its multifunctional pathogenic activities that are detrimental to the 
infected patients, P. aeruginosa elastase is an attractive target of a therapeutic.  The 
agent that neutralizes the enzyme should not only mitigate the symptom severity 
caused by the P. aeruginosa infection but may also restore the host immunity by 
rescuing both the innate (such as complement functions, respiratory epithelial barrier 
and ciliary movement) as well as the adaptive immunity. As far as the literature review, 
there has been neither drug nor inhibitor that neutralizes this enzyme and could be 
used as human therapeutic. Therefore, this research proposal aims to produce human 
single chain antibody (HuscFv) or humanized-nanobodies that neutralizes the elastase 
activities by targeting specifically the catalytic residues, its zinc ligands and/or other 
residues important for structural stability of the enzyme. 
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   P. aeruginosa produces pore-forming cytotoxin that is toxic to most eukaryotic cells. 
It kills neutrophils in particular (Sun Y et al., 2012). P. aeruginosa produces two hemolysins, 
phospholipase and lecithinase which beak down lipid and lecithin (Ruxana T et al., 2005). The 
two hemolysins and the cytotoxins enable the bacteria to invade the host tissues through 
their cytotoxic effects to neutrophils, lymphocytes and other cells.  

   P. aeruginosa blue pigments called pyocyanin impairs normal function of nasal cilia, 
disrupt respirator epithelium and instigates proinflammatory response (Gudis D, Zhao K, and 
Cohen AN, 2012). Its derivative, called pyochelin is a siderophore that sequesters iron from 
the bacterial environment and permit growth of the bacteria in an iron-limited environment 
(Adler C et al. 2012). 

 

3. Toxins 

   P. aeruginosa produces two extracellular toxic enzymes, i.e., exoenzyme S (ExoS) 
and exotoxin A (ETA). The ExoS acts as an antiphagocytiic factor that enabling the bacteria 
to evade the host immunity (Frithz-Lindsten E et al., 1997).  ExoS is characterized as ADP-
ribosylating enzyme which this activity is located at the C-terminus of the protein (Iglewski BH 
et al., 1978; Knight DA et al., 1995). Currently, ExoS is known as a bifunctional enzyme. It is a 
type-III secretion effector which includes both a GTPase-activating protein activity toward the 
Rho family of the small G family protein and an ADP-ribosyltransferase activity that targets 
multiple substrates, including low molecular weight G proteins Ras, RalA, certain Rab proteins, 
Rac1, and cdc42.  ExoS exerts complex effects on eukayotic cell functions including inhibition 
of DNA synthesis, alteration of cell morphology, microvillus effacement, and loss of cellular 
adherence in addition to its anti-phagocytic effect.  

Exotoxin A of P. aeruginosa (acronym ETA) belongs to the family of enzymes termed 
mono(ADP-ribosyl)transferases.  ETA is a 66 kDa extracellular protein (Beattie BK et al., 1996). 
It enters eukaryotic cells by receptor-mediated encocytosis (Sanyal G et al., 1993).  Once it 
reaches the cytoplasm, catalyzes ADP-ribosylation of eukaryotic elongation factor-2 (eLF-2). 
This ADP-ribosylation inactivates the eLF-2, resulting in the inhibition of host protein synthesis 
and ultimately leading to cellular death (Beattie BK et al., 1996) which is the same mechanism 
as the diphtheria toxin. Nevertheless, the ETA and diphtheria toxin are antigenically distinct. 
The ETA causes also necrotizing activity at the site of P. aeruginosa colonization. Purified ETA 
is highly lethal to animals, including primates and humans.  
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The 3D structure of ETA shows that it contains three distinct functional domains: 
receptor-binding (domain-1), translocation (domain-2) and catalysis (domain-3) (Allured VS et 
al., 1986; Wedekind JE et al., 2001).  The catalytic mechanism of the ETA has been revealed 
by Armstrong et al. in 2002 (Armstrong S et al., 2002). The catalytic domain (residues 400-613) 
is responsible for the inactivation of the eLF-2 by catalyizing the transfer of ADP-ribosyl moiety 
from NAD+ to eLF-2. The important catalytic residues for ETA are Glu553, His440, Tyr 481 and 
Tyr470. Figure 2 shows 3D structure of the P. aeruginosa exotoxin A. 

In this study, human scFv or humanized nanobodies (VH/VHH) specific to domains 
1-3 of the ETA will be produced. For the ETA domain-3 (catalytic domain) that functions 
in cytoplasm, the human scFvs/humanized-VH/VHH will be made into cell penetrable 
antibodies (transbodies) by molecular linking to the cell penetrable peptides such as 
nonaarginines (R9) or penetratin before use in the enzyme neutralization assay. 
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Figure 2: Three dimensiona structure of P. aeruginosa Exotoxin A.  (a) Ribbon drawing of the tri-partite domain organization: domain Ia 

(1-252), purple -sheet, yellow -helices and coils; domain Ib (365-404), green -sheet and coil; domain II (253-364), light blue -sheet 

and coil; and domain III (405-613), red  -helix and coil, blue -sheet. Cyan CPK spheres represent Na ions; yellow CPK spheres represent 
Cl ions; disulfide positions are indicated as green spheres. (b) Ribbon drawing rotated 90 degrees from orientation in (a). (c) Stereographic 
Ca representation. Spherical main-chain atom positions are numbered every 20 amino acid residues. Color scheme and orientation based 
on (a). Disulfide positions are indicated as ball-and-stick side-chains. Arrow heads indicate the site of furin cleavage. (d) Stereographic 
representation of the ionic (salt-bridge) interactions at the interface between domains I and II. Broken lines indicate potential ionic 
interactions between side-chains that are likely to be disrupted under acidic conditions. Arrow heads indicate the site of furin cleavage. 
The orientation and color scheme are similar to that of (a). 

Source: Wedekind JE et al., 2001 

 

4. Quorum sensing in P. aeruginosa 

   Quorum sensing (QS) is chemical communication process that bacteria use to 
regulate collective behaviors. P. aeruginosa uses quorum sensing to control virulence and 
biofilm formation.  The bacteria generate small diffusible molecules called autoinducers for 
signaling the population density. The rising in numbers of the cell population leads to 
increased concentration of autoinducers. After a sufficient level of autoinducer is reached, it 
binds to transcriptional regulators and promotes the target gene expressions (Smith RS and 
Iglewski BH., 2003). For P. aeruginosa, there are two kinds of the signal molecules; one is N-
acyl-L-homoserine lactones (AHLs) and another is 4-quinolones. The AHLs are the most 
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studied examples of quorum sensing that found in Gram-negative bacteria. They differ among 
bacteria but they all present the same basic part that is an acyl chain of variable length, 
normally from 4-16 carbons (Sharma G et al., 2014; Penesyan A et al., 2015).  Blocking the 
quorum sensing autoinducers should limit the bacterial communication which should 
ultimately inhibit expressions of virulence factors and biofilm formation. Thus, in this study, 
human scFvs and/or humanized nanobodies that interfere with the P. aeromonas 
quorum sensing molecules will be produced.  

  

Engineered antibodies 

Recombinant antibodies including intact IgG or its fragments: scFv (VH-linker-VL), Fab 
and F(ab)’2, have been used for treatment and intervention of diseases including cancers, 
autoimmune diseases, allergies, infections, toxemia, intoxication, and envenomation (Cheng 
WW and Allen TM, 2010, Li F et al.,2014, Wand S et al., 2014, Madritsch C et al., 2015, 
Chulanetra M et al., 2012). The advantage of the antibodies is that they use multiple 
complementarity determining regions (CDRs) and several amino acid residues in individual 
CDRs to interact with the targets molecules; thus making it difficult for the targets especially 
the pathogens to develop antibody resistant mutants.  Nowadays, antibody engineering and 
molecular biology have made possible the invention of therapeutic monoclonal antibody with 
a desired structure, e.g., chimeric human-mouse antibody which the mouse Fc is replaced by 
human counterpart, or the use of only mouse Fab/F(ab)’2 or VH-linker-VL (single chain 
antibody; scFv); all of which had much reduced immunogenicity in human recipients. 
Moreover, an antibody phage display technology has been a useful tool for producing a fully 
human monoclonal antibody devoid of immunogenicity in human in the form of either scFv 
or Fab fragments without the requirement of in vivo immunization (Winter et al., 1994). 
Nowadays, human single chain variable antibody fragments (human scFv/HuscFv) have been 
used extensively in research and therapy (Bird et al., 1988; Huston et al., 1988; Kulkeaw et al., 
2009). Each scFv fragment (~25-35 kDa) contains complete antigen binding site of antibody, 
i.e., VH and VL domains which are covalently linked by a flexible peptide linker usually 15-20 
amino acids long, e.g., (Gly4/Ser)3 (Whitlow M et al., 1993). The HuscFvs have broad applications 
in medicine (Huston JS et al., 1993; Hudson, 1999). The unique and highly specific antigen-
binding ability of the scFv have been exploited to block toxic enzymes/toxins/venom 
(Indrawattana N et al., 2010; Danpaiboon W et al., 2014; Thueng-in K et al., 2014).   

Recently, camelid derived single domain antibodies (sdAb) and humanized-sdAbs 
(VHs/VHHs or nanobodies), have proven to be forceful enzyme inhibitors (Conrath et al., 2001; 
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Lauwereys et al., 1998; Thanongsaksrikul et al., 2011; Chavanayarn et al., 2012; Thueng-in et 
al., 2012; Jittavisutthikul S et al., 2015). The VH and VHH are the variable antigen-binding parts 
of the heavy chain of conventional four chain antibody and heavy chain antibody (HCAb), 
respectively. Gene coding the sdAb can be constructed and induced to express the 
recombinant protein in soluble form which still retains the original antigen recognition 
capability. The superior enzyme inhibitory mechanism of the VH/VHH over the conventional 
antibodies was proved by crystallographic studies which showed that the VHH CDRs, especially 
the CDR3, penetrated into the active site pockets of the enzymes which never be reached by 
Fv (paratope constituted by VL+CL and VH+CH1) of the conventional four chain antibody 
(Desmyter et al., 2001; De Gents E et al., 2006; Thanongsaksrikul et al., 2010). The VH and VHH 
are small (~15-20 kDa) and stable molecules with improved solubility and similar target affinity 
to the conventional antibodies (Harmsen M and De Haard, 2007).  These properties make them 
promisingly attractive molecules for use in prophylaxis and treatment of diseases caused by 
toxic enzymes. 
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Hypothesis and Objectives 

Hypotheses:  

Human single chain antibodies (HuscFvs) and/or humanized-camel nanobodies that 
bind specifically to the critical region/residues of detrimental enzymes/toxins/signaling 
molecules of P. aeruginosa and interfere with their functions should mitigate the clinical 
symptom severity caused by the bacterial infection. The specific antibody fragments in their 
right mixture should have high potential as a safe and novel remedy for combating this deadly 
pathogen especially at present when a new class of antibiotics that effective against the multi-
drug resistant pathogens is not yet available. 

 

Ultimate objective: To produce human single chain antibodies/humanized-camel nanobodies 
that bind specifically to- and inhibit pathogenicity of- P. aeruginosa elastase, exotoxin A, and 
quorum sensing molecules, in order to test them further for human therapeutic use 

Specific objectives 

1. To produce recombinant P. aeuginosa elastase, exotoxin A (ETA) and domains 1,3 of the 
ETA  

2. To test the inherent functional activities of the recombinant elastase and exotoxin A 
3. To synthesize two different quorum sensing molecules (AHLs) of P. aeruginosa: biotin-

labeled-N-(3-oxododecanoyl) homoserine lactone (3-oxo-C12-AHL) and biotin labeled-N-
butyryl homoserine lactone (C4-AHL)  

4. To select phage clones displaying human scFv/humanized-VH/VHH that bound to the 
active elastase, exotoxin A, and synthetic AHLs from previously constructed human 
scFv/humanized-VH/VHH phage display libraries 

5. To transfect the appropriate Escherichia coli with the selected small antibody display 
phages    

6. To screen the phage transformed E. coli for the presence antibody coding gene sequences 
(huscfv/vh/vhh) 

7. To express soluble human scFv/VH/VHH from the huscfv/vh/vhh-positive E. coli clones 
8. To test the binding specificity of the soluble antibodies to the respective panning antigens 
9. To sequence the antibody genes and determine the sequence diversity and CDRs and FRs 

sequences  
10. To predict the residues and regions of the elastase and exotoxin A that would be bound 

by the human scFv by using phage mimotope search and computerized homology 
modeling and intermolecular docking 
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11. To set up the functional assays of the elastase, exotoxin A and quorum sensing molecules 
12. To determine the efficiencies of the human scFv in neutralizing the bioactivities of the 

respective targets  
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Experiments and Results 

 

1. Preparation of full length recombinant elastase, full length recombinant exotoxin A 
(ETA), and recombinant ETA domains 1-3  

Designing the oligonucleotide primers for amplify gene fragments encoding the catalytic 
domain of pseudolysin (lasB) and staphylolsin ( lasA) 

 The oligonucleotide primers for LasB gene and LasA gene (Table 1.1) were designed 
based on the sequence Pseudomonas aeruginosa elastase precursor (LasB) gene, complete 
cds, (GenBank accession no.M19472.1) (Figure 1.1). Pseudomonas aeruginosa staphylolytic 
protease preproenzyme LasA (LasA) gene, complete cds (GenBank accession no.U68175.1) 
(Figure 1.2).  The catalytic domain of LasB and LasA have 930 bp and 570 bp in size, 
respectively. In this study, the researcher designs the synthetic primers which the 5’-end 
includes vector specific sequences and contains 3’-end overlapped with the sequence of 
LasB and LasA intended for cloning into the pLATE52 vector. 

 

 

 

 

 

 

 

 

 

 

Figure 1.1  Nucleotide sequences of mature peptide of LasB gene of Pseudomonas 
aeruginosa that obtained from the NCBI database (GenBank accession 
no.M19472.1). 

 

 

       
    901 tcagtgggaa ggcctggccc acgccgaggc gggcggcccc ggcggcaacc agaagatcgg 
    961 caagtacacc tacggtagcg actacggtcc gctgatcgtc aacgaccgct gcgagatgga 
   1021 cgacggcaac gtcatcaccg tcgacatgaa cagcagcacc gacgacagca agaccacgcc 
   1081 gttccgcttc gcctgcccga ccaacaccta caagcaggtc aacggcgcct attcgccgct 
   1141 gaacgacgcg catttcttcg gcggcgtggt gttcaaactg taccgggact ggttcggcac 
   1201 cagcccgctg acccacaagc tgtacatgaa ggtgcactac gggcgcagcg tggagaacgc 
   1261 ctactgggac ggcacggcga tgctcttcgg cgacggcgcc accatgttct atccgctggt 
   1321 gtcgctggac gtggcggccc acgaggtcag ccacggcttc accgagcaga actccgggct 
   1381 gatctaccgc gggcaatcag gcggaatgaa cgaagcgttc tccgacatgg ccggcgaggc 
   1441 tgccgagttc tatatgcgcg gcaagaacga cttcctgatc ggctacgaca tcaagaaggg 
   1501 cagcggtgcg ctgcgctaca tggaccagcc cagccgcgac gggcgatcca tcgacaacgc 
   1561 gtcgcagtac tacaacggca tcgacgtgca ccactccagc ggcgtgtaca accgtgcgtt 
   1621 ctacctgttg gccaattcgc cgggctggga tacccgcaag gccttcgagg tgttcgtcga 
   1681 cgccaaccgc tactactgga ccgccaccag caactacaac agcggcgcct gcggggtgat 
   1741 tcgctcggcg cagaaccgca actactcggc ggctgacgtc acccgggcgt tcagcaccgt 
   1801 cggcgtgacc tgcccgagcg cgttgtaagc tcggtggtcc cggccggcac tccaggaagg 
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Figure 1.2  Nucleotide sequences of mature peptide of LasA gene of Pseudomonas 
aeruginosa that obtained from the NCBI database (GenBank accession no. 
U68175.1). 

 

Table 1.1 Oligonucleotide primers used for amplify pseudolysin (LasB) and staphylolsin ( 
LasA) from Pseudomonas aeruginosa PAO 1 strain. 

Primer name Oligonucleotide sequences (5’-3’) 

F-PAO1/LasB GGTTGGGAATTGCAAGCCGAGGCGGGCGGCCCCGGC 

R-PAO1/LasB GGAGATGGGAAGTCATTACAACGCGCTCGGGCAGGTCACGCCGACG 

F-PAO1/LasA GGTTGGGAATTGCAAGCGCCGCCATCCAACCTGATGC 

R-PAO1/LasA GGAGATGGGAAGTCATTAGAGCGCCAGGCCGGGGTTGTACAAC 

 

Gene design and gene synthesis of Pseudomonas aeruginosa exotoxin A (eta) including the 
full-length and sub-domains (IA, II- IB , and III) 

 Gene synthesis of Pseudomonas aeruginosa exotoxinA was designed based on the 
sequence of exotoxin A (ETA) gene, complete cds (GenBank accession no. NC_002516.2) of 
Pseudomonas aeruginosa PAO1 chromosome. The design of the synthetic gene was 
improved to the amino initiation and termination in the coding region. This synthesized 
gene was optimized sequence with ETA original sequence (Figure 2.3) and alignment 
sequence for its protein expression in Escherichia coli. The gene was successfully designed 
and synthesized by GenScript (New Jercey, USA). The oligonucleotide primers used for 
amplification of exotoxin A gene (includes full-length and its sub-domains IA, II- IB, and III) 

 
   1441 gcaaccgcgt ggcccggcaa ctccaggcga aggccgcgct ggcgccgcca tccaacctga 
   1501 tgcaattgcc ctggcgccag ggctattcct ggcagcccaa cggagcgcat tcgaacaccg 
   1561 gctcgggcta tccgtactcg tccttcgatg cgtcctacga ctggccgcgc tggggcagtg 
   1621 cgacctacag cgtggtcgcc gcccacgccg gtacggtacg ggtgctgtcg cgctgccagg 
   1681 tacgggtgac ccaccccagc ggctgggcga ccaactacta ccatatggac cagatccagg 
   1741 tgagcaacgg ccagcaggtc agcgccgaca ccaagctcgg cgtctatgcc ggcaacatca 
   1801 acaccgcgct ctgcgagggt ggcagctcca ccggaccgca cctgcatttc tcgctgctct 
   1861 acaacggcgc cttcgtttcc ctgcagggcg ccagcttcgg tccgtaccgg atcaacgtcg 
   1921 gcaccagcaa ctacgacaac gactgtcgcc gctactattt ctacaaccag agcgccggca 
   1981 ccacccattg cgctttccgt ccgttgtaca accccggcct ggcgctctga gtcggcgcgg 
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were also designed (Table 2.2) which their 5’-end includes vector specific sequences and 
contains 3’-end overlapped with the sequence of eta sub-domain IA, II- IB, III, and full-
length intended for cloning into the pLATE52 vector, an expression vector which containing 
gene for N-terminal His-tag protein expression. The complete of ETA gene including 
domains IA, II- IB, III, and full-length have 756, 456, 627, and 1839 bp in size, respectively. 
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Original  GCCGAGGAAGCCTTCGACCTCTGGAACGAATGCGCCAAGGCCTGCGTGCTCGACCTC 
Optimized GCGGAAGAGGCGTTTGATTTGTGGAATGAGTGTGCGAAAGCGTGTGTGTTGGATTTG 
 
Original  AAGGACGGCGTGCGTTCCAGCCGCATGAGCGTCGACCCGGCCATCGCCGACACCAAC 
Optimized AAAGATGGTGTGCGGTCGAGCCGCATGAGCGTTGATCCGGCGATTGCGGATACCAAT 
 
Original  GGCCAGGGCGTGCTGCACTACTCCATGGTCCTGGAGGGCGGCAACGACGCGCTCAAG 
Optimized GGTCAGGGTGTGCTGCATTATTCGATGGTTCTGGAAGGCGGTAATGATGCATTGAAA 
 
Original  CTGGCCATCGACAACGCCCTCAGCATCACCAGCGACGGCCTGACCATCCGCCTCGAA 
Optimized CTGGCGATTGATAATGCGTTGAGCATTACCAGCGATGGTCTGACCATTCGCTTGGAG 
 
Original  GGTGGCGTCGAGCCGAACAAGCCGGTGCGCTACAGCTACACGCGCCAGGCGCGCGGC 
Optimized GGAGGCGTTGAACCGAATAAACCGGTGCGCTATAGCTATACTCGCCAGGCACGCGGT 
 
Original  AGTTGGTCGCTGAACTGGCTGGTGCCGATCGGCCACGAGAAGCCTTCGAACATCAAG 
Optimized TCATGGTCGCTGAATTGGCTGGTGCCGATTGGTCATGAAAAACCCTCGAATATTAAA 
 
Original  GTGTTCATCCACGAACTGAACGCCGGTAACCAGCTCAGCCACATGTCGCCGATCTAC 
Optimized GTGTTTATTCATGAGCTGAATGCGGGAAATCAGTTGAGCCATATGTCGCCGATTTAT 
 
Original  ACCATCGAGATGGGCGACGAGTTGCTGGCGAAGCTGGCGCGCGATGCCACCTTCTTC 
Optimized ACCATTGAAATGGGTGATGAACTTCTGGCAAAACTGGCACGCGACGCGACCTTCTTT 
 
Original  GTCAGGGCGCACGAGAGCAACGAGATGCAGCCGACGCTCGCCATCAGCCATGCCGGG 
Optimized GTTAGAGCACATGAAAGCAATGAAATGCAGCCGACTTTGGCGATTAGCCACGCGGGA 
 
Original  GTCAGCGTGGTCATGGCCCAGGCCCAGCCGCGCCGGGAAAAGCGCTGGAGCGAATGG 
Optimized GTTAGCGTGGTTATGGCGCAGGCGCAGCCGCGCCGTGAGAAACGCTGGAGCGAGTGG 
 
Original  GCCAGCGGCAAGGTGTTGTGCCTGCTCGACCCGCTGGACGGGGTCTACAACTACCTC 
Optimized GCGAGCGGTAAAGTGCTTTGTCTGTTGGATCCGCTGGATGGAGTTTATAATTATTTG 
 
Original  GCCCAGCAGCGCTGCAACCTCGACGATACCTGGGAAGGCAAGATCTACCGGGTGCTC 
Optimized GCGCAGCAGCGCTGTAATTTGGATGACACCTGGGAGGGTAAAATTTATCGTGTGTTG 
 
Original  GCCGGCAACCCGGCGAAGCATGACCTGGACATCAAGCCCACGGTCATCAGTCATCGC 
Optimized GCGGGTAATCCGGCAAAACACGATCTGGATATTAAACCAACTGTTATTTCACACCGC 
 
Original  CTGCATTTCCCCGAGGGCGGCAGCCTGGCCGCGCTGACCGCGCACCAGGCCTGCCAC 
Optimized CTGCACTTTCCAGAAGGTGGTAGCCTGGCAGCACTGACCGCACATCAGGCGTGTCAT 
 
Original  CTGCCGCTGGAGACCTTCACCCGTCATCGCCAGCCGCGCGGCTGGGAACAACTGGAG 
Optimized CTGCCGCTGGAAACCTTTACCCGGCATCGTCAGCCGCGTGGTTGGGAGCAACTGGAA 
 
Original  CAGTGCGGCTATCCGGTGCAGCGGCTGGTCGCCCTCTACCTGGCGGCGCGGCTGTCG 
Optimized CAGTGTGGTTACCCGGTGCAGCGTCTGGTTGCGTTGTATCTGGCAGCACGTCTGAGT 
 
Original  TGGAACCAGGTCGACCAGGTGATCCGCAACGCCCTGGCCAGCCCCGGCAGCGGCGGC 
Optimized TGGAATCAGGTTGATCAGGTGATTCGTAATGCGCTGGCGAGCCCAGGTAGCGGTGGT 
 
Original  GACCTGGGCGAAGCGATCCGCGAGCAGCCGGAGCAGGCCCGTCTGGCCCTGACCCTG 
Optimized GATCTGGGTGAGGCAATTCGTGAACAGCCGGAACAGGCGCGGCTGGCGCTGACCCTG 
 
        
Original  GCCGCCGCCGAGAGCGAGCGCTTCGTCCGGCAGGGCACAGGCAACGACGAGGCCGGC 
Optimized GCGGCAGCGGAAAGCGAACGTTTTGTTCGTCAGGGTACAGGTAATGATGAAGCGGGT 
 
Original  GCGGCCAGCGCCGACGTGGTGAGCCTGACCTGCCCGGTCGCCGCCGGTGAATGCGCG 
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Optimized GCAGCGAGCGCGGATGTGGTGAGCCTGACCTGTCCGGTTGCGGCAGGAGAGTGTGCA 
 
Original  GGCCCGGCGGACAGCGGCGACGCCCTGCTGGAGCGCAACTATCCCACTGGCGCGGAG 
Optimized GGTCCGGCAGATAGCGGTGATGCGCTGCTGGAACGTAATTACCCAACAGGTGCAGAA 
 
Original  TTCCTCGGCGACGGCGGCGACATCAGCTTCAGCACCCGCGGCACGCAGAACTGGACG 
Optimized TTTTTGGGTGATGGTGGTGATATTAGCTTTAGCACCCGCGGTACTCAGAATTGGACT 
 
Original  GTGGAGCGGCTGCTCCAGGCGCACCGCCAACTGGAGGAGCGCGGCTATGTGTTCGTC 
Optimized GTGGAACGTCTGTTGCAGGCACATCGCCAACTGGAAGAGCGCGGTTACGTGTTTGTT 
 
Original  GGCTACCACGGCACCTTCCTCGAAGCGGCGCAAAGCATCGTCTTCGGCGGGGTGCGC 
Optimized GGTTATCATGGTACCTTTTTGGAGGCCGCACAAAGCATTGTTTTTGGTGGAGTGCGC 
 
Original  GCGCGCAGCCAGGACCTCGACGCGATCTGGCGCGGTTTCTATATCGCCGGCGATCCG 
Optimized GCACGCAGCCAGGATTTGGATGCAATTTGGCGCGGATTTTACATTGCGGGTGACCCG 
 
Original  GCGCTGGCCTACGGCTACGCCCAGGACCAGGAACCCGACGCGCGCGGCCGGATCCGC 
Optimized GCACTGGCGTATGGTTATGCGCAGGATCAGGAGCCAGATGCACGCGGTCGTATTCGC 
 
Original  AACGGTGCCCTGCTGCGGGTCTATGTGCCGCGCTCGAGTCTGCCGGGCTTCTACCGC 
Optimized AATGGAGCGCTGCTGCGTGTTTACGTGCCGCGCTCGTCACTGCCGGGTTTTTATCGC 
 
Original  ACCGGCCTGACCCTGGCCGCGCCGGAGGCGGCGGGCGAGGTCGAACGGCTGATCGGC 
Optimized ACCGGTCTGACCCTGGCGGCACCGGAAGCCGCAGGTGAAGTTGAGCGTCTGATTGGT 
 
Original  CATCCGCTGCCGCTGCGCCTGGACGCCATCACCGGCCCCGAGGAGGAAGGCGGGCGC 
Optimized CACCCGCTGCCGCTGCGCCTGGATGCGATTACCGGTCCAGAAGAAGAGGGTGGACGC 
 
Original  CTGGAGACCATTCTCGGCTGGCCGCTGGCCGAGCGCACCGTGGTGATTCCCTCGGCG 
Optimized CTGGAAACCATATTGGGTTGGCCGCTGGCGGAACGCACCGTGGTGATACCATCGGCA 
 
Original  ATCCCCACCGACCCGCGCAACGTCGGCGGCGACCTCGACCCGTCCAGCATCCCCGAC 
Optimized ATTCCAACCGATCCGCGCAATGTTGGCGGTGATTTGGATCCGTCGAGCATTCCAGAT 
 
Original  AAGGAACAGGCGATCAGCGCCCTGCCGGACTACGCCAGCCAGCCCGGCAAACCGCCG 
Optimized AAAGAGCAGGCAATTAGCGCGCTGCCGGATTATGCGAGCCAGCCAGGTAAGCCGCCG 
 
Original  CGCGAGGACCTGAAG 
Optimized CGCGAAGATCTGAAA 

 

Figure 1.3  Nucleotide sequences alignment of the optimized Pseudomonas aeruginosa 
exotoxin A (ETA) gene with its original form that obtained from the NCBI 
database (GenBank accession no. NC_002516.2). 
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Table 1.2 Oligonucleotide primers used for amplification of Pseudomonas aeruginosa 
exotoxin A (ETA) includes sub-domains (IA, II- IB, and III) and full-length from the 
synthesized ETA DNA fragment. 

 

Bacterial culture and genomic DNA extraction 

Bacterial culture was performed by inoculating 5 ml of Luria-Bertani (LB) broth with a single 
bacterial colony of Pseudomonas aeruginosa strain PAO1 and then incubated at 37°C with 
250 rpm shaking for 12-18 hr. After that, transferred the cell suspension into 1.5 ml micro 
centrifuge tube and centrifuge for 1 minute at 14,000 x g. Afterwards, the cell pellet was 
used for perform the gram-negative DNA extraction by using the DNA extraction kit (Geneaid 
Biotech Ltd.) following the protocol provided by the manufacturer. The DNA extraction was 
performed by firstly added 180 μl of GT buffer then re-suspended the cell pellet by vortex 
and further added 20 μl of proteinase K. The sample mixture was incubated at 60ºC for at 
least 10 minutes (during incubation, inverted the tube every 3 minutes). Next, proceeding 
with lysis step by added 200 μl of GB buffer to the sample mixture and mixed by vortex 
for 10 seconds. The sample mixture was incubated at 70ºC for at least 10 minutes until the 
sample lysate is clear (during incubation, inverted the tube every 3 minutes and also pre-
heated the required elution water to 70ºC). Later, the DNA binding step was performed by 
added 200 μl of absolute ethanol to the sample lysate and mix immediately by vigorously 
shaking. A GD column was placed in a 2 ml collection tube and the sample mixture 
(including any insoluble precipitate) was transferred to the prepared GD column, then 

Target 
gene 

Primer name Oligonucleotide sequences (5’-3’) 
 

Size of PCR  
Product (bp) 

eta sub-
domainIA 

F-PAO1/ETA- IA GGTTGGGAATTGCAAGCGGAAGAGGCGTTTGATTTGTG  756 

R-PAO1/ETA- IA GGAGATGGGAAGTCATTATTCTGGAAAGTGCAGGCGGTG 

eta sub-
domainII/ 
IB 

F-PAO1/ETA-II/ 
IB 

GGTTGGGAATTGCAAGGTGGTAGCCTGGCAGCACTG  456 

R-PAO1/TEA-II/ 
IB  

GGAGATGGGAAGTCATTAACCATCACCCAAAAATTCTGCA
CC 

eta sub-
domainIII 

F-PAO1/ETA- III GGTTGGGAATTGCAAGGTGATATTAGCTTTAGCACCCGCG
G 

 627 

R-PAO1/ETA- III GGAGATGGGAAGTCATTATTTCAGATCTTCACGTGGCGGC 

eta full-
length 

F-PAO1/ETA- IA GGTTGGGAATTGCAAGCGGAAGAGGCGTTTGATTTGTG 1839 

R-PAO1/ETA- III GGAGATGGGAAGTCATTATTTCAGATCTTCACGTGGCGGC  
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centrifuged at 14-16,000 x g for 2 minutes. And after the 2 ml collection tube containing 
the flow-through was discarded, the GD column was placed in a new 2 ml collection tube. 
Afterwards, the washing step was done by added 400 μl of W1 buffer to the GD column 
and centrifuged at 14-16,000 x g for 30 seconds. And after the flow-through was discarded, 
the GD column was placed back in the 2 ml collection tube. The 600 μl of wash buffer 
was added to the GD column and centrifuged at 14-16,000 x g for 30 seconds. The flow-
through was discarded and the GD column was placed back in the 2 ml collection tube. 
Further centrifuged again for 3 minutes at 14-16,000 x g to dry the column matrix. Finally, 
the elution step was performed by transferred the dried GD column to a clean 1.5 ml micro 
centrifuge tube. Then the 100 μl of pre-heated water was added into the center of the 
column matrix, let stand for at least 3 minutes to allow the water to be completely 
absorbed, and centrifuged at 14-16,000 x g for 30 seconds to elute the purified DNA. The 
concentration of the purified genomic DNA was measured by using the NanoDrop 
spectrophotometer at wavelengths of 260 and 280 nm. 

 

Amplification of catalytic domain of LasB, LasA and ETA genes including the full-length and 
sub-domains(IA, II- IB , and III) by using polymerase chain reaction (PCR) that optimized 
condition 

In this study, the genomic DNA of P. aeruginosa strain PAO1 was used as the template 
to amplify the catalytic domain of LasB and LasA  and ETA genes including sub-domains IA, 
II- IB, III, and full-length with polymerase chain reaction, using Phusion High-Fidelity DNA 
Polymerase (Thermo Fisher Scientific). PCR amplification was performed in a total volume 
of 20 μl which the PCR mixture and PCR thermal cycle are shown below.  

 

PCR mixture (20 μl) 

Ingredient Volume (μl) Final 
concentration 

Sterile ultrapure distilled water (UDW) 11.8 - 
Phusion GC buffer (5x) 4.0 1x 
dNTP (2.5 mM each) 0.4 200 μM 
Forward Primer (10 μM) 1.0 0.5 μM 
Reverse Primer (10 μM) 1.0 0.5 μM 
DMSO 0.6 3% 
Phusion DNA Polymerase 0.2 0.4 units 
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(1.0 units/50 μl PCR) 
DNA template 1.0 - 

 

Thermal cycles 

Initial denaturation at    98°C    for   30  seconds 

35  cycles  of   Denaturation , 

Annealing , 

 

 

and Extension 

at    98°C    for   10  seconds 

at    65°C   for LasA 

       75°C   for LasB 

       70°C   for exoA      for 10  
seconds 

at    72°C     for    1  minutes 

Final extension at    72°C     for   10 minutes 

 

PCR amplicon of the catalytic domain of LasB and LasA have 930 bp and 570 bp in size 
as showed in Figure 1.4. While PCR product of exotoxin A including domains IA, II- IB, III, 
and full-length have 756, 456, 627, and 1839 bp in size as showed in Figure 1.5. 
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Figure 1.4  PCR product that obtained from the amplification of genomic DNA of P. aeruginosa 
using specific primers  
(A)  LasB-coding sequence- Lane M: GenRulerTM 100 bp DNA ladder plus, Lane 
1:LasB amplicons  
(B)  LasA-coding sequence - Lane M : GenRulerTM 100 bp DNA ladder plus, Lane 
1: LasA amplicons 
The PCR product were analyzed on 1 % agarose gel electrophoresis and visualized 
on UV light after staining with ethidium bromide. 
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Figure 1.5  PCR product that obtained from the amplification of genomic DNA of P. 
aeruginosa using specific primers for ETA-coding sequence (including sub-
domains IA, II- IB, III, and full-length) 
Lane M, GenRulerTM 100 bp DNA ladder plus 
Lane 1-4, ETA sub-domians IA (756 bp), II- IB (456 bp), III (627 bp), and full-length 
amplicons (1,839 bp), respectively 
The PCR product were analyzed on 1.5% agarose gel electrophoresis and 
visualized on UV light after staining with ethidium bromide.  
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Purification of catalytic domain of LasB, LasA, ETA including the full-length and sub-
domains(IA, II- IB, and III) DNA fragments 

The PCR products from above were purified using the Gel/PCR DNA fragments extraction 
kit (Geneaid Biotech Ltd.) with a bind-wash-elute procedure to completely eliminate the 
incorporated primers, dNTPs, and other contaminated DNA. 

 

Cloning of LasB, LasA, ETA gene including the full-length and sub-domains(IA, II- IB, and III) 
into the expression vector and analysis for the correction of the gene insert by DNA 
sequencing method 

Individual LasB, LasA and ETA amplicons including sub-domains IA, II- IB III, and full-
length were cloned into the pLATE52 expression vector (Thermo Scientific) of the LIC 
(ligation-independent cloning) system using the 3’-5’ exonuclease and 5’-3’ polymerase 
activities of T4 DNA polymerase and the recombinant plasmids were further introduced 
into the Escherichia coli strain JM 109, the cloning host as the gene stock. The procedure 
composed of two sections LIC cloning and annealing reaction. The LIC cloning was 
performed to generated the 5’ and 3’ overhangs on the purified PCR template that the 
following reaction were set up by mixed 2 μl of 5x LIC buffer; 4 μl of nuclease-free water; 
0.1pmol of purified PCR template; T4 DNA polymerase. And after the reaction mixture were 
incubated at 25°C for 5 minutes, the reaction were immediately stopped by added 0.6 μl 
of EDTA. Then the annealing reactions were performed by added the LIC-ready pLATE52 
(60g, 0.02 pmol DNA) to the reaction mixture, vortexed briefly for 3-5 seconds, and 
annealing proceeded at 25°C for 5 minutes. Afterwards, the bacterial transformation was 
done by using the Transform Aid Bacterial Transformation Kit (Thermo Scientific) to 
transformed the individual LasB-pLATE52, LasA- pLATE52 and eta-pLATE52 (including sub-
domains IA, II- IB III, and full-length) recombinant plasmid into the competent E. coli strain 
JM109. Plating on Luira-Bertani-Amplicilin (LB-A) then colonies appearing were randomly 
picked and screening by direct colony PCR as following mixture and reaction (Figure 1.6, 
1.7).  
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PCR mixture for direct colony PCR 
Ingredient Volume (μl) Final concentration 
Sterile ultrapure distilled water (UDW)  18.3 - 
Taq DNA polymerase buffer with KCl 
(Fermentas) 10x 

2.5 1x 

MgCl2 (25mM)          1.5  1.5 mM 
dNTP (2.5 mM each)  0.5 200 μM 
LIC Forward primer, 10 μM 0.5 200 nM 
LIC Reverse primer, 10 μM 0.5 200 nM 
Taq DNA Polymerase  (5.0 units/μl )  0.2 0.5 units 
DNA template  1.0 - 
 

Thermal cycles 
Initial denaturation at    98°C    for   30  seconds 

35  cycles  of   Denaturation , 
Annealing , 
 
 
and Extension 

at    98°C    for   10  seconds 
at    65°C   for LasA 
       75°C   for LasB 
       70°C   for exoA      for 10  seconds 
at    72°C     for    1  minutes 

Final extension at    72°C     for   10 minutes 
 

PCR amplicons from direct colony PCR were analyzed by agarose gel electrophoresis for 
the presence and size of the PCR product (Figure 1.6 for lasB and lasA, Figure 1.7 for ETA). 
For LasA and LasB, the positive clones harboring recombinant plasmid were confirmed by 
sequencing, for lasB seletected clone number lasB1, lasB6 and lasB7. Clone no. LasA1-3 
were selected for lasA. For ETA, selected ETA sub-domian IA were clone IA-1 and IA-2, ETA 
sub-domian II- IB were clone IIB-1 and IIB-2 and ETA sub-domian III were  clone III-1,III-2 and 
III-3. The positive clones were analyzed the inserted gene by using the DNA sequencing 
method, the pLATE52_ETA recombinant plasmid including lasA, lasB and sub-domains (IA, 
II- IB, III) and full-length were transformed into the competent E. coli strain NiCo21 (DE3) 
(New England Biolabs, UK), an expression host. 
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Figure 1.6  PCR amplification for screening of pLATE5_lasA and lasB recombinant plasmid 
using LIC primer 
(A)  pLATE52-lasA transformed E. coli JM 109 colonies.  

Lane M : GeneRuler 100 bp plus DNA Ladder 
Lane 1-3:  Amplicons of  positive E. coli JM109 colonies harboring rLasA-

pLATE52 plasmid 
(B)  pLATE52-lasB transformed E. coli JM 109 colonies.  

Lane M : GeneRuler 100 bp plus DNA Ladder, 
Lane 1-11:  Amplicons of  positive E. coli JM109 colonies harboring rLasB-
pLATE52 plasmid 

PCR products obtained with LIC Forward and LIC Reverse Sequencing Primers should be 264 
bp (plus insert size) pLATE52 vectors .The PCR product were analyzed on 1 % agarose gel 
electrophoresis and visualized on UV light after staining with ethidium bromide. 
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Figure 1.7  PCR amplification for screening of pLATE5_ETA (including sub-domains IA, II- IB, III, 
and full-length) transformed E. coli strain JM 109 colonies  
(A) Lane M: GenRulerTM 100 bp DNA ladder plus 

Lane 1-2: ETA sub-domian IA amplicons clone IA-1 and IA-2 
Lane 3-5: ETA sub-domian II- IB amplicons clone IIB-1 and IIB-2 
Lane 6-8: ETA sub-domian III amplicons clone III-1,III-2 and III-3 

(B) Lane M: GenRulerTM 100 bp DNA ladder plus 
Lane 1-2: ETA full gene clone Full-1 

The PCR product were analyzed on 1 % agarose gel electrophoresis and visualized on UV 
light after staining with ethidium bromide. 
  

 

(A) (B) 
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Recombinant LasB, LasA and ETA protein expression and native LasB production 

For protein expression, single colony of individual inserted lasA-, lasB- including sub-
domain (IA, II- IB, and III)- and full-length ETA- E. coli clone was cultured in 5 ml LB 
containing 100 μg/ml amplicilin (LB-A) medium in shaking incubator at 250 rpm, 37°C for 16 
hours. One hundreds microliters of starter was removed and inoculated into 1.9 ml LB-A. 
The cultured was shaking for 3 hours at 37 °C. Isopropyl-β-D-thiogalactopyranoside (IPTG) 
was added into individuals cultures to final concentration of 1 mM for expression of mature 
peptide then incubated in shaking at 37°C for 6 hours. Collected 1 ml by centrifugation at 
10,000 xg for 1 minute. The cell pellets were suspended in BugBuster® protein extraction 
reagent incubated at RT for 10 minutes. Soluble fractions, supernatant were collected by 
centrifugation at 14,000 xg for 5 minutes. The pellets were suspended in 1:10 diluted 
BugBuster, then centrifugation at 14,000 xg for 5 minutes, discard supernatant and 
suspended  pellet in 1:10 diluted BugBuster ,Insoluble fractions, then Analyzes by 12% SDS-
PAGE (Figure 1.8: LasA, LasB;  Figure 1.9-1.10: ETA) and Western blot analysis (Figure 1.11: 
LasA, LasB;  Figure 1.12-1.13: ETA ). The results shown desired protein expression both 
LasA, LasB and ETA. 

In this study, the results were shown the protein expression of LasA, LasB, sub-domain 
IA (receptor-binding domain) and sub-main III (catalytic domain)of ETA in the insoluble 
fraction (inclusion body) But there have no desired protein expression for domain II- IB and 
the whole toxin of ETA. 

 

Production and purified native lasB from pseudomonas aeruginosa PAO1 

 P. aeruginosa PAO1 was cultured in 250 ml LB at 37 °C for 18 hours. The supernatant 
was collected by centrifuge at 10,000 xg, 4°C for 10 minutes. For ammonium sulfate 
precipitation, 100 % ammonium sulfate solution was slowly added to cell-free supernatant 
to obtain 80% saturation and continue stirred at 4°C for overnight. Afterward, the lasB 
precipitated was harvested by centrifuge 15,000 xg, 4°C for 30 minutes and resuspended in 
20 mM Tris-HCl pH 8.5. Then ammonium sulfate was removed by amicon ultracentrifuge 
filter (10 kDa molecular weight cut off) and LasB further purified by DEAE cellulose 
chromatography. The column was equilibrated and washed with 20 mM Tris-HCl pH 8.5 
and eluted by linear NaCl. The lasB fractions were pooled and removed NaCl by dialysis 
Figure 1.8 (C.)  The purified lasB was determined by SDS-PAGE and LC/MS-MS.  
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Determination of biological activity of native lasB from Pseudomonas aeruginosa PAO1 
 EnzChek™ elastase assay Kit was used for determining elastolytic activity of native LasB. 

The 100 μl of Reaction buffer was added into each well that contains 50 μl of lasB (25, 50, 
100 and 200 nM), after that additional substrate, 50 μL of 100 μg/mL DQ elastin. Measure 
the intensity of fluorescence by a Synergy H1 Hybrid Multi-Mode Reader, Biotek, with 
standard fluorescence filters set for excitation at 485 ± 20 nm and emission detection at 
520 ± 20. The produced native elastase was showed their biological activity (Figure 1.8D). 
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Figure 1.8  Separated soluble and insoluble fractions of LasA-, LasB-NiCo21(DE3) E. coli 
expression from small scale expression by using SDS-PAGE (A.) LasA (B.) LasB 
Lane M: Standard protein ladder 
Lane S0: Soluble fraction of control NiCo21(DE3) E. coli 
Lane I0: Insoluble fraction of control NiCo21(DE3) E. coli 
Lane S1-3: Soluble fraction of clones 1-3, respectively 
Lane I1-3: Insoluble fraction of clones 1-3, respectively 
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(C) 
 

 
 
Figure 1.8  SDS-PAGE pattern of purified native LasB after stained with Coomassie Brilliant 

Blue G-250. 
Lane M : Standard protein ladder 
Lane 1: 33 kDa lasB elastase 

(D) 

 
 

Figure 1.8 Native elastase activity was investigated by using the EnzChek™ elastase assay Kit. 
Samples were done in duplicate and measured fluorescence.  Background 
fluorescence was subtracted from each value.  
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Figure 1.9 SDS-PAGE analysis of the separated soluble and insoluble fractions of the ETA sub-
domain IA protein from NiCo21 (DE3) E. coli using 15% SDS-polyacrylamide gel. 
Lane M: Standard protein ladder 
Lane Sc: Soluble fraction of control [NiCo21 (DE3) E. coli] 
Lane Ic: Insoluble fraction of control [NiCo21 (DE3) E. coli] 
Lane S1-3: Soluble fraction of clones 1-3 of ETA sub-domain IA, respectively 
Lane I1-3: Insoluble fraction of clones 1-3 of ETA sub-domain IA, respectively; 
protein size ~28 kDa. 
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Figure 1.10 SDS-PAGE analysis of the separated soluble and insoluble fractions of the ETA 

sub-domain III protein from NiCo21 (DE3) E. coli using 15% SDS-polyacrylamide 
gel. 
Lane M: Standard protein ladder 
Lane Sc: Soluble fraction of control [NiCo21 (DE3) E. coli] 
Lane Ic: Insoluble fraction of control [NiCo21 (DE3) E. coli] 
Lane S1-3: Soluble fraction of clones 1-3 of ETA sub-domain III, respectively 
Lane I1-3: Insoluble fraction of clones 1-3 of ETA sub-domain III, respectively; 
protein size ~23 kDa. 
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Figure 1.11  Western blot analysis for determination of NiCo21 (DE3) E. coli expression of (A.) 
LasA (B.) LasB from small scale expression. 
Lane M: Standard protein ladder 
Lane S0: Soluble fraction of control NiCo21(DE3) E. coli 
Lane I0: Soluble fraction of control NiCo21(DE3) E. coli 
Lane S1-3: Soluble fraction of clones 1-3, respectively. 
Lane I1-3: Insoluble fraction of clones 1-3, respectively.  
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Figure 1.12  Western blot analysis of the hexa-histidine (6xHis)-tagged ETA sub-domain IA 
protein. 
Lane M: Standard protein ladder 
Lane Sc: Soluble fraction of control [NiCo21 (DE3) E. coli] 
Lane Ic: Insoluble fraction of control [NiCo21 (DE3) E. coli] 
Lane S1: Soluble fraction of ETA sub-domain IA 
Lane I1: Insoluble fraction of ETA sub-domain IA; protein size ~28 kDa 
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Figure 1.13  Western blot analysis of the hexa-histidine (6xHis)-tagged ETA sub-domain III 
protein. 
Lane M: Standard protein ladder 
Lane Sc: Soluble fraction of control [NiCo21 (DE3) E. coli] 
Lane Ic: Insoluble fraction of control [NiCo21 (DE3) E. coli] 
Lane S1: Soluble fraction of ETA sub-domain III 
Lane I1: Insoluble fraction of ETA sub-domain III; protein size ~23 kDa. 
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Purification of recombinant protein 

Recombinant protein LasB, ETA were prepared from a transformed NiCo21 (DE3) E. coli 
carrying inserted lasA-, lasB-, ETA domain I-, domain II-, domain III- pLATE52 plasmids. The 
IPTG induced bacterial cells were collected by centrifugation at 4,000 ×g, 4°C for 20 minutes 
and homogenized by sonication (LABSONIC® P, Goettingen, Germany) at 30%amplitude, 0.6 
cycles for 6 minutes in a denaturing lysis buffer (1 g of bacterial cell per 10 ml of the buffer). 
The bacterial homogenate was centrifuged at 15,000 ×g, 4°C, 20 minutes and the 
supernatant was transferred to a plastic tube containing Ni-NTATM bead (InvitrogenTM, Life 
Technologies, NY, USA). The preparation was gently mixed by tube inverting and kept at 
25°C, horizontal rocking for 10 minutes to allow protein binding to the resin. The beads 
were then packed into a polystyrene column and extensively washed with 20 ml washing 
buffer, the wash fraction also was collected. The recombinant proteins were eluted with 
250 mM imidazole in equilibration buffer and each eluted fraction was collected. All eluted 
fractions were subjected to SDS-PAGE, followed by stained with Coomassie brilliant blue 
G-250 (CBB) (USB Corporation, CA, USA) staining for direct visualization of the protein 
band(s). 

SDS-PAGE analysis of the purified recombinant protein using 12% SDS-polyacrylamide 
gel showed recombinant LasB, protein size ~33 kDa (Figure 2.14) ETA sub-domain IA; 
protein size ~28 kDa (Figure 1.15) and ETA sub-domain III; protein size ~28 kDa (Figure 
1.16).  

The purified protein was verified by LC/MS-MS. Protein content of the purified LasA, 
LasB, ETA domain I, and domain III were determined by Bicinchoninic acid (BCA) method. 
The purified recombinant proteins were kept at -80°C until use.  
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Figure 1.14  SDS-PAGE analysis of the purified inclusion bodies of the Purification 
recombinant LasB protein using 12% SDS-polyacrylamide gel. 
Lane M : Standard protein ladder,  
Lane 1 : Purified recombinant LasB, protein size ~33 kDa.  
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Figure 1.15  SDS-PAGE analysis of the purified inclusion bodies of the ETA sub-domain IA 
protein from NiCo21 (DE3) E. coli using 12% SDS-polyacrylamide gel. 
Lane M: Standard protein ladder 
Lane Ic: Insoluble fraction of control [NiCo21 (DE3) E. coli] 
Lane I1a: Insoluble fraction of ETA sub-domain IA; protein size ~28 kDa. 
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Figure 1.16  SDS-PAGE analysis of the purified inclusion bodies of the ETA sub-domain III 
protein from NiCo21 (DE3) E. coli using 12% SDS-polyacrylamide gel. 
Lane M: Standard protein ladder 
Lane Ic: Insoluble fraction of control [NiCo21 (DE3) E. coli] 
Lane I1a: Insoluble fraction of ETA sub-domain III; protein size ~28 kDa. 
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2.  To select phage clones displaying human scFv/humanized-VH/VHH that bind to the 
active exotoxin A, lasB from human scFv/humanized-VH/VHH phage display libraries.  

 

Selection of human single chain variable fragment (HuscFv) displayed phage clones that 
bound to native Pseudomonas aeruginosa exotoxin A from the established human scFv 
phage display library 

Phage bio-panning for selecting of phage clones that display HuscFv specific to native 
exotoxin A of P. aeruginosa 

     Purified native ETA (66 kDa) protein (Sigma-Aldrich, USA) was used as antigens in phage 
bio-panning to select phage clones displaying HuscFv that could bind to the respective 
protein. In the bio-panning process, one microgram of the native ETA (66 kDa) in a 
carbonate-bicarbonate buffer, pH 9.6 (coating buffer) was individually immobilized in wells 
of an ELISA plate. The ELISA plate was incubated at 37C for overnight then the well was 
washed with PBS-T, a washing buffer. Two hundred microliters of 5% skim milk in PBS pH 
7.5, a blocking solution was added into the well and incubated at room temperature for 1 
hour. After that, the blocking solution was discarded from the wells and further washed 
three times with PBS-T. The HuscFv phage display library that kindly provided by kindly 
provided by Prof. Dr. Wanpen Chaicumpa (Faculty of Medicine Siriraj Hospital, Mahidol 
University, Bangkok, Thailand) was added into the antigen coated well and the reaction was 
incubated at room temperature for 1 hour. Afterwards, the fluid was discarded from the 
well and the reaction well was extensively washed 10 times to remove unbound phages. 
The mid-log phase HB2151 E. coli was added into the reaction well that containing phages 
bound to the immobilized antigen and well was incubated at 37C for 15 minutes. Then 
the phages infected HB2151 E. coli were used to spread onto 2XYT agar plate containing 
ampicillin and glucose (2XYT-AG) and the plate was incubated at 37C for 12-16 hours. 
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Determining of HB2151 E. coli clones with pCANTAB5E-huscfv phagemids  

For determining the transformed HB2151 E. coli which carried the huscfv-phagemids, the 
bacterial colonies on the 2XYT-AG plate were picked to perform the colony PCR. An 
individual colony was selected and inoculated into the 150 μl of LB broth containing 100 
μg/ml of ampicillin antibiotic, then incubated at 37C for 2 hours with 250 rpm shaking that 
one microliter of each clone will be used as DNA template for checking the presence of 
the huscfv gene. The PCR was carried out using a pair of primers, R1 (forward primer): 5’-
CCATGATTACGCCAAGCTTTGGAGCC-3’ and R2 (reverse primer): 5’-
GCTAGATTTCAAAACAGCAGAAAGG-3’. The 25 μl of PCR reaction mixture and PCR conditions 
were demonstrated as following.  

 

PCR reaction mixture (25 μl) 

Ingredients Volume (μl) 

Sterile ultrapure distilled water (UDW) 18.3 

Taq buffer with KCl (10x) 2.5 

dNTP (10 mM each) 0.5 

Forward Primer (10 μM) 0.5 

Reverse Primer (10 μM) 0.5 

MgCl2 (25 mM) 1.5 

Taq DNA polymerase   
(5 units/1μl) 

0.2 

DNA template 1.0 

 

 

 

 

 

 

 



54 
 

PCR conditions 

Steps Conditions 

Initial denaturation at    95°C    for    5  minutes 

35  cycles  of   Denaturation , 
Annealing , 
and Extension 

at    95°C    for   30  seconds 
at    58°C    for   30  seconds 
at    72°C     for    1  minute 

Final extension at    72°C     for    7 minutes 

 

After PCR amplification, the PCR products were analyzed using 1.5% agarose gel 
electrophoresis and ethidium bromide staining. 

 

The colonies appearing on 2XYT agar plate containing 100 μg/ml of ampicillin and 2% 
glucose (2XYT-AG) were picked and performed the screening for the inserted huscfv gene 
(the expected amplicon size ~1,000 bp) using direct colony PCR. The result shown that 
only 29 of the 33 selected clones (which accounted for 87.88%) derived from bio-panning 
with the native ETA(66kDa) were positive for huscfv segments which were clones number 
1-10, 12-25, 28, 29, 31, and 32 (Figure 2.17, 2.18, and 2.19). 
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Figure 1.17 PCR amplification for screening of pCANTAB5E-ETA-huscfv phagemids (the 
expected amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  

Lane M: GenRulerTM 100 bp DNA ladder plus 

Lanes 1-11: Results of colony PCR of PCR amplicons for detecting the presence of 
huscfv gene transformed E. coli strain HB2151 colonies for clones no.1-11, 
respectively. 

 

 

 

 

  



56 
 

 

 

Figure 1.18 PCR amplification for screening of pCANTAB5E-ETA-huscfv phagemids (the 
expected amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  

Lane M: GenRulerTM 100 bp DNA ladder plus 
Lanes 12-22: Results of colony PCR of PCR amplicons for detecting the presence 

of huscfv gene transformed E. coli strain HB2151 colonies for clones no.12-22, 
respectively. 
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Figure 1.19 PCR amplification for screening of pCANTAB5E-ETA-huscfv phagemids (the 
expected amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  
Lane M: GenRulerTM 100 bp DNA ladder plus 
Lanes 23-33: Results of colony PCR of PCR amplicons for detecting the presence 
of huscfv gene transformed E. coli strain HB2151 colonies for clones no.23-33, 
respectively. 
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Binding of the Escherichia coli derived-HuscFv to exotoxin A 

Verification of the HuscFvs binding activity to the native ETA (66kDa) protein antigen by 
indirect ELISA 

The HB2151 E. coli clones which gave positive result for huscfv gene amplicons of the 
expected size ~ 1,000 bp were further performed the protein expression. In this study, 
HuscFv proteins were expressed by the individual clone was inoculated into 2ml of AIM 
(Auto Induction Medium) medium containing 100 μg/ml ampicillin antibiotic and incubated 
at 30°C with shaking at 250 rpm for overnight. After that, the induced bacterial cells were 
collected by centrifugation at 14,000 xg at 4°C for 1 minutes. The cell pellets of expressed 
soluble HuscFvs specific native ETA samples were performed the protein extraction using 
protein extraction kits, BugBuster® Plus Lysonase™ (Novagen, Merck, CA, USA) to separating 
of the soluble HB2151 E. coli fraction (the supernatant) that protein in this fraction was 
subjected to perform the binding test using an indirect ELISA for detecting the binding 
specificities of the soluble HuscFvs specific native ETA protein. For the indirect ELISA, Rabbit 
anti-E-Tag polyclonal antibody (Abcam, USA) and Goat anti-rabbit immunoglobulin-HRP 
conjugate (Southern Biotech, AL, USA) were used as the primary and secondary antibody, 
respectively. The ABTS (2,2 azino-bis [3-ethylbenzthiazoline-6-sulfonic acid]) (ZYMED CA, 
USA) was used as the substrate for the ELISA detection. The ELISA signal was measured at 
OD 405 nm using a FINSTRUMENTS® Microplate Reader. 

The result of indirect ELISA shown for the representative clones that only 4 of the 29 
selected clones derived from bio-panning with the native ETA (66 kDa) were gave the two 
times signal higher than that of BSA(control antigen) at OD 405 nm (Figure 1.20). 

 

Detection of soluble HuscFvs specific native ETA (66kDa) protein expression  

The Western blot analysis was used to detecting the soluble HuscFvs specific native ETA 
(66kDa) protein expression. The soluble HuscFvs specific native ETA clones were revealed 
by using the Rabbit anti-E-Tag polyclonal antibody (Abcam, USA) and Goat anti-rabbit IgG-
AP conjugate (Southern Biotech, AL, USA) were used as the primary and secondary 
antibody, respectively. The NBT/BCIP (5-bromo-4-chloro-3-indolyl-phosphate) was used as 
the color development substrate. 

The result of Western blot analysis shown for detecting the soluble HuscFvs specific 
native ETA (66kDa) protein expression that all 4 representative clones of which gave the 
significant signal (two times signal higher than that of control antigen at OD405nm) were 
expressing the HuscFv protein (the expected protein size ~25-30 kDa) (Figure 1.21). 
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Figure 1.20 The diagram of binding test result for verifying of the HuscFvs binding activity to 
the native ETA (66kDa) protein antigen using indirect ELISA. 
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Figure 1.21 Western blot patterns of the HuscFvs specific ETA protein expressed from the 
huscfv positive E. coli clones (expected protein size ~25-30kDa). 
Lane M: Standard protein ladder  
Lane 10: Soluble fraction of Huscfv specific native ETA clone no.10 protein  
Lane 18: Soluble fraction of Huscfv specific native ETA clone no.18 protein 
Lane 20: Soluble fraction of Huscfv specific native ETA clone no.20 protein 
Lane 21: Soluble fraction of Huscfv specific native ETA clone no.21 protein 
Lane 32: Soluble fraction of Huscfv specific native ETA clone no.32 protein 
Lane HB2151: Soluble fraction of control [HB2151 E. coli] protein 
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Figure 1.22 SDS-PAGE analysis of the separated soluble and insoluble fractions of the HuscFvs 
specific native ETA protein from HB2151 E. coli. 
Lane M: Standard protein ladder 
Lane 10: Soluble fraction of Huscfv specific native ETA clone no.10 protein 
Lane 18: Soluble fraction of Huscfv specific native ETA clone no.18 protein 
Lane 20: Soluble fraction of Huscfv specific native ETA clone no.20 protein 
Lane 21: Soluble fraction of Huscfv specific native ETA clone no.21 protein 
Lane 32: Soluble fraction of Huscfv specific native ETA clone no.32 protein 
Lane HB2151: Soluble fraction of control [HB2151 E. coli] protein 
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Selection of human single chain variable fragment)HuscFv (displayed phage clones that 
bound to recombinant truncated Pseudomonas aeruginosa exotoxin A)  rETA ( including 
domain 1A and 3 from the established human scFv phage display library  
 

Phage bio-panning for selecting of phage clones that display HuscFv specific to rETA-1A 
and rETA-3 

Refolded rETA-1A )28kDa (and rETA-3 )28kDa (were used as antigens in phage bio-panning 
to select phage clones displaying HuscFv that could bind to the respective protein . In the 
bio-panning process, 0.5 microgram of the antigens ) rETA-1A and rETA-3 ( in a carbonate -

bicarbonate buffer, pH 9.6 ) coating buffer (were individually immobilized in wells of an 
ELISA plate ) EIA/ RIA 8 well strip- flat bottom, Corning, NY, USA . ( The ELISA plate were 
incubated at 4C for overnight then the well were washed with Distilled water .The 150 
microliters of Protein-free blocking buffer were added into the well and incubated at room 
temperature )25C ( for 1 hour .After that, the blocking solution were discarded from the 
wells and further washed three times with PBS-T . The HuscFv phage display library )~ 3 x 
1011 phage particles ( that kindly provided by Prof . Dr . Wanpen Chaicumpa ) Faculty of 
Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand (were added into the antigen 
coated well, and the reaction were incubated at room temperature for 1 hour .Afterwards, 
the fluid ) unbound phages ( were discarded from the well and the reaction well were 
extensively washed 10 times to remove unbound phages .The 100 μl of the mid-log phase 
HB2151 E . coli were added into the reaction well that containing phages bound to the 
immobilized antigen and well were incubated at 37C for 10 minutes .Then the phages 
infected HB2151 E .coli were used to spread onto 2XYT agar plate containing 100 μg/ml of 
ampicillin and 2 %glucose )2XYT-AG (and the plate were incubated at 37C for 12-16 hours. 

 

 
Determining of HB2151 E. coli clones with pCANTAB5E-huscfv phagemids which could 
expressed HuscFvs specific to the respective antigens (rETA-1A and rETA-3) 

For determining the transformed HB2151 E .coli which carried the huscfv-phagemids, the 
bacterial colonies on the 2XYT-AG plate were picked to perform the colony PCR . An 
individual colony was selected and inoculated into the 150 μl of LB broth containing 100 
μg/ml of ampicillin antibiotic, then incubated at 37C for 2 hours with 250 rpm shaking that 
one microliter of each clone will be used as DNA template for checking the presence of 
the huscfv gene .The PCR was carried out using a pair of primers, R1 )forward primer : (5 ’-
CCATGATTACGCCAAGCTTTGGAGCC -3’ and R2 )reverse primer ( : 5 ’-
GCTAGATTTCAAAACAGCAGAAAGG-3 .’ The 25 μl of PCR reaction mixture and PCR conditions 
were demonstrated in below, respectively .After PCR amplification, the PCR products were 
analyzed using 1.5 %agarose gel electrophoresis and ethidium bromide staining. 



63 
 

 
 

PCR reaction mixture )25 μl( 

Ingredients Volume (μl) 
Sterile ultrapure distilled water (UDW) 18.3 
Taq buffer with KCl (10x) 2.5 
dNTPs (10 mM each) 0.5 
Forward Primer (10 μM) 0.5 
Reverse Primer (10 μM) 0.5 
MgCl2 (25 mM) 1.5 
Taq DNA polymerase   
(5 units/1μl) 

0.2 

DNA template 1.0 
 

 

PCR conditions 

Steps Conditions 
Initial denaturation at    95°C    for    5  minutes 
35  cycles  of   Denaturation , 

Annealing , 
and Extension 

at    95°C    for   30  seconds 
at    58°C    for   30  seconds 
at    72°C     for  40  seconds 

Final extension at    72°C     for    7 minutes 
 

The colonies appearing on 2XYT agar plate containing 100 μg/ml of ampicillin and 2% 
glucose (2XYT-AG) were picked and performed the screening for the inserted huscfv gene 
(the expected amplicon size ~1,000 bp) using direct colony PCR. The results shown that 35 
of the 61 selected clones (which accounted for 57.80%) derived from bio-panning with the 
rETA-1A were positive for huscfv segments (Figure 1.23-1.26) and 57 of the 96 selected 
clones (which accounted for 59.38%) derived from bio-panning with the rETA-3 were 
positive for huscfv segments (Figure 1.27-1.32). 
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Figure 1.23 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  

Lane M: GenRulerTM 100 bp DNA ladder plus 

Lanes 1-16: Results of colony PCR of PCR amplicons for detecting the presence of 
huscfv gene transformed E. coli strain HB2151 colonies specific for rETA-1A clone 
no.1-16, respectively.  

bp 
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1000 
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Figure 1.24 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  

Lane M: GenRulerTM 100 bp DNA ladder plus 
Lanes 17-32: Results of colony PCR of PCR amplicons for detecting the presence 
of huscfv gene transformed E. coli strain HB2151 colonies specific for rETA-1A 
clones no.17-32, respectively. 
 

Figure 1.25 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the 
expected amplicon size ~1,000 bp) transformed E. coli strain HB2151 
colonies.  

Lane M: GenRulerTM 100 bp DNA ladder plus 
Lanes 33-48: Results of colony PCR of PCR amplicons for detecting the 
presence of huscfv gene transformed E. coli strain HB2151 colonies specific 
for rETA-1A clones no.33-48, respectively.  

bp 
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Figure 1.26 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  
Lane M: GenRulerTM 100 bp DNA ladder plus 
Lanes 49-61: Results of colony PCR of PCR amplicons for detecting the 
presence of huscfv gene transformed E. coli strain HB2151 colonies specific 
for rETA-1A clones no. 49-61, respectively. 
 

 
 

 
 
 
 
 
 
 
Figure 1.27 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 

amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  

Lane M: GenRulerTM 100 bp DNA ladder plus 

Lanes 1-15: Results of colony PCR of PCR amplicons for detecting the presence 
of huscfv gene transformed E. coli strain HB2151 colonies specific for rETA-3 
clones no. 1-15, respectively.  
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Figure 1.28 PCR amplification for screening of pCANTAB5E- huscfv phagemids ( the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  
Lane M: GenRulerTM 100 bp DNA ladder plus 
Lanes 17- 34:  Results of colony PCR of PCR amplicons for detecting the presence 
of huscfv gene transformed E. coli strain HB2151 colonies specific for rETA-3 clones 
no. 17-34, respectively. 

 

 

 

 

 

 

 

Figure 1.29 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the 
expected amplicon size ~1,000 bp) transformed E. coli strain HB2151 
colonies.  
Lane M: GenRulerTM 100 bp DNA ladder plus 
Lanes 33-48: Results of colony PCR of PCR amplicons for detecting the 
presence of huscfv gene transformed E. coli strain HB2151 colonies specific 
for rETA-3 clones no.33-48, respectively.  
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Figure 1.30 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 

amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies  
Lane M: GenRulerTM 100 bp DNA ladder plus 
Lanes 49-65: Results of colony PCR of PCR amplicons for detecting the presence 
of huscfv gene transformed E. coli strain HB2151 colonies specific for rETA-3 
clones no. 49-65, respectively. 

 
 

 

Figure 1.31 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies  

Lane M: GenRulerTM 100 bp DNA ladder plus 
Lanes 66-78: Results of colony PCR of PCR amplicons for detecting the presence 
of huscfv gene transformed E. coli strain HB2151 colonies specific for rETA-3 
clones no. 66-78, respectively. 
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Figure 1.32 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  

Lane M: GenRulerTM 100 bp DNA ladder plus 

Lanes 79-96: Results of colony PCR of PCR amplicons for detecting the presence 
of huscfv gene transformed E. coli strain HB2151 colonies specific for rETA-3 
clones no. 79-96, respectively. 
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Binding of the Escherichia coli derived-HuscFv to exotoxin A domain 1A and 3 

Verification of the HuscFvs binding activity to the respective antigens ) rETA-1A and rETA-3 
protein( by indirect ELISA 

 

The HB2151 E . coli clones which gave positive result for huscfv gene amplicons of the 
expected size ~ 1,000 bp were further performed the protein expression . In this study, 
HuscFv proteins were expressed by the individual clone was inoculated into 2 ml of AIM 
)Auto Induction Medium (medium containing 100 μg/ml ampicillin antibiotic and incubated 
at 30°C with shaking at 250 rpm for overnight . After that, the induced bacterial cells were 
collected by centrifugation at 10,000 xg at 4°C for 1 minutes . The cell pellets of expressed 
soluble HuscFvs specific to the respective antigens ) rETA- 1A and rETA- 3 protein ( were 
performed the protein extraction using protein extraction kits, BugBuster® Plus Lysonase ™

) Novagen, Merck, CA, USA ( to separating of the soluble HB2151 E . coli fraction ) the 
supernatant ( that protein in this fraction were subjected to perform the binding test using 
an indirect ELISA for detecting the binding specificities of the soluble HuscFvs specific native 
ETA protein . For the indirect ELISA, Rabbit anti-E-Tag polyclonal antibody )Abcam, USA (and 
Goat anti- rabbit immunoglobulin-HRP conjugate )Southern Biotech, AL, USA (was used as 
the primary and secondary antibody, respectively . The ABTS ) 2,2 azino- bis ] 3-

ethylbenzthiazoline-6- sulfonic acid)  ( [ZYMED CA, USA (was used as the substrate for the 
ELISA detection . The ELISA signal was measured at OD405nm using a FINSTRUMENTS® 
Microplate Reader. 

The results of indirect ELISA were shown . There are 10 positive clones for HuscFvs 
specific rETA-1A which are clone no .3, 5, 9, 33, 37, 43, 45, 46, 54, 61  ) Figure 2.33 ( and 17 
positive clones for HuscFvs specific rETA-3 which are clone no .7, 10, 14, 18, 21, 24, 41, 48, 
52, 57, 58, 61, 63, 71, 80, 83, and 95  ) Figure 1.34. (  They gave the two times signal higher 
than that of BSA )control antigen (at OD405nm. 
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Figure 1.33 The diagram of binding test result for verifying of the HuscFvs binding activity to 
the rETA-1A protein antigen using indirect ELISA.  

 

 

 

 

 

 

 

 

 

 

 
Figure 1.34 The diagram of binding test result for verifying of the HuscFvs binding activity to 

the rETA-3 protein antigen using indirect ELISA  
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Detection of soluble HuscFvs specific rETA-1A and rETA-3 protein expression  
In this study, the Western blot analysis was used to detecting the soluble HuscFvs 

specific the rETA-1A and rETA-3 protein expression .The soluble HuscFvs specific native ETA 
clones were revealed by using the Rabbit anti-E-Tag polyclonal antibody )Abcam, USA (and 
Goat anti- rabbit IgG- AP conjugate ) Southern Biotech, AL, USA ( were used as the primary 
and secondary antibody, respectively . The NBT/ BCIP ) 5- bromo- 4- chloro- 3- indolyl -
phosphate (was used as the color development substrate . 

The result of Western blot analysis shown for detecting the soluble HuscFvs specific the 
rETA-1A and rETA-3 protein expression .For the representative HuscFv clones for the rETA -
1A are clone no .3, 5, 9, 33, 37, 43, 45, 46, 54 and 61 which gave the significant signal )two 
times signal higher than that of control antigen at OD405nm ( were expressing the HuscFv 
protein )the expected protein size ~25-30 kDa) (Figure 1.35 .(  For the representative HuscFv 
clones for the rETA- 3 are clone no . 7, 10, 14, 18, 21, 24, 41, 48, 52, 57, 58, 61, 63, 71, 80, 
83, and 95 )Figure 2.36 and Figure 2.37.( 
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Figure 1.35 Western blot patterns of the HuscFvs specific rETA-1A protein expressed from the 
huscfv positive E .coli clones )expected protein size ~25-30kDa(. 
Lane M :Standard protein ladder 
Lane 3 :Soluble fraction of Huscfv specific rETA-1A clone no.3 protein  
Lane 9 :Soluble fraction of Huscfv specific rETA-1A clone no.9 protein 
Lane 5 :Soluble fraction of Huscfv specific rETA-1A clone no.5 protein 
Lane 33 :Soluble fraction of Huscfv specific rETA-1A clone no.33 protein 
Lane 37 :Soluble fraction of Huscfv specific n rETA-1A clone no.37 protein 
Lane 43 :Soluble fraction of Huscfv specific n rETA-1A clone no.43 protein 
Lane 45 :Soluble fraction of Huscfv specific n rETA-1A clone no.45 protein 
Lane 46 :Soluble fraction of Huscfv specific n rETA-1A clone no.46 protein 
Lane 54 :Soluble fraction of Huscfv specific n rETA-1A clone no.54 protein 
Lane 10 :Soluble fraction of Huscfv specific n rETA-1A clone no.10 protein 
Lane HB2151 :Soluble fraction of the negative control ]HB2151 E .coli [protein 

  

~ 25-30 kDa 
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Figure 1.35 Western blot patterns of the HuscFvs specific rETA- 3 protein expressed from the 
huscfv positive E .coli clones )expected protein size ~25-30kDa(. 
Lane M :Standard protein ladder 
Lane 7 :Soluble fraction of Huscfv specific rETA-3 clone no.7 protein  
Lane 10 :Soluble fraction of Huscfv specific rETA-3 clone no.10 protein 
Lane 14 :Soluble fraction of Huscfv specific rETA-3 clone no.14 protein 
Lane 18 :Soluble fraction of Huscfv specific rETA-3 clone no.18 protein 
Lane 21 :Soluble fraction of Huscfv specific rETA-3 clone no.21 protein 
Lane 24 :Soluble fraction of Huscfv specific rETA-3 clone no.24 protein 
Lane 41 :Soluble fraction of Huscfv specific rETA-3 clone no.41 protein 
Lane 48 :Soluble fraction of Huscfv specific rETA-3 clone no.48 protein 
Lane 52 Soluble fraction of Huscfv specific rETA-3 clone no.52 protein 
Lane 57 :Soluble fraction of Huscfv specific rETA-3 clone no.57 protein 
Lane 58 :Soluble fraction of Huscfv specific rETA-3 clone no.58 protein  
Lane HB2151 :Soluble fraction of the negative control ]HB2151 E .coli [protein 

  

~ 25-30 kDa 
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Figure 2.36 Western blot patterns of the HuscFvs specific rETA- 3 protein expressed from the 
huscfv positive E .coli clones )expected protein size ~25-30kDa(. 
Lane M :Standard protein ladder 
Lane 61 :Soluble fraction of Huscfv specific rETA-3 clone no.61 protein  
Lane 63 :Soluble fraction of Huscfv specific rETA-3 clone no.63 protein 
Lane 71 :Soluble fraction of Huscfv specific rETA-3 clone no.71 protein 
Lane 80 :Soluble fraction of Huscfv specific rETA-3 clone no.80 protein 
Lane 83 :Soluble fraction of Huscfv specific rETA-3 clone no.83 protein 
Lane 95 :Soluble fraction of Huscfv specific rETA-3 clone no.95 protein 
Lane HB2151 :Soluble fraction of the negative control ]HB2151 E .coli [protein 

  

~ 25-30 kDa 
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Selection of human single chain variable fragment)HuscFv (displayed phage clones that 
bound to catalytic peptide ETA from the established human scFv phage display library  

 

Phage bio-panning for selecting of phage clones that display HuscFv specific to catalytic 
peptide ETA 

The synthesized biotinylated catalytic residues of ETA peptide )M.W=.2,531.835g/mol (
was used as antigens in phage bio- panning to select phage clones displaying HuscFv that 
could bind to the respective protein . In the bio- panning process, 0. 5x binding capacity of 
D- biotin to the streptavidin plate . Before antigen coating, the Streptavidin Coated Plates 
were washed with PBS-T pH7.4 .After that, the biotinylated catalytic peptide ETA in 150 μl 
of Protein-free blocking buffer was individually immobilized onto the Pierce ™Streptavidin 
Coated Plates, Clear, 8-Well Strips .The Streptavidin Coated Plates were incubated at room 
temperature for 2 hours then the wells were washed with PBS- T pH7. 4 for three times . 
The HuscFv phage display library )~ 3 x 1011 phage particles (that kindly provided by Prof .
Dr .Wanpen Chaicumpa ) Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, 
Thailand ( were added into the antigen coated well, and the reaction were incubated at 
room temperature for 1 hour . Afterwards, the fluid )unbound phages (were discarded from 
the well and the reaction well were extensively washed 10 times to remove unbound 
phages .The 20 times of the catalytic ETA-biotin concentration coated on the streptavidin 
well was added . The wells were incubated at room temperature for 1 hour . Afterwards, 
the phages bound to the 20x of antigen concentration were transferred to the clean tube .
The 100 μl of the mid- log phase HB2151 E .coli were added into the immobilized antigen 
on reaction well / also the tube of phages bound to the 20x of antigen concentration and 
further incubated at 37C for 10 minutes . Then the phages infected HB2151 E . coli were 
used to spread onto 2XYT agar plate containing 100 μg/ ml of ampicillin and 2 %glucose 
)2XYT-AG (and the plate were incubated at 37C for 12-16 hours. 

 
 
3. Determining of HB2151 E. coli clones with pCANTAB5E-huscfv phagemids which could 

expressed HuscFvs specific to the catalytic peptide ETA 
For determining the transformed HB2151 E .coli which carried the huscfv-phagemids, the 

bacterial colonies on the 2XYT-AG plate were picked to perform the colony PCR .An 
individual colony was selected and inoculated into the 150 μl of LB broth containing 100 
μg/ml of ampicillin antibiotic, then incubated at 37C for 2 hours with 250 rpm shaking that 
one microliter of each clone will be used as DNA template for checking the presence of 
the huscfv gene .The PCR was carried out using a pair of primers, R1 )forward primer :(5 ’-
CCATGATTACGCCAAGCTTTGGAGCC -3 ’and R2 )reverse primer :(5 ’-
GCTAGATTTCAAAACAGCAGAAAGG-3 .’The 25 μl of PCR reaction mixture and PCR conditions 
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were demonstrated in below. After PCR amplification, the PCR products were analyzed 
using 1.5 %agarose gel electrophoresis and ethidium bromide staining . 

PCR reaction mixture )25 μl( 

Ingredients Volume (μl) 
Sterile ultrapure distilled water (UDW) 18.3 
Taq buffer with KCl (10x) 2.5 
dNTPs (10 mM each) 0.5 
Forward Primer (10 μM) 0.5 
Reverse Primer (10 μM) 0.5 
MgCl2 (25 mM) 1.5 
Taq DNA polymerase   
(5 units/1μl) 

0.2 

DNA template 1.0 

 

PCR conditions 

Steps Conditions 
Initial denaturation at    95°C    for    5  minutes 
35  cycles  of   Denaturation 
, 

Annealing , 
and Extension 

at    95°C    for   30  seconds 
at    58°C    for   30  seconds 
at    72°C     for  40  seconds 

Final extension at    72°C     for    7 minutes 
 

The colonies appearing on 2XYT agar plate containing 100 μg/ml of ampicillin and 2% 
glucose (2XYT-AG) were picked and performed the screening for the inserted huscfv gene 
(the expected amplicon size ~1,000 bp) using direct colony PCR. The results shown that 34 
of the 51 selected clones (which accounted for 66.67%) derived from bio-panning with the 
biotinylated catalytic residues of ETA peptide were positive for huscfv segments (Figure 
1.37-1.40).  
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Figure 1.37 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies   
Lane M: GenRulerTM 100 bp DNA ladder plus. 

Lanes 1-15: PCR amplicons for detecting the presence of huscfv gene 
transformed E. coli strain HB2151 colonies for clones no.1-15, respectively  

 

 

 

 

 

 

 

 

Figure1.38 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  

Lane M: GenRulerTM 100 bp DNA ladder plus  

Lanes 16-31: Results of colony PCR of PCR amplicons for detecting the presence 
of huscfv gene transformed E. coli strain HB2151 colonies for clones no. 16-31, 
respectively.  
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Figure 1.39 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.  

Lane M: GenRulerTM 100 bp DNA ladder plus  

Lanes 32-47: PCR amplicons for detecting the presence of huscfv gene 
transformed E. coli strain HB2151 colonies for clones no. 32-47, respectively. 

 

 

 

 

 

 

 

 

Figure 1.40 PCR amplification for screening of pCANTAB5E-huscfv phagemids (the expected 
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.   

Lane M: GenRulerTM 100 bp DNA ladder plus  

Lanes 48-51: PCR amplicons for detecting the presence of huscfv gene 
transformed E. coli strain HB2151 colonies for clones no. 48-51, respectively. 
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Binding of the Escherichia coli derived-HuscFv catalytic ETA peptide 
Verification of the HuscFvs binding activity to the catalytic ETA peptide by indirect ELISA 

The HB2151 E . coli clones which gave positive result from colony PCR screening of 
huscfv gene amplicons of the expected size ~ 1,000 bp were further performed the protein 
expression . In this study, HuscFv proteins were expressed by the individual clone was 
inoculated into 2 ml of AIM ) Auto Induction Medium ( medium containing 100 μg/ ml 
ampicillin antibiotic and incubated at 30°C with shaking at 250 rpm for overnight . After that, 
the induced bacterial cells were collected by centrifugation at 10,000 xg at 4°C for 1 
minutes .The cell pellets of expressed soluble HuscFvs specific to the catalytic ETA peptide 
were performed the protein extraction using protein extraction kits, BugBuster® Plus 
Lysonase) ™Novagen, Merck, CA, USA (to separating of the soluble HB2151 E .coli fraction 
) the supernatant ( that protein in this fraction were subjected to perform the binding test 
using an indirect ELISA for detecting the binding specificities of the soluble HuscFvs specific 
to the full- length native ETA protein . For the indirect ELISA, Rabbit anti- E- Tag polyclonal 
antibody ) Abcam, USA ( and Goat anti- rabbit immunoglobulin- HRP conjugate ) Southern 
Biotech, AL, USA (was used as the primary and secondary antibody, respectively .The ABTS 
) 2,2 azino-bis ] 3-ethylbenzthiazoline-6- sulfonic acid)  ( [ZYMED CA, USA (was used as the 
substrate for the ELISA detection . The ELISA signal was measured at OD405nm using a 
FINSTRUMENTS® Microplate Reader. 

The results of indirect ELISA were shown that 6 clones of HuscFvs specific catalytic ETA 
peptide which were gave the two times signal higher than that of biotin which are clone 
no .14, 34, 38, 40, 42, and 44 )Figure 1.41 .( They gave the two times signal higher than that 
of BSA )control antigen (at OD405nm. 
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Figure 1.41 The diagram of binding test result for verifying of the HuscFvs binding activity to 
the biotinylated catalytic ETA peptide using indirect ELISA  
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4.  Plasmid sequencing and characterization of the bacterial derived HuscFvs specific the native 
ETA (nETA), ETA domain 1A, ETA domain 3, and catalytic ETA peptide 

The positive clones of bacterial derived HuscFvs specific the native ETA from the indirect 
ELISA and western blot analysis were further send for DNA sequencing )First BASE 
Laboratories Sdn .Bhd., Malaysia .( 

The nucleotide sequences of the positive clones were analyzed using SnapGene Viewer 
program version 3.3.3 and CLC sequence viewer version 7 software .The correct huscfv 
reading frame in the pCANTAB5E phagemid of each clone were evaluated .Afterwards, the 
complementarity determining regions )CDRs (and their respective canonical 
immunoglobulin framework regions )FRs (of the sequenced huscfvs were predicted using 
an online server, the VBASE2 - the integrative germ-line V gene database 
)http//:www.vbase2.org /.(  

The DNA sequences coding for ETA-bound HuscFvs  of the 16 clones (clone numbers : 
N-20, N-21, N-32, 1-33, 1-46, 3-41, 3-46, 3-48, 3-61, 3-83, BP-14, BP-34, BP-38, BP-40, BP-42, 
and BP-44) were categorized into 7 different types based on the deduced amino acid 
sequences which composed of type1 (IGHV3 family and IGKV4 subgroup : N20 and BP-40, 
type2 (IGHV1 family and IGKV1 subgroup : N21), type3 (IGHV4 family and IGKV3 subgroup : 
N32), type4 (IGHV3 family and IGKV3 subgroup : 1-33, 1-46, 3-46, 3-48, 3-61, and 3-83), type5 
(IGHV3 family and IGKV3 subgroup : 3-41 andBP-42), type6 (IGHV1 family and IGKV3 subgroup  
: BP-34), and type7 (IGHV3 family and IGKV2 subgroup : BP-14,-38, and -44). Then for clones 
N20, N21, N32, 1-33, 3-41, BP-34, and BP-44 were selected as the representative clones of 
each group for further experiments (Figure 1.42-1.48) . 
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Figure .42 The CDRs and its FRs of the VH sequences )upper panel (and VL sequences )lower 
panel (of huscfvs specific nETA clone N20, the representative clone of IGHV3 family 
and IGKV4 subgroup. 
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Figure 1.43 The CDRs and its FRs of the VH sequences )upper panel (and VL sequences )lower 
panel (of huscfvs specific nETA clone N21, the representative clone of IGHV1 family 
and IGKV1 subgroup. 
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Figure 1.44 The CDRs and its FRs of the VH sequences )upper panel (and VL sequences )lower 
panel (of huscfvs specific nETA clone N32, the representative clone of IGHV4 family 
and IGKV3 subgroup.   
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Figure 1.45 The CDRs and its FRs of the VH sequences )upper panel (and VL sequences )lower 

panel (of huscfvs specific nETA clone 1-33, the representative clone of IGHV3 
family and IGKV3 subgroup.   
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Figure 1.46 The CDRs and its FRs of the VH sequences )upper panel (and VL sequences )lower 
panel (of huscfvs specific nETA clone 3-41, the representative clone of IGHV3 
family and IGKV3 subgroup. 
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Figure 1.47 The CDRs and its FRs of the VH sequences )upper panel (and VL sequences )lower 
panel (of huscfvs specific nETA clone BP -34, the representative clone of IGHV1 
family and IGKV3 subgroup. 
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Figure 1.48 The CDRs and its FRs of the VH sequences )upper panel (and VL sequences )lower 
panel (of huscfvs specific nETA clone BP -44, the representative clone of IGHV3 
family and IGKV2 subgroup.   
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5. Production of the HuscFvs that bound to the native ETA (nETA), in E .coli expression system 
 

Amplification of huscfv insert using polymerase chain reaction )PCR (technique 
In this study, the purified plasmid DNA of the HB2151 E.  coli positive clones that could 

produce HuscFv specific nETA ( includes the representatives clone N20, N21, N32, 1-33, 3-
41, BP-34, and BP-44) were used as the template to amplify the HuscFv gene using Phusion 
High- Fidelity DNA Polymerase ( Thermo Scientific™ , USA) .  PCR amplification will be 
performed in a total volume of 25 μl which the PCR reaction mixture and PCR thermal 
cycle condition were provided.  After that, the PCR products were verified by gel 
electrophoresis and ethidium bromide staining.  That the PCR products were 
electrophoresed in 1.5% agarose gel (EMD Chemical Inc., USA) in 1x TAE buffer. The melted 
agarose gels were casted, allowed to solidify for around 30 minutes, and submerged in 1x 
TAE buffer contained in electrophoresis set ( Bio- Rad, USA) .  DNA sample were mixed in a 
ratio of 10:1 with 6x DNA loading dye triple dye (Thermo Scientific™ , USA) .  The gels were 
run at a constant voltage at 100 volts for 30 minutes, then the gel were stained with 0. 5 
μg/ ml of ethidium bromide solution for 5 minutes and de- stained with distilled water for 
10 minutes.  Afterwards, the DNA bands were visualized under a UV Transilluminator 
( Molecular Imager Gel DocTM XR+  Imaging system, Bio- Rad, USA) .  Then size of DNA 
segments were estimated by comparing with the bands of known sizes of the 100 bp plus 
DNA ladder ( Fermentas, Thermo Fisher Scientific, MA, USA)  which run concurrently in the 
same gel (Figure 1.49). 
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PCR reaction mixture for amplification of huscfv inserts 

Components Volume (μl) Final concentration 

Sterile ultrapure distilled water 
(UDW) 

12.4 - 

Phusion HF buffer (5x) 4.0 1x 

dNTP (2.5 mM each) 0.4 200 μM 

Forward Primer (10 μM) 1.0 0.5 μM 

Reverse Primer (10 μM) 1.0 0.5 μM 
Phusion DNA Polymerase 
(1.0 units/50 μl PCR) 

0.2 
 

0.4 units 
 

DNA template 1.0 10 ng/μl 

Total 20  
 

 

PCR thermal cycle condition for amplification of huscfv inserts 

Steps Conditions 
Initial denaturation at    98°C    for   30  seconds 
35  cycles  of   Denaturation , 

  Annealing , 
                 and Extension 

at    98°C    for   10  seconds 
at    60°C    for   10  seconds 
at    72°C    for   40 seconds  

Final extension at    72°C    for   10 minutes 
Hold at      4°C    for    infinity 
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Figure 1.49 PCR products that obtained from the amplification of the huscfv inserts using 

specific LIC primers (expected amplicon size ~ 850 bp). 

Lane M: GenRulerTM 100 bp DNA ladder plus 
Lane N20: huscfv amplicon from the purified plasmid DNA of the HB2151 E. coli 
positive clones that could produce HuscFv specific nETA clone no.20 
Lane N21: huscfv amplicon from the purified plasmid DNA of the HB2151 E. coli 
positive clones that could produce HuscFv specific nETA clone no.21 
Lane N32: huscfv amplicon from the purified plasmid DNA of the HB2151 E. coli 
positive clones that could produce HuscFv specific nETA clone no.32 
Lane 1-33: huscfv amplicon from the purified plasmid DNA of the HB2151 E. coli 
positive clones that could produce HuscFv specific nETA clone no.1-33 
Lane 3-41: huscfv amplicon from the purified plasmid DNA of the HB2151 E. coli 
positive clones that could produce HuscFv specific nETA clone no.3-41 
Lane BP-34: huscfv amplicon from the purified plasmid DNA of the HB2151 E. 
coli positive clones that could produce HuscFv specific nETA clone no. BP-34 
Lane BP-44: huscfv amplicon from the purified plasmid DNA of the HB2151 E. 
coli positive clones that could produce HuscFv specific nETA clone no.BP-44 
The PCR product were analyzed on 1.5% agarose gel electrophoresis and 
visualized on UV light after staining with ethidium bromide.  
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Sub-cloning of DNAs coding for ETA-bound huscfv inserts into pLATE52 expression vector and 
bacterial transformation  

The PCR products from above were be purified using the Gel/PCR DNA Fragments Extraction 
Kit (Geneaid Biotech Ltd., Taiwan) with a bind-wash-elute procedure to completely eliminate 
the incorporated primers, dNTPs, and other contaminated DNA.  The purified DNA were 
measured for its concentration and also quality using NanoDrop™ 2000/ 2000c 
Spectrophotometers (Thermo Scientific™, USA) at the wavelength 260/280. The huscfv inserts 
were cloned into the pLATE52 expression vector using the aLICator LIC Cloning and Expression 
Kit 4 ( N- terminal His- tag/ WQ) , #K1281 ( Thermo Scientific™ , USA) .  The LIC cloning was 
performed to generate the 5’  and 3’  overhangs on the purified PCR templates that the 
following reaction were set up by mixed 2 μl of 5x LIC buffer; 4 μl of nuclease-free water; 0.1 
pmol of purified PCR template; T4 DNA polymerase.  After that, the reaction mixture will be 
incubated at 25°C for 5 minutes, and then immediately stopped by adding 0.6 μl of EDTA. The 
annealing reactions waere performed by added the LIC-ready pLATE52 (60 g, 0.02 pmol DNA) 
to the reaction mixture, vortexed briefly for 3-5 seconds, and annealing proceeded at 25°C for 
5 minutes.  

Afterwards, the bacterial transformations were done by using the Transform Aid Bacterial 
Transformation Kit ( Thermo Scientific™ , USA)  to transforming of the huscfv- pLATE52 
recombinant plasmids into the competent E. coli strain JM109, a cloning host. The transformed 
bacterial cells were spread onto LB agar plate containing 100 μg/ ml of ampicillin antibiotic 
( LB- A agar) , and further incubated at 37C for overnight.  After overnight incubation, the 
individual transformed JM109 E.  coli colonies was randomly picked and checked for the 
presence of the recombinant plasmids with huscfv inserts using the colony PCR. An individual 
transformed JM109 E. coli colonies was randomly selected and inoculated into the 150 μl of 
LB broth containing 100 μg/ml of ampicillin antibiotic, then incubated at 37C for 2 hours with 
250 rpm shaking that one microliter of each clone was used as DNA template.  The PCR 
products from above were purified using the Gel/ PCR DNA Fragments Extraction Kit.  In this 
study, the two LIC primers ( LIC- Forward primer:  5'- TAATACGACTCACTATAGGG- 3' and LIC-
reverse primer:  5'- GAGCGGATAACAATTTCACACAGG- 3')  were used to perform the PCR 
amplification of recombinant plasmid from each individual clone.  The PCR reaction mixture 
( 25 μl)  was composed of 1 μl of DNA template, 0. 5 μl of each primer ( 10 μM) , 2.5 μl of 10x 
Taq buffer with KCl, 1.5 μl of 25 mM MgCl2, 0.5 μl of 10 mM dNTPs, 0.2 μl of 5 units/1μl Taq 
DNA polymerase (Fermentas, Thermo Fisher Scientific, USA), and 18.3 μl of UDW. PCR condition 
will be comprised of 1 cycle initial denaturing at 95C for 5 minutes; 35 cycles of denaturing 
at 95C for 30 seconds, annealing at 58C for 30 seconds, and extending at 72C for 1 minute; 
final extending at 72C for 7 minutes; and holding at 4C for infinity. The PCR products of the 
correct length were indicated that plasmid have been properly inserted.  PCR products 
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obtained with LIC forward and LIC reverse primers should be approximately 1 ,114 bp for the 
recombinant plasmid.  The PCR products were verified by 1. 5%  agarose gel electrophoresis 
and ethidium bromide staining.  The screened positive transformed E.  coli clones by colony 
PCR method were performed by extracted their plasmids using the PrestoTM Mini Plasmid Kit 
( Geneaid Biotech Ltd. , Taiwan)  following the manufacturer’ s instruction, and send for DNA 
sequencing (First BASE Laboratories Sdn. Bhd., Malaysia). 

Afterwards, the positive clones from DNA sequencing were subjected to perform the 
plasmid extraction and further transformed into an expression host. In this study, NiCo21(DE3) 
pRARE2 E.  coli ( New England Biolabs, UK)  cells were used as an expression host for 
recombinant huscfv- pLATE52 plasmids.  Then colony PCR using the two LIC primers for 
screening of the positive clones of the transformed NiCo21( DE3)  pRARE2 E.  coli with the 
huscfv-pLATE52 recombinant plasmids were performed screening for the desire inserted gene. 
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Figure 2.50 PCR amplification for screening of huscfv-pLATE52 transformed E. coli strain JM 

109 colonies (expected amplicon size ~ 1,114 bp). 

Lane M: GenRulerTM 100 bp DNA ladder plus 
Lane 20-1: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone N20 
randomed colony no.1 
Lane 21-1: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone N21 
randomed colony no.1 
Lane 32-1: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone N32 
randomed colony no.1 
Lane 20-2: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone N20 
randomed colony no.2 
Lane 21-2: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone N21 
randomed colony no.2 
Lane 32-2: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone N32 
randomed colony no.2 
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Figure 1.51 PCR amplification for screening of huscfv-pLATE52 transformed E. coli strain JM 
109 colonies (expected amplicon size ~ 1,114 bp). 

Lane M: GenRulerTM 100 bp DNA ladder plus 
Lane 1-33: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone 1-33 
randomed colony no.1 
Lane 3-41: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone 3-41 
randomed colony no.1 
Lane BP34: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone BP34 
randomed colony no.1 
Lane BP44: huscfv-pLATE52 amplicon of transformed JM 109 E. coli clone BP44 
randomed colony no.2 
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Figure 1.52 PCR amplification for screening of huscfv-pLATE52 transformed E. coli strain 
NiCo21(DE3) pRARE2 colonies (expected amplicon size ~ 1,114 bp) 
Lane M: GenRulerTM 100 bp DNA ladder plus 
Lane N20: huscfv-pLATE52 amplicons of transformed NiCo21(DE3) pRARE2 E. coli 
clone N20 
Lane N21: huscfv-pLATE52 amplicons of transformed NiCo21(DE3) pRARE2 E. coli 
clone N21 
Lane N32: huscfv-pLATE52 amplicons of transformed NiCo21(DE3) pRARE2 E. coli 
clone N32 
Lane 1-33: huscfv-pLATE52 amplicons of transformed NiCo21(DE3) pRARE2 E. coli 
clone 1-33 
Lane 3-41: huscfv-pLATE52 amplicons of transformed NiCo21(DE3) pRARE2 E. coli 
clone 3-41 
Lane BP34: huscfv-pLATE52 amplicons of transformed NiCo21(DE3) pRARE2 E. 
coli clone BP34 
Lane BP44: huscfv-pLATE52 amplicons of transformed NiCo21(DE3) pRARE2 E. 
coli clone BP44 
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Recombinant ETA-huScFv protein expression and expressed protein analysis 

The representative NiCo21( DE3)  pRARE2 E.  coli clones carrying huscfv- pLATE52 
recombinant plasmid were tested for their ability to express the recombinant HuscFv 
protein.  For HuscFv protein expression, single colony of each positive E.  coli clone was 
individually cultured in 2 ml of LB broth containing 100 ug/ml ampicillin in shaking incubator 
at 37°C with shaking at 250 rpm until the culture reached the bacterial log phase growth 
(OD600nm ~0.5). The bacterial cells were induced for their recombinant protein expression 
by adding 1 mM isopropyl beta-D-1-thiogalactopyranoside (IPTG) into the individual cultures 
and further the incubation of the cultures at 30°C with shaking at 250 rpm for 6 hours. The 
induced bacterial cells were collected by centrifugation at 10,000 xg at 4°C for 5 minutes. 
The cell pellets of HuscFv specific nETA ( including clone no.  18, 20, 21, and 32)  samples 
were performed protein extraction using protein extraction kits, BugBuster® Plus Lysonase™ 
(Novagen, Merck, CA, USA) to separating of the soluble and insoluble E. coli fractions that 
proteins in both fractions were analyzed by SDS-PAGE.   

In this study, the results were shown the over- expression of protein for HuscFv specific 
native ETA including clone no.  N20, N21, N32, 1-33, 3-41, BP34, and BP44 that were 
expressed in the insoluble fraction ( inclusion body). So these representatives were further 
subjected to perform protein purification and refolding. 

 
 

Protein purification and refolding of the inclusion bodies provided the recombinant HuscFv 
specific nETA proteins 

Recombinant HuscFvs specific nETA (nos. N20, N21, N32, 1-33, 3-41, BP34, and BP44) 
proteins were further performed the large scale protein expression by preparation of the 
transformed NiCo21 (DE3) E. coli pRARE2 host that carrying the inserted huscfv-pLATE52 
plasmids. The bacterial cells were induced using 1mM IPTG and were further collected the 
cell pellets by centrifugation at 4,000 xg, 4C for 20 minutes and the cell pellets were kept 
at -20C until use. 

The inclusion bodies of the induced NiCo21 ( DE3)  E.  coli pRARE2 clones were isolate 
from the bacterial pellets using the BugBuster® Protein Extraction Reagent Plus Lysonase™ 
kit (Novagen, Merck, CA, USA) and the inclusion bodies were then washed with Wash-100, 
Wash- 114, Wash- solvent reagent, and Milli- Q water by shaking at high speed shaking 
platform and harvested the inclusion bodies by centrifugation.  The wet inclusion bodies 
pellet were re-suspended in the Milli-Q water containing 0.02 % (w/v) NaN3. The inclusion 
bodies were characterized using SDS-PAGE and Western blot analysis  
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For recombinant HuscFvs inclusion bodies refolding, 5  ml of buffer [ 50  mM CAPS, pH 
11.0; 0.3% (w/v) N-Lauryl sarcosine; and 1 mM DTT] were added to reconstitute 5 mg of 
each purified IBs and kept at 4°C for 16 hours. After dissolving completely, the protein was 
separately loaded into the Slide- A- Lyzer® 2K Dialysis Cassettes G2 (Thermo Fisher 
Scientific), and the cassette were individually subjected to dialysis against 750  ml of a 
refolding buffer ( 20  mM Imidazole, pH 8. 5, supplemented with 0. 1  mM DTT)  at 4°C with 
slow stirring. After 3 hours, the buffers were individually changed to fresh refolding buffer, 
and the dialysis were continued for 16  hours.  The refolded proteins were consequently 
dialyzed against the dialysis buffer (20 mM Imidazole without DTT) with slow stirring at 4°C 
for 16  hours.  The preparations were filtered through a 0. 2- μm low protein binding 
Acrodisc® Syringe Filter ( Pall, NY, USA)  before adding 60mM Trehalose dihydrate.  Protein 
concentration of the refolded representative HuscFvs were measured using Pierce® BCA 
Protein Assay, while quality and purity of the proteins were determined by SDS- PAGE and 
and Western blot (Figure 1.53 and Figure 1.54). 
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Figure 1.53 SDS- PAGE analysis of the purified inclusion bodies of the HuscFv specific native 
ETA proteins from NiCo21 )DE3(  E . coli pRARE2 using 12 %SDS-polyacrylamide 
gel (protein size ~25-35 kDa). 
Lane M :Standard protein ladder 
Lane N20 :Insoluble fraction of HuscFv clone N20 
Lane N21 :Insoluble fraction of HuscFv clone N21 
Lane N32 :Insoluble fraction of HuscFv clone N32 
Lane 1-33 :Insoluble fraction of HuscFv clone 1-33 
Lane 3-41 :Insoluble fraction of HuscFv clone 3-41 
Lane BP-34 :Insoluble fraction of HuscFv clone BP-34 
Lane BP-44 :Insoluble fraction of HuscFv clone BP-44 
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Figure 1.54 Western blot analysis of the purified inclusion bodies of the HuscFv specific native 
ETA proteins from NiCo21 )DE3( E .coli pRARE2 using 12 %SDS-polyacrylamide gel. 
Lane M :Standard protein ladder 
Lane N20 :Insoluble fraction of HuscFv clone N20 
Lane N21 :Insoluble fraction of HuscFv clone N21 
Lane N32 :Insoluble fraction of HuscFv clone N32 
Lane 1-33 :Insoluble fraction of HuscFv clone 1-33 
Lane 3-41 :Insoluble fraction of HuscFv clone 3-41 
Lane BP-34 :Insoluble fraction of HuscFv clone BP-34 
Lane BP-44 :Insoluble fraction of HuscFv clone BP-44 
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Selection of human single chain variable fragment (HuscFv) displayed phage clones that 
bound to native Pseudomonas aeruginosa lasB from the established human scFv phage 
display library 

Phage bio-panning for selecting of phage clones that display HuscFv specific to native 
native LasB of P. aeruginosa 

The native and recombinant LasB were coated on microtiter well. Then, added BSA to 
block the free space. The HuscFv phage display library was added to individually well and 
incubated at 37°C for 1 hour. Unbound phage was washed away. One hundred microliters 
of E.coli HB2151 was added to each well. Then, incubated at 37 °C for 20 minutes. The E. 
coli was plated onto a 2xYT-AG plate. E.coli colonies grown on the plate were used as DNA 
template for checking the presence of HuscFv gene by PCR using R1 and R2 primer. Seventy-
three colonies of native LasB and fifty-one colonies of recombinant lasB were picked to 
perform direct colony PCR. PCR mixture and thermal cycle are shown in previously part 
(Determining of HB2151 E. coli clones with pCANTAB5E-huscfv phagemids part). There 32 
of 73 colonies of native LasB and 11 of 51 colonies of recombinant lasB that were positive 
for HuscFv gene (Figure 1.55). Then, the positive clones will test the specificity of binding 
with respective antigens. 
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Figure 1.55 PCR product for screening of huscfv representative colonies of the phagemid 
transformed HB2151 E.coli using R1 and R2 primer. The expected size was 
around1000 bp. 
Lane M: GeneRuler 100 bp plus DNA Ladder 
Lane 1-73 : clones of naive LasB number BN2.1 to BN 2.73 respectively 
Lane 74- 123 : clones of recombinant LasB number BR3.1 to BR 3.50 respectively 
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Production of HuscFvs that bound to the respective antigens and the cell penetrable 
HuscFv to critical residue of LasB in E. coli system 

Sub-cloning of huscfv inserts into pLATE52 vector for production of HuscFvs that bound 
to the respective antigens 

The huscfv-phagemids was used as a template for PCR. PCR amplification was performed 
in a total volume of 25 μl which the PCR mixture and PCR thermal cycle program are 
shown below. 

 

PCR mixture (25 μl)  

Ingredient Volume (μl) 
Final 

concentration 
Sterile ultrapure distilled water (UDW) 15.75 - 
Phusion GC buffer (5x) 5.0 1x 
dNTP (2.5 mM each) 0.5 200 μM 
Forward Primer (10 μM) 1.25 0.5 μM 
Reverse Primer (10 μM) 1.25 0.5 μM 
Phusion DNA Polymerase 
(1.0 units/50 μl PCR) 0.25 0.4 units 
DNA template 1.0 - 

 

Thermal cycles 
Initial denaturation at 98°C for 30 seconds 
35 cycles of Denaturation , 
                  Annealing , 
                  and Extension 

at 98°C for 10 seconds 
at 72°C for 10 seconds 
at 72°C for 15 seconds 

Final extension at 72°C for 5 seconds 
 

The PCR product were analyzed on 1.2 % agarose gel electrophoresis and visualized on 
UV light after staining with ethidium bromide. The expected size of PCR product is  ~ 850 
bp (Figure 1.56). 
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Figure 1.56 PCR product that obtained from the amplification of huscfv-phagemids.  
Lane M: GeneRuler 100 bp plus DNA Ladder 
Lane 1-3: clone BR1.2 
Lane 2: clone BR2.7 
Lane 3: clone BR2.10 
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900 
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Cloning of huscfv insert into the expression vector and bacterial transformation 

The HuscFv-phagemid were cloned into the pLATE52 expression vector (Thermo 
Scientific) and then HuscFv-phagemid were introduced into the E. coli JM 109. The process 
comprise of two sections LIC cloning and annealing reaction. The LIC cloning were set up 
by mixed 2 μl of 5x LIC buffer; 4 μl of nuclease-free water; 0.1 pmol of purified PCR 
template; T4 DNA polymerase. Then the reaction mixture were incubated at 25°C for 5 
minutes, the reaction were stopped by EDTA. Then the annealing reactions were generated 
by added the LIC-ready pLATE52 to the reaction mixture. Afterwards, the bacterial 
transformation was performed by using the Transform Aid Bacterial Transformation Kit 
(Thermo Scientific) to transform the huscFv-phagemid into the competent E. coli JM109. 
The positive clones were identified by colony PCR as below. The PCR product were 
analyzed on 1.2 % agarose gel electrophoresis and visualized on UV light after staining with 
ethidium bromide. The expected size of PCR product is ~ 1,000 bp (Figure 1.57).  

PCR mixture (25 μl) 

Ingredient Volume (μl) Final 
concentration 

Sterile ultrapure distilled water (UDW)  18.3 - 
Taq DNA polymerase buffer with KCl  
(Fermentas) 10x 

2.5 1x 
 

MgCl2 (25mM) 1.5 1.5 mM 
dNTP (2.5 mM each)  0.5 200 μM 
LIC Forward Sequencing primer, 10 μM 0.5 200 nM 
LIC Reverse Sequencing primer, 10 μM 0.5 200 nM 
Taq DNA Polymerase (5.0 units/μl )  0.2 0.5 units 
DNA template  1.0 - 
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Thermal cycles 

Initial denaturation at 95°C for 5 minutes 
35 cycles of Denaturation , 
                  Annealing , 
                  and Extension 

at 95°C for 1 minutes  
at 54°C for 30 seconds 
at 72°C for 30 seconds 

Final extension at 72°C for 30 seconds 
 
 
 

 

 
 

Figure 1.57 PCR product for screening of JM109 E.coli clones carrying huscfv-pLATE52. PCR 
products obtained with LIC primer should be show amplicon ~1000 bp in size. The 
PCR product were analyzed on 1 % agarose gel electrophoresis and visualized on 
UV light after staining with ethidium bromide. 
Lane M: GeneRuler 100 bp plus DNA Ladder 
Lane 1-3: clone BR1.2 
Lane 4-6: clone BR2.7 
Lane 7-9: clone BR2.10 

  

M       1        2       3       4        5      6       7       8        9        

1000 
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Screening of transformed E.coli clones expressing HuscFv bound to recombinant LasB 
and native LasB                 

Dilute the protein to be coated to a concentration of 1 μg in a coating buffer pH 9.6 
and add 100μL of this solution per well. Incubated until dry at 37°C. 3. BSA was used as 
antigen control. Unbound antigen were removed by washing with PBS-T. Block unoccupied 
binding sites with a blocking buffer and incubate at 37°C for 1 hour. Wash wells three times 
with PBS-T. Then, added 100 μl of E.coli lysate containing HuscFv or lysate of HB2151 E.coli, 
used as negative binding control and kept at room temperature for 1 hours with rocking. 
After washing, Rabbit polyclonal antibody to E tag (diluted 1:3000) was added to each wells 
and incubated at room temperature for 1 hours with rocking. Detected by Goat Anti-Rabbit 
immunoglobulin-HRP conjugate (diluted 1:3000) and ABTS peroxidase substrate was used 
to detect reaction product and measure the absorbance at 405 nm. The HuscFv expressing 
E.coli clones that provided ELISA signals twofold higher than the signal of the same lysates 
to BSA were selected. The result shown that only HuscFv bound only recombinant LasB 
(Figure 1.58). 
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Figure 1.58 Indirect ELISA for specific binding of HuscFv in lysates of the transformed HB2151 

E.coli clones to native LasB (A) and recombinant LasB (B) 
              Positive E.coli clone that the lysates gave absorbance at 405 nm two times higher 

than BSA (control antigen) 
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Production of HuscFvs that bound to the respective antigens to critical residue of 
LasB in E. coli system 

Sub-cloning of huscfv inserts into pLATE52 vector for production of HuscFvs that bound to 
the respective antigens 

The huscfv-phagemids were used as a template for PCR amplification, performed 
in a total volume of 25 μl. The PCR mixture and thermal cycle program were shown below. 
The expected PCR amplicom is ~ 850 bp in size (Figure 1.59).  

 

PCR mixture (25 μl)  

Ingredient Volume (μl) 
Final 

concentration 
Sterile ultrapure distilled water (UDW) 15.75 - 
Phusion GC buffer (5x) 5.0 1x 
dNTP (2.5 mM each) 0.5 200 μM 
Forward Primer (10 μM) 1.25 0.5 μM 
Reverse Primer (10 μM) 1.25 0.5 μM 
Phusion DNA Polymerase (1.0 units/50 μl PCR) 0.25 0.4 units 
DNA template 1.0 - 

 

Thermal cycles 

Initial denaturation at 98°C for 30 seconds 
35 cycles of Denaturation , 
                  Annealing , 
                  and Extension 

at 98°C for 10 seconds 
at 72°C for 10 seconds 
at 72°C for 15 seconds 

Final extension at 72°C for 5 seconds 
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Figure 1.59 PCR product that obtained from the amplification of huscfv-phagemids. The 
expected size ~ 850 bp.The PCR product were analyzed on 1.2 % agarose gel 
electrophoresis and visualized on UV light after staining with ethidium bromide. 
Lane M: GeneRuler 100 bp plus DNA Ladder 
Lane 1: clone  N42 
Lane 2: clone N45 

  

 bp       M       1         2     
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Cloning of LasB-huscfv insert into the expression vector and bacterial transformation 

The LasB-HuscFv-phagemids were cloned into the pLATE52 vector and then introduced 
into the E. coli JM 109. The procedure starts with the LIC cloning was set up by mixing 2 
μl of 5x LIC buffer; 4 μl of nuclease-free water; 0.1pmol of purified PCR template; T4 DNA 
polymerase and then the reaction mixture was incubated at 25°C for 5 minutes, Followed 
by the annealing reactions were created by added the LIC-ready pLATE52. After that, the 
huscFv-phagemid was transformed into the E. coli JM109 by using the Transform Aid 
Bacterial Transformation Kit (Thermo Scientific) The positive clones were identified by 
colony PCR (Figure 1.60) and transformed into expression host, E. coli NiCo21 (DE3). The 
colony PCR was used to check the clones that carrying recombinant plasmids by using LIC 
primer. 

PCR mixture (25 μl) 

Ingredient Volume (μl) Final concentration 
Sterile ultrapure distilled water (UDW)  18.3 - 
Taq DNA polymerase buffer with KCl  
(Fermentas) 10x 

2.5 1x 
 

MgCl2 (25mM) 1.5 1.5 mM 
dNTP (2.5 mM each)  0.5 200 μM 
LIC Forward Sequencing primer, 10 μM 0.5 200 nM 
LIC Reverse Sequencing primer, 10 μM 0.5 200 nM 
Taq DNA Polymerase (5.0 units/μl )  0.2 0.5 units 
DNA template  1.0 - 

 

Thermal cycles 

Initial denaturation at 95°C for 5 minutes 
35 cycles of Denaturation , 
                  Annealing , 
                  and Extension 

at 95°C for 1 minutes  
at 54°C for 30 seconds 
at 72°C for 30 seconds 

Final extension at 72°C for 30 seconds 
t 
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Figure 1.60 Product for the screening of JM109 E.coli clones carrying LasB-huscfv-pLATE52. 

PCR products were analyzed with 1.2 % agarose gel electrophoresis and should 
be showed amplicon about 1000 bp in size. 
Lane M: GeneRuler 100 bp plus DNA Ladder 
Lane 1-3: clone N42 
Lane 4-6: clone N45 
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LasB-ScFv protein expression and protein analysis 
The small expression was performed in LB broth with 100 μg / ml ampicillin. IPTG was 

added to each culture and incubated in a shaker at 37 ° C for 6 hours and Cell pellets were 
collected by centrifugation at 10,000 x g for 1 minute. The pellets were resuspended in 
BugBuster® protein extraction solution. Soluble fractions were collected by centrifugation 
at 14,000 x g for 5 minutes. The Insoluble fractions were suspended in diluted BugBuster 
and harvested by centrifugation. Then, the expression of the protein was analyzed by 12% 
SDS-PAGE (Figure 1.61). The results showed that the expression of the protein in the 
insoluble part, which should be approximately 27 to 35 kDa in size. Subsequently scale up 
expression was performed in 250 mL LB-A and further extracted by using BugBuster® 
protein extraction reagent with Lysonase™ Bioprocessing Reagent. Inclusion bodies were 
collected and washed by wash-100 reagent, wash-114 reagent and MilliQ water. The 
inclusion bodies were re-suspended in milliQ water with 0.02% (w/v) sodium azide. For 
protein refolding, inclusion bodies were dissolved at concentration 0.5 mg/ml in 50 mM 
CAPs, pH11 supplemented with 0.3% sarkosyl and 1 mM DTT and stored at 4 °C for 
overnight. Solubilized protein was dialyzed against 20 mM Tris-HCl, pH 8.3 addition with 
1mM β-mercaptoethanol and stirred for 3 hours at 4 ºC. The dialysis buffer was changed 
and dialyzed further for 16-18 hours. Bicinchoninic acid (BCA) assay was used to evaluate 
concentration of total protein. The refolded LasB-HuscFv was analyzed using 12% SDS- 
PAGE and western blot analysis. 
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Figure 1.61 Separated insoluble fractions (LasB-scFv) of NiCo21 (DE3) E.coli expression from 
small scale expression by using SDS-PAGE 
Lane M: Standard protein ladder 
Lane I0: Soluble fraction of control NiCo21 (DE3) E.coli 
Lane I1-3: Insoluble fraction of clones N42-1, N42-2 and N42-3respectively 
Lane I4-6: Insoluble fraction of clones N45-1, N45-2 and N45-3, respectively 
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6.  Homology modeling and intermolecular docking  
Homology modeling and intermolecular docking for predicting the presumptive residues of 
the ETA interacted with the HuscFvs 

Computerized simulation was performed for predicting catalytic residues of ETA that 
formed interface contact with the HuscFvs. Pseudomonas exotoxin A (1IKQ) was used. 
Amino acid sequences coding for HuscFvs were modeled by the I-TASSER server. The top 
10 treading templates used to model the HuscFvN20, HuscFv N21, HuscFv N32, HuscFv 1-
33, HuscFv 3-41, HuscFv BP34, and HuscFv BP44 by I-TASSER and the top 10 identified 
structural analogs of the HuscFvs in the PDB. After that, the physical quality of the I-TASSER 
predicted 3D models were improved using Mod-Refiner algorithm, the low free-energy 
conformations were further refined by full-atomic simulations using Fragment Guide 
Molecular Dynamics Simulation (FG-MD). The FG-MD as a molecular dynamics-based 
algorithm for atomic-level protein structure modification refined the protein 3D models to 
be closer to their native structures. Also by using the FG-MD, the steric clash was avoided 
and the hydrogen binding network was improved. The antibody mode of ClusPro 2.0 
antibody-protein docking was used. The largest cluster size with minimal local energy and 
protein conformation near to native state were subjected further for antibody-protein 
interaction simulation (Molecular Dynamics program). Pymol software (PyMOL Molecular 
Graphics System, Version 1.3r1 edu, Schrodinger, LLC) was used for building and visualizing 
the intermolecular interaction. 

The three-dimensional (3D) structure of ETA (PDB 1IKQ) and modeled-HuscFvs were 
subjected to intermolecular docking. Figure 1.62 show predicted ETA residues and domains 
that formed contact interface with HuscFvs of E. coli clones C41, E44 and P32. By the in 
silico docking, HuscFv-C41 uses VH-CDR1-3, VL-CDR2 as well as VL-FR2 and VL-FR3 to form 
contact with critical residues on the ETA-catalytic domain including Y481, Q485, R490, G491, 
E546, E547, E548, G549, R551, E553, N577, V578, G579, G580, and D581 of which Y481, E546, 
E547 and E553 are NAD+ binding site.  The E553 is the ETA residue pivotal for the toxin 
enzymatic activity in transferring ADP-ribose to the eEF-237,38,39. Y481 is the NAD+-binding 
site of hydrophobic cavity of the toxin catalytic domain; the ETA uses the phenol ring of 
Y481 to tether the nicotinamide ring of NAD+ substrate, i.e., ADP-ribosyl group of NAD+, in 
order to transfer the substrate to eEF-240. The D461, Q485, E546, E547 and E553 formed 
the edge of the ETA-NAD+ binding cavity and participated in hydrogen bonding with two 
ribose moieties of the NAD+ molecule41. Moreover, previous study indicated that the ETA 
epitopes recognized by murine monoclonal antibody clone B7 (MAbB7) which displayed 
strong neutralizing capacity on ETA cytotoxicity were mapped to the C-terminal residues 
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575-595 of the toxin42. Although the results of ETA-HuscFv interaction by computerize 
simulation needs experimental validation, it is pluasible that the effectiveness of HuscFv-
C41 in neutralizing the apoptotic activity of ETA is through interfering with the catalytic 
activity and inhibition of ADP-ribose transfer from NAD+ to eEF2. 

The HuscFv-E44 was predicted to use VL-CDR2 and VL-FR3 to interact with Q310, R313 
and A317 of ETA-2 (translocation domain); this binding should not involve in the HuscFv-
mediated-neutralization of the ETA cytotoxicity. The HuscFv-E44 also used VH-CDR2, VH-
CDR3, VH-FR1, VL-CDR1, VL-CDR2 and VL-FR2 to bind to D461 and E547 which are NAD+ 
binding site, and Q485, E486, E548, G549, D581, D583, and P584 of ETA-3 of the catalytic 
domain. The HuscFv-P32 interacted with residues of the ETA-catalytic domain including 
S515, A519, P545, E547 (NAD+ binding site), E548, G550 and D581 by using VH-CDR1-3 and 
VL-CDR1. Based on the computerized results of the protein-antibody docking, the ETA 
bound-HuscFvs of the three E. coli clones presumptively formed contact interface with 
critical residues for ETA-mediated ADP-ribosylation. HuscFv-C41 was more effective than 
the HuscFv-E44 and HuscFv-P32 in inhibiting the ETA cytotoxicity.  This might be because 
the HuscFv-C41 interact with several more residues critical for catalytic activity and ADP-
ribosylation reaction than the other two cognates. 
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Figure 1.62 Computerized interaction of modeled-ETA and HuscFvs and residues that were 
predicted to form contact interface between them. Left side of Panels A-C, 
interactions of ETA (grey) with several residues near/or in the catalytic site of the 
respective HuscFvs (light green). Right side of Panels A-C, contact residues between 
ETA and HuscFv-C41, HuscFv-E44, and HuscFv-P32, respectively. The ETA amino 
acids are colored according to CINEMA color scheme: polar negative D and E are 
red; polar positive H and R are blue; polar neutral S, N, and Q are dark green; non-
polar aromatic Y is purple/magenta; non-polar aliphatic A and V are white, P and 
G are brown.  



121 
 

Homology modeling and intermolecular docking for predicting the presumptive residues of 
the LasB interacted with the HuscFvs 

The 3D structure of huscFv was created and refined by I-Tasser sever and improved to 
close the native states using cluspro 2.0 antibody-antigen docking. LasB-HuscFv complexes 
were built and visualized using Pymol software (Figure 1.63). The huscFv42 was predicted 
had interaction with catalytic residues of LasB (PDB 1EZM) that consistent with inhibition 
test by EnzChek™ elastase assay Kit. 

 

 

 

Figure 1.63   Interface interaction between the LasB and the scFv42 by molecular docking.  
  

Elastase 

scFv42 
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7.  Neutralization assay for HuscFvs against ETA and LasB 
Inhibition of elastolytic activity by EnzChek™ elastase assay Kit 

The inhibition of HuscFv on elastolytic activity of LasB was evaluated by using the 
EnzChek ™ elastase assay Kit. The scFv42 diluted at concentrations 10, 7.5, 5 and 2.5 μM 
were incubated at 37 °C for 1 h with 25 nM of native elastase. Then, DQ elastin as 
fluorogenic substrates was added into each well and incubated for 30 minutes. Measure 
the fluorescence intensity in a fluorescence microplate reader equipped with standard 
fluorescein filters. The excitation and emission wavelengths were 485 ± 20 and 520 ± 20 
nm, respectively. The result showed that scFv42 was able to decrease the fluorescence 
activity of native elastase (Figure 1.64). 

 
 
 

 
 
Figure 1.64 Graph of the relative fluorescence unit (RFU) and the concentration of scFV42. 

  

0

2500

5000

7500

10000

12500

15000

17500

20000

22500

No scFv 2.5 µm 5 µm 7.5 µm 10 µm

RF
U



123 
 

The biological activities of recombinant full-length ETA on mammalian cell line 
 

Optimization of the conditions for ETA treated HeLa cells apoptosis to detecting the flipped 
phosphatidyl serine using AnnexinV-FITC and PI staining  

In this study, we use HeLa cells as the model for characterizing the ability of 
Pseudomonas Exotoxin A to cause mammalian cell death. HeLa cells were cultured and 
maintained in serum supplemented-DMEM in T75 flask. The HeLa cells monolayer in 
individual wells of a 24-well tissue culture plate (1 × 105 cells/well) were washed with 
sterile PBS, added with 100-1,000 ng/well of recombinant ETA in complete DMEM, and 
incubated for 24 h at 37°C in 5% CO2 atmosphere. Controls were cells in the medium alone 
(negative control for cell death) and cells added with 3% H2O2 (positive control for cell 
death) were included. After 24 h, culture supernatants and the trypsinized cells in the wells 
of each treatment and controls were collected separately to perform flow cytometry 
through the FITC Annexin V Apoptosis Detection Kit manufacturer's instructions (BD 
Biosciences). The results showed in Figure 1.65. 

Figure1.65 Cytotoxicity of the rETA-FL (ability of the rETA-FL to induce mammalian cells 
apoptosis). The rETA-FL at 100, 250, 500, 750, and 1000ng/well activated HeLa cell 

line to progress apoptosis compared with the cells in medium alone. 
The optimal concentration of rETA-FL to induce HeLa cells apoptosis. By varying the 

toxin concentration from 100, 250, 500, 750, and 1000ng per well, the results demonstrated 
that the apoptotic populations were 43.4%, 66.1%, 78.9%, 77.2%, and 82.8%, respectively 
compared to the cells culture with medium alone revealed 3.1% of apoptotic populations. 
The LD50 was 109.203 ng (Figure 1.66). 
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Figure 1.66 Cytotoxicity of the rETA-FL (ability of the rETA-FL to induce mammalian cells 
apoptosis). 
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Detection of apoptotic cells using Acridine orange/Ethidium bromide Staining  
  Morphologically characterized of apoptotic cells ETA induced HeLa cells apoptosis 

using ethidium bromide (EB) and acridine orange (AO) staining. HeLa cells were cultured 
with/without ETA for 24 hr in the completed DMEM. Following trypsinization, the detached 
cells were washed with 1X Dulbecco’s Phosphate (DPBS) pH 7.4, then centrifuged at 3,000 
rpm at 4°C for 10 mins and then collected. The cell pellets were then resuspended in 50 
μL of culture medium. The resuspended cells were stained with 100 μg/mL of EB and 100 
μg/ml AO with a cell to fluorescent dye ratio of 2:1 (v/v). All of the staining procedures 
were performed on an ice-cold container. Then the stained cell suspensions were further 
drop on the glass slide covered with a coverslip and observed under the fluorescence 
microscope. The results showed in Figure 1.67. 

 
 

 

 

 

 

 

 

 

Figure 1.67 Dual acridine orange/ethidium bromide staining of apoptotic cells induced by 
rETA-FL using fluorescence microscopy. Acridine orange staining HeLa cells (A), 
Ethidium bromide staining HeLa cells (B), and dual AO/EB staining HeLa cells (C). 
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Determination of apoptotic cells using AnnexinV/PI binding assay by flow cytometry 
The rETA-FL mediated 37.15% HeLa cells apoptotic cells. After treatment with 

HuscFvBP44, HuscFvN32, and HuscFvD341, percent apoptosis cells were reduced to 8.18%, 
21.24%, and 7.94%, respectively. The inhibitory activities of HuscFv clone BP44 and D341 
were higher than the HuscFv clone N32 (Figure 1.68 and 1.69). 

 

 

Figure 1.68 Cytoprotective effect of HuscFvs against Pseudomonas exotoxin A. The rETA-FL at 
100 ng/well activated HeLa cell line with/without HuscFvs compared with the cells 
in medium alone. 
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Figure 1.69 Percentage of apoptotic cells (A) and viability (B) of HeLa cells induced by ETA. 
The bar graph exhibited the difference in the number of apoptotic cells and 
viability of cells in each treatment conditions. 
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Detection of expression of apoptosis-related genes (cas3 and p53) by reverse transcription-
polymerase chain reaction (RT-PCR).  

Total RNA were extracted from ETA-exposed-HeLa cells that had been treated with 
HuscFvs and controls for 12 h, by using a GeneJET RNA Purification Kit (Thermo Fisher 
Scientific). The quality of RNAs were determined at OD260nm and OD280nm using 
NanoDrop™ 2000/2000c Spectrophotometers. After DNase treatment using RNase-free-
DNase I (Thermo Fisher Scientific), the RNAs were used to generate cDNA using RevertAid 
First Strand cDNA Synthesis Kit (Thermo Fisher Scientific). Real-time RT-PCR was performed 
on KAPA SYBR® FAST qPCR (Kapa Biosystems, Cape Town, South Africa). Each reaction 
mixture (20 μl) contained 10 μl of 2× KAPA SYBR® FAST qPCR Master Mix Universal, 200 
nM final concentration each of forward and reverse primers, and 20 ng of cDNA template 
in nuclease-free PCR-grade water. The reaction was performed in a CFX96 Touch™ Real-
Time PCR Detection System (Bio-Rad Laboratories). The following thermal cycles was used: 
initial denaturation at 95 °C for 3 min and 40 cycles at 95 °C for 30 s, 53 °C for 30 s, and 72 
°C for 30 s. A dissociation curve was generated from a thermal profile consisting of 95 °C 
for 1 min, 55 °C for 30 s, and 95 °C (0.5 ºC/s). Each sample was amplified in triplicate. Gene 
expressions relative to the normal cells were analyzed using the ΔCT method. Amounts of 
casp3 and p53 were normalized to the internal control, i.e., GAPDH. Primer used in this 
experiments are shown in Table 2. The ETA-exposed-HeLa cells treated with the HuscFvs 
had significant decreases of expressions of apoptosis-related genes including cas3 and p53 
compared to the control HuscFv-treated (Irre) cells and the cells in medium alone (Figure 
1.70 A and B). 
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Table 2. Primers for study the expression of apoptosis-related genes (cas3 and p53). 

Primer  Primer sequence ( 5´‒ 3´ ) 
cas3 forward   TGG TTC ATC CAG TCG CTT TG 
cas3 reverse   ATT CTG TTG CCA CCT TTC G 
p53 forward   ACT AAG CGA GCA CTG CCC AA 
p53 reverse   ATG GCG GGA GGT AGA CTG AC 
GAPDH forward   CTG GGC TAC ACT GAG CAC C 
GAPDH reverse   AAG TGG TCG TTG AGG GCA ATG 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 1.70 Expression of apoptosis-related genes (cas3 and p53) as determined by real-time 

RT-PCR. A, the relative mRNA expression of cas3; B, the relative mRNA expression 
of p53 in ETA-exposed-HeLa cells treated with ETA-bound-HuscFvs, control HuscFv 
(Irre) or medium alone for 12 h. GAPDH mRNA was used as an internal control. 
Data are from triplicate experiments.  
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8. Cytoprotective effects of quorum quenching single-chain antibodies against 3-oxo-C12-HSL 

N-3-oxo-dodecanoyl-L-homoserine lactone (C12-HSL) was purchased from Cayman 
Chemical (Michigan, USA) was dissolved in dimethyl sulfoxide (DMSO) as 5 mg/ml stocks. 

C12-HSL induced HeLa cells apoptosis 

Cell culture 

The HeLa cell line (human cervical cancer cell) were maintained at 37 °C in 5% CO2 in 
Dulbecco's Modified Eagle Medium(DMEM) supplemented with 10% (v/v) Fetal Bovine 
Serum and 1% (v/v) penicillin antibiotics. 

 

Flow cytometry analysis of C12-HSL induced HeLa cells apoptosis 

Cells were seeded in 24 -well plates (1  × 105  cells/well) and incubate at 37  °C in 5% 
CO2 for 24 hr. Cells were treated with N-3-oxo-dodecanoyl-L-homoserine lactone in various 
concentration (10 μM, 25 μM, 50 μM, 75 μM, and 100 μM) for 18 hr. HeLa cell apoptosis 
was evaluated by FITC Annexin V Apoptosis Detection Kit I (BD Biosciences, USA) according 
to the manufacturer’s protocol. Briefly, the floating cells were collected and also the 
attached cells were harvested by trypsinization using 0 . 0 5 %  Trypsin/EDTA. The whole 
operation process was protected from light. In brief, cells washed with ice-cold phosphate 
buffered saline (DPBS pH 7.4) were re-suspended in binding buffer (approximately 1×105 
cells/100 μl buffer solution). The cell suspension supplemented with Annexin V-FITC and 
PI incubated for 15 min at room temperature. The apoptotic cells were identified by flow 
cytometer. 

 

Production of scFvs that could neutralize C12-HSL bioactivities 

The scFvs that could neutralize the AHL bioactivities were selected from a HuscFv 
phage display library previously constructed (Kulkeaw K. et al., 2009) by in silico docking 
and structural homology to the quorum quenching antibody (mAb RS2-1G9) (Kaufmann 
G.F. et al., 2008). The selected clones of bacterial derived scFvs were further send for DNA 
sequencing (First BASE Laboratories Sdn. Bhd., Malaysia). The nucleotide sequences of the 
positive clones were analyzed using SnapGene Viewer program version 3.3.3 and CLC 
sequence viewer version 7 software.  
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The correct scfv reading frame in the pCANTAB5E phagemid of each clone were 
evaluated. Afterwards, the complementarity determining regions (CDRs) and their 
respective canonical immunoglobulin framework regions (FRs) of the sequenced huscfvs 
were predicted using an online server, the VBASE2 - the integrative germ-line V gene 
database (http://www.vbase2.org/). After that, purified plasmid DNA of the HB2151 E. coli 
positive clones that could produce scFv (includes the representatives clone F15 and F19) 
were used as the template to amplifythe scFv gene using Phusion High-Fidelity DNA 
Polymerase (Thermo Scientific™, USA). PCR amplification was performed in a total volume 
of 25 μl which the PCR reaction mixture and PCR thermal cycle condition were provided. 
After that, the PCR products were verified by gel electrophoresis and ethidium bromide 
staining.  

To Sub-cloning of DNAs coding for AHL-bound scfv inserts into pLATE52 expression 
vector and bacterial transformation, the PCR products from above were be purified using 
the Gel/PCR DNA Fragments Extraction Kit (Geneaid Biotech Ltd., Taiwan) with a bind-wash-
elute procedure to completely eliminate the incorporated primers, dNTPs, and other 
contaminated DNA. The purified DNA were measured for its concentration and also quality 
using NanoDrop™2000/2000c Spectrophotometers (Thermo Scientific™, USA) at the 
wavelength 260/280. The scfv inserts were cloned into the pLATE52 expression vector 
using the aLICator LIC Cloning and Expression Kit 4 (N-terminal His-tag/WQ), #K1281 
(Thermo Scientific™, USA). The LIC cloning was performed to generate the 5’ and 3’ 
overhangs on the purified PCR templates as previously described. Afterwards, the bacterial 
transformations were done by using the Heat-shock method to transforming of the scfv-
pLATE52 recombinant plasmids into the competent E. coli strain JM109, a cloning host. 
The transformed bacterial cells were spread onto LB agar plate containing 100 μg/ml of 
ampicillin antibiotic (LB-A agar), and further incubated at 37 °C for overnight. The individual 
transformed JM109 E. coli colonies was randomly picked and checked for the presence of 
the recombinant plasmids with scfv inserts using the colony PCR. An individual 
transformed JM109 E. coli colonies was randomly selected and inoculated into the 150 μl 
of LB broth containing 100 μg/ml of ampicillin antibiotic, then incubated at 37 °C for 2 
hours with 250 rpm shaking that one microliter of each clone was used as DNA template.  

The PCR products from above were purified using the Gel/PCR DNA Fragments 
Extraction Kit. In this study, the two LIC primers (LIC-Forward primer: 5'-
TAATACGACTCACTATAGGG-3' and LIC-reverse primer: 5'-GAGCGGATAACAATTTCACACAGG-
3') were used to perform the PCR amplification of recombinant plasmid from each 
individual clone. The PCR reaction mixture (25 μl) was composed of 1 μl of DNA template, 
0.5 μl of each primer (10 μM), 2.5 μl of 10 × Taq buffer with KCl, 1.5 μl of 25 mM MgCl2, 
0.5 μl of 10 mM dNTPs, 0.2 μl of 5 units/1μl Taq DNA polymerase (Fermentas, Thermo 
Fisher Scientific, USA), and 18.3 μl of UDW. PCR condition comprised of 1 cycle initial 
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denaturing at 95 °C for 5 minutes; 35 cycles of denaturing at 95 °C for 30 seconds, annealing 
at 58 °C for 30 seconds, and extending at 72 °C for 1 minute; final extending at 72 °C for 7 
minutes; and holding at 4 °C for infinity. The PCR products of the correct length were 
indicated that plasmid have been properly inserted. PCR products obtained with LIC 
forward and LIC reverse primers showed approximately 850 bp for the recombinant 
plasmid. The PCR products were verified by 1.5% agarose gel electrophoresis and ethidium 
bromide staining (Figure 1.71).  

The screened positive transformed E. coli clones by colony PCR method were 
performed by extracted their plasmids using the PrestoTM Mini Plasmid Kit (Geneaid 
Biotech Ltd., Taiwan) following the manufacturer’s instruction, and send for DNA 
sequencing (First BASE Laboratories Sdn. Bhd., Malaysia). Afterwards, the positive clones 
from DNA sequencing were subjected to perform the plasmid extraction and further 
transformed into an expression host. In this study, NiCo21(DE3) E. coli (New England 
Biolabs, UK) cells were used as an expression host for recombinant scfv-pLATE52 plasmids. 
Then colony PCR using the two LIC primers for screening of the positive clones of the 
transformed NiCo21(DE3) E. coli with the scfv-pLATE52 recombinant plasmids were 
performed screening for the desire inserted gene.  
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Figure 1.71 PCR products that obtained from the amplification of the huscfv inserts using 
specific LIC primers (expected amplicon size ~ 850 bp). 

Lane M: GenRulerTM 100 bp DNA ladder plus 

Lane N20: huscfv amplicon from the purified plasmid DNA of the HB2151 E. coli 
positive clones that could produce HuscFv specific nETA clone no.20 

Lane N21: huscfv amplicon from the purified plasmid DNA of the HB2151 E. coli 
positive clones that could produce HuscFv specific nETA clone no.21 

Lane N32: huscfv amplicon from the purified plasmid DNA of the HB2151 E. coli 
positive clones that could produce HuscFv specific nETA clone no.32 

The PCR product were analyzed on 1.5% agarose gel electrophoresis and 
visualized on UV light after staining with ethidium bromide. 
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To express the recombinant scFv protein, the representative NiCo21(DE3) E. coli clones 
carrying scfv-pLATE52 recombinant plasmid were verified. An individual single colony of each 
positive E. coli clone was individually cultured in 2 ml of LB broth containing 100 ug/ml ampicillin 
in shaking incubator at 37°C with shaking at 250 rpm until the culture reached the bacterial log 
phase growth (OD600nm ~0.5). The bacterial cells (HuscFv specific native ETA including clone no. 
N20, N21, N32, 1-33, 3-41, BP34, BP44, F15 and F19) that were expressed in the insoluble fraction 
(inclusion body). So these representatives were further subjected to perform protein purification 
and refolding.were induced for their recombinant protein expression by adding 1 mM IPTG into 
the individual cultures and further the incubation of the cultures at 30 °C with shaking at 250 
rpm for 6 hours. The induced bacterial cells were collected by centrifugation at 10,000 ×g at 
4°C for 5 minutes. These scFv were further subjected to perform protein purification and 
refolding and were analyzed by SDS-PAGE. Figure 1.72 showed recombinant scFvs clone F15 
and F19 which not previously present. The scFvs expected size is about 25-35 kDa.  

 

Flow cytometry analysis of neutralizing ability of scFvs to C12-HSL using Annexin V/PI 
staining of apoptotic cells 

HeLa cells were seeded in 24-well plates (1 × 105 cells/well) and incubate at 37 °C in 
5% CO2 for 24 hr. The AHL induced cells with 25 μM was treated with scFv clone F15, F19, 
C41, and E44 for 18 hr. Then, HeLa cell apoptosis was evaluated by FITC Annexin V 
Apoptosis Detection Kit I (BD Biosciences, USA) according to the manufacturer’s protocol. 
The rETA-FL mediated 14% HeLa cells apoptotic cells. After treatment with HuscFv F15, 
F19, and E44, percent apoptosis cells were reduced to 8%, 6%, and 8%, respectively. The 
inhibitory activities of HuscFv clone F19 was higher than the HuscFv clone N15 and E44 
(Figure 1.73). 

 

Homology modeling and intermolecular docking for predicting the presumptive residues 
of the AHL, C12HSL, interacted with the HuscFvs 

The 3D structure of huscFv was created and refined by I-Tasser sever and improved to 
close the native states using cluspro 2.0 antibody-antigen docking. C12HSL-HuscFv 
complexes were built and visualized using AutodockVina software. The huscFv clone 
no.F15, F19, BP44 and C41 were predicted had interaction with catalytic residues of C12HSL 
(Figure 1.74).  
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Figure 1.72 Stained SDS-PAGE-separated-purified and refolded recombinant scFvs clone F15 and F19. 

M, pre-stained protein ladder 

Lane F15, purified scFv clone F15 

Lane F19, purified scFv clone F19  

Numbers at the left represent the protein molecular masses in kDa . The scFvs expected size is 

about 25-35 kDa. 
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       (A) 
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Figure 1.73 A, Apoptotic analysis of Annexin V/PI stained-ETA-exposed-HeLa cells after 
treatment with ETA-bound HuscFvs/control HuscFv (Irre) at HuscFv to ETA molar 
ratio 50:1 and medium alone. B, Bar graphs that represent statistical comparison 
of the averaged percentages of ETA induced-HeLa cells apoptosis after different 
treatments. The data shown are representative of three independent experiments. 
The significant difference from control is indicated by p < 0.05. Triplicate 
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experiments were performed. C, Scanning electron microscopic appearances of 
ETA-exposed HeLa cells after treatment with ETA-bound HuscFvs, control HuscFv 
(Irre) and medium alone. C, Normal HeLa cells (a); ETA- exposed HeLa cells (b); 
cells exposed to ETA treated with HuscFv-C41 (c); cells exposed to ETA treated 
with control HuscFv (d). 
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Figure 1.74 In silico study of Huscfvs to C12HSL. 

 

 

  

BP44 

C41 



140 
 

Discussion 

 

ESKAPE is an acronym of Enterococcus faecium, Staphylococcus aureus, Klebseilla 
pneumoniae, Acinetobacter baumannii, Pseudomnas aeruginosa and Enterbacter species 
which are common causative agents of life-threatening nosocomial infections among critically 
ill and immunocompromised individuals. These microorganisms are endowed with new 
paradigms in pathogenesis, transmission, and drug resistance.  Currently, there is an 
urgent/immediate need of a broadly effective agent that can cope with these multi-drug 
resistant (MDR) pathogens.  

Targeting bacterial virulence factors directly provides a new paradigm for intervention 
and treatment of bacterial diseases. Pseudomonas aeruginosa produces a myriad of virulence 
factors to cause fatal diseases in human. In this study a novel approach to combat with the 
MDR ESKAPE is proposed by using P. aeruginosa as a model for proving of concept. Engineered 
human single chain antibodies (human scFv) or humanized-nanobodies specific to the 
bacterial virulence factors including invasin (elastase, LasB), toxin (exotoxin A; ETA) and 
quorum sensing molecules (N-acyl-L-homoserine lactones; AHLs) were produced in vitro by 
using phage display technology. 

Recombinant ETA domain-1A (ETA-1A), domain-3 (ETA-3), and full-length-ETA (ETA-
FL), LasB were successfully produced by cloning technique. After purification and refolding, 
the recombinant protein of each preparation revealed only one protein band by SDS-PAGE 
and Coomassie Brilliant Blue G-250 (CBB) staining and Western blot analysis. LC-MS/MS verified 
that the purified recombinant proteins were P. aeruginosa proteins. The recombinant proteins 
were further characterized using Far-UV Circular Dichroism (CD) measurements. They were 
found to acquire predominantly alpha-helical structure (Fig. 2) which are characteristic of the 
ETA protein; the protein structures are conformed to that of the RCSB Protein database. 

The effect of recombinant ETA-FL (rETA-FL) on mammalian (HeLa) cells were 
determined using dual acridine orange/ethidium bromide (AO/EB) fluorescent staining, flow 
cytometric analysis, and ultrastructural studies by means of scanning electron microscopy 
(SEM) and transmission electron microscopy (TEM). The results revealed that rETA-FL induced 
apoptosis of the HeLa cells as characterized by morphological changes and staining patterns, 
i.e., the early apoptotic cells showed green fluorescence with nuclear fragmentation or 
condensed chromatin, cellular blebbing and cytoplasmic vacuolization, while the late 
apoptotic cells exhibited condensed chromatin. A total of 241 colonies of HB2151 E. coli 
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transfected with ETA-bound phages were obtained from the HuscFv-phage display library by 
phage bio-panning using rETA-1A (binding domain; B), rETA-3 (catalytic domain; C), ETA-FL (E) 
and commercially synthesized biotinylated peptide of ETA catalytic site 
(ADAITGPEEEGGRLETILGW; P) as the antigens. These clones were categorized into 7 different 
types, based on the deduced amino acid sequences and numbering according to the Kabat 
and Chothia scheme. huscfvs of the E. coli clones C41, E44 and P32 that their HuscFvs showed 
high binding signal to native ETA by indirect ELISA were subcloned from pCANTAB5E phagemids 
into pLATE52 vectors and the recombinant plasmids were used to transform NiCo21 (DE3) E. 
coli for large-scale production of the respective HuscFvs. 

The protective effect of HuscFvs on ETA-exposed cells was demonstrated through 
Annexin V/PI staining and flow cytometric analysis. ETA-induced early apoptosis of mammalian 
(HeLa) cells by 16.53 4.22% (quadrant 1; Annexin V+/PI-stained cells) and late apoptosis of 
the cells by 8.55  0.46% (quadrant 2; Annexin V+/PI+-stained cells); hence, a total of 25.08 
4. 51%  of apoptotic cells ( quadrant 1 +  quadrant 2; average of three- independent 
experiments) . After treatment with HuscFv-C41, HuscFV-E44, and HuscFv-P32, the average 
percentages of cellular apoptosis from three-independent experiments was significantly 
reduced. The inhibitory activities of the HuscFv-C41 were significantly higher than the HuscFv-
E44 and HuscFv-P32. The ETA-exposed-HeLa cells treated with the HuscFvs had significant 
decreases of expressions of apoptosis-related genes including cas3 and p53 compared to the 
control HuscFv-treated (Irre) cells and the cells in medium alone. The three-dimensional (3D) 
structure of ETA (PDB 1IKQ) and modeled-HuscFvs were subjected to intermolecular docking. 
, the ETA bound-HuscFvs of the three E. coli clones presumptively formed contact interface 
with critical residues for ETA-mediated ADP-ribosylation. HuscFv-C41 was more effective than 
the HuscFv-E44 and HuscFv-P32 in inhibiting the ETA cytotoxicity.  This might be because the 
HuscFv-C41 interact with several more residues critical for catalytic activity and ADP-
ribosylation reaction than the other two cognates. 

The effect of recombinant and native LasB were evaluated by EnzChek ™ elastase 
assay Kit. The results showed native LasB has high enzyme activity better than recombinant 
protein. A total of 98 colonies of HB2151 E. coli transfected with LasB-bound phages were 
obtained from the HuscFv-phage display library by phage bio-panning. The HuscFv expressing 
E.coli clones that provided ELISA signals twofold higher than the signal of the same lysates to 
BSA were selected. HuscFv bound recombinant LasB has high has binding signal when 
compared to native protein. The LasB-HuscFv-phagemids no. 42 and 49 were cloned into the 
pLATE52 vector and then introduced into the E. coli JM 109. The 3D structure of huscFv was 
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created and refined by I-Tasser sever and improved to close the native states using cluspro 
2.0 antibody-antigen docking. LasB-HuscFv complexes were built and visualized using Pymol 
software. The huscFv42 was predicted had interaction with catalytic residues of LasB (PDB 
1EZM) that consistent with inhibition test by EnzChek™ elastase assay Kit.  

N-3-oxo-dodecanoyl-L-homoserine lactone (C12-HSL), the quorum sensing signaling 
molecule, produced by P. aeruginosa not only participate in the quorum sensing circuit that 
control the virulence expression but render the cytotoxicity in mammalian cells. In this study, 
we characterized four single-chain quorum quenching antibodies (F15, F19, C41, and E44) 
whether they provide the cytoprotective effect against apoptosis and cell cycle arrest induced 
by C12-HSL of human epithelial cells. All four HuscFvs recognize a conformational regions of 
bacterial ligand by in silico docking and structural alignment between HuscFvs and mAb RS2-
1G9 (previous described quorum quenching antibody) (Kaufmann GF, 2008) demonstrated that 
the structure of selected HuscFvs intensely resembles the quorum quenching RS2-1G9 in their 
overall features and topology. As a results, HuscFvs exhibited the quorum quenching abilities 
to neutralize/mitigate the biological activities of AHL conferring bacterial pathogenesis in 
human host cells, as a result of the reduced in sub-G1 population, apoptotic cells, and p53 
mRNA expression level, also restored of nuclear condensation and DNA fragmentation, 
moreover, increased in bcl-2, anti-apoptotic gene expression. These human single-chain 
antibodies provide a hopeful therapeutic strategy combating the P. aerugionosa virulence and 
pathogenesis via QS-based signaling also have a high potential for developing further in clinical 
application. 
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Future direction 

In this study, engineered human monoclonal single chain antibody (scFv) and/or 
humanized-nanobodies specific to the P. aeruginosa virulence factors including enzyme, toxin, 
and quorum sensing molecules, that neutralize the respective bacterial targets was 
successfully produced. The so-produced antibodies should be tested further, step-by-step, 
towards the clinical use (e.g., GMP production, pre-clinical trial as well as different phases of 
clinical trials), as a safe immunotherapeutic against virulence factors of the difficult to treat P. 
aeruginosa infection. It is envisaged that the so-produced small antibodies in their right mixture 
should be a safe and novel remedy for combating against the drug resistant pathogen. Similar 
approach can be adopted for inventing therapeutics for other members of the ESKAPE and 
other pathogens.  
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