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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



SWHLASINTS: RSA5980048

yalasens: wuamalnddmsunissnwnguidenesn “ESKAPE” Tngldluna Pseudomonas

aeruginosa
Foiin3de: seuwans 19138 as.dnen Bunsiiaun
da: nitaya.ind@mahidol.ac.th
s2eeL3a1lATINTg: dguigu 2559 - guieu 2561

ESKAPE ﬁa%la%aﬂﬂq'mwﬂﬁL?Sﬁl‘dizﬂauéf’m Enterococcus faecium, Staphylococcus
aureus, Klebseilla pneumoniae, Acinetobacter baumannii, Pseudomnas aeruginosa @ ¢
Enterbacter FsuvafiFonguilduainafinuldvosineliiinnsiad sluguaglulsmeiuia
Tnsamzogsdetaefiinmegiduiuunnies wediFenduiimaunsnszanelusilan Sl
wnltunsresesdfiuedlidnvifintudos wermudnguieuuaiiFeinesuidusvans
¥ia (Multi-drug resietance, MDR) Iuﬂﬁ]f\;ﬂuﬁmmﬁmﬂm,i'whuuazﬁuﬁLﬁwﬁﬁmi%’uﬁaﬁu
delsafinesTusvand lunisAnwadsdlfiiausuumdluilunisdediu MDR-ESKAPE Tag
14 P. aeruginosa \Junuudtass lagyinisnanueuivedaisifevosiyue (human schv) #ae
watla phage display library %’ﬁLLauﬁuaﬁﬁwﬁmlﬁﬁﬁaﬁmﬁﬁwawiaﬁa%’ammgul,mmaaLL‘UﬂﬂL‘%‘EJ
19 W elastase (LasB), exotoxin A (ETA, recombinant ETA, recombinant-ETA-subdomains) and
quorum sensing molecules (N-acyl-L-homoserine lactones; C12-HSL) F 9nu21 ETA-bound
HuscFvs §1uan 3 Taau awnsaduds ETA lumswideadildiie apoptosis 994 mammalian cell
wa C12-HSL-bound HuscFvs 1w 4 Taaw @1u15aduds C12-HSL Tunisini s liiia
apoptosis TeuEasEELuTY way LasB-bound HuscFvs $1uau 2 Taau awnsadudsnmsriauues
LasB ievhnisnsideulasead1aves specific HUSCFV U antisen selusunsuneuialmesazny
HuScFv duifudaufiilu active site vosuwauRiaus wildaunsadudinisinursouiauld ua
NMSANWLT T HuscPys SUseAvsnmildnenimgauazasnsde Faanunsathuiaunu
ABnsshwmsinde P. aeruginosa wazuuaiiSevinaun 16

Keywords: AHLs, Biofilm, Elastase, Exotoxin A, Human monoclonal scFv/nanobodies,

Pseudomonas aeruginosa, Quorum sensing



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).



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.



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



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 1eG 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 (asB 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.,
Gluld1, Tyr155 and His223. The zinc ligands in P. aeruginosa elastase are His140, His144 and
Gluléd (Bever RA et al., 1988; Mclver K et al., 1991). Asp189-Argl79 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).



A  Front View B Side View

Asp168-Arg198 { 4,
Asp201-Arg205 |

/' cys270-Cys297

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-lll 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,
Racl, and cdcd2. 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 elLF-2. The important catalytic residues for ETA are Glu553, His440, Tyr 481 and

Tyrd70. Figure 2 shows 3D structure of the P. aeruginosa exotoxin A.

In this study, human scFv or humanized nanobodies (VH/V4H) 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/VyH 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 la
(1-252), purple B—sheet, yellow Ol-helices and coils; domain Ib (365-404), green B—sheet and coil; domain Il (253-364), light blue B—sheet

and coil; and domain 11l (405-613), red Ol-helix and coil, blue B—sheet. Cyan CPK spheres represent Na ions; yellow CPK spheres represent
Clions; 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 | and Il. 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

14



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 1¢G or its fragments: scFv (VH-linker-VL), Fab
and F(ab)’,, 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)’, 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., (Glys/Ser); (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/V4Hs 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 VyH are the variable antigen-binding parts
of the heavy chain of conventional four chain antibody and heavy chain antibody (HCAD),
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/VyH over the conventional
antibodies was proved by crystallographic studies which showed that the VyH 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 VyH
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. ageruginosa 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
To test the inherent functional activities of the recombinant elastase and exotoxin A
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/VyH that bound to the
active elastase, exotoxin A, and synthetic AHLs from previously constructed human
scFv/humanized-VH/VyH 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/viyh)

To express soluble human scFv/VH/VyH from the huscfv/vh/vhh-positive E. coli clones
To test the binding specificity of the soluble antibodies to the respective panning antigens
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.

901 tcagtgggaa ggcctggccc ac
961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801 t aagc tcggtggtcc cggccggcac tccaggaagg

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).
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1441 gcaaccgcgt ggcccggcaa ctccaggcga aggccgcgcet g

1501

1561

1621

1681

1741

1801

1861

1921

1981 t ga gtcggcgcgg

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 GGTTGGGAATTGCAAGCCGAGGCGGGLEGECCCCEGEL

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-lensth and sub-domains (A, II- IB , and llI

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 alignhment
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- 1B, and III)
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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, Ill, and full-
length intended for cloning into the pLATES2 vector, an expression vector which containing
gene for N-terminal His-tag protein expression. The complete of ETA gene including

domains IA, II- 1B, lll, and full-length have 756, 456, 627, and 1839 bp in size, respectively.
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Ori gi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed

Oigi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed

Oigi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed

Oigi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed

Ori gi nal
Optim zed
Ori gi nal
Optim zed

Ori gi nal

GCCGAGGAAGCCT TCGACCT CTGGAACGAAT GCGCCAAGECCTGCGTGCTCGACCTC
GCCGAAGAGCCGT TTGATTTGT GGAATGAGT GTGCGAAAGCGTGTGTGI TGGATTTG

AAGGACGGECGT GCGT TCCAGCCGCAT GAGCGT CGACCCGGECCAT CGCCGACACCAAC
AAAGATGGT GT GCGGT CGAGCCGCATGAGCGT TGATCCGGCGAT TGCGGATACCAAT

GGCCAGGECGT GCTGCACTACT CCATGGT CCT GGAGGEGECEECAACGACCCGCTCAAG
GGICAGCGT GTGCTGCATTATTCGATGGT TCTGGAAGGCGGTAATGATGCATTGAAA

CTGGCCATCGACAACGCCCT CAGCAT CACCAGCGACGGECCT GACCATCCGCCTCGAA
CTGGCGATTGATAATGCGT TGAGCAT TACCAGCGATGGT CTGACCATTCGCTTGGAG

GGT GECGT CGAGCCGAACAAGCCGGT GCGCT ACAGCT ACACGCGCCAGECGCGECEEC
GGAGGCGT TGAACCGAATAAACCGGT GCGCTATAGCTATACT CGCCAGGCACGCGGT

AGI TGGT CCCTGAACT GGCT GGT GCCGAT CGGECCACGAGAAGCCT TCGAACATCAAG
TCATGGT CCCTGAAT TGGECT GGT GCCGAT TGGT CATGAAAAACCCT CGAATATTAAA

GT GI'TCATCCACGAACT GAACGCCGGT AACCAGCT CAGCCACATGT CGCCGATCTAC
GIGITTATTCATGACCT GAATGCGCGGAAATCAGT TGAGCCATATGI CGCCGATTTAT

ACCATCGAGAT GGECGACGAGT TCCT GECGAAGCT GECGCECGATGCCACCTTCTTC
ACCATTGAAAT GCGT GATGAACT TCTGGCAAAACT GCCACGCGACGCGACCTTCTTT

GT CAGGGCGCACGAGAGCAACGAGAT GCAGCCGACGCT CGCCAT CAGCCAT GCCCGEG
GITAGAGCACATGAAAGCAAT GAAATGCAGCCGACT TTGGCGAT TAGCCACGCGEGEA

GT'CAGCGT GGT CAT GGCCCAGGCCCAGCCGCGCCCEGAAAAGCCCT GGAGCGAAT GG
GT TAGCGT GGT TAT GGCGCAGGCGCAGCCGCGCCGT GAGAAACGCT GGAGCGAGT GG

GCCAGCGECAAGGT GT TGT GCCT GCT CGACCCGCT GGACGEEGT CTACAACTACCTC
GCGAGCCGTAAAGTCCTTTGTCTGT TGGATCCCCTCGATGGAGT TTATAATTATTTG

GCCCAGCAGCGCT GCAACCT CGACGATACCT GGGAAGGCAAGATCTACCGGEGTGCTC
GCCCAGCAGCCCTGTAATTTGGATGACACCT GGGAGGGTAAAATTTATCGIGTGITG

GCCGECAACCCGECGAAGCATGACCT GGACAT CAAGCCCACGGT CATCAGT CATCGC
GCCGGTAATCCGECAAAACACGATCTGGATAT TAAACCAACTGT TATTTCACACCGC

CTGCATT TCCCCGAGGEECGECAGCCT GECCGCGECT GACCGCGCACCAGGECCTGCCAC
CTGCACTTTCCAGAAGGT GGTAGCCT GECAGCACT GACCGCACAT CAGCCGT GTCAT

CTGCCGCTGGAGACCT TCACCCGT CAT CGCCAGCCGCGCGECT GGGAACAACT GGAG
CTGCCGCTGGAAACCT TTACCCGGECAT CGT CAGCCGCGT GGT TGGGAGCAACT GGAA

CAGTGCGECTATCCGGT GCAGCGECTGGT CGCCCT CTACCT GECEECECEECTGICG
CAGTGTGGTTACCCGGTGCAGCGT CTGGT TGCGT TGTATCTGGCAGCACGT CTGAGT

TGGAACCAGGT CGACCAGGT GATCCGCAACGCCCT GGCCAGCCCCGECAGCGECEEC
TGGAATCAGGT TGATCAGGT GATTCGTAAT GCGCTGECCGAGCCCAGGTAGCGGT GGT

GACCT GEECGAAGCGAT CCCCGAGCAGCCGGAGCAGECCCGT CTGECCCTGACCCT G
GATCT GGGT GAGGCAAT TCGT GAACAGCCGGAACAGECCCGEECTEECECTGACCCT G
GCCGCCCCCGAGAGCGAGCGCT TCGT CCGGCAGGEECACAGECAACGACGAGECCGEC
GCGGCAGCCGGAAAGCGAACGT TTTGT TCGT CAGGGT ACAGGT AAT GATGAAGCEGEGT

GCGGCCAGCGCCGACGT GGT GAGCCT GACCT GCCCGGT CGCCGCCGGT GAAT GCGCG
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Optim zed GCAGCGAGCGCGGATGT GGTGAGCCTGACCT GI'CCGGT TGCCECAGGAGAGT GTGCA

Oiginal GGCCCGECGGACAGCGEECGACGCCCT GCTGGAGCGCAACTAT CCCACT GGCGCCGAG
Optim zed GGTCCGGCAGATAGCGGT GATGCGCTGCTGGAACGT AATTACCCAACAGGT GCAGAA

Oiginal TTCCTCGECGACGECGECGACAT CAGCT TCAGCACCCGCGECACCCAGAACT GGACG
Optim zed TTTTTGGGTGATGGT GGTGATATTAGCTTTAGCACCCGCGGTACTCAGAATTGGACT

Original GIGGAGCGGCTGCTCCAGGCGCACCGCCAACT GGAGGAGCGCGECTATGTGITCGTC
Opti m zed GTGGAACGTCTGT TGCAGGCACATCGCCAACTGGAAGAGCGCGGTTACGTGTTTGTT

Oiginal GGCTACCACGGCACCTTCCTCGAAGCGGCGCAAAGCATCGT CT TCGECGEEGETGCGC
Optimzed GGITATCATGGTACCTTTTTGGAGGCCGCACAAAGCATTGTTTTTGGTGGAGTGCGC

Oiginal GCGCGCAGCCAGGACCT CGACGCGAT CTGECGECGGT TTCTATAT CGCCGGCGATCCG
Optim zed GCACGCAGCCAGGATTTGGATGCAATTTGGCGCGGATTTTACATTGCGGGT GACCCG

Original GCGCTGGECCTACGECTACGCCCAGGACCAGGAACCCGACGCGECGCGECCEGATCCEL
Optim zed GCACTGGCGTATGGT TATGCCCAGGAT CAGGAGCCAGATGCACGCGGTCGTATTCGC

Oiginal AACGGTGCCCTGCTGCGEEGT CTATGT GCCGCGCT CGAGT CTGCCGEECTTCTACCGC
Optim zed AATGGAGCCCTGCTGCGTIGITTACGTGCCGCGCTCGTI CACTGCCGGEGTITTTTATCGC

Original  ACCGGCCTGACCCT GGCCGCGCCGGAGGCGECEEECGAGGT CGAACGECTGATCGEC
Opti m zed ACCGGTCTGACCCTGGECGCGECACCGGAAGCCGCAGGTGAAGT TGAGCGTCTGATTGGT

Oiginal CATCCGCTGCCGCTGCGCCT GGACGCCAT CACCGECCCCGAGGAGGAAGGLCGEECGL
Optimi zed CACCCGCTGCCGCTGCGCCT GGATGCGAT TACCGGT CCAGAAGAAGAGGGT GGACGC

Oiginal CTGGAGACCATTCTCGGECT GECCGECT GGCCGAGCGCACCGT GGTGATTCCCTCGECG
Optim zed CTGGAAACCATATTGGGT TGECCGCT GECCGAACGCACCGT GGTGATACCATCGGCA

Oiginal ATCCCCACCGACCCGCGCAACGT CAECGECGACCT CGACCCGT CCAGCATCCCCGAC
Optim zed ATTCCAACCGATCCGCGCAATGT TGGCGGT GATTTGGATCCGTCGAGCATTCCAGAT

Oiginal AAGGAACAGGCGATCAGCGCCCTGCCGGACT ACGCCAGCCAGCCCGECAAACCGLCG
Optim zed AAAGAGCAGGCAATTAGCGCCGCT GCCGGAT TAT GCGAGCCAGCCAGGT AAGCCGECCG

Original CGCGAGGACCTGAAG
Optim zed 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).



Table 1.2 Oligonucleotide primers used for amplification of Pseudomonas aeruginosa
exotoxin A (ETA) includes sub-domains (IA, II- IB, and Ill) and full-length from the
synthesized ETA DNA fragment.

Target Primer name Oligonucleotide sequences (5-3°) Size of PCR
gene Product (bp)
eta sub- F-PAOL/ETA- 1A GGTTGGGAATTGCAAGCGGAAGAGGCGTTTGATTTGTG 756
domainlA

R-PAOL/ETA- 1A GGAGATGGGAAGTCATTATTCTGGAAAGTGCAGGCGGTG

eta sub- F-PAO1/ETA-Il/  GGTTGGGAATTGCAAGGTGGTAGCCTGGCAGCACTG 456
domainll/ IB
IB R-PAOL/TEA-II/  GGAGATGGGAAGTCATTAACCATCACCCAAAAATTCTGCA

1B CcC

eta sub- F-PAOI/ETA- Il GGTTGGGAATTGCAAGGTGATATTAGCTTTAGCACCCGCG 627
domainlll G
R-PAOL/ETA- Il GGAGATGGGAAGTCATTATTTCAGATCTTCACGTGGCGGC

eta full- F-PAO1/ETA- 1A GGTTGGGAATTGCAAGCGGAAGAGGCGTTTGATTTGTG 1839
length
R-PAOL/ETA- Il GGAGATGGGAAGTCATTATTTCAGATCTTCACGTGGCGGC

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 ul of GT buffer then re-suspended the cell pellet by vortex
and further added 20 pl of proteinase K. The sample mixture was incubated at 60°C for at
least 10 minutes (during incubation, inverted the tube every 3 minutes). Next, proceeding
with lysis step by added 200 ul of GB buffer to the sample mixture and mixed by vortex
for 10 seconds. The sample mixture was incubated at 70°C 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 70°C). Later, the DNA binding step was performed by
added 200 pl 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
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centrifuged at 14-16,000 x ¢ 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 pl of W1 buffer to the GD column
and centrifuged at 14-16,000 x ¢ for 30 seconds. And after the flow-through was discarded,
the GD column was placed back in the 2 ml collection tube. The 600 ul 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 pl 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, [I- 1B , and IIl) 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,
ll- 1B, Ill, 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 pl which the PCR mixture and PCR thermal cycle are shown below.

PCR mixture (20 ul)

Ingredient Volume (MU Final
concentration

Sterile ultrapure distilled water (UDW) 11.8 -

Phusion GC buffer (5x) 4.0 1x
dNTP (2.5 mM each) 0.4 200 uM
Forward Primer (10 pM) 1.0 0.5 uM
Reverse Primer (10 uM) 1.0 0.5 uM
DMSO 0.6 3%
Phusion DNA Polymerase 0.2 0.4 units
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(1.0 units/50 pl PCR)
DNA template 1.0 -

Thermal cycles

Initial denaturation at 98°C for 30 seconds
35 cycles of Denaturation, at 98°C for 10 seconds
Annealing , at  65°C for LasA

75°C  for LasB

70°C for exoA for 10

. seconds
and Extension

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- 1B, Il
and full-length have 756, 456, 627, and 1839 bp in size as showed in Figure 1.5.

A B
® M VI
3,000 =
2,000 3,000 =
1,500 2,000
1,500
1,000
<—930 bp 1,000

500 <«— 570 bp
500




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- 1B, lll, and full-length)

Lane M, GenRulerTM 100 bp DNA ladder plus

Lane 1-4, ETA sub-domians IA (756 bp), II- 1B (456 bp), lll (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 includine the full-leneth and sub-
domains(A, II- 1B, and ) DNA frasments

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.

Clonineg of LasB, LasA, ETA gene includineg the full-leneth and sub-domains(A, II- 1B, 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- 1B Ill, and full-
length were cloned into the pLATE5S2 expression vector (Thermo Scientific) of the LIC
(ligation-independent cloning) system using the 3’-5" exonuclease and 5’-3" polymerase
activities of Td 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 pl of 5x LIC buffer; 4 ul of nuclease-free water;
0.1pmol of purified PCR template; Td DNA polymerase. And after the reaction mixture were
incubated at 25°C for 5 minutes, the reaction were immediately stopped by added 0.6 pul
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, Il 1B lll, 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 (ul)  Final concentration
Sterile ultrapure distilled water (UDW) 18.3 -
Taqg DNA polymerase buffer with KCl 25 1x
(Fermentas) 10x
MgCl2 (25mM) 1.5 1.5 mM
dNTP (2.5 mM each) 0.5 200 puM
LIC Forward primer, 10 uM 0.5 200 nM
LIC Reverse primer, 10 uM 0.5 200 nM
Taqg DNA Polymerase (5.0 units/pl ) 0.2 0.5 units
DNA template 1.0 -
Thermal cycles
Initial denaturation at 98°C for 30 seconds
35 cycles of Denaturation, at 98°C for 10 seconds
Annealing , at  65°C for LasA
75°C  for LasB
70°C for exoA  for 10 seconds
and Extension 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 Ill were clone llI-1,lll-2 and

llI-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,

IIl- 1B, ) and full-length were transformed into the competent E. coli strain NiCo21 (DE3)

(New England Biolabs, UK), an expression host.

36
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using LIC primer
(A) pLATES52-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- B, I,
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 1A-2
Lane 3-5: ETA sub-domian II- IB amplicons clone 1IB-1 and 11B-2
Lane 6-8: ETA sub-domian Il amplicons clone IlI-1,lll-2 and [1I-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.
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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, Il- 1B, and Ill)- and full-length ETA- E. coli clone was cultured in 5 ml LB
containing 100 pg/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. |sopropyt-B—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 x¢ 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 Ill (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
filtter (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 pl of Reaction buffer was added into each well that contains 50 ul of lasB (25, 50,
100 and 200 nM), after that additional substrate, 50 puL of 100 pg/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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expression from small scale expression by using SDS-PAGE (A.) LasA (B.) LasB
Lane M: Standard protein ladder

Lane SO: Soluble fraction of control NiCo21(DE3) E. coli

Lane 10: Insoluble fraction of control NiCo21(DE3) E. coli

Lane S1-3: Soluble fraction of clones 1-3, respectively

Lane 11-3: Insoluble fraction of clones 1-3, respectively
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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
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Figure 1.8 Native elastase activity was investigated by using the EnzChek™ elastase assay Kit.

Samples were done in duplicate and measured fluorescence.

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 11-3: 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 Il 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 lll, respectively
Lane 11-3: Insoluble fraction of clones 1-3 of ETA sub-domain Ill, 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 SO: Soluble fraction of control NiCo21(DE3) E. coli
Lane 10: Soluble fraction of control NiCo21(DE3) E. coli
Lane S1-3: Soluble fraction of clones 1-3, respectively.

Lane 11-3: 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 IlI
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 IIl

Lane I1: Insoluble fraction of ETA sub-domain lll; 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 |-, domain Il-, domain lll- pLATE52 plasmids. The
IPTG induced bacterial cells were collected by centrifugation at 4,000 xg, 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 ¢ of bacterial cell per 10 ml of the buffer).
The bacterial homogenate was centrifuged at 15,000 xg, 4°C, 20 minutes and the
supernatant was transferred to a plastic tube containing Ni-NTA™ bead (Invitrogen™, 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 lll; 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 Il 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 Il
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 lll; 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 pl of LB broth containing 100
pg/ml of ampicillin antibiotic, then incubated at 37°C for 2 hours with 250 rom 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 pl of PCR reaction mixture and PCR conditions

were demonstrated as following.

PCR reaction mixture (25 )

Ingredients Volume (KD
Sterile ultrapure distilled water (UDW) 18.3

Taq buffer with KCl (10x) 2.5

dNTP (10 mM each) 0.5

Forward Primer (10 uM) 0.5

Reverse Primer (10 uM) 0.5

MgCl, (25 mM) 1.5

Tag DNA polymerase 0.2

(5 units/1pl)

DNA template 1.0
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PCR conditions

Steps Conditions

Initial denaturation at 95°C for 5 minutes

35 cycles of Denaturation, at 95°C for 30 seconds
Annealing , at 58°C for 30 seconds
and Extension 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 pg/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 pCANTABS5E-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.
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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 pCANTABSE-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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Bindine 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 pg/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 x¢ 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 1gG-
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
10" 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 yunbound phages (were discarded from the well and the reaction well were
extensively washed 10 times to remove unbound phages .The 100 pl 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 £ .coli were used to spread onto 2XYT agar plate containing 100 pg/ml of
ampicillin and 2 wglucose )2XYT-AG (and the plate were incubated at 37°C for 12-16 hours.

Determining of HB2151 E. coli clones with pCANTABSE-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 pl of LB broth containing 100
pg/ml of ampicillin antibiotic, then incubated at 37°C for 2 hours with 250 rom 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 Jreverse primer (57
GCTAGATTTCAAAACAGCAGAAAGG-3 ."The 25 pl 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.

62



PCR reaction mixture )25 U(

Ingredients Volume (ML)
Sterile ultrapure distilled water (UDW) 18.3
Taqg buffer with KCl (10x) 2.5
dNTPs (10 mM each) 0.5
Forward Primer (10 uM) 0.5
Reverse Primer (10 uM) 0.5
MgCl, (25 mM) 1.5
Tag DNA polymerase 0.2
(5 units/1ul)
DNA template 1.0
PCR conditions
Steps Conditions
Initial denaturation at 95°C for 5 minutes
35 cycles of Denaturation, at 95°C for 30 seconds
Annealing , at 58°C for 30 seconds
and Extension at 72°C  for 40 seconds
Final extension at 72°C  for 7 minutes

The colonies appearing on 2XYT agar plate containing 100 pg/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: GenRuler™ 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.
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Figure 1.24 PCR amplification for screening of pCANTABSE-huscfv phagemids (the expected

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

Lane M: GenRuler™ 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.
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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: GenRuler™ 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.
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Figure 1.26 PCR amplification for screening of pCANTABSE-huscfv phagemids (the expected
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.
Lane M: GenRuler™ 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.
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Figure 1.27 PCR amplification for screening of pCANTABSE-huscfv phagemids (the expected

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

Lane M: GenRuler™ 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 pCANTABSE- huscfv phagemids (the expected
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.
Lane M: GenRuler™ 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.
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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: GenRuler™ 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 pCANTABSE-huscfv phagemids (the expected
amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies

Lane M: GenRuler™ 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.
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Figure 1.31
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PCR amplification for screening of pCANTABSE-huscfv phagemids (the expected

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

Lane M: GenRuler™ 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 pCANTABSE-huscfv phagemids (the expected

amplicon size ~1,000 bp) transformed E. coli strain HB2151 colonies.
Lane M: GenRuler™ 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 )JrETA-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 pug/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 1 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 @t 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.
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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 1gG-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 Jtwo
times signal higher than that of control antigen at OD405nm (were expressing the HuscFv
protein )Jthe 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.(

12



M 3 9 5 33 37 43 45 46 54 10 HB21S

72
55

42

34

26

17

- <+—" 25-30 kDa

Figure 1.35 Western blot patterns of the HuscFvs specific rETA-1A protein expressed from the

huscfv positive E .coli clones )expected protein size ~25-30kDat.

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 46 :Soluble fraction of Huscfv specific n rETA-1A clone no.46 protein

( L

( L

Lane 45 :Soluble fraction of Huscfv specific n rETA-1A clone no.45 protein

( L

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 £ .coli [protein
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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 ]JHB2151 £ .coli [protein
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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 JHB2151 E .coli [protein
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Selection of human single chain variable fragmentiHuscFv (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=.2,531.835¢/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 pl
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 10" 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 Junbound 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 pl 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 pg/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 pCANTABSE-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 pl of LB broth containing 100

ug/ml of ampicillin antibiotic, then incubated at 37°C for 2 hours with 250 rpom 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 Jreverse primer (57
GCTAGATTTCAAAACAGCAGAAAGG-3 ."The 25 pl 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 U(

Ingredients Volume (ML)
Sterile ultrapure distilled water (UDW) 18.3
Taqg buffer with KCl (10x) 2.5
dNTPs (10 mM each) 0.5
Forward Primer (10 uM) 0.5
Reverse Primer (10 uM) 0.5
MgCl, (25 mM) 1.5
Tag DNA polymerase 0.2
(5 units/1ul)
DNA template 1.0
PCR conditions
Steps Conditions
Initial denaturation at 95°C for 5 minutes

35 cycles of Denaturation at 95°C for 30 seconds

, at 58°C for 30 seconds
Annealing , at 72°C  for 40 seconds
and Extension

Final extension at 72°C  for 7 minutes

The colonies appearing on 2XYT agar plate containing 100 pg/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 pCANTABSE-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
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Figure1.38 PCR amplification for screening of pCANTABSE-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 pCANTABSE-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.
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Figure 1.40 PCR amplification for screening of pCANTABSE-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 pg/ 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

81



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 pCANTABSE 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 typel (IGHV3 family and IGKV4 subgroup : N20 and BP-40,
type2 (IGHV1 family and IGKV1 subgroup : N21), type3 (IGHV4 family and IGKV3 subgroup :
N32), typed (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 )Jupper panel (and VL sequences )lower

panel (of huscfvs specific nNETA 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 Jupper 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 Jupper 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 Jupper 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 £ .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 pl 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
pe/ 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 (M)

Final concentration

Sterile ultrapure distilled water 12.4 -
(UDW)
Phusion HF buffer (5x) 4.0 1x
dNTP (2.5 mM each) 0.4 200 uM
Forward Primer (10 pM) 1.0 0.5 uM
Reverse Primer (10 uM) 1.0 0.5 uM
Phusion DNA Polymerase 0.2 0.4 units
(1.0 units/50 pl PCR)
DNA template 1.0 10 ng/pl
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 , at 98°C for 10 seconds
Annealing , at 60°C for 10 seconds
and Extension 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: GenRuler™ 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 allCator 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 ul of 5x LIC buffer; 4 ul 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 pl 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- pLATES2
recombinant plasmids into the competent E. coli strain JM109, a cloning host. The transformed
bacterial cells were spread onto LB agar plate containing 100 pg/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 pl of
LB broth containing 100 pg/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 pl) was composed of 1 pl of DNA template, 0.5 pl of each primer (10 uM), 2.5 pl of 10x
Taq buffer with KCL, 1.5 pl of 25 mM MgCl2, 0.5 pl of 10 mM dNTPs, 0.2 ul of 5 units/1ul Tag
DNA polymerase (Fermentas, Thermo Fisher Scientific, USA), and 18.3 ul 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-pLATES2 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: GenRuler™ 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

95



M 1-33 3-41 BP34 BP44

Figure 1.51 PCR amplification for screening of huscfv-pLATES2 transformed E. coli strain JM

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

Lane M: GenRuler™ 100 bp DNA ladder plus

Lane 1-33: huscfv-pLATE5S2 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-pLATE5S2 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: GenRuler™ 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-pLATES2 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-pLATE5S2 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
(OD600nmM ~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-pLATE5S2
plasmids. The bacterial cells were induced using ImM 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) NaNs. 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 I1Bs 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- lm 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( £ . 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( £ .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 |asB 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 pCANTABSE-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 £. 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 ML which the PCR mixture and PCR thermal cycle program are

shown below.

PCR mixture (25 U0

Final
Ingredient Volume (UU) concentration
Sterile ultrapure distilled water (UDW) 15.75 -
Phusion GC buffer (5x) 5.0 1x
dNTP (2.5 mM each) 0.5 200 UM
Forward Primer (10 KM) 1.25 0.5 UM
Reverse Primer (10 UM) 1.25 0.5 UM
Phusion DNA Polymerase
(1.0 units/50 ML PCR) 0.25 0.4 units

DNA template 1.0 -

Thermal cycles

Initial denaturation at 98°C for 30 seconds

35 cycles of Denaturation , at 98°C for 10 seconds
Annealing , at 72°C for 10 seconds
and Extension 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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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 M of 5x LIC buffer; 4 Ul 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 JIM109.
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 U1

Ingredient Volume (M) Final
concentration
Sterile ultrapure distilled water (UDW) 18.3 -
Taqg DNA polymerase buffer with KCl 25 1x
(Fermentas) 10x
MgCl2 (25mM) 1.5 1.5 mM
dNTP (2.5 mM each) 0.5 200 UM
LIC Forward Sequencing primer, 10 uM 0.5 200 nM
LIC Reverse Sequencing primer, 10 pM 0.5 200 nM
Taqg DNA Polymerase (5.0 units/HL ) 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 , at 95°C for 1 minutes
Annealing , at 54°C for 30 seconds
and Extension at 72°C for 30 seconds
Final extension at 72°C for 30 seconds
bp

1000

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
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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 ug in a coating buffer pH 9.6
and add 100pL 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 pl 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 M. 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 ul)

Final

concentration

Ingredient Volume (p)
Sterile ultrapure distilled water (UDW) 15.75
Phusion GC buffer (5x) 5.0
dNTP (2.5 mM each) 0.5
Forward Primer (10 UM) 1.25
Reverse Primer (10 UM) 1.25
Phusion DNA Polymerase (1.0 units/50 ML PCR) 0.25
DNA template 1.0

1x
200 uM
0.5 UM
0.5 UM
0.4 units

Thermal cycles

Initial denaturation

35 cycles of Denaturation
Annealing ,
and Extension

Final extension

at 98°C for 30 seconds
at 98°C for 10 seconds
at 72°C for 10 seconds
at 72°C for 15 seconds
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
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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
ML of 5x LIC buffer; 4 ML 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, £. coli NiCo21 (DE3). The
colony PCR was used to check the clones that carrying recombinant plasmids by using LIC

primer.

PCR mixture (25 M)

Ingredient Volume (M) Final concentration
Sterile ultrapure distilled water (UDW) 18.3 -

Taqg DNA polymerase buffer with KCl 25 1x
(Fermentas) 10x

MgCl2 (25mM) 1.5 1.5 mM
dNTP (2.5 mM each) 0.5 200 pM

LIC Forward Sequencing primer, 10 uM 0.5 200 nM

LIC Reverse Sequencing primer, 10 pM 0.5 200 nM

Taqg DNA Polymerase (5.0 units/ML ) 0.2 0.5 units

DNA template 1.0 -

Thermal cycles

Initial denaturation at 95°C for 5 minutes

35 cycles of Denaturation , at 95°C for 1 minutes
Annealing , at 54°C for 30 seconds
and Extension at 72°C for 30 seconds

Final extension at 72°C for 30 seconds
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Figure 1.60 Product for the screening of JM109 E.coli clones carrying LasB-huscfv-pLATES52.

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 Jlg / 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 ¢ 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
ImM B—mercaptoethanol and stirred for 3 hours at 4 °C. 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 ly: Soluble fraction of control NiCo21 (DE3) E.coli
Lane I1s: Insoluble fraction of clones N42-1, N42-2 and N42-3respectively
Lane lg6: 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, E4d 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+ moleculedl1. 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 toxind2. 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.
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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 |-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.

Elastase

Figure 1.63 Interface interaction between the LasB and the scFv42 by molecular docking.
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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 uM
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).
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Figure 1.64 Graph of the relative fluorescence unit (RFU) and the concentration of scFV42.
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The biological activities of recombinant full-leneth 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 x 10° 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% CO, atmosphere. Controls were cells in the medium alone
(negative control for cell death) and cells added with 3% H,O, (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.
Figurel.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
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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. HelLa 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
rom at 4°C for 10 mins and then collected. The cell pellets were then resuspended in 50
ML of culture medium. The resuspended cells were stained with 100 [lg/mL of EB and 100
Mg/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.

Merge

Acridine orange Ethidium bromide

(A) (B) (€)

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 Hel.a 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).
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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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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 | (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 gPCR (Kapa Biosystems, Cape Town, South Africa). Each reaction
mixture (20 pl) contained 10 pl of 2x KAPA SYBR® FAST gPCR 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 °C/s). Each sample was amplified in triplicate. Gene
expressions relative to the normal cells were analyzed using the ACT 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 ATTCTIGTTGCCACCTTICG
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
A B ; b
NS p<001
4- ] < ' . < —
: p<005 . _ 204 p<o.001
g? f_?‘D.CH — o
P23 4% 1.5-
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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-Hel a 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 Hel a 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 Hel.a cells apoptosis

Cells were seeded in 24-well plates (1 x 105 cells/well) and incubate at 37 °Cin 5%
CO2 for 24 hr. Cells were treated with N-3-oxo-dodecanoyl-L-homoserine lactone in various
concentration (10 uM, 25 pM, 50 uM, 75 uM, and 100 pM) for 18 hr. Hela cell apoptosis
was evaluated by FITC Annexin V Apoptosis Detection Kit | (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 0.05% 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 1x105
cells/100 pl buffer solution). The cell suspension supplemented with Annexin V-FITC and
Pl 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 VBASEZ2 - 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 pl 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 allCator 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-
PLATE5S2 recombinant plasmids into the competent E. coli strain JM109, a cloning host.
The transformed bacterial cells were spread onto LB agar plate containing 100 pg/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 pl
of LB broth containing 100 pg/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 ul) was composed of 1 pl of DNA template,
0.5 pl of each primer (10 uM), 2.5 pl of 10 x Tag buffer with KCl, 1.5 pl of 25 mM MgCl,,
0.5 pl of 10 mM dNTPs, 0.2 pl of 5 units/1ul Tag DNA polymerase (Fermentas, Thermo
Fisher Scientific, USA), and 18.3 ul 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: GenRuler™ 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 (ODgoonm ~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
rom for 6 hours. The induced bacterial cells were collected by centrifugation at 10,000 x¢ 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/P!

staining of apoptotic cells

Hela cells were seeded in 24-well plates (1 x 105 cells/well) and incubate at 37 °C in
5% CO2 for 24 hr. The AHL induced cells with 25 uM 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 | (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 Ed44
(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 |-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, BP4d 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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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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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 pCANTABSE 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+/Pl-stained cells) and late apoptosis of
the cells by 8.55 + 0.46% (quadrant 2; Annexin V+/Pl+-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

pLATES2 vector and then introduced into the E. coli JM 109. The 3D structure of huscFv was
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created and refined by |-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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Abstract

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. human single-chain antibodies (HuscFvs) that
bound to P. aeruginosa exotoxin A (ETA) were generated by phage display technology using
recombinant ETA. ETA-subdomains and synthetic peptide of the ETA-catalytic site as baits for
selecting ETA-bound-phages from the human-scFv phage display library. ETA-bound HuscFvs
derived from three phage-transfected E. coli clones neutralized the ETA-induced mammalian
cell apoptosis. Computerized simulation demonstrated that these HuscFvs used several residues
in their complementarity determining regions (CDRs) to form contact interface with critical
residues in ETA-catalytic domain essential for ADP-ribosylation of cukaryotic ¢longation
factor 2 which should consequently rescue the ETA-exposed-cells from apoptosis. The HuscFv-
treated ETA-exposed cells also had decrement of apoptosis-related genes, ie. cas3 and p33.

The effective HuscFvs have high potential for future evaluation in animal models and clinical

trials as a safe novel remedy for amelioration of exotoxin A-mediated pathogenesis. The

HuscFvs may be used either singly or in combination with their HuscFv cognates that target

other P. aeruginosa virulence factors as alternative therapeutic regime for the difficult to treat

infection.
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Introduction

Pseudomonas exotoxin A (ETA)1s one of the most potent bacterial virulence factors produced
by Pseudomonas aeruginosa. an opportunistic Gram-negative bacterium. which belongs to the
clique of difficult to treat multi-drug resistant ESKAPE pathogens. P. aeruginosa is the common
cause of life-threatening nosocomial infections. which endows a new paradigm in pathogenesis.
transmission, and drug resistance. worldwide®. Infections caused by this ubiquitous pathogen
can occur in any part of the body. causing otitis media folliculitis chot-tub folliculitis). otitis
externa (swimmers ear). keratitis (comeal infection). bacteremia. endocarditis. pneumonia.
urosepsis, ete.>3#36789 The infections could be fatal in individuals who are already very ill.
such as those in the intensive care units, particularly the ventilator-dependent subjects and

patients with cystic fibrosis. cancers. diabetes. trauma. surgery. as well as neonatal

10,11,12

infants . P aeruginosa causes diseases by using numerous virulence elements, such as

enzymes (elastase. proteases). pyocyanin, cytotoxins and biofilm!*#13.

ETA is an NAD"-diphthamide ADP-ribosyl transferase (EC 24.2.36). This toxin catalyzes the
transfer of ADP-ribose moiety from NAD" to the diphthamide residue a post-translationally
modified histidine residue) on eukaryotic elongation factor-2 (¢EF-2) through the covalent
attachment This reaction results in termination of protein synthesis and eventually leads to cell
death'®'7 ETA is a heatlabile. 613 amino acids protein (66-kDa) which is released to the

extracellular environment'®

It is the most intoxicating virulence factor of P. aeruginosa, which

is remarkably toxic to mammalian cell with a single toxin molecule’ It is extremely lethal. ie.

possessing an LDso of 0.2 pg per mouse upon intraperitoneal injection’’. The toxin molecule
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comprises three distinct domains. ie. receptor-binding domain or ETA domain-1A (residues 1-
252), translocation domain or ETA domain-2 (residues 253-384), and catalytic domain or ETA
domain-3 (residues 385-613)"" ETA domain-1A (ETA-1A) binds its cognate receptor called the
heavy chain of low-density lipoprotein receptor-related proteirvalpha 2-macroglobulin on
eukaryotic cell: then the toxinreceptor complex intemalizes via clathrin-dependent
endocytosis. In the early endosome. the toxin is exposed to acidic environment and
consequently cleaved between R279 and G280 within the domain-2 by the host furin
protease’>?* The cleaved-off-C-terminal (37-kDa) portion exits into cytoplasm and transported
via the Golgi apparatus to the endoplasmic reticulum (ER) C-terminal KDEL of the
enzymatically active 37-kDa fragment binds to the protein retention receptor-1 (KDELR1) on

ER membrane. and subsequently translocated back to cytosol where it inhibits protein synthesis

by catalyzing the transfer of the ADP-ribosyl moiety of the oxidized NAD onto eEF-224%326

The catalytic 37-kDa fragment and also the full-length-ETA (ETA-FL) have been shown to

induce cellular apoptosis by causing depolarization of the mitochondrial membrane resulting in
cytochrome ¢ release: activation of caspases- 9 and 3: and inactivation of DNA repair enzyme
[poly(ADP-ribose) polymerase (PARP)] in several physiological events including chromatin de-
condensation, DNA replication and repair, gene expression (eg.. p33. cas3. edc2. cyclin-B. and
bel-2) and cellular differentiation?’282%3031

Besides targeting the bacteria by using the traditional anti-bacterial drugs. an alternative

therapeutic strategy 1s to target bacterial virulence factors pivotal for pathogenesis in host. The

later approach provides many benefits such as maintaining the host endogenous microbiome

and creating less selective pressure to the bacteria per se which potentially bring about
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84  diminution of drug resistance® At present. there has been no novel antimicrobials in advanced

85  development that are active against bacteria already resistant to most or all currently available

86  anti-bacterial drugs. Thus, there is an urgent need of a broadly effective agent that can cope with
87  the multi-drug resistant (MDR) pathogens. In this study. engineered fully human single-chain
88  antibody variable fragments HuscFvs) specific to P. aeruginosa ETA were produced in vitro by
89 using phage display technology The HuscFvs effectively neutralized the ETA-mediated
90 mammalian cell apoptosis. It is envisaged that the antibody fragments may be used either singly
91  orincombination with otheranti-bacterial agent as a novel remedyprotocol for fighting against
92  the drugresistant pathogen The strategy reported herein may be applied for inventing
93  prototypic therapeutics for other members of the ESKAPE and other pathogens.

94

95  Results and discussions

96 Recombinant ETA domain-1A (ETA-1A), domain-3 (ETA-3), and full-length-ETA (ETA-
97  FL). Amplicons of the ETA-14 and ETA-3 are shownin Fig 1A:and ETA-FL amplicon is in Fig.
98 1D. The E coli clones carrying recombinant plasmids with the ETA-14. ETA-3 and ETA-FL

99 inserts were grown under 1 mM IPTG induction: the recombinant proteins were successfully

100  expressed. After purification and refolding. the recombinant protein of each preparation
101  revealed only one protein band by SDS-PAGE and Coomassie Brilliant Blue G-250 (CBB)
102  staining and Western blot analysis. with molecular weights of approximately 28. 26. and 66.7
103 kDa, respectively (Fig. 1B. 1C. 1E and 1F). LC-MS/MS verified that the purified recombinant
104  proteins were P. aeruginosa proteins (Supplementary Table 1). The recombinant proteins were

105  further characterized using Far-UV Circular Dichroism (CD) measurements. They were found
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126

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. 3882343

Biological activities of recombinant ETA-FL. The effect of recombinant ETA-FL «ETA-FL)
on mammalian (HeLa) cells were determined using dual acridine orangeethidium 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 fETA-FL induced apoptosis of the HeLa cells as characterized by morphological
changes and staining patterns. ie. the early apoptotic cells showed green fluorescence with

nuclear fragmentation or condensed chromatin. cellular blebbing and cytoplasmic

vacuolization, while the late apoptotic cells exhibited orange-red fluorescence with condensed
chromatin (Fig. 3). Results of the ultrastructural studies of the ETA-treated cells by SEM and
TEM are shown in Fig 4 and Fig 5. respectively. Percentages of apoptotic cells after treated
with various amounts of ETA as determined by the Annexin V/PI staining and flow cytometric
analysis are shown in Fig 6A. Percent dead cells increased in ETA-dose-dependent manner. ie.
434, 66.1. 789. and 828 for 200. 500. 1000 and 2.000 ng ETAml, respectively. The
background apoptotic HeLa cells in medium alone was 7.1%. LDsp of the rETA-FL on the HeLa
cells was 218.405 ngml (3.27 nM) based on Annexin V/PI and flow cytometric analysis (Fig.

6B).

Production of ETA bound-HuscFvs. A total of 241 colonies of HB2151 E coli 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). ETAFL (E) and
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commercially  synthesized  biotinylated peptide of ETA  catalytic  site

(ADAITGPEEEGGRLETILGW: P)as the antigens. They were 61. 96. 51. and 33 clones from
panning with B, C. E and P, respectively. From the 241 clones. 155 clones were positive for
genes coding for HuscFvs (huscfvs). i.e. PCR amplicons at ~1000 bp. which representatives are
shown in Fig 7A Lysates of 37 of 155 clones produced soluble HuscFvs that bound to native
ETA (Sigma, St Louis. Mo., USA) using BSA as control antigen: representative binders to
native ETA are shown in Fig 7B. After nucleotide sequencing. 16 clones (B33. B46, C41. C46.
C48.C61.C83. E14, E34. E38. E40. E42. E44, P20, P21 and P32)showed complete sequences
of single-chain antibodies. ie. the huscfv contains contiguous sequences coding for
immunoglobulin dg)»-VH, peptide linker (GlysSerl)s. and Ig-VL. These clones were categorized

into 7 different types. based on the deduced amino acid sequences and numbering according to

the Kabat and Chothia scheme®® They were type-1 AGHV3 family and IGKV4 subgroup: P20
and E40), type-2 AGHV1 family and IGKV1 subgroup: P21). type-3 AGHV4 family and IGKV3
subgroup: E44). type-4 AGHV3 family and IGKV3 subgroup: B33. B46. C46, C48. C61. and
C83), type-5 AGHV3 family and IGKV3 subgroup: C41 and E42). type-6 AGHV1 family and
IGKV3 subgroup: E34). and type-7 AGHV3 family and IGKV2 subgroup: E14. E38, and P32).
Subsequently. huscfvs of the E. coli clones C41, E44 and P32 that their HuscFvs showed high
binding signal to native ETA by indirect ELISA (Fig 7B: asterisks) were subcloned from

pCANTABSE phagemids into pLATES?2 vectors and the recombinant plasmids were used to

transform NiCo21 (DE3) E. coli for large-scale production of the respective HuscFvs. Inclusion

bodies (IB) containing N-terminal 6x His-tagged-HuscFvs were purified from homogenates of

individual E coli clones grown under IPTG induction. and refolded SDS-PAGE and Western

153



149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

blot patterns of purified HuscFvs of clones C41. E44 and P32 are shown in Fig 7C and 7D.

respectively.

HuscFvs protected mammalian cells from ETA-mediated cellular apoptosis. Fig 8A shows
results of one of the three independent-experiments to demonstrate the protective effect of
HuscFvs on ETA-exposed cells. Annexin V/PI staining and flow cytometric analysis
demonstrated that ETA-induced early apoptosis of mammalian (HeLa) cells by 1653 £4 22,
(quadrant 1: Annexin V+PI-stained cells)and late apoptosis of the cells by 8.55 + 046 (quadrant
2: Annexin V+Pl+-stained cells): hence. a total of 2508 +4 51 of apoptotic cells (quadrant 1 +
quadrant 2: average of three-independent experiments) (Table 2). After treatment with HuscFv-
C41. HuscFV-E44. and HuscFv-P32. the average percentages of cellular apoptosis from three-
independent experiments was significantly reduced to 985 £1.09. 1109 + 098 and 1578 +
1.13. respectively (Table 2). Bar graphs for statistical comparisons of the averaged percentages
of cellular apoptosis among different treatment groups of the three-independent experiments
are shown in Fig 8B. The inhibitory activities of the HuscFv-C41 were significantly higher than
the HuscFv-E44 and HuscFv-P32. Control HuscFv (Iire) showed averaged percent apoptotic
cells at 23.8 + 0.52%. which was not different from the ETA-exposed cells in medium alone.
Normal HeLa cells had 6.97 + 0.02: background apoptosis (average of three experiments also).

The ultrastructural studies by SEM confirmed that the HuscFvs could neutralize the ETA-

induced cellular apoptosis (Fig. 8C).
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168 The ETA-exposed-HeLa cells treated with the HuscFvs had significant decreases of
169  expressions of apoptosisrelated genes including cas3 and p53 compared to the control HuscFv-

170  treated (Irre) cells and the cells in medium alone (Fig. 9A and 9B).

171  Computerized simulation for determining presumptive residues and domains of ETA

172 that formed contact interface with the HuscFvs. In order to have some insight into the
173  mechanisms of the HuscFvs in rescuing the cells from ETA-mediated cytotoxicity.

174  computerized simulation was performed to predict the presumptive residues of the toxin that

175  were interacted by the effective HuscFvs.

176 The three-dimensional (3D) structure of ETA (PDB 1IKQ) and modeled-HuscFvs were
177  subjected to intermolecular docking Fig. 10 and Table 1 show predicted ETA residues and
178  domains that formed contact interface with HuscFvs of E. coli clones C41. E44 and P32 By the
179  in silico docking. HuscFv-C41 uses VH-CDR1-3, VL-CDR2 as well as VL-FR2 and VL-FR3 to

180 form contact with critical residues on the ETA-catalytic domain including Y481. Q485. R490.

181 G491. E546. E547. E548. G549. R551. E553. N577. V578, G579. G580. and D581 of which

182  Y481. E546. E547 and E553 are NAD binding site. The E553 1s the ETA residue pivotal for
183  the toxin enzymatic activity in transferring ADP-ribose to the ¢EF-237%83% Y481 is the NAD~

184  binding site of hydrophobic cavity of the toxin catalytic domain: the ETA uses the phenol ring

185  of Y481 to tether the nicotinamide ring of NAD" substrate. ie. ADP-ribosyl group of NAD", in
186  order to transfer the substrate to eEF-2*" The D461. Q485. E546. E547 and E553 formed the
187  edge of the ETA-NAD binding cavity and participated in hydrogen bonding with two ribose
188  moieties of the NAD molecule*! Moreover. previous study indicated that the ETA epitopes

189  recognized by murine monoclonal antibody clone B7 (MAbB7) which displayed strong
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neutralizing capacity on ETA cytotoxicity were mapped to the C-terminal residues 575-595 of
the toxin*?. 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 1is 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 ET A-catalytic domain including S515,
AS519. P545, E547 (NAD™ binding site). E548, G550 and D581 by using VH-CDR1-3 and VL-
CDRI1. 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.

Taken all together. this study successfully generated human single-chain antibodies that
effectively neutralize the ETA activity. 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
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phases of clinical trials). as a safe immunotherapeutic against ETA of the difficult to treat P.
aeruginosa infection.

Materials and methods

Cell culture. In this study. HeLa cells chuman cervical epithelial cancer cells) were grown in
Dulbecco's Modified Eagle's Medium (DMEM,) supplemented with 10 fetal bovine serum

(FBS)and 1% penicillinstreptomyein at 37 °C i a humidified 5« CO; atmosphere.

Production of recombinant ETA domain-1A @ETA-14), domain-3 @ETA-3), and full-
length-ETA @wETA-FL). In this study. the synthesized DNA of P. aeruginosa ETA (GenSecript.
New Jercey. USA)was used as the template to amplify the ETA genes including ETA-14. ETA-
3 and ETA-FL by PCR using Phusion High-Fidelity DNA polymerase (Thermo Fisher
Scientific). Specific primers for the respective gene amplification were designed according to
the deduced amino acids of P. aeruginosa full-length ETA gene sequence (Gene Bank accession
no: NC 0025162) (Supplementary Table 2) The PCR amplicons were inserted appropriately

into the pLATES2 expression vector, and the recombinant vectors were introduced into

expression host. ie. NiCo2l (DE3) E coli (New England Biolabs. UK). The appropriately
transformed bacterial colonies were grown in LB broth contained 100 pgml ampicillin until an
ODé600nm was 0.5: then expressions of the recombinant proteins were induced by adding 1 mM
1sopropyl-p-D-1-thiogalactopyranoside IPTG) to individual cultures at 37 °C for 4 h. Thereafter.

the bacterial cells were harvested by centrifugation and lysed by using the BugBuster® Protein

Extraction Reagent (Novagen, Merck KGaA. Darmstadt, Germany) supplemented with 10

microliters of Lysonasem™ Bioprocessing Reagent (Novagen) per gram of bacterial cell pellet.
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The bacterial inclusion bodies (IBs) containing the recombinant proteins in the pellets were
collected after centrifugation of the E. coli homogenates. The IBs were washed sequentially with
Wash-100 buffer (50 mM sodium phosphate buffer. pH 8.0: 500 mM NaCl: 5 mM EDTA: 8«
wv glycerol and 1% v Triton X-100). Wash-114 buffer (50 mM Tris buffer. pH 8.0: 300 mM
NaCl and 1% vv Triton X-114), Wash-Solvent buffer (50 mM Tris buffer, pH 8.0 and 602 vv
isopropanol). and finally with Milli-Q® water (Merck Millipore). The pellets collected after
centrifugation were added with small volumes of ultrapure-water and stored at 4 °C.Quality of
the preparations was analyzed by a 12% SDS-PAGE and Western blotting and the quantities
were determined by Piercem BCA Protein Assay Kit (Thermo Fisher Scientific. Rockford, IL.
USA) LC-MSMS was used to verified the recombinant proteins. Afterwards. the purified IBs
containingrETA-1A. rETA-3. and rETA-FL were separately solubilized at 0.5 mgml in 5 ml of
50 mM CAPS. pH 11.0; 0.3% wv N-lauryl sarcosine and 1 mM DTT and kept at 4 °C until they
were completely dissolved. The proteins were refolded by dialysis at 4 °C with slow stirring
against 750 ml of 20 mM Tris-HCL. pH 8.5 supplemented with 0.1 mM DTT for 3 h then the
dialysis buffer was changed to 20 mM Tris-HCL. pH 8.5 containing 0.1 mM DTT at 4 °C
overnight The refolded ETA-1A and ETA-3 were finally dialyzed against 20 mM Tris-HCL. pH
85, while the ETA-FL preparation was dialyzed against 20 mM imidazole, pH 85. All
preparations were then filtered through 02 pm low protein binding Acrodise® syringe filter
(Pall, Port Washington, NY, USA) Protein contents were determined using a BCA assay before
keeping 1n 8% (wv) glycerol at -80 °C until use.

Folding of the refolded tETA-1A. rfETA-3 and rETA-FL were determined by using Far-UV

Circular Dichroism (CD) measurements. Briefly. 400 ul of the proteins (0.25 mgml) were
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subjected for CD measurements on a JASCO J-815 spectropolarimeter equipped with Peltier
temperature controller system (Jasco Co.. Ltd., Tokyo. Japan). The refolded protein spectra were
recorded in a 0.1 cm path-length quartz cuvette in 20 mM Tris-HCI. pH 8.5. The proteins were
scanned from 190 and 260 nm at a speed of 50 nmymin at 25 °C. The average of three scans was

used to generated the CD spectra of each protein

Biological activities of rETA-FL. Morphological characteristics of HeLa cells treated with ~
LD50 of rETA-FL were evaluated by electron microscopy (EM) and dual AO/EB staining. For
AOEB staining, cells were trypsinized. washed three times with PBS, pH 74 and the pellets
were resuspended in 50 ul of culture medium The cells were stained in an ice-cold container
with 100 pgml of AO and 100 pgml of EB (cells to dye ratio of 2:1 (viv)). The stained cell

suspensions were dropped on glass slides, covered with coverslips. and observed under a

fluorescence microscope.

SEM and TEM were used for studying ultrastructure of the cells after exposure to ETA and

the ETA-exposed cells treated with HuscFvs For SEM. HeLa cells grown on coverslips for 24
h were fixed with 2 5% glutaraldehyde at room temperature for 1 h. washed with sucrose
phosphate buffer (SPB) three times. followed by fixing with 1% osmium tetroxide n 0.1 M SPB
for 1 h and washed again They were then dehydrated in ethanol gradients. and allowed air-dried
overnight. The coverslips were mounted on an aluminum stub and coated with a gold film 20
nm-thickness) using the sputter coater EMITECH K550. UK). They were examined under a
scanning electron microscope JEOL JSM-6610LV, Japan) with 15 kV acceleration voltages.

For TEM. the ethanol-dehydrated cells were infiltrated with LR white embedded medium
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(EMS. USA)in 702 ethanol. then embedded in a capsule beam and kept in a 65 °C incubator
for 48 h Ultra-thin sections (90-100 nm thickness) of the preparations were placed on a 200
square-mesh copper grids and stained with uranyl acetate and lead citrate. The fine cell

morphology were examined under a transmission electron microscope (Hitachi: model

HT7700. Japan).

Flow cytometry analysis. Apoptotic cells were revealed by doubly staining with Annexin V/PI
using FITC-Annexin V Apoptosis Detection Kit (BD Biosciences)according the manufacturer's
instructions HeLa cells (1 x 10° cells in 500 ul completed culture medium) were incubated with
different concentrations of rETA-FL (200-2000 ngml) for 24 h Cells in medium alone were
included in the experiments. After incubation. the cells were trypsinized. harvested and washed
with ice-cold PBS. pH 74. One hundred microliters of the cell suspension (~1 x 10° cells) were
transferred to a 5-ml culture tube. The cells were stained by adding 5 uleach of FITC-Annexin
V and PI working solutions and incubated at 25 °C for 15 min in the dark The preparation was

diluted with 500 pul of 1x binding buffer and the stained cells were immediately analyzed by

flow cytometry. The ECso graphs of HeLa cells treated with various concentrations of the rETA-

FL was generated using ECsp calculator.

Production of ETA-bound HuscFvs. The refolded rETA-1A. rETA-3. rETA-FL and

commercially synthesized (GenScript. New Jercey, USA) biotinylated peptide containing ETA

catalytic residues (biotin-6-aminohexanoic acid- ADAITGPEEEGGRLETILGW) were used as

the panning antigens. The refolded rETA-1A. rETA-3 and rETA-FL (0.5 ug in 100 pl of coating
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buffer) were used to coat separate wells of EIA/RIA 8-well strips and kept at 4 °C overnight.
For biotinylated-ETA peptide. 2.5 uM of the peptide in 100 pl PBS were added to well of a
streptavidin plate (Pierce™ Streptavidin Coated Plates. Clear Well Strips. Rockford. IL. USA)
and kept at room temperature for 1 h. After blocking with Piercem Protein-Free (PBS) Blocking
Buffer (Thermo Fisher Scientific. Rockford. IL. USA) and washed with PBS containing 0.01¢%
Tween-20 (PBST). the previously constructed HuscFv-phage display library® were added to
individual antigen coated wells. Binding of HuscFv-display phages to the immobilized antigens
were allowed at room temperature for 1 h on a rocking platform. Antigen-unbound phages were
removed by washing thoroughly with PBST. Aliquots of log phase-grown HB2151 E. coli
culture was added to each phage-containing well In case of biotinylated-ETA peptide bound

phages. 50 uM of peptide were added for competitive elution of the phages before adding with

the bacteria. The phage-transformed E. coli were plated onto the 2x YT agar containing 2%
glucose and 100 pgml ampicillin After overnight incubation. the bacterial colonies grown on
the selective agar were screened for the clones carrying pPCANTABSE-huscfv phagemids by
colony PCR using R1 (forward primen): 5-CCA TGA TTA CGC CAA GCT TTG GAG CC-3*
and R2 (reverse primer): 5-GCT AGA TTT CAA AAC AGC AGA AAG G-3'. The E.coli clones
with huscfv amplicons (~1000 bp) were grown in 2 ml of auto-induction medium containing
100 pgml ampicillin at 30 °C with shaking at 250 rpm overnight. The presence of HuscFvs in
the E. coli homogenates were checked by Western blotting using anti-E tag antibody as the
HuscFv tracer. E coli homogenates containing soluble HuscFvs were tested for binding to
native ETA (Sigma. St Louis, Mo., USA) (test antigen) by indirect ELISA using BSA as control

antigen. E. coli clones that the HuscFvs in their homogenates gave ELISA signal at OD405nm
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above mean + 3 SD of the background binding control (lysate of original E. coli HB2151) and
more than two times higher than to the control antigen were selected. Nucleotides of the huscfvs
coding for the ETA-bound-HuscFvs were sequenced. deduced. and the complementarity
determining regions (CDRs)and their respective canonical immunoglobulin framework regions
(FRs) were determined using an online server, the VBASE2- the integrative germ-line V gene
database chttpswww vbase2 orgy.

To produce ETA-bound HuscFvs in large scale, the huscfvs of the selected HB2151 E. coli

were subcloned from the pCANTABESE phagemids to pLATES2™ expression vector by using

ligation independent cloning (LIC) system (Thermo Fisher Scientific) and the recombinant
plasmids were introduced into IM109 E. ecoli. The recombinant pLATES2-huscfv plasmids were
individually used to further transform into NiCo2l (DE3) E coli. The selected transformed
bacterial colonies were grown under 1 mM IPTG induction in LB medium containing 100 ngml
ampicillin and each bacterial pellet was suspended in BugBuster®Protein Extraction buffer (5
mlg of bacterial wet weight) Novagen) supplemented with 20 ul of Lysonase™ Bioprocessing
Reagent (Novagen) and kept at 25 °C with agitation. Each preparation was added with
Lysonase™ Bioprocessing reagent (10 ulg of bacteria) and agitated further for 20 min. The
inclusion bodies IBs) were harvested by centrifugation at 8.000 x g at 4 °C for 30 min. washed
twice with Wash-100 solution, twice with Wash-114 buffer and once with Wash-Solvent. The
preparations were shaken vigorously during the washings followed by centrifugation as above.
The preparations were added with 20 ml of Milli-Q® water Merck Millipore). placed on a
shaker at 25 °C for 20 min. and centrifuged at 8.000 = g for 20 min The IBs were solubilized

in buffer (50 mM CAPS. pH 11.0: 0.3% cww) N-lauryl sarcosine: 1 mM DTT)and kept at 4 °C
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for 16 h or until completely dissolved Each preparation was dialyzed in the Slide-A-Lyzer® 2K
Dialysis Cassettes G2 (Thermo Fisher Scientific. Rockford, IL. USA)at 4 °C with slow stirring
against refolding buffer 20 mM imidazole. pH 8.5. supplemented with 0.1 mM DTT). filtered
through 0.02 um low protein binding Acrodisc® syringe filter (Pall. Port Washington, NY.
USA). and kept in water-bath at 30 °C for 3 h before adding with 60 mM trehalose. Protein
quantity and quality were determined using a Pierce BCAm Protein Assay (Thermo Fisher
Scientific) and SDS-PAGE and protein staining. respectively. All preparations were stored at -
80 °C until use. The refolded-HuscFvs were retested for binding to native ETA by indirect

ELISA.

Computerized simulation for determining presumptive residues and domains of ETA

bound by the HuscFvs. Homology modeling and intermolecular docking were used for
predicting the presumptive residues of the ETA that were bound by the HuscFvs. The three-
dimensional 3D) structure of wild type P. aeruginosa ETA was retrieved from RCSB PDB
1IKQ. The 3D structures of the ETA-bound-HuscFvs were modeled by the I.TASSER
server** The physical quality of each L. TASSER predicted 3D model was further refined by
high-resolution protein structure refinement. ie. ModRefiner*® Subsequently their low free-

energy conformations which were closer to their native structures were improved by removing

the steric clashes and improved the torsion angles and the hydrogen-binding networks by
molecular dynamics (MD) based algorithm. full-atomic simulations using Fragment Guide
Molecular Dynamics Simulation (FG-MD)*’. The ETA-HuscFv complexes were built on the

automated ClusPro 2.0 antibody-protein docking server*®. All models were analyzed and
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visualized by using program Discovery studio 3.5 and PyMol software (PyMol Molecular

Graphics System, Version 2 edu, Schrodinger. LLC).

Determination of HuscFv capability in rescuing cells from ETA-mediated apoptosis. For
staining and flow cytometric analysis. ETA-exposed HeLa cells were stained by annexin V/PI
and analyzed by flow cytometry as described above Ultrastructural studies of the cells of all

treatments were investigated by SEM.

Detection of expression of apoptosis-related genes (cas3 and p33) by quantitative reverse
transcription-polymerase chain reaction (QRT-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 OD26onm and OD2gonm using NanoDropm 2000,2000¢ 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 pl)contained 10 ul of 2x 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 Touchm 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

164



384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

5. 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 °Crs). Each sample was amplified

in triplicate. Gene expressions relative to the normal cells were analyzed using the ACt method.

Amounts of casp3 and p53 were normalized to the internal control, ie.. GAPDH. Primer used

i this experiments are shown in Supplementary Table 2.

Statistical analysis. GraphPad Prism version 5 (La Jolla. CA. USA)was used to compare the

results of all tests. Statistically significance differences were determined using one-way

ANOVA and Bonferroni test. P-value < 0.05 was statistically significant.
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Exotoxin A protein HuscFv-C41 Interactive bonds)
Residue Domain Residue Domaing)
Y481 Catalytic NAD" Y105 VH-CDR3 Hydrophobic ¢t-n stacking)
binding site
Q485 Catalytic Y109 VH-CDR3 Hydrogen
R490 Catalytic R201 VL-CDR2 Hydrogen
G491 Catalytic R201 VL-CDR2 Hydrogen
E546 Catalytic NAD" R103.G104 VH-CDR3 Hydrogen
binding site)
E547 Catalytic NAD" S54 VH-CDR2 Hydrogen
binding site)
E548 Catalytic S54 VH-CDR2 Hydrogen
G549 Catalytic S31 VH-CDR1 Hydrogen
R551 Catalytic P101 VH-CDR3 Hydrogen
E553 Catalytic NAD" R103 VH-CDR3 Salt bridge
binding site)
N577 Catalytic G2041205 VLFR3 Hydrogen
V578 Catalytic R201 VL-CDR2 Hydrogen
G579 Catalytic Y196 VLFR2 Hydrogen
G580 Catalytic R201 VL-CDR2 Hydrogen
D581 Catalytic R102Y116Y196 VH- Salt
CDR3/VH bridge Hydrogen/Anionic
CDR3VL- s
FR2
Exotoxin A protein HuscFv-E44 Interactive bonds)
Residue Domain Residue Domaings)
Q310 Translocation G199 VL-FR3 Hydrogen
(ETA-2)
R313 Translocation V185:G199 VL-CDR2/VL- Hydrophobic
ER3 alkylyHydrogen
A317 Translocation S196 VLFR3 Hydrogen
D461 Catalytic NAD" S163 VL-CDR1 Hydrogen
binding site)
Q485 Catalytic Y182/5186 VL-FR2VL- Hydrogen
CDR2
E486  Catalytic S186 VL-CDR2 Hydrogen
E547 Catalytic NAD" W47/N58 VH-FR2'VH- Anionic mHydrogen
binding site) CDR2
E548 Catalytic Y59 VH-CDR2 Hydrogen
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536

537
538
539

540

541

542

543

544

545

546

547

548

549

550

G549 Catalytic N52R99 VH- Hydrogen
CDR2/VH-
CDR3
D581 Catalytic G100 VH-CDR3 Hydrogen
D583 Catalytic S30 VHFRI Hydrogen
P584 Catalytic H53 VH-CDR2 Hydrophobic ¢r-alkyl)
Exotoxin A protein HuscFv-P32 Interactive bond(s)
Residue Domain Residue Domaing)
S515 Catalytic D168 VL-CDRI Hydrogen
As519 Catalytic Y33/Y52 VH- Hydrophobic ¢r-alkyl)
CDR1/VH
CDR2
P545 Catalytic A103 VH-CDR3 Hydrophobic alkylh
E547 Catalytic NAD" Y33 VH-CDRI1 Hydrogen
binding site)
E548 Catalytic Y52 VH-CDR2 Hydrophobic ¢t-alkyl)
G550 Catalytic S166:5167 VL-CDR1 Hydrogen
D581 Catalytic R162 VL-CDR1 Salt bridge

Table 1. Residues and domains of P. aeruginosa exotoxin A (ETA) that were predicted by

computerized simulation to be interacted by the effective human single-chain antibodies. ie.

HuscFv-C41, HuscFV-E44 and HuscFv-P32.
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551  Table 2. Results of Annexin V-FITC PI staining for apoptotic cells after treatment of the ETA-exposed

Medium

1ETA-FL

rETA-FL + HuscFv-C41

rETA-FL + HuscF-E44

rETA-FL + HuscFv-P32

rETA-FL + control HuscFv (Irre)

697 =0.02

2508 =451

985=1.09

11.09 =098

1578 £1.13

2380052

9227+025

7303=4.18

8907170

8777+ 097

8327x1.19

7337093

552  cells with HuscFv-C41, HuscFv-E44 and HuscFv-P32 compared to control HuscFv (rre), ETA-exposed

553  cells inmedium alone and normal cells. Data represent the means = standard deviations from three

554  independent-experiments
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34—
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[

Figure 1. Production of recombinant ETA-1A. ETA-3 and ETA-FL. Panels A, amplicons of

ETA-14 (756 bp) and ETA-3 (627 bp). Panel B, stained SDS-PAGE-separated rETA-1A (28 kDa)

and rETA-3 (26 kDaj and Panel C. Western blot patterns of tfETA-1A and rETA-3. Panel D,

amplicon of ETA-FL (1839 bp). Panels E and F. stained SDS-PAGE-separated rETA-FL (66.7

kDa)j and the Western blot pattern of rETA-FL. respectively. Numbers at the left of panels A

and C. DNA molecular size marker in base pairs (bp). Numbers at the left of Panels B, C, E and

F are protein molecular masses in kDa.
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Figure 2.CD spectra in far-UV region of the refolded rETA-1A. rETA-3. and rETA-FL.
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603
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609

610
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612

617

618

619

620

621

622

623

Figure 3. ETA-exposed-HeLa cells stained with AO/EB. Panel A shows normal HeLa cells

without prominent apoptosis (10x magnification). Panels B. C and D are HeLa cells treated with

~LDsg of rTETA-FL for 24 h at 10x. 20x and 40x magnifications. respectively
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640

641

642

643

644

645

Figure 4. Scanning electron microscopic appearance of HeLa cells. Panel A, normal cells: the
typical mature form without granule M). and the progenitor form consisted of small and
rounded cells with a smooth regular membrane (PG). Panel B, after exposure to ~ LDso of
recombinant full-length ETA for 24 h: apoptotic cell (AP) appears as the shrunken cell with

numerous vacuolated membranes.
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Figure 5. Transmission electron microscopic appearance of HeLa cells exposed to ~LDsg of

rETA-FL for 24 h A, Normal cell: B. early apoptotic.

180



686

687

688

689

690

Pl

%l 3.6%

cqqm;!i T l"":‘. T |lllv} T lllli‘gs T
1000 ng/ml rETA-FL

o ha :
2000 ng/ml rETA-FL

AnnexinV-FITC

Apoptotic cells (%)
&
l

e LD,, = 218.405

Figure 6. Cytotoxic effect of fETA-FL on HeLa cells revealed by staining the ETA-exposed

cells with Annexin V/PI stains and flow cytometric analysis. A. Percentages of Annexin V-

FITC+PI+1in the HeLa cells treated with various concentrations of tETA-FL for 24 h. B. LDsg

of rTETA-FL on HeLa cells.
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Figure 7. Production of ETA-bound HuscFvs. A, Amplicons of HuscFv gene (~1000 bp) from

representative phage-transformed HB2151 E coli clones. B. Indirect ELISA results for

determining the binding of HuscFvs in lysate of the representative phage-transformed-HB2151

E. coli clones to the native ETA (1 pgwell) and BSA (control antigen). C. Stained SDS-PAGE-

separated-purified and refolded rETA-bound HuscFvs (~34 kDa or slightly higher) from

transformed NiCo21 (DE3)E coli (1 pg per lane). D, Western blot patterns of the representative

ETA-bound HuscFvs from transformed NiCo2l DE3) E. coli (1 pg per lane). Numbers at the

left of A. DNA sizes in bp: numbers at the left of C and D. protein molecular masses in kDa
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Figure 8. A, Apoptotic analysis of Annexin V/PI stained ETA-exposed-HeLa cells after
treatment with ETA-bound HuscFvscontrol HuscFv (rre) 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
mdicated by p < 0.05. Triplicate 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 (¢): cells exposed to ETA treated with control HuscFv

.
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ABSTRACT

Background: Staphylococcus spp. are major cause of bovine mastitis (BM) worldwide
leading to economic damage to dairy farms and public health threat. Recently, a
newly emerged Staphylococcus argenteus has been found as a human and animal
pathogen. Molecular characteristics, virulence and antibiotic resistant phenotypes of
bacteria causing BM in Thailand are rare. This study aimed to investigated
Staphylococcus spp. associated with subclinical bovine mastitis (SCM) in Thailand.
Methods: Milk samples were collected from 224 cows of 52 dairy herds in four
central and northeast provinces. Total somatic cell counts (SCC) and California
mastitis test (CMT) were used to identify SCM cows. Milk samples were cultured for
Staphylococcus spp. Coagulase-positive isolates were subjected to pulsed-field gel
electrophoresis (PFGE) and multilocus sequence typing (MLST). Organisms
suspected as S. argenteus were verified by detecting nonribosomal peptide synthetase
gene. All isolates were checked for antibiograms and the presence of various
virulence genes.

Results: From the 224 milk samples of 224 cows, 132 (59%) were positive for SCM by
SCC and CMT and 229 staphylococcal isolates were recovered. They were 32
coagulase-positive (24 S. aureus and eight S. argenteus) and 197 coagulase-negative.
PFGE of the S. aureus and S. argenteus revealed 11 clusters and a non-typeable
pattern. MLST of representatives of the 11 PFGE clusters, three PFGE non-typeable
S. aureus isolates from different locations and S. argenteus showed 12 sequence types.
The eight S. argenteus isolates belonged to ST1223 (three isolates), ST2250 (two
isolates), and ST2793 (two isolates). The antimicrobial tests identified 11 (46%)
methicillin-resistant S. aureus and 25 (13%) methicillin-resistant coagulase-negative
isolates, while seven S. argenteus were methicillin-susceptible and one isolate was
methicillin-resistant. All of the 229 isolates were multiply resistant to other antibiotics.
The most prevalent virulence genes of the 24 S. aureus isolates were clfA, coa and
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spa (X and IgG-binding region) (100%), hila (96%), pvl (96%) and sec (79%).

Six S. argenteus isolates carried one enterotoxin gene each and other virulence genes
including coa, clfA, hla/hlb, spa, tsst and pW, indicating their pathogenic potential.
Conclusion and perspective: This is the first report on the S. argenteus from cow
milk samples with SCM. Data on the molecular characteristics, virulence genes and
antibiograms of the Staphylococcus spp. obtained from the present study showed

a wide spread and increasing trend of methicillin-resistance and multiple resistance
to other antibiotics. This suggests that the “One Health” practice should be nurtured,
not only at the dairy farm level, but also at the national or even the international
levels through cooperation of different sectors (dairy farmers, veterinarians, medical
and public health personnel and scientists) in order to effectively combat and
control the spread of these pathogens.

Subjects Agricultural Science, Microbiology
Keywords Staphylococcus aureus, Coagulase-negative staphylococci, Staphylococcus argenteus,
Bovine mastitis, Antimicrobial susceptibility, Virulence genes

INTRODUCTION

Bovine mastitis (BM) is an inflammation of the mammary gland caused mainly by bacteria
that made incursion of the udder through the teat canal. The disease has negative
economic impact to the dairy producers as it causes reduction of not only the milk yield
and quality (change of milk composition and palatable leading to un-salability of the milk),
but also the cow fertility by causing irregular/extended estrus cycle and hence the
calving problem. Mastitis also incurs the expense on treatment, intervention and control of
the infection in the herd (Rollin, Dhuyvetter ¢ Overton, 2015). BM can be classified based
on clinical manifestations into clinical mastitis (CM) and subclinical bovine mastitis
(SCM); of which the latter is the more common entity (Islam et al,, 2011). In the CM case,
the affected udder shows inflammation including heat, swelling, discoloration as well as
abnormal secretion; the infected cow may exhibit systemic reactions such as fever,
loss of appetite and sometimes death (Kibebew, 2017). The SCM cases usually do not show
any visible sign of inflammation or infection; but can be recognized by either high somatic
cell counts (SCC) (predominantly neutrophils) in the milk samples as a result of the
host immune response (Ostensson, Hageltorn & Astrom, 1988; Harmon, 1994; Kehrli &
Shuster, 1994) or positive gelation of the milk samples caused by DNA of the infiltrating
somatic cells, as tested by a California mastitis/milk test (CMT) (White et al., 2005).
Staphylococcus spp., including S. aureus and coagulase-negative staphylococci (CoNS)
are the most common pathogens associated with SCM (Harmon, 1994; Djabri et al., 2002).
Surveillance of epidemiology, prevalence and incidence of bacteria causing BM,
particularly the Staphylococcus spp. is essential to develop programs and strategies for
preventing economic loss for dairy producers (Xu et al, 2015), and also for
safeguarding of human health based on the “One Heath” policy. In Thailand, the
prevalence of the SCM in dairy cows was ~62.8% in a northeastern province, that is,
Khon-Kaen (Jarassaeng et al., 2012) and ~54% in a northern province, that is, Chiang-mai
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(Suriyasathaporn, 2011). Nevertheless, data on the pathogens causing/associating
with the SCM in other provinces/regions where there are many more dairy farms
are lacking.

Thus, the aim of this study was to investigate the presence of both coagulase-positive
Staphylococcus aureus and S. argenteus as well as CoNS in milk samples of cows with
SCM from 52 dairy farms in two northeast and two central provinces of Thailand.
Particular attention has been made to the S. argenteus because this bacterium has emerged
in many countries as a human pathogen causing nosocomial infections, serious morbidity,
and/or death, especially in patients with underlying diseases, such as diabetes mellitus
and renal diseases (Thaipadungpanit et al, 2015). S. argenteus has been isolated also
from animals, for example, ape (Schuster et al., 2017) and rabbit (Indrawattana et al.,
2018) but so far, there has been no report on isolation of the S. argenteus from CM
or SCM milk samples. Phenotypically, S. argenteus is highly similar to S. aureus, that is,
Gram-positive cocci, which are positive by catalase- and coagulase- tests, and both
shows ﬂ-hemolysis onblood agar (Becker et al., 2003; El-Sayed et al., 2005; Indrawattana
et al., 2013). Therefore, S. argenteus bacteria isolated from infected humans have
been frequently misidentified as S. aureus (Chantratita et al., 2016). Nevertheless,

S. argenteus shows white colonies (non-pigmented appearance) on blood agar due to the
lack of staphyloxanthin, which is a carotenoid pigment providing yellowish or

golden colour for S. aureus colonies (Holt et al., 2011). Moreover, by using multilocus
sequence typing (MLST) method and single-genome sequencing, S. aureus and

S. argenteus could be molecularly differentiated (Indrawattana et al., 2018). Besides the
colony characteristics, biochemical test results, and DNA sequence types (STs)
(Becker et al., 2003; El-Sayed et al., 2005; Tong et al., 2015; Chantratita et al., 2016),
the staphylococcal isolates suspected to be the newly emerged S. argenteus can be
verified by using nonribosomal peptide synthetase (NRPS) gene amplification

(Zhang et al., 2016). The Staphylococcus spp. isolated from SCM milk samples in

this study were characterized molecularly by using pulsed-field gel electrophoresis
(PFGE) and MLST, which enabling recognition of their diversity. Antibiograms
against methicillin and other antibiotics were investigated. Virulence genes of the
bacterial isolates including enterotoxins, toxic shock syndrome toxin (fsst),
Panton-Valentine leukocidin (PVL) toxin (pvl), hemolysins (hla, hib), clumping factor
A (clfA), coagulase (coa) and protein A (spa X-region and spa IgG biding region) were
also determined.

MATERIALS AND METHODS

Study area

Milk samples were collected from 52 dairy farms from eight districts of four provinces
in central (Kaeng Khoi, Muak Lek and Wang Muang districts of Saraburi province;
Pattananikom district of Lopburi province) and northeast (Muang, Kantarawichai
and Borabue districts of Maha-Sarakham province; and Pak-Chong district of
Nakorn-Ratchasima province) Thailand.
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Milk samples, time of collection and identification of subclinical bovine
mastitis

All animal procedures were approved by the Faculty of Tropical Medicine-Animal Care
and Use Committee (FTM-ACUC), Mahidol University, Thailand (Reference number
FTM-ACUC 002/2016). A total of 224 milk samples were collected from 224 cows

with SCM (as tested by CMT and SCC); one sample was a pool of equal volume of
milk collected from four udder quarters. The milk collection was performed by a
qualified veterinarian using aseptic technique (National Mastitis Council (US.) et al, 2004;
Abebe et al,, 2016). Sample collection was carried-out during September 2015 and

April 2016. All samples were primarily submitted to CMT and categorized by CMT
scores (0, T, 1, 2 and 3) (Philpot & Nickerson, 1999). The positive CMT samples

(CMT score: T, 1, 2 or 3) were subsequently measured for SCC (Schwarz et al., 2010).
An SCC > 2 x 107 cells/ml was taken as positivity for BM. The milk samples were then
transported at 4-10 °C to the Microbiology Laboratory, Faculty of Tropical Medicine,
Mahidol University, within 12 h after sampling, and subjected immediately to

bacterial culture upon the laboratory arrival.

Bacterial culture

Columbia blood agar supplemented with nalidixic add and colistin sulphate (Oxoid Ltd,
Basingtoke, UK) was used as a selective medium for Staphylococcus spp. Cultures were
incubated at 37 °C for 24 h. For each sample, up to six colonies grown on the plate that were
suspected to be Staphylococaus bacteria were examined further by Gram staining, catalase test,
mannitol salt agar selectivity, DNase selectivity test, coagulase test, and agglutination test

by using Staphaurex™ Plus kit (Remel Europe Ltd., Dartford, UK) (Indrawattana et al., 2013).

Amplification of nonribosomal peptide synthetase gene
Coagulase-positive isolates suspected as S. argenteus were subjected to NRPS gene
amplification using the primer sequences (Table 1) and PCR protocol described previously
(Zhang et al., 2016). The PCR reaction mixture (25 pl) contained 1 x Tagq buffer, 2.5 mM
MgCl2, 02 mM of ANTP, 0.4 uM of each primer, one unit Tag DNA polymerase
(Thermo-Scientific, Darmstadt, Germany) and 100 ng of bacterial genomic DNA. PCR
reaction was initially denatured at 94 °C for 4 min; 35 cycles of 94 °C for 30 s, 53 °C for
30 s, 72 °C for 40 s; and final extension at 72 °C, 10 min (BioRad Thermal Cycler, CA,
USA). PCR amplicons were analysed by 1.5% agarose gel electrophoresis and ethidium
bromide (Sigma, MO, USA) staining. The DNA bands were observed under a Gel Doc
XR+ System. S. aureus ATCC 25923 and S. argenteus DS-003 (Thaipadungpanit et al.,
2015) were used as references in the experiment.

Pulsed-field gel electrophoresis

Chromosomal DNA of all S. aureus and S. argenteus isolates were digested with Smal
restriction endonuclease. The PFGE patterns were then determined by electrophoretic
separation of the digested DNA in a CHEF-DR II system (Bio-Rad, CA, USA) at six
Volts/cm, 14 °C, for 27 h using the 25 K-800 K automatic program (initial Sw Tm: 1.79 s;
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Table | Specific oligonudeotide primers for amplification of virulence and housekeeping genes of

staphylococd.
Target gene Sequence (5'-3") Amplicon Reference
size (bp)

sea F: GAAAAAAGTCTGAATTGCAGGGAACA 560 Wu et al (2011)
R: CAAATAAATCGTAATTAACCGAAGGTTC

seb F: ATTCTATTAAGGACACTAAGTTAGGGA 404
R: ATCCCGTTTCATAAGGCGAGT

sec F: CTTGTATGTATGGAGGAATAACAAAACATG 275
R: CATATCATACCAAAAAGTATTGCCGT

sed F: GAATTAAGTAGTACCGCGCTAAATAATATG 492
R: GCTGTATTTITCCTCCGAGAGT

see F: CAAAGAAATGCTTTAAGCAATCTTAGGC 482
R: CACCTTACCGCCAAAGCTG

tsst F: TTCACTATTTGTAAAAGTGTCAGACCCACT 180 Wu et al (2011)
R: TACTAATGAATTTTTTTATCGTAAGCCCTT

coa F: CGAGACCAAGATTCAACAAG 410, 740,  Aslantas et al.
R: AAAGAAAACCACTCACATCA 910, 970 (2007)

dfa F: ATTGGCGTGGCTTCAGTGCT 292 Tristan et al.
R: CGTTTCTTCCGTAGTTGCATTTG (2003)

hila F: CTGATTACTATCCAAGAAATTCGATTG 209 Jarraud et al
R: CTTTCCAGCCTACTTTTTTATCAGT (2002)

hib F: GTGCACTTACTGACAATAGTGC 309 Jarraud et al
R GTTGATGAGTAGCTACCTTCAGT (2002)

spa (X-region) F: CAAGCACCA AAAGAGGAA 320 Fre ‘nay et al
R: CACCAGGTTTAACGACAT (1996)

spa (IgG-biding F: CACCTGCTGCAAATGCTGCG 920 Seki et al. (1998)

region) R: GGCTTGTTGTTGTCTTCCTC

pvl F: ATCATTAGGTAAAATGTCTGGACATGATCCA 433 Jarraud et al.
R: GCATCAASTGTATTGGATAGCAAAAGC (2002)

arc F: TTGATTCACCAGCGCGTATTGTC 456 Enright et al.
R: AGGTATCTGCTTCAATCAGCG (2000)

aroE F: ATCGGAAATCCTATTTCACATTC 456
R: GGTGTTGTATTAATAACGATATC

glpF F: CTAGGAACTGCAATCTTAATCC 465
R: TGGTAAAATCGCATGTCCAATTC

gmk F: ATCGTTTTATCGGGACCATC 429
R TCATTAACTACAACGTAATCGTA

pta F: GTTAAAATCGTATTACCTGAAGG 474
R: GACCCTTTTGTTGAAAAGCTTAA

tpi F: TCGTTCATTCTGAACGTCGTGAA 402
R: TTTGCACCTTCTAACAATTGTAC

yqil F: CAGCATACAGGACACCTATTGGC 516
R: CGTTGAGGAATCGATACTGGAAC

nrps F: TTGARWCGAC ATTACCAGT 160,340  Zhang et al (2016)

R: AT WR CRTACAT Y TCRTTATC

final Sw Tm: 1 min, 33.69 s). Then, the gels were stained with ethidium bromide
and visualized using the Gel Doc System (Bio-Rad, Hercules, CA, USA). DNA fragment
patterns were analyzed for similarity and phylogenetic relatedness by the GeneTools and
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Directory Application version 2.01.00, Copyright 2000-2008 (Synoptics Ltd., Cambridge, UK).
The percent similarity of the bacterial isolates was based on Dice coeffidents and derived from
the unweighted-pair group method with arithmetic averages (UPGMA). A coeffident

similarity of 80% was set to arrange PFGE dusters. Band position tolerance was set at 1.0%.

Multilocus sequence typing

Multilocus sequence typing was accomplished based on the technique described previously
(Enright et al., 2000) using seven primer pairs to amplify seven housekeeping genes

of S. aureus and suspected S. argenteus (Table 1). All DNA amplicons were purified by
using GenepHlow™ Gel/PCR purification kit (Geneaid, New Taipei, Taiwan) and the
DNA were sequenced. Allelic number queries and allelic profile queries or STs derived
from DNA sequencing of each gene were defined using the S. aureus MLST database
(https://pubmlst.org/saureus/). Information for assumed novel alleles or queried allelic
profiles of novel STs were sent to the curator of the database website for assigning novel
alleles or novel ST numbers and the data were added to the database.

Antimicrobial susceptibility testing

Staphylococcus aureus, S. argenteus and CoNS isolates were analyzed for antimicrobial
phenotypes by disc diffusion method according to the Clinical & Laboratory Standards
Institute guidelines (CLSI, 2016). A total of 15 antibiotics were used, that is, cefoxitin
(30 pg), ciprofloxacin (five pg), clindamycin (two pg), erythromycin (15 pg), gentamicin
(10 pg), kanamycin (30 pg), levofloxacin (five pg), linezolid (30 pg), novobiocin (five pg),
oxacillin (one pg), penicillin G (10 units), rifampin (five pg), sulfamethoxazole plus
trimethoprim (23.75/1.25 pg), teicoplanin (30 pg), and tetracydine (30 pg). Antibiotic
susceptibility was determined on Mueller-Hinton agar (Oxoid, Basingstoke, UK). Methicillin
resistance (MR) was investigated by disc diffusion method using cefoxitin (30 pg).

Detection of staphylococcal enterotoxin genes, TSST-1 gene and other
virulence genes

The genomic DNA of individual bacterial isolates were extracted using a DNA extraction
kit (Geneaid, New Taipei City, Taiwan) following the protocol for Gram-positive bacteria.
The extracted DNA was quantified and amplified for 13 virulence genes including
enterotoxins (sea, seb, sec, sed and see), tsst, coa, spa x and spa IgG-binding regions, hla and
hib, clfA and pvl. Specific oligonucleotide primers (Fre nay et al., 1996; Seki et al, 1998;
Jarraud et al., 2002; Tristan et al., 2003; Aslantas et al, 2007; Wu et al., 2011) are shown in
Table 1. Each PCR reaction mixture (25 pl) contained 10 mM of each forward/reverse
primer, 0.2 mM dNTPs, two mM MgCl,, one unit Tag DNA polymerase, 1 x Taq reaction
buffer and 100 ng DNA template. PCR was carried-out using a T100™ ThermalCycler
(Bio-Rad, Hercules, CA, USA) with initial denaturation at 95 °C for 10 min, followed
by 35 cycles of 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s, and a final extension at
72 °C for 10 min. PCR amplicons were subjected to 1.5% agarose gel electrophoresis and
staining with ethidium bromide. The DNA bands were observed under a Gel Doc XR+
System (Bio-Rad, Hercules, CA, USA). The control bacterial DNA templates included
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S. aureus strains ATCC 19095 (sea, sec and tsst), ATCC 14458 (seb), ATCC 23235 (sed),
ATCC 27664 (see) and ATCC 13565 (coa, clfA, hla, hilb, spa x region, spa 1gG-binding
region, arcC, aroE, glpF, gmk, pta, pta and yqiL). For tsst and pvl, the PCR amplicons were
subjected to nucleotide sequencing and sequence analysis for gene confirmation (accession
numbers: KX371630.1 and AB084255.1, respectively).

Statistical analysis

Chi-square test and Fisher's exact test of independence were performed using the SPSS
statistics program (version 22) to analyze the differences of the detected virulence genes
between MR and methicillin sensitivity groups. A probability value (p-value) <0.05

was considered statistically significant. Dice coefficients and the UPGMA were used to
arrange PFGE clusters with a coefficient similarity of 80% and a tolerance at 1.0%
(GeneTools and Gene Directory Application, version 2.01.00).

RESULTS

Staphylococcus spp. in milk samples

From 224 milk samples from 224 cows, 132 were positive for Staphylococcus spp. And
these samples had also elevated SCC; thus, the results gave an overall prevalence of SCM at
59%. From the 132 samples, 229 staphylococal isolates were recovered; they were

32 (14%) coagulase-positive from 29 milk samples and 197 (86%) CoNS from 121 milk
samples. Among the 32 coagulase-positive isolates, 24 were S. aureus and eight were

S. argenteus (as identified by colony morphology and later by MLST and NRPS

gene amplification). Some milk samples contained all three types of the bacteria, that are,
S. aureus, S. argenteus and CoNS, while the others contained two or one (Table 2).

PFGE types

Figure | shows UPGMA dendrogram derived from Smal-PFGE and MLST of 24 S. aureus
and eight S. argenteus. The bacteria with at least 80% coefficient similarity were placed
in the same PFGE cluster. Among the 32 isolates, 21 isolates could be classified into

11 PFGE clusters, while 11 isolates fell into a non-typeable group (their genomic DNA
could not be digested readily by the Smal). Milk samples from Muak Lek district of
Saraburi province yielded 10 isolates: seven isolates were PFGE cluster 2 which is the
predominant pattern, two isolates (two S. argenteus) belonged to clusters 8, and 1 S. aureus
was in cluster 6. The next most common PFGE pattern was cluster 1, which comprised
three isolates (three S. argenteus) from Borabue district of Maha Sarakharm province;
another isolate from Borabue sample fell in cluster 5. Two isolates (two S. argenteus) from
Pak Chong district, Nakorn Ratchasima province belonged to cluster 4. Two isolates
from Panatnikom district, Lopburi province were in clusters 3 and 9. One isolate each of
Kantarawichai district, Maha Sarakharm province were clusters 10 and 11.

MLST

A total of 14 of coagulase-positive isolates, that is, 11 representatives of PFGE clusters
1-11 (M226, M185, M125, M159, M222, M196, M77, M185, M124, M89 and M85)
and three isolates from different areas that showed the non-typeable PFGE pattern
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(underlined M226, M227, M228, M152, M159, M77, M 188 and M192).
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(they had also different drug resistant patterns), that is, M129, M136 and M140 (Fig. 1)
were typed by MLST method to define the STs. The results for allelic numbers and allelic
proﬁles of the STs were derived from the PubMLST database (https://pubmlstorg;
University of Oxford, UK and the Wellcome Trust fund). Among the 14 isolates, 12 STs
were identified including ST2250 (PFGE cluster 1), ST1179 (PFGE clusters 2 and 6),
ST10 (PFGE cluster 3), ST1223 (PFGE cluster 4), ST243 (PFGE clusters 5and 11),ST 1123
(PFGE cluster 7), ST2793 (PFGE cluster 8), ST8 (PFGE cluster 9), and ST294 (PFGE
cluster 10); all of these isolates were susceptible to methicillin (MSSA) except one isolate,
M152 (PFGE cluster 4) was resistent to methicillin methicillin-resistant S. aureus (MRSA).
The three isolates which were PFGE non-typeable had three novel STs, that is,

ST3879, ST3882 and ST3883; they were all MRSA. The allelic profiles with the STs and
other details of the tested staphylococci are shown in Fig. 1.

NRPS gene amplification

Eight suspected S. argenteus isolates which were PFGE cluster 1: ST2250 (M226, M227,
M228), PFGE cluster 4, 7: ST1223 (M152, M159, M77) and PFGE cluster 8: ST2793
(M188, M192) (Fig. 1), were confirmed as S. argenteus by NRPS gene amplification.
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300 340bp

100 168y

Figure 2 Nonribosomal peptide synthetase (NRPS) gene amplicons of isolated Staphylococcus
argenteus. Lane M, DNA molecular size ladder; lanes 1-8, PCR amplicons of isolates (suspected to be
S. argenteus) no. M226, M227, M228, M152, M159, M77, M188 and M192, respectively; lane 9, PCR
amplicons of Staphylococcus aureus ATCC25923; and lane 10, PCR amplicon of Staphylococcus argenteus
DS-003. Full-size Bl DOL 10.7717/peeri.6587/fig-2

The results showed that all of these eight isolates had PCR product of ~340 bp (Fig. 2)
which were correlated to the amplicon of the S. argenteus control strain but different
from the amplicon of S. aureus control (~160 bp), indicating that these four bacterial

isolates were S. argenteus.

Antimicrobial phenotypes of the staphylococcal isolates

The antimicrobial phenotypes of all staphylococcal isolates were determined using the
15 antimicrobial agents. Among the 197 CoNS isolates, resistance to penicillin was the
predominant antimicrobial phenotype (126/197; 64%). The percentages of other
antimicrobial resistance were novobiocin (78/197; 40%), tetracycline and clindamycin
(35/197; 18%), oxacillin (29/197; 15%), erythromycin (27/197; 14%), cefoxitin and
kanamycin (25/197; 13%), gentamicin (15/197; 8%), rifampin and sulfamethoxazole plus
trimethoprim (12/197; 6%), ciprofloxacin and levofloxacin (9/197; 5%), and linezolid
(2/197; 1%) (Table 2). None of the CoNS isolates was resistant to teicoplanin. There were
25 (13%) of the 197 CoNS that were resistant to methicillin (MR-CoNS) while 172 (87%)
were sensitive (MS-CoNS). Of the 25 MR-CoNS isolates, five were from Kaeng Khoi
district and seven from Muak Lek district of Saraburi province, eight from Muang district
and one from Kantarawichai district of Maha Sarakham province, two from Pak-Chong
district of Nakorn Ratchasima province, and two from Pattananikom district of

Lopburi province.

Penicillin resistance was also the most prevalent antimicrobial-resistance phenotype of
the 24 S. aureus isolates (58%); followed in falling order of percentage by novobiocin
(65%), gentamicin, cefoxitin, oxacillin, rifampin and tetracycline (43%), erythromycin,
clindamycin and kanamycin (36%), and linezolid (11%). No bacterial isolates were
resistant to ciprofloxacin, levofloxacin, sulfamethoxazole plus trimethoprim, or
teicoplanin. There were 11/24 (46%) MRSA isolates.

Seven S. argenteus isolates were MSSA and one isolate was MRSA (M152). Among

them, three isolates (M226, M227, M228) was susceptible to all antibiotics; four isolates
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were resistant to penicillin (M77, M152, M188 and M198) and novobiocin (M152, M159,
M188 and M192), and one isolate (M188) was resistant to tetracycline (Table 2).

Prevalence of virulence genes

Enterotoxin (SE) and TSST-1 genes were PCR-amplified for the 24 S. aureus and eight
S. argenteus isolates. A total of 21 S. aureus isolates (88%) detected at least one SE gene
and 11 isolates (55%) detected the tsst. The most prevalent SE gene was sec (79%),
followed by sed (71%), sea (21%) and see (8%) (Table 2). No isolates detected the seb gene.
Among the eight S. argenteus isolates, M77, M188 and M228 had sed, M226, M227

and M228 detected sec, M152 detected see, while M159 did not have any of the SE genes.
One of the S. argenteus isolates detected tsst (M152) and three S. argenteus detected pvl
(M226, M227 and M228).

All 24 S. aureus and eight S. argenteus isolates (100%) detected coa, clfA and spa
(X-region). All . aureus isolates detected spa (IgG biding region), 23 (96%) isolates
detected pvl and hla, and 17 (71%) isolates detected hlb. Of note, all S. aureus isolates
detected at least one type of hemolysin gene (Table 2). In S. argenteus group, M226, M228,
M77 and M188 detected hla; M77 detected hlb; M226, M227, M228, M152 and M159
detected spa (IgG biding region).

Comparative analysis of the prevalence of virulence genes between MRSA and MSSA
isolates using the Chi-square and Fisher’s exact test revealed that MRSA isolates possessed
significantly higher prevalence of sed and tsst than the MSSA counterpart (p = 0.022
and 0.004, respectively).

DISCUSSION

In recent years, livestock-associated MRSA has been recognized as a novel pathogen

of worldwide public health concern, as the bacteria have become a rapidly emerging cause
of human infections that are difficult to treat and may lead to fatality. (Price et al,

2012 Kadariya, Smith ¢ Thapaliya, 2014). Wide focus on epidemiology and control
measures of this pathogen are warranted. Staphylococcal bacteria are the predominant
cause of CM and SCM in dairy cattle. Asymptomatically infected cows with SCM in the
herd may not be recognized and hence left untreated; thus, they serve as a carriage of
the bacteria that can be transmitted to the other cattle and susceptible persons, as well as
creating contaminated environment. Milk from the infected cows impose a potential
health hazard to consumers, as it may be a major source of enterotoxigenic S. aureus that
cause food-borne disease (Zschock et al, 2005). S. aureus may also be the cause of a serious
and potentially fatal invasive disease of humans (Lowy, 1998). In Thailand, data are
limited concerning the prevalence and incidence of the staphylococcal-associated-SCM
among dairy cattle. Limited data are available including one from small-holder dairy farms
in a northern province, that is, Chiang-mai, which reported the 36% incidence of

SCM, and S. aureus was the common bacteria associated with the SCM (Suriyasathaporn,
2011). Another study from a northeast province (Khon Kaen) reported that the
CoNS-assodated SCM was 69% (Jarassaeng et al., 2012). More data on the SCM incidence
and the associated pathogens, particularly S. aureus, CoNS and the newly emerged
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S. argenteus, in other provinces/regions of the country where many more dairy farms are
located are required, not only for the livestock economic point of view, but also for
human health as far as the One Health policy is concern.

This study investigated SCM and the associated staphylococci in as many as 52 dairy
farms of the central and northeast provinces of Thailand; thus, making it the largest
coverage ever reported in the country. The results showed the average incidence of SCM
was 132 from 224 cows (59%), which was higher than the previously reported incidence
in Chiang-mai, indicating that Staphylococcus spp. is still a problem of infectious
BM in Thailand. Among the 229 staphylococcal isolates from the 132 cows with SCM,
the majority were CoNS, that is, 197 isolates from 121 cows, suggesting that CoNS are the
predominant bacterial pathogens associated with SCM in Thailand. This finding is in
agreement with the previous findings in Thailand (Jarassaeng et al, 2012), Sweden
(Persson, Nyman & Andersson, 2011), eastern Algeria (Bakir, Sabrina & Toufik, 2011),
Dharwad, India (Kaliwal et al., 2011), Northwest Iran (Hosseinzadeh ¢ Saei, 2014)
and Jiangsu Province, China (Xu et al, 2015). Although CoNS usually cause infections
with less severe symptoms compared to the S. aureus infections, they are highly contagious
and can be spread readily to other cattle in the herd, other herds, as well as other
animals and humans (Xu et al,, 2015) through direct contact or via the contaminated
environmental sources such as manure, bedding, vegetation, ground, forage, water. It is
noteworthy also that cows with SCM may experience a reduction in milk yield due to the
high SCC and their milk quality is poor also, that is, decreased calcium, inorganic
phosphorous, potassium, a-lactalbumin and B-lactoglobulin (Batavani, Asri & Naebzadeh,
2007). Besides, the infected cows may turn to succumb severe illness and/or death,
if the immune system happened to be affected by co-morbidity or imbalanced homeostasis
by any reason.

The population of MRSA and MR-CoNS were found in higher percentage (38%) in this
study than the 22% reported from northeast Thailand in 2011 (Intrakamha et al., 2012).
In addition, the incidence rate of MR-CoNS in Chiang-mai, Northern Thailand, was
10% (Suriyasathaporn et al,, 2012), while it is 13% in the present study. The increasing
trend of MRSA and MR-CoNS in the livestock emphasizes that regular monitoring
and surveillance along with developing appropriate preventative and control measures of
these highly contagious zoonotic pathogens are warranted.

Multilocus sequence typing is a recognized DNA sequence-based genotyping
technique that analyses polymorphisms among housekeeping/conserved genes, or alleles.
This technique provides phylogenetic relationships, local diversity, as well as
information on the global dissemination of S. aureus genes (Urwin ¢ Maiden, 2003).

In this study, MLST was used to type 11 representative coagulase-positive staphylococcal
bacteria from individual PFGE clusters and three PEGE-non-typeable S. aureus from
different areas of isolation. The four S. argenteus isolates that underwent MLST typing
yielded ST1223 (isolate no. M77, M159), ST2250 (isolate no. M226) and ST2793

(isolate no. M188) that have previously been identified as S. argenteus (Thaipadungpanit
et al., 2015; Tong et al, 2015 Chantratita et al., 2016). The results revealed high
heterogeneity with 12 STs including nine previously reported STs and three novel STs,
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and five clonal complexes (CC); the isolates with different STs and CCs were from different
study areas. Some isolates with the same ST were unrelated by PFGE typing. For example,
ST1179 isolates belonged to PFGE clusters 2 and 6; ST243 isolates were in clusters 5
and 11. The three novel STs found in this study were MRSA non-typeable PFGE isolates,
indicating that molecular variation that gave rise to novel variants/strains occurred
within this bacterial lineage (O'Hara et al, 2016).

Among the 15 antimicrobial agents tested, S. aureus, S. argenteus and CoNS showed
resistance against 10 agents, that is, cefoxitin, dindamycin, erythromydn, gentamidin,
kanamycin, oxadllin, novobiocin, penicillin G, tetracycline and rifampin. The penidllin
G-resistance was the most common phenotype, most likely because of the frequent
use of this antibiotic for BM therapy in the dairy farms. In contrast, S. aureus and
S. argenteus isolates were 100% susceptible to teicoplanin, ciprofloxacin, levofloxacin and
sulfamethoxazole plus trimethoprim, whereas teicoplanin was the only antimicrobial to
which all CoNS were susceptible. The emergence of antimicrobial resistance of the S. aureus,
S. argenteus and CoNS isolated from the cow milk may be caused by irresponsible and
unnecessary use of antibiotics by farmers/veterinarians (McKellar, 1998 Briyne, 2016).

Several S. aureus isolates produces enterotoxins and TSST-1, which can cause
staphylococcal food poisoning and human toxic shock syndrome, respectively
(Zschock et al., 2005). The toxin may persist in contaminated milk after pasteurization
(Baird-Parker, 2000; Asperger & Zangerl, 2003; Necidova et al., 2016). Therefore, even
though the milk of these farms are usually pasteurized before sale, they still pose a
health hazard risk to the consumers as far as their toxins are concern. From the results of
virulence genes detection, S. aureus and seven of eight S. argenteus isolates carried
enterotoxin gene(s), while the tsst was found in S. aureus and one S. argenteus; the situation
poses a potential human health hazard.

All bacterial isolates carried coa, clfA and spa (X region). The spa is known to be the
fundamental virulence gene for S. aureus regarding mastitis development and severity.
Moreover, 94% of the isolates were positive for spa IgG-binding region, whereas pvl, hla
and hib were found in 96, 96 and 71%. These results are conformed to those reported
from Germany (Akineden et al., 2001). Virulence genes in S. aureus and S. argenteus are
relative to the levels of the bacterial pathogenicity in BM (Akineden et al., 2001;
Momtaz, Rahimi & Tajbakhsh, 2010). Moreover, high prevalence of pvl, which has never
been reported for S. aureus isolates from cow milk in Thailand, was found in this study.
This gene encodes for PVL protein, which destroys leukocytes and causes severe
necrotic lesions of soft tissues and skin (Rankin et al., 2005). This cytotoxin is an important
virulence factor in human diseases, such as pneumonitis (Prashanth et al, 2011);
nevertheless, the role of PVL in BM is not yet known.

The STs identified previously for S. argenteus (Thaipadungpanit et al., 2015; Tong et al.,
2015; Chantratita et al., 2016) were found also among the S. argenteus isolates in this
study. They were ST1223, ST2250 and ST2793. These bacterial isolates (seven out of eight)
carried also enterotoxin genes, coa, clfA, pvl, tsst and spa (X and IgG-binding region)
indicating their pathogenic potential. This is the first report of NRPS-confirmed
S. argenteus isolated from BM.
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CONCLUSIONS

Both coagulase-positive (S. aureus and S. argenteus) and coagulase-negative Staphylococcus
spp. were isolated from 59% of milk samples of cows with SCM in four provinces in
central and northeast Thailand, indicating that the staphylococci are still common cause of
SCM in many areas of the country. The bacterial isolates showed an increasing

trend of methicillin-resistance as well as refractoriness to several other antibiotics.

S. argenteus, the newly emerged animal and human pathogens were isolated for the first
time from milk samples of SCM cows. The coagulase-positive isolates had 11 different
PFGE patterns and one non-typeable pattern, of which individual patterns are not
related to the multilocus STs. Three new ST's were found among the S. aureus isolates.
All staphylococcal isolates carried several virulence genes indicating their pathogenic
potential for both animals and humans. Data gained from this study emphasized the
need of the One Health practice for combating and control of staphylococcal infections,
which requires participation of many sectors including dairy farmers, veterinarians,
medical and public health personnel, scientists, etc. Molecular characteristics of the
bacterial isolates reported in this study should be useful for epidemiological tracing of
the existing traits as well as for recognizing newly emerged variants.

ABBREVIATIONS

cC Clonal complex

cip Ciprofloxacin

CMT California Mastitis Test
CN Gentamicin

CoNS Coagulase-negative staphylococcus
DA Clindamycin

E Erythromycin

FOX Cefoxitin

1 Intermediate sensitivity
K Kanamycin

LZD Linezolid

MLST Multilocus sequence type(s)/typing

MR-CoNS Methicillin-resistant coagulase-negative staphylococci
MRSA Methicillin-resistant Staphylococcus aureus

MSSA Methicillin-susceptible Staphylococcus aureus

ND Not determine
NV Novobiocin
0Xx Oxadillin
P Penicillin
PFGE Pulsed-field gel electrophoresis
PVL Panton-Valentine leucocidin
R Resistant (-ce)
RA Rifampin
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S Susceptible

SCC(s) Somatic cell counts

SE(s) Staphylococcal enterotoxin(s)
ST(s) Sequence type(s)

TE Tetracycline

TSST-1 Toxic shock syndrome toxin 1
Lsst TSST-1 gene

spa (x) Spa (x-region)
spa (Ig)  spa IgG biding region
UPGMA  Unweighted pair group method with arithmetic average.
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Ievrnsiogy, Pacuty of Trosical Abstract
» . e Staphyloceccus argenteus, a novel species of the genus Staphvlococcuz or 3 member of

the 5. curewz complex, iz clozely related to 5. aureus and & wually mizidentified. In
this study, the prezence of S argenteus in isclated 5. sureus was investigated in 67

A i —— T — rabbits with abscess lesions during 2014-2016. Among 19 5. surews complex isclates,
ot ST S three were confirmed to be 5 argenteus by matrix-azsisted lazer desorotion ioniza-
“Dupatmant of Bre-Chsic and Apsies fication, and muitilocus zequence type. All 5. aureus complex isolatez, including the

Sclanca, Muhisol Univerzity. Naloragathem, | 5 Oureus isolates, were examined for their antimicrobial resistance phenotype by disk

Taiae diffuzion and for their resistance genotype by PCR azzays. Among the 5 argenteus
L1 o -] = == - -
o = MH}-“MbﬂmﬂMnMﬂ.ﬁn&'Mw‘tu
Hozpal, Mahidol University, Bangiok, ant to penicillin and dexycycline. In contrast, most 5. oureus zolates were resictant to
T penicilin (37.5%), and gentamicin (12.5%]. Moreover, 5. sureus isclates harbored the
“Custuret Suntenses Tasepuits blaZ, mecA, aecA-aphD, snd mrs(A) 2s well as mutstions of gyrA and gri&, but 5. argen-
Dapartment of Pacashtsiogy, Pactty teus izolates carried zolely the blaZ. 5. argenteus izolates were investigated for en-
o Vadicina Trira] Moot Marlss = - 2 2
Aahsatiy; Gusghut, Yiufins terotoxin (sea-sed) and virulence genes by PCR. One olate carried seq, sec, and sed,
whereas the other twe isclates carried only sea or sed. Ne isclate carried seb and see.
S i All three 5. argenteus isclates carried his, hib, and cifd, followed by pvl, whereas coa,

Chiric a7 Appied Arimal Zclance, Pacuity 200 (lgG-binding regical and 0s (x region] were not detacted in the three izolates.
- Thiz paper presents the first identification of 5. argentews from rabbits in Thailand.

eathom TETI0,
Eval: reett scth S.argenteus might be pathogenic becsuze the izolates camied virulence penes.
Aremom Pazesrch Pumz of the Pacut, of species should be conducted in other animal species as well 2z in humans.
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1 | INTRODUCTION animals (Corps et al, 2009). Theze pathogenz are nonzpore-forming,

nonmetile, sphenical crganisme, appeaning a: grapelie dusters under
The Stophviococcus cureus complex conzists of opportuniztic patho- & microscope. They are facultatively angerobic, Gitalase-positive
wens that can cauze 3 wide spectrum of divexes inboth humanzand  (Foster & Geoghegan, 2015), coagulase-positve and can produce
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prot=in A. In rsbbitz, infection with the 5. aureus complex uzuslly re-
zultz in small dermal lesionz; the invazion of subcutaneous tizsue and
the development of pododermatitis, subcutaneous abscesses, and
mactiic Absceszes in internal orgare are zometimes obzarved zuch
az in the lungz, liver, and uteruz. Thiz gves rise to poor reproductive
results, infertility, and desth [Comps et sl 2009, Vancraeynest et sl
2004 Viana etal, 2007)

Recently, 2 novel cosgulase-positive Staphvlococcus spe-
cies, 5. argenteus (3. curews complex), was idertified from clini-
cal human and animal sources {Argudin et al., 2016; Chantratita
et al. 201& Schuster et al, 2017 Thaipadungpanit et al, 2015;
Tong etal, 2015, Bacterizl colonies were characterized by
3 nonpigmented, creamy white appearance and showed p-
Phemolyziz on blood agar. Morecver, the bactens were shown to
be gram-positive cocd in clusters and gave positive results in
ings for 5. oureus (Tong etal, 2015). Therefore, routine diay-
nastic analyses can lead to 5 argenteus being misidentified az
§. ourews. Moreover, identification by molecular methodz, such
a2 165 rANA zequencing, cannot differentiate 5. argenteus from
5. oureus (Tomg et 5l., 2015). Other molecular techniques, suchaz
matric-aszisted laser desorption/ionization time-of-fight mas:z
spectrometry (MALDI-TOF M3). nonribosomal peptide synthe-
taze (NRPS) gene amplfication, and multilocus sequence type
(MLST) determination, were thuz recommended in many publi-
cations a5 tocls for the identification of 5. argenteus (Chantratita
etal, 20%4; Schuster etal, 2017 Zhang etal, 2018, Some
zequencing types of 5. aurews were previously confirmed to be
5. argenteus, such as ST2793, ST1223, and ST2250 (Charntratita
et al, 2014 Schuster et al, 2017 Thaipadungpanit et al, 2015;
Tong et al. 2015

The aim of this study was to characterte 5. argenteus and 5 au-

2 | MATERIALS AND METHODS

21 | Specimen collection and bacterial zolation
Sixty-zeven pus samples were collected from rabbits with dini-
cal abzoezzes by 3 veterinarian at Prazu-Arthorm Assmal Hozpital
Thailand. during 2014-2014. They were tranzported to a mi-
crobiological laboratory within 24 hr after collection. Individual
zamples were inoculsted on sheep blood and manmitol zalt agar
(Owoid, Bazingstoke, UK) and incubated at 37°C for 24-4Bhr.
and identified by conventional methods, including Gram stain-
Oxoidl, to detect protsin A for 5 oweus identification. This
study waz approved by The Faculty of Vetennary Soence Animal
MUVS-2013-35.

2.2 | S.argenteus identification

221 | MALDI-TOF MS

Mazz specira were generated wzing 3 MALDI Biotyper 3.0 Ultraflex
szpected 5 argenteus izolates, with white coloniez, 1 ml of cude
protein extract or one colony was deposited on 3 9é-zpot polizhed
steel target plate (Bruker Dakonicz), sir-dried and covered with 1 mi
of ROCA matrix solution (Bruker Daltonics (Molecks et al, 2013) Az
2 positive control and calibration reference, 1 mi of Bacterial Test
Standard (Bruker Daltonics) waz uzed. The main ectrum waz ac-
quired Lzing the MALD Biotyper Automated Rex Control softwars
v.3.0(Bruker Daltorsczy. The idemtification of zolates waz performed
et al. (20144 and Moradigaravand et al (2017,

22.2 | NRPS gene amplification

Brimer saguancas and the PCR protocol for NRPS gene indels wers
in accordance with those of Zhang et al (2016, The NRPS gene waz
amplified in a total resction volume of 25 2. The PCR reaction waz
performed using the thermal cycles (Bio-Rad Califormia, USA) with
initial denaturation at 94°C for 4 min, followed by 35 cydes of 94°C
for 30z, 53°C for 30 2, and 72°C for 40 : and then final extension at
72°C for 10 min. indridual PCR amplicons were purified using the
GenegHlow™ Gel/PCR purification kit {Geneaid, New Taipei, Tawan)
and submitted for sequencing. DNA sequences were analyzed for

223 | MLST

MLET was wsed to anahyze the suspecied 5 agenious isolates
through the amplificstion of seven 5. aweus houzekeeping genes,
by 3 method developed by Enright et al. (2000) at Imperial Colleye
London for analyzing a query profile for MLST. Before sequencing,
PCR purificstion kit (Genesidy. The allefic number quenies and ze-
quence types (5Tz) obtained from trimmed DNA sequencing rezults
for zeven genes were determined wsing the onlime 5 aureus MLST
databaze (hitpz//pubmist org/zaureus/). The zuzpected novel 3l-
lelez or quenied alielic profiles of novel 5Tz that did not match the da-
tabaze were submitted to the curstor of PubMLST fhetpe//pubmizt.
ong/saurews/) to check and aszign 5 novel slle or novel 5T number.

2.3 | Antimicrobial susceptibility testing

formed by the dick diffusion in according to the Clinical and
Laboratory Standards Institute (2002, A total of 13 antimicrobial
in (30 s}, cefoitin (30 ug). ceftrianone (30 ), chioramphenical
130 1), cproficsacn (S g, dacycyciine (30 ug). gentamicn (10 sl
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moificxadn (5 . norflosacin (10wl peniciin (20 unitsy and
trimethoprim/sifamethoamle (1252375, S ounz
ATTC*25923 was uzed a5 the control strain.

2.4 | Detection of 16z rRNA, antimicrobaal
resistance, and enterotoxin and virulence genes

Al izolated 5. aureus samples were precared for gemomic DNA ex
traction wzing 2 DNA extraction kit (Geneaid). The extraction pro-
tocol ivolved the meacurement of the OD 260/280 nm ratio using
2 mectrophctometer Amplification with pecific cligonudectide
primers was performed for 18z rRNA of the 5 oureus complex group
(McClure et 3l 2004} and sight antimicrobial resistance genes re-
presentative of each antibiotic drug sroup bla? (Gomez-Sanz et al,
2010y and mecA (Vancraeymest et al, 2004 for p-lactam resistance,
oscheophD (Lapbns etal, 2007) for aminoghycoside resistance,
mrsA) (Gomes-Sarc etal, 2010 for mecrolide resstance, fetii)
(Vancrasymest et al, 2004 for tetracycline resiztance, dfrG (Lagier
et & 2009 for trimethoprim resictance, and ofr (Kehrenbery &
Scharz, 2006 for chioramphenicol resistance. PCR ampiification
for determined flucroguinclone resctance. namely A and grld
(lihars et al, 2006 was performed. The PCR amplicon, ramely the
QRDR reyion, waz seguenced and snahyzed for resistance deter
mining metations. Deduced amino acid sequences of the PCR am-
phcons were analyzed uzing the GenBank databaze with accession
numbers AAC311381 for ;yrA and WPOTS1067371 for grid The
PCR reaction mixture was subjected to the following thermal cycling

MrstidogyOpen Wi EY-222

conditions using Flexcycler” (Anaivtik Jena, Uberfingen, Germamy:
5 min of 95°C; then 30 cycles of amplification with densturing at
95°C for 30z, annesling 3t 3 tempersture mpecific for each primer
for 30 1 and extension at 72°C for 60 = followed by a final extensen
at 72°C for 20 min,

In 5. argenteus zolates, further identification of the virdence
sed. and see) (W et al, 2011), hemolyzin (o and b} Uarraud et al,
2002, dumping factor (clfiy (Triztan etal, 2003, protein A (pa x
region (Frénay et al, 1996 and 500 IgG-binding region (Seka et al,
1098, coagulaze jcom (Adantas et al, 2007), and Panton-Valentine
levkocidin (pv) Usrraud et al, 2002, with mecific cligonudiectide
ation at 95°C for 10min; 35 cydes of 95°C for 30z, 55°C for 303,
and 72°C fior 30 £ and 2 final extension at 72°C for 10 min.

PCR amplicons were anshyzed using 15X agarcce yel elec
The DNA band: were obzerved under 3 UV trancillumirator (UVP
Bicimaging Systemc Invitrogen). Control becteria for the PCR i
duded the strairg 5. aureus ATCC 19095 (00 and seq, ATCC 14458
[seby, ATCC 23235 (sed, ATCC 27664 (seq), ATCC 13585 icoe, o,
hia, b, spa x region, and 5o IgG-bindng regon) and laboratory
control strainz, which were sequencad and sralyzed as acoession
numbers KX371630.1 (pv). For gene amplification with no ref
erence control, the PCR product from positive zamples waz sub-
jected t0 nuclectide sequencing and seguence analyziz for geme
confirmation.

TABLE 1 Prevalence of enterotoxin and virulence genes, MLST and MALDI-TOF MS for suspected Staphylococous argentens identification

SLIT idertfication Zequerce recults of NEPI BCE srmpicon
Enterotoxin ard
virulence gene: Zsquence MALDI-TOR M3
vIrocii ND ITazne Singemn 150 2. aureus strain K2 T S ewess
(cPo20e%e.1)
vINoca: NO sTa200" Singlemon 180 5. aureus 1erain FDAARGOS °® I aweur
(cPooTe%e.8)
UITOC1S ND sTaz0e" Ilngemn 180 5. aursus seraie NS 98 I swwus
(cPO20e%a.1)
UieTID 2ed o RB. cffh, sTano®™ Slrgiemn o] I arpentrur strals XNOL0S PP I arpundteas
o (cPoz2022.2)
(12211 88 ara, hla A, cfi sTaz1z*™ lmgemn 220 I, arpe=trur trale XNOLDS 00 I aguntess
(cPo29024.1)
usazins a2 recorea v sTazly™ lirgiexmn =0 I arpesteur mraie XNOL0S DD I argerceaz
L N (cPo29022.2)
vsTa2 ND sTanz Sieglesn 180 I, sureus seraln 9% aweur
PDAARCOS 120
(CP014024.2)
vaszs ND sTans’ Zlirgiemn 180 I, surgus rerain NEILET I Esuwur
(cPozo080.2)
Note. 5p- beze pair; SLAIT bask local sigiment tesrch tool; CC: cional compigs: MALDE-TOF MI: matrt mer time-of
fight mas: 33 y. NDx not MLIT type NRPZ: st oe
“Hovel IT: fezer thiz shudy

*2 argemtesz ST
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3 | RESULTS

31 | Detection of 5. argenteus by MALDI-TOF MS

From &7 samples total of 19 bactenal zolates), we obtained 115 o
rews isolates and B wuspected 3 ageniews nolates. These suspected
5 orgenteus soktes were anaiyzed by MALDITOF MG, After visual
inzpection and cbtaining the spectral results of their ionizsble cal
surface components, which were compared for smianty with the
spectral dats in the Bruker and inhouse dstsbazes. The rezults
showed that there are five izolates that match with the 5. aurews da-
tabaze and three molates that match with the 5 argentows databaze,
with 2 high score (+2.3) fizolste no. U19 T10.1, U43 5181, and U43
S18.3; Table 11

32 | NRPS gene amplification of 5. argenteus

The NRPS gene was ampified for eight zuzpected 5 ageniews iso-
lates, 2z shown in Figure 1. The results showed that three isoletes
U19T201 U43318.1 and Ud3 5183 have 2 PCR product of approe-
imatety 340 bp, which waz cormelated with 5. argenteus 2z reportad by
Zhary et ad (2016, In cortrazt. the five other zuzpected colate: had
3 PCR product of mesry 160 bp, which wez reported to comelste with
S aureus Tharg ot al, 2006, The sequences of NRPS amglicores wers
anahyzed for similarity using the GenBank databese, which thowed
thet bacterial zolate no. U9 TI01 U432 S181 and U43 S18.3 have
9% identity with 5. argentews strsin XINOL06 [acceszion number
CPO25023 1) In contrast. the other five olates showed high identity
with 5 gwreus strain K5 (accession number: CP020656.1), 5 awes
stran FDAARGOS (acceszion number CRO07529.3), 5. awreus stran
FDAARGOS_159 (accession mumber: CPOI4064.2) and S owews
stran NRS137 (accession number: CPO2S0S0L1)L These results cor
related with the MALD-TOF M3 rezult= (Table 1)

33 | MLST of 5. argenteus

All eight suzpected 5. arpenteus isclates were further analyzed by
MLET to define STz, Several izclates were shown t0 be novel 5T
of the Staphylococcus complex, which included ST4209 (izolate no.
UZ7 OC2.1 U27 OC2.2, and UZ7 OC2.3), ST4210 (izolate no. U9
T10.1), ST4211 (izolate mo. U43 518.1 and UL3 518.3) ST4212 (imo-
lste no. UL4 TE.2), and 5T4213 (iolste no. USS 53), derived from
the curator of the PubMLST 5 qurews database (https:/pubmist
orgl. University of Oxford, UK, and the Welicome Trust fund. The
results showed that three isolates jimolate no. U19 T10.1, STA210;
izolates nc. UL3 5181 and UL3 5183 STA211) were identified
az 5 argereeur, which comelated with the resulkz of MALDI-TOF

5 and the NRPS gene. The neighboricining and maximum likeli-
hood anahyzes yielded similar phylogenetic treez. Bazed on arcC.
arck, gmk, and pta, three bactenial molates, STAZID fizolate no.
U9 T20.1) and STA211 (izolates no. U43 5181 and U43 5183,
showed dose similarity to the 5. argentews group (ST1223, 572250,
ST2854, and ST2198) (Fgure 21

FIGURE 1 Non rbozomal peptide mynthetaze amplicon of eight
nuzpected Stophyiococoie argontous. Lane Mt DNA marker; ane 1
isolste no. UZ7 OC2.1; lane 2: isolate no. U27 OC2 2 lame 2 izclate
no. UZ7 OC2.2 bne & izolate no. UL9 TI0.L lane 5 imolate no. UM3
S18.L lane & isolate no. UL3 S18.2 e 7 zolste no. V14 TE.2:
lane & zobete no. UG5 53 bne 9: 5. aurews ATCOCL3565; lare 10

5. auresz ATCC2S923; lane 11: neyative control

34 | Enterotoxin and virulence genes

Fove dazzical enterctonin yenes and zeven vindence genes, 3z man-
tionad in the Matergk and Method: section, were investigated
in the three 5 argentews izolates by PCR, the results of which are
shown in Table L The detected enterotoxin yenes were seg, sec, and
sed. No isclate camied seb and see. Reyarding the vindence genes,
the mozt prevalent ones were hig, hib, and ol present at 2 rate of
1000, followed by pv at 66.67%, whereasz coa, pa [lxG-binding re-
#ior) and zpo [x negion) were not detactad in the & arpentews isolates.

35 | Antimicrobial susceptibility testing
From bactenal identification, we cbtained 16 5 ouas zostes and
% orportas zoiates. Amony the three & agorras solates one
fmolste no. U9 T01) waz susceptible to 2l the tested antmicrobial
drugz wheress the remaning two jsolate no. U43 G181 and U432
3183 were resstant to penicilin and doxycycine. Meanwhile, smong
the 5 awrar solstes, Sx were resiztant to penicliin and two were re-
sstart © gentamicin. One 5 auras isolate (cobte no. U4 TED wes
reziztant to seversl anomicrobal dazses, remety. -lactame, amnoghy-
cozides, macrolides, tetracyciines, and flucroguinciones.

36 | Antimicrobial resistance genes

In the 5 owess and 5. argenteus izobtes. the presence of snomicro-
bial resistance genes was tested. We found that 3l 5 aurcus solates
carnied bls2, mecA, oacA-aphD), and mrs{A), but none camied G,
teer¥), and cfr, wheress all three 5 argentews izolates camied only the
bia? (polste no. U43 S181 and UL3 518 3 Mutstions of pwA and
1A were found in the 5. aureus zolate no. UZ4TE.2. The mutations
of gy occurred 3t codons 88 IGAA G = GAT (Asni] and 96 [GAT
(Azpl =» ACA (Thril, wherezs the mutation of i occurred 3t codon
80 [TCC (Sery — TTA(Leut]. The presence of antimicrobil resistance
wenes in 5 aurews is chownin Table 2
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FIGURE 2 Phyiogenetic neghborjoining tree of suzpected Staphyiococcus argenteus. The tree iz constructed from arcC. arof gmic giof,
pla, ol and ygil gene sequences from the suzpected 5. argenteus (STA2A0%, STAZ11%, 5 owrews reference strain (5T75, ST152, ST121, 5T8)
and 5T of publizhed 5 argenteus wroup (ST1223, ST2250, ST2854, ST2196). The phylogenetic analiyziz waz performed wsing MEGAT

4 | DISCUSSION

rial pathogens becauze they cauze 3 multipliaty of infections and a
wide range of diseazes in mary host species, induding humans and
animalz (Holmes et al. 2016, This virulent group of pathoyers £ not
only important for Ivestock, causing conditions such x bovine maz-
itz or lamenez: in chickens, but ako for causing tkin inflections re-
wulting in absoesses inpets, zuch a2 dogs, cats, and rebbits (Drougka
etal, 201% Gofli etal, 2004; Loncaric etal, 2034 Youn etal,
2014;. Pathogenic strains of staphylococo that cause shin infections
have been well studied and characterized Moreover, in farm rab-
bitz, absceszes in the lungs, liver, and uterus lead to poor produc-
tion, infersiity, and desth (Corpa et al, 2009 This study revesied
the presence of 5 gurews, induding 3 new member of the 5 aureus
complex, 5 argentess, which Gused skin infections producing ab-
scezzes in rabbits.

Intriguingty, from the 19 5 owrews isolates, eight had white colo-
niez, which differs from the normal colony color of S aureus, which
iz yolden or yellowich The suzpected sight isolates were further

nated by NRPS amplification and MLST. The MALDI-TOF MS results
revegied these 5. arjenteus isolates, which were investigated for en-
and zad. Al three olates carned the common viruence kig, hib and
dfi. Surprisngly, previous studies have reported that 5. argenteus i
negative for the pvl Thaipadurgpanit et al, 2015, but we found the
po in two 5. argenteus izolstes in this study. Theze three 5. arpenteus
izolates, iolated from rabbitz, had the abiity to cauzse severe flness
in theze animaks, particularty via the presence of o\, which uzually
contributes to abzcess formation in rabbits, az previously reported
(Malachows etal. 2016, Although 5. arpenteus iz regionslly distri
buted in animal: other than humanz, they have been misidentified
a2 5. qureus; thiz has been sugyested in several previous publications
(Crartratita etal, 2016; Schuster etal, 2017 Thaipadungpanit
etal, 2015 Torg etal, 2015,

The NRPS gene haz been identified in studies of a diverse
array of related 5. sureus and 5. argenteus. This study found that
NRPS amglification can differentiate 5. argenteus from 5. sureus,
az ako reported previcusly (Zhany etal, 2018) The sequences
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TABLE 2 Antmicrobial drug resistance

e shenctipes 3¢ smimicrobil resiztance
Artimicrobisl zuzceptibilty tasting Senus smpliication wenes of Staphyviococcus sureus olated
e of from rabbet

DOrug S04 1= ri% Gans. olates (%)
[elmctarr:

Bemiciitn ezs ° o bl 1ie2%)

Cefocmn P87 o a.2e meca 1is.2%)

Cafazsis PaTe [ a1e

Ceftriansne 20 IAs a.19
Amncghcozde:

Gentamicln ars [ pLE secA~ 1ip2%

Amlcacs L a.29 pnD
Maccides

Azthraeycin PaTs ° a9 rerzja) lip2y)
Tatracycine

Doxycycilne ears °c a2 ret) o)
Fucesquinclsnes

Cprofieacin PaTe a.12 A lip2m

Mac®icescin eare c e.2e A 1ie2%

Morfawmch AT o a.13
Fointe pattrawy ImhisRor:

Trimetroore. 100 c ] e ol

Memetro e

Fhenicoiz

Crisrampnenical 00 ° -] ot -1

'
:

of NRPS amplicons analyzed uzing the GenBank datsbaze slzo
correzponded to the MALDE-TOF MS rezulz. Furthermore, when
we performed molecular identification wsing MLST, all eight o~
lates were found to have diverse novel STz belonging to 5. au-
reus (STA200, STA212 and STA213) and 5. argenteus (STAZL0 and
STA211) The resuts showed high heterogensity among these
revesled 3 new pathogenic member of the 5 surews complex,
5. argenteus, for the first time. These bacteria form 3 genetically
diverze [imeaye from 5. aureus (Tomg etal, 2015), being recenthy
dizcovered in humans, in 2024, Thiz study may be the first to re-
port on 5. argenteus onginating from rabbitz. We found that one
5. argenteus isolate wazs susceptible to all the tested antibiotic
agents and the other two 5. argenteus izolates were resiztant to
penicilin and doxycydine. These results could be usefu for ver
penicilin. In thiz study, we found one 5 surews molate with muta-
tionz of syl and glA, which indicated the pozzibility of guinolone
resistance. Mutations in theze genes have typically been found at
codon B8 [GAA (Gl — AAA (Ly= in gyA (Grigas et al., 2003;
Shara et 3l.. 2006) and codon 80 [TCC (Ser) = TTC Phel] in grid
(Alighcli et al, 2011; lihara et al., 2006) interestingly, the muta-
tion of griA 3t codon 80 found in our study was TCC (Ser) = TTA

{Leu). and the mutation of syA at codon 88 waz GAA (Glu) = GAT
{Azzi. Comparing the antibictic resiztance pattern, the izclated
S. argenteus showed higher zusceptibility to antibiotic agents than
the izclated 5. oweus However, it it neceszary to monitor the de-
velopment of drug resiztance in 5. argenteus in the future. From
the dizcovery of 5. argenteus in rabbits, further study of its viru-
resistance, and severity or outcome should be performed to im-
prove cur knowledye for treating, controlling, or preventing this
nowvel pathogen in exctic pets.
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ABSTRACT

Shiga toxin-producing E ced (STEC), a strain producing cytotoxins known as Shiga
toxins (Stxs, encoded by EVS and EVC genes), can cause neonatal and post-weaning diarrhea
(PWD) in pigs, leading to substantial economic loss m the form of medication costs, reduced
growth rate, and increased morbidity and mortality. To tackle this, several antimicrobial agents
are used in pig farms, although misuse may lead to occurrence of antimicrobial-resistant
pathogens. In this study, 5,831 E. @4 bacterial isolates were collected from 715 pigs. Of these,
206 bacterial isolates were STEC carrying EVS-EVC genes. A majonty of the STECs were
resistant to ampicillin (99.5%%), carbenicillin (999%), and timethoprim/sulfamethoxazole (60.2%%).
Among these isolates, 93.69% and 0.97% of STEC were carned class 1 (6.8% belong to C57)
and class 2 integrons, respectively. None isolate carried C52. The predominant antimicrobial
resistance genes were bz, . sadA, s/l a5V, and indd The results of antimicrobial resistance
phenotype and also genotype were correlated to antibiotics use m the swine farm such as
amoxicillin and penicillin  Therefore, frequent use of antimicrobial drugs in pig farms may
pdor to use.

Keywords: antimicrobial resistance, antimicrobial resistance genes, EVC-EVS, integrons, Shiga
toxin-producing E. w0
1.INTRODUCTION

Shiga toxin producing Escberichia coli produce cytotoxins known as Shiga toxins
(STEC), a strain of bacteria known to  (Stxs), have been reported to cause enteric
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infection: in pigs a: well as zoonotie
dizease symptoms in bamans such as bloody
diarrhea and hemolyte-aremic syodrome
(HUS) [1,2]. Bacterial toxins may cause
severs hemorrhagic and inflammatory
peponses in the intesting] mueosa, presentine
as watery diarchea with rapid debydracion,
acidosis and death. Crweer the last decade,
ihe cost of medication, reduction in growth
cate and increased morhidicy and morsality
canzed by theze dizease:s in the animal
population pose a substantial economie
burden. In order to avoid chis, varions
antimicrobial: ars commonly nsed im
pig farms [3] pardculacly .l.m-:-.n.g Foung
piglee: in the post-weaning stage when
the mortality rates are guite high [4].
However, the nss of thess antimicrohbial
agears as feed additee for growth promotion
and, or F:c-l:rh:.-].l::i.s, and their misnse or
overuse can increase the cccunrrence of
antimicrobial rezistance [4-7]. Seweral
mechanizms for the development of
antimicrobial resiztance present, example;
Bis_,, He .
to [-lactam via drug inactivation or
alteration pathway, ferd, aB, sl pdlh
and #A> genes for tetracyeline resiztance
throuph «ffiux pumps, sl or il for genes
encoded for sulfonamide resiztance wia
metabolie pathoray [B]. Recently, integrons,
gene cxszetie of several aptimierobial resistanee
genes which carried by mobile genetie

bz . . penes for resiszant

element, are presented as a key of the
development of mult-drog resistance in
grami-nemacive bacteria. The general stractare
of the integron: conszist of a conzerved
rzpron that eodes Integrase (Iw) and a vanakle
:egi.-l:-.l:l. ;:.i'l:"_'-'-jr{:'l"_. where Tanons resistancs
cassettes can be inteprated themselwes.
The common types of inteprons identified
are claz=s 1. 2 and :I-a.em:d.i.ngtl:- :h.ei.l:l.tegn:,e
gene (o) [9]. Among the interrons claszes,

clazs 1 and 2 imiepron:s are the most

Chiang Mai | Sei 2018; 45(1)

regular and extenszively present in
Enterobacterizceas including E. ol and
are responsible for the spread of MIDR stin
[10]. Tajbakhsh & &l investigated the
prevalence of inteprons in the monlti-drog
resistant E. s izolared from aguacnliice
water in Chabarmahal WVa Bakhiian provinece,
Iran. Among these bacterial isolares,
they weze positive for integrons class 1 (#0%%)
and class Z (10%%) [1 1]. Recendy, the presalence
of integrons in STEC inereased as reported
by Kheiri & s They found 50, 35, § and
16 %% wers class [ int=prons and 2§, 5, 0 and
4 % were class IT in chicken, haman,
cattle and sheep izolates in Alborz province,
respecticely [12].

The prevalence of mmlti-dmg resiztane
E. ¢l has become a eritical problem globally,
and poses 3 threat to uman health as ic acts
a5 2 reservoir amd transfers resistance
gene: from animals to human beings via
the foad chain [13-16].

Carrendy, thers iz limited evidence on the
antirnierobial resistunee of E. calfisolated from
pigz in Thailand Therefore, the aim of this
study was to brrestgate the prevalence of
mult-dme reziztance inchiding antimicrobial
resistanee Fenes and integron: of STEC
isolated from pigs o Makommpathom amd
Ratchabur provinees. The:e locations are
the large area of swine farm in Thailand
whick al:o distributed pig or pork to
another proviness and neighhor conntries.

2. MATERIALS AND METHODS
21 Sample Collection and Bacterial
Isolation

This stady mchaded 715 rectal sorabs
of pigs aged é-E weeks and be
T farms in the MNakoropathom o = 323) and
Ratchaburi (o = 392) provinces, Thailand
where agriculmre and frestock are the main
sowrce of income of the people. All samples
were collected between 2012 and 2014.

i to
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'The_.- were transported to the laboratory
within 24 h of collection, imoenlated on
L.{aeﬂn.nkz'r :_'.h.{.-".ul:‘__n |__".E-a|:t|:|.|:|, Dickinson and
Cnmf!a.n}': MO, L‘SA_': apar, and imeubated at
ITC for 24 b Afer inoubaton, the suspected
bacterial colonies (lactose farmenter colonies],
twelre colonie: randomly selected from
indiTidual SHJII.P].E.. mELe su'b:.eeted to
Gram staining and conventional bacterial
baochemical tests such as toiple sugar ron agax
[T5I), ormithine decarboxyiaton, motility)
indols ::Cllhﬂ] and eitrate for E. eofr
identification. The farm owners were
ipterviewed to gather Information
regarding the andmicrobials nsed. The agenss
nsed included amozieillin, Peni.-.‘i.lLi.n.:
colisting tizombing, Fenmmyein, enrofozacing
tetracyeline, and cefiriazone. This study
was approved by The Faclty of Vetednary
Soience-Animal Care and Tze Committes,
Eiahidol 'L'nj'l:rusit_'r :'J_:rl:utoeul number
RIITWE-2012-55).

22 sixl and six? Family Amplification
'l'h.el:!:esennt of the vl (EVE] and sl
:_'E‘l"l:] genes enl:ud.i.ng Shi

~like moxin in

the E. miff isolates was determined by FCR
u;in.g' :-P:n:i.E.c Pn.m.er':, as lsted mn Tahle 1.
Bacrerial genomie DMA was extracted by
suspending the bacterial colome: n sterile
disgilled water and boling them for 10 min
Thereaftar, the supernatant was nsed as
template for PCE The total volume of the
PCR mizture was 25 pL, incloding 1 pB
of each Pr.i.m.er, 2.5 pL of 10X Ta-:l PCR
baffer, 0.2 ml d3TT, 2 mbl Ml and 1 77
of T.l.-:_|_ DMNA Ful*_rmera:e rFe;:menta.:,
5t. Leon-Rot, Germany). The PCR reaction
mixture was subjected to the following
thermal cycle: 5 min of inita] denamaration
at 95°C, 30 eyeles of ampliSieation at 94°C
depaturation for #0 3, 55°C annealing
for 30 5, 7T2°C extension for 90 s for both
EVT1/EVTIZ and EV51/EVLE and a final
extension at 72°C for 8 min using the
Lifeeyeler (Biorad, Califormia, TUSA}.
The amplified produects were apalyzed
usimp 1% agaroze gel elecizophoresiz and
ethidium bromide smining The DINA bands
were visnalized nnder a UV trans-illnmimator

(Syagene, Cambridge, England).

Table 1. The= PCHR |_:u:i.u:|.:|: for J.mPli.ﬁ.m'I:inn of rtc, andmicrobial-resistant genes and i.n.l:ugmn:-.

'I'I:EEEIIH Prmear |:5'-3'} Hafsrence
six-I EVT1/EVT2 CAACACTGGATGATCTCAG Al sl 2014
CCCCCTCAACTGCTAATA
st-2 EVS1/EVCE ATCAGTCGTCACTCACTGET Al sl 2014

CTECTETCACAGTGACAAA

Fulfonarnide

mall CEACACACAAATCZAGCGTA Use in this smdy
GTCTTGCACCZAATIZCATAA

sl GECAGATETGATCGACCTCG Leverstein-Van
ATECCGEEATCAAGACAAG Hall &5l 2002

T CAGCAAGATTTITTIGGAATCE Boerlin o af, 2005

AACTAACCTAGGGCTTTGGA
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Targes genes Primer (5-3") Feference

Bera-lactams

b, TTAACTGGCGAACTACTTAC Kozak « ol, 2000
GTCTATTTCGTTCATCCATA

B, AGGATTGACTGCCTTITTG Kozk & ol, 2000
ATTTGCTGATTTCGCTCG

Ba, GACAGCCTCTTTCTCCACA Kozak e ol, 2000
TGCACACGAAGGCTACGTA

Trirnethoprim

b1 AAGAATGGAGTTATCGGGAATG Maynard o 2l, 2003
GECTAAAAACTGGCCTAAAATTG

SBfAT CTGCAAAAGCGAAAAACGG Maynard o 5l, 2003
AGCAATAGTTAATGTTTCGAGCTAAAG

&I GGTAATGGCCCTGATATCCC Maynard o al, 2003

TETAGATTTGACCGCCACC

AT AGAGGATTICTCACGLCAGG Huang e af, 2012
TECCAGGCACAGATCTTGAC

qurE GECATTGAAATTCGCCACTG Huang o7 al, 2012
TITTECTGCTOGOCAGTCGAA

qur5 GCAAGTTCATTGAACAGGGET Huang of af, 2012
TCTAAACCGTCGAGTTCGGELG

Aminoglycosides

aa:'.:.El:--]Ia. [weaC2)

CEEAAGGCAATAACGGAG
TCGAACAGGTAGCACTEZAG

Mavnard = &l, 2003

@ F IV GTETGCTEGCTGGTCCACAGE Lamard o sl, 2003
AGTTGACCCAGEGECTGTOEE
b GAGGAGTTGEGACTATGEATT Fozk = f, 2009

CTTCATCGGCATAGTAAAAL

Class 1 imteprons

Inid CCTCCCGCACGATGATC Smith = &, 2010
TCCACGCATCGTCAGGC

5" F elass 1 GGCATCCAAGCAGCAAG Smith = ol 2010

3 F class 1 AAGCAGACTTGACCTGA

Clazs 2 integrons

Indll TTATTGCTGEGATTAGED Lapisree gl 2006
ACGECTACCCTCTGTTATC

5 Felazs 2 GACCCCATGCACCGATTTGTA Lapierre =gl 2008

38 elazs 2 GATGCCATCGCAAGTACGAS

13 Serotyping lak LT, Ea.n.gb:t. T.Iu.il.a.n.l:l:-.l'—u':r..'rhci.:-nlmd

The sexotype of E. enleoras amalrred using  colonie: were tested with 3 polyralent antizera,
the agplutination method (5 and A reagents  namely, polyralent I, IT, and IIT. The

217



Chiang Mai J. Sei. 2015; 45(1)

serospecific antisera present in polyralent I
are O25:E11, O28F 60, O44E T4, O55E50,
O78:FE0, O111:K58, O114:F-, and
Gi]?ﬂ?:_pﬂl'_rmlﬂm]l nnmi:!.l:i.:e: QES-FS1,
O 124K 72, O125:E70, O126F 71, O127:
E 463, and O12EKE7, and polyralent III
incindss D182 B 77, O20ab B4, OZBETH,
and ©11Zac-F 88, Thereafrer the izolated
colondes divided into serospecifie proups and
amatyzed

24 Antimicrobial Susceptibility Testing

The EVS-EVC pasitive E. refi or
STEC: were examined for resismance o 16
antimicrobial doags via the disk diffasion test
following the Clinieal and Laboratory
Smndands Instinyte gubdelines (CLET}, 2002 [17].
Those wers ampicilin (10 pg), carbenicillin
(100 pg), amoxicilling clrrulanic acid (20 pg
10 u.g__":, :-ulh.l.l:ta.m."r:i:ﬁn-p-cl:azunt (30 |.|.g."
T5 "-E_.l': P.i.Pe:a.r_i.'L'I.i.n._-"mzuba.cta.m (100 |.|.E."
10 pg, cefurozime sodinm (30 wg), cefepime
:::I-I:I |.Lg:: cefiriazons= :::I-I:I |.Lg:: cefotazme
{30 g, cefrazidime (30 pg), imipenem (10 pgj,
meropemem .:iﬂl u.g__"., guntam.i.-nLn. ::1I:I e,
amikaein (30 pg}, ti.gee:rl:]in.e 15 p.g},
Ei.PI:I:IﬂDIHI.‘iI:I. =} pgn, norfloxacin (10 B,
amd 'In.m:ﬂmpn.m_.-‘u].l':.mcﬂrmzol: [125pg/
23.75 pg) (Omoid, Basingstoke, UK. E ol
ATCC 25922 was nzed as the control srain
[17]

2.5 Deetection of Antimicrobial Resistance
Genes and Integrons

Bactedal gpenomic DINA of the STEC
izolates were examined for the presanes of
antimicrobial resistance penes and integrons
nsing PCR with specific primers for individaal
genes, as Hxted in Tahle 1.

3. RESULTS AND MSCUSSIONS
A wml of 5,361 isclates of E. =l weze
obtained from the 715 swabs, of which

2046 were positive for EVEEVC (3.63%).
Amongst thess STEC izolazes 122 (589 2305
were typed to 16 szerogroup: which
comprising 3 majors serogronps: O20abFE4
[12.6%%), O128K6T (9.22%), and O28F 73
[3.22%) (Table Ij. The prevalence of STEC
may variable among differsnt area and
time duragion. In 2000, Vaddahakul = &
repocted the prevalence of STEC izolated
from retail beef and bovine feces during
Afay and Oevober 139E in Songkly Provinee,
the southern parr of Thailamd. They found
fre r:!-.:!-"!'-::n bacteral isolate: of wers STEC
whach is similar 3 our stndy [18]. Howewer,
in 2010, Prapasarskul # &l seported 2 higher
prevalznce of STEC (11.2%) fom pigs with
PWD which collected from Chancherngzan,
Makompathom and Batchabur provinees in
cencral Thailand during Japuary 2008 to
Diecember 2005 [19]. The differences in the
prevalence of STEC among thess smadies are
probably due to the fact that the patterns of
STEC are relied on dies, age, environmental
condition, and seasonal radation

In thiz study, the isclased STECs were
subjected to investigate amtimicrobial
susceptibility, and the resalts have besn
shown in Table 3. Ampicillin-resistant
bacteria were the predominant izolates
{#0.5%), followed by isolates resistant to
carbenicillin ::9?'-‘:_': and tJ::i.m.-:'Eh.-nPl:i.m_-"
sulfamethomazole (§0.29%). Mone of the
ESTEC isolate: sxhibired resiztance to
amoricillinfelaralanie acid sulbaetam )
cefoperazone, cefepime, imipenem, or
mezopenem. Multi-drmg resistant STECs
::4.35'-‘:] were also identified in this -s|:|.1.-|:l'_r,
apd zhowed the highest resistance to
ampieillin, ecarbenicillingk eceftazidime,
ciproflozacin, ceftriazone, cefotazime,
genl::.m:i-:i.n.. norflozacin, :ri.m:tthl'.i.m-

sulfamethomazrole, and ‘h,gar:'.'\:-ll.ne-
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Table X Pretvalence of STEC sezotype.

Chisng Mai | Sei. 2018; 45(1)

E. mit (O & K polywalent I 025 - K11 4 [1.84)
O26 - Fis0 T3
o4 - K74 T@EH
D155 « 59 2 [D.eT)
076 : KBl 10 (+.85)
o111 : K58 3 [1.44)
o114 - E- 3 [1.44)
2119 : K68 2 (.87
E. =i (0 & K polyralenc IT Q86 - a1 2 [D.eT)
o124 : K72 2 5T
o125 : K70 @ ()
2128 : K71 @ ()
D127 : K63 1(0.5)
125 : &7 19 {923y
E. sl (O 3 K polyralent ITT O18ac : BT77 11 (5.34)
O20ab - B84 26 (12.6)
D26 : K73 19 (9.22)
O11Zae : K66 4 1.84)
MNon-typable B4 (40 TH)

STEC: Shig toxin-producing E. sl

Table 3. Ancmicrohial drug resisonee phenotypes, antimicrobial resistance genes, and integrons

im STEC izaolated from Fj,g':.

Antimierokbial susceptibality testing Anomierobial Ha of isolates (V)
Drug S Ip% K(%) reustancegenes
Pamndcilline FiE 203 (RE.OT%:)
Arnpicillin 0.5 o ons 5-_'-:£n. 0 f0=%)
Carbenicillin 1 ] 239 biz_ . 0 0%
prlactam/ fi-lactamase
inhihitor combinations

Clarulamie aeid 0.3 BT a
Sulbactam,/

Cefoperazrone 271 29 0
Pj.p-enl:iﬂi.n-"

Tazohactarn 932 1.8 445
Cephenns

Cefororime sodnom on 0.5 0.5

Cefepime 1040 o a

Cefiiazone 295 a 0.5

219



Chiang Mai J. Sei. 2018; 45(1)

Table 3. Condomed,

27

Pp— iy testing

No. of izalates (V)

Dirug 5 I R(%) sesistance genes
Cefomzine QB L] 0.5
Cafrazidinme on5 L] 0.5
Carbapemnens
Lemipepeem 100 ] ]
Meropenem 100 o o
Aminoglyoosides 22 5-Tla 17 (B21%:)
Gantamicin o0 0.5 0.s e 3TV & [2.99%)
Amikacin 2951 L 049 asdd 175 [B4.54%)
Frr ] [EN Y]
Tetracyclime frid ] rI:I".'-:_':n
Tigecpeline Q5.6 34 1 efE O [rva)
feAl 0 ([T
Quinolones .pm’t ] rI:I".'-:_':n
Ciproflozacin 981 ] 18 gwrE O ()
MNorflozaein 9E1 L] 18 e T [B.38%:)
Folate pathoay AL O (TR}
inhibitors JEE 1 §0.2 - at 139 (67.15%)
Trimethoprim,/ R O [rva)
Snlfamethozazols all 1 [D.48%)
i 175 (B4.54%)
T ] rm'q:l
md 193 [93.60%)
ZxT 14 (6.8%)
Al 2 ET:)
52 ] rm'q:l

STEC = Sh.Lga tmn—_pm-:l'u.ﬂn.g."i B 5 = Su:r.'el:ﬁ:ihle, I = Intermadiate E = Hazistanes

Among the [iHacmam-resistan: bacteria,
mast isolates vrere seen to carry onby the B
Fens rP-E-.l:I"“!'-::n: whereas the bactena n the
aminoghrecnide-resistant proup carded sedA
[B4.54%%), see(F)-Tla (B.21%%), and san(3)-TV
gene [2.89%%). MNone isolates exhibited the
presence of ssdB. For quinclone-resismant
izplates, the bactera were seen to carry the
.prS fens r&.&ﬂ-“!'-::n, but oot gnrA or .prfi.
While, the sulfamerhozazole resistant
isolates, the il gene (B4.54%%) was most
common, followed by the ol pene [0.48%).

Mo maces of the sd0ll pene were observed.
Trimethoprim-resizstant 3TEC isolaces
exhibited the presence of 57V (67.15%),
but mot S5l or §EFVIL, and none of the
izolates n the tetracycline-resistant groap
carced 224, &8, or L.

With regard to clazs 1 integroms, B3.69%
193/ 206 i.:-n]a.t::_': of STEC: carried sw:d
and §.6% (142046 izolates) carmed 87 in
3 distinet .E.'a.gnum:':, n.a.u:.:l'_'.', 300, 400, 500
and 2,000 bps (Figure 1). Among the class 2
j.ntegl:nns, n:ml}' 0.97% (2,208 i.:-nlaues_': of
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bacteria carmied sl and po izolares carred
52 [Tahle 3). The patterns of antmierohbial
rezistance among STEC isolates bawe been
showrn in Takle 4. Baze on the age and dizrrhea
TFIOpTom of Twine group, 3 1.5%) STECs
tzolated Srorn Mormal P.l.g]:l:: [ages < .31'.'::!.'_':_
group which carded antmicrobial resistancs
genes ;"'Ii‘.-r:r- sadh Ted; 1 [0.5%) STEC was

bp M1

£,y
1,500
1,000

500

200

Chiang Liai | Sei. 204E; 45(1)

1zolated :'nnm.dia.ni'l.enp:_g".ﬂ:._ "age: < Jmeskr)
group, carsed s, mlll, M, and 92 (44.6%%)
STEC=:, izolated from normal Fig]:?: "a.g\e:
3-8 weeeks) group, carried sl H‘"mu" add
AEr, sac(3)a, gwrs, Imd, Indl; and 110
:5.3.—"’-::_ STECs, 1zolated from diarrhea
piglets (2ge: 3-8 weeks) camried I, Ha,,
Sl .5:'5'5';.',' sz 3|10, [md, and chass I integrons.

2 3

wp=1,000 bp

= SO0hn
ape S b

#— A0 bp

Figuze 1. CF class I :Ju:eg;l:-:-ur. ezpression. Lame A ks 100 '11:-la.d.-:l.-=r.|:u.:.r.'ln=r._]'_a.|:|: 1 iz F plass
1 gene i::P.l:e'.:iun S0 ".||_:|:,1 Lams X bs &F class 1 gene sxpression (300, #00, amd 500 'bP:. and
Lane 3 iz 8 ¢las= 1 pene ::Pr\e:'..i.uu. (300, 400, 500, and X000 I:||_:||.

Table 4. Pattern of antimicrobial resistance among EVE-EVC-positee Escheriches colr.

Fartern of antimiceohial resiztance Mo of isolates (34)
XT 1 (0.45
AME, CAR 77 (37.38)
AMP, SXT 1(0.49)
AMF, CAR SXT 112 (54.37)
AMF, CAR TZF 5 (2.43)
AMP, CAR SXT, TGC 1 (0.45
AMF, CAR_ SXT, TZF 5 (2.43)
AMF, CAR CIF, MOR, SXT 2 (0.9T)
AR, AMF, CAR, CIF, MOR, SXT 1 (0.45)
AMF, CAR CAZ, CIF, C}, CRO, CTX, NOR, SXT, TGC 1 (0.45

AK = Amilaein, AMF = Ampicilin, CAR = Carbenieillin, CAF = Ceffazidime, CIF =
C.i.Pm:'lchm:_n, CH = Gentamicin, CRC = Ceftriamone, CTXH = Ceforaxime, OB =
Morflomacin, 53T =Tﬁ:n:Lh.nPL'm-"5ulﬁ:neﬁumn1e._ T&C = Tigeoyclne, TET = PJ.F-E'RI'LI_].I.D

Tazochacam
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Several smadies bave reported an inezease
in the prevalence of antimicrobial-resistant
E. eslf sinee 1950 [20]. A Canmadian smdy
reported that E. rof bacterial isclases from
pigs frequently exhibited resiztance o
tetracyeline, malfonamide and smeptonryein
[15, 21-23]. Similarly, E. redf isolated
from pig: in the USA also exhibited
resistances to temacyoline and spectinomryein,
in addition to [Flactam: [16]. Conversely,
Asian sadies condacted in China, Taimram,
Korea and Thailand

E. rslf was resistant to aminoglycoside,

reported that

tEI:I:ﬂ.E’:FI’.‘Li.‘I:IE.. sulfonamide :F:cﬁ.num'_n:jn._
ch.'lnr.l.mpheni.r:-:l. -:_|_1:|.i.1:||:|]uc|:|e, amozicilling
ampicilling streptomrrein, carbenicilling and
trimethoprim-salfamethozazole [3, 14, 24].
These geoprapkic differences in resistance
patterns may be expliined by differences in
the drags used o these regions. In thiz smdy,
the isolated E. &% exhibited high levels of
rezistance to ampicillin and carbenicilling
which both are commonly andhioties ued
in l:rig farmz, and also carried the gene
associated with drug resistance (ko)
These resals demonstrated that epeated
uze of antibiotics incloding amoxieillin
and penicillin in pig farm: may affect
the ancimicrobial resiztance phenotype
and gemotype of isolated E. saly, which
corzespondence to the relationship between
other antibiotics and pathogens.

The mechanizms lrading o andmicrobial
resiztance include the production of
enrymes o mactivate of modify the antbiotie
drug, reduction of the binding capaeity
of antdhiotics by alteration of i targer site
and reduction of imtracellular antibiotie
aceumulation by decreasing permeability
and/or :incl:ea.:-i.ng active =fflux of the
antibiotic. Additionally, bacteria can develop
resistance to antibioties by mutting existing
genes (werteal evelation) or by acquining

pew genes from other strain: or species

29

(hodzonmal gens transfer). The sharing of
geoes between bacteria by hosizontal pene
transfer oceurs through seweral methods
inclnding plazmids, transposoms, and integroms
[6, 5.

The mecharizms used by bacteria for
pf-lactam apribiotic resiztance include
modification of podns (permeability baroer),
alteration of target ﬂ.EEIl:il.':.' :'J_:r:n.'ic:i]li.l:l.
binding protein:; PBP%) and production
of inactivating enzyme: ([-lactamaszes).
The lazt method is the most common
[25].
The penes that encode P-lactamases
resistance include bis . bls_ . and ks
In thiz study, although the resiztance of STEC
to penicillin was wery high, only the prezence
of ks was cbserved and thers w2z no
evidence of K, and Bs_, . This was in
accondance with previows stodies [15, 21].

The mechanizms of aminoglyeoside
resiztance inchide redunetion of doag uptale
or decreazed cell permeability, alteration of
the obhosomal binding =ites and production

of a.mi.n.-ng]:rnns:ide m.-nd.l.l"_v.-l.n.g EOZFImES.

Among Eram-n:gati.re baeteria

There are 3 types of aminoglyeoside
modiffing reactions inchiding acerplation,
aderrlation and phosphortlation Of these,
modification of the drugs by bacrerial
enzrymes is the most common mechanizm
[6]- The gen=: that encode aminoglyeoside
mud.i.E:r.ing enzyomes inelude sar::i};'-I[a.
(s2sC2), awe(3)-IV, awdd, and ssdB. In
this study, although most STEC: weze
snscepiible to aminoglyeosides, the presence
of aminoglyeosides resistance geme was
observed. The aedA was the most frequently
observed gens, follomed 'I:-'r Eﬂ:‘_:a':-I[.l. and
sa 3)-IWV. Mone of the isolates exhibited the
presencs of s#dB. These remults were in
accordance with a previous siundy that
examined the prevalznce of ssdd and v in
515 non-pathopenic E. s isolated from
food prodoets of animal origin and fecal
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sameples of healthy amimals [13].

The mechanizms of quinclons resistance
imchade alteration of the targets of quinolones,
decreazed acommmlation inside the bacteria
dus to decreased permeability of the
membrane and/or overezpreszion of the
effiux pump syztem, and plasmid mediated
quinclone resismnce [26-27]. OF these, the last
mechanizm iz most commonly observed
The genes that encode guinolons resistancs
and transzfer via l:rll-s:n:id:- include E'.Iur.ﬁ.,
glrrﬂ, and .jr.u.rS. Of thess, g.lr‘i iz moIre
frequenily detscted than the other genes [25].
In this smdy, although most STEC: were
-m:-n:Pti.'ble to qu.inul-nn:s, .jr.l.rE, a gene
associated with guinclone rezistance, was
oberved.

Besiztance to sulfonamides iz frequentdy
obrerved 1m farm animals and i3 h:u'u.ght
about by the recdeval of oo genes [, T
and refIIT) via plasmid transfer [23].
The prevalence of sl was high becoeen
1995 and 2003, but this oras :el:r]a.ced h-}'
1=l thereafrar [1, Z1-22, 29]. FRlIl was
detected for the frst tme in the year 2003
[30]. In thiz sindy, 2 high resismance of STEC
o sulfonamides was observed, and the
prevalzoce of sulfonamide resistance gemes
was common. The sl gene was most
frequentdy observed, and there was no
evidence of the =iIl gene in any of the
ol

The of Tbacterial
resistance to trimethoprim f.l."h.-!I'] inclades
reduced cell wall permeabilicy, alternatire

metabaolic Fathw.:.:r:, F:ndnet:ichn of a

mechanizms

resiztant chromoszomal DHFR enzyme,
wetpmd‘u.cuun af a chromosomal snryme,
and producdon of a plazmid-mediaved
TAP-reziztant DHFR enzyme. The most
imporfant resistance mechanizm i3 the
acquisition of a TMFP-insenszitive DHFER
variant resulting in hisk-lere] TME resistancs

Chixng Mai | Sei. 2018; 45(1)

in vagous bacteda [31]. Seveml studies have
reported observing genes associated
with TRIP resistance such as ﬂlﬁl d]l‘,"rlﬁ.-'-:
.:.n.d..s!f!_l_'ﬁ'frﬂ:ll [1, 21]. In this smdy, although
the STEC: exhibited levels of trimechoprim
resistance similar oo thar of miforamides,
the prevalence of trimethopdm resiztance
genes was less. Additionally, of the TRP
resistance genes, onoly the presence of
SE s observed

The different mechanizms of temacyeine
resiztance nchode tetracyeline effiox, ohosome
protection and enzrymartie inactivation
of teoacycline. Of thess, teoacyeline effine
is the u:;.u:-t common menha.n..i.sm among
gram-pesative bacteria [3Z]. The gpenes that
encode temacyeline pesistanee are #2008,
Jnd:eﬂjndrrudi:t-npnrdngthﬂrpumlmz
are controverzial Some smadies have reported
the presence of &5 in temacyeline-resistan:
E. woff more Sequently than #7A and &0
[1, 22, 29], whersas others observed ftA
more commaonly in temacyelins-resistanc
E. sk isclames thon #6 [21]. In this stody, mone
of the STEC: thar exhibited susceptibilicy
to tetracyeline |__"95.-5“-":~:| wers een fo carry
amy of 'r.'h.z frf gemes.

Integroms are mobile genetc elements
that contribute to the development of
bacteria. The general structure of the
integrons consist of 2 conserved repion
that codes Ln.n:gtase ::I.lf:_l and a wariable
J::g:i.un r.:"CT-}'C'I'] where Tadons resiztance
cazseries can be integrated themselwes.
Several stodies have shoom thar the most
common integrons in enterchacteda sach
as E. m!'he]nn.gto clazs 1 and class 2 [®, 33].
E. saft isolaced from pigs usnally exhibit
both class I apd elass IT integrons, bus
the prevalence of class I is higher than
class II [14]. Owur resalts ar= consistent

with previcns reports.
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4 COMCLUSION

In this study, we found STEC isolates
from swine '|:l.']1i.-|:h. belonging to 3 majors
serogronps: O20ab FKE4, O128:K47 and
O28:KT3. Resistance to ampicillin was the
major problem following with carbenicillin
and trimethopeim / sulfamethozazole. The
bacteral isolates nsaally resisnes to 3 Ends
of ansimicrobial drug Intersstingl, thet can
be resist up to 10 kinds of antimicrobial
drugs. The antimicrobial resistance genes
that always found in this stndy comprise of
bis_ . swdA, sl A% and Tnd These Sinding
indicate that a surveilllanee program is nesded
to moningr the antimicrobial resistance in
bactenal isolated from animals In additon
it is nrgently to educate pip Brmer implernent
administrative regulation: and guidelines
for the msional ne of dmgs to preven: the
spread of mmld-drag resistant bactera
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Abstract

Background: Smmmumihmw zious bactena causing subchmcal bovine mastiis.
This bactenal mfection comdyﬂmhﬁdbydeﬂmmhmﬂmmmbmmm&smphswmmml
techmque mchuding coagulase test. However, this test has several disadvantages as low sensitivity, nsk of biohazard cost
expensive, and lmited preparation especially m local area.

Aim: Amm of this study was to compare and assess the screeming method, Manmitol fermentation test (Manmtol salt agar
[MSA]). and deoxynbonuclease (DNase) test, for S. aqureus identification in milk samples.

Materials and Methods: A total of 224 subclmical bovine mastnis mulk samples were collected from four provinces of
Thaland and determuned 5. aurens using conventional method and also subjected to the screening test, MSA and DNase
test. The sensitmaty, specificity. positive predictive value (PPV), and negative predictive value (NPV) among both tests were
analyzed and compared to the tube coagulase test (TCT), as reference method Immmmological test by latex agglutination
and molecular assay by determuned spa gene were also used to identify and differentiate 5. awrews.

Results: A total of 130 staphylococe: were 1solated by selective media, Gram-stam, and catalase test. The number of
S. aureus which identified using TCT, MSA and DNase test were 32, 102, and 74 1solates, respectively. All TCT results were
correlated to results of latex agzlutination and spa zene which were 32 5. aurens. MSA showed 100% sensitivity, 28.57%
specificity. 31.37% PPV, :nleO%NPV,whuusDNmshowedﬂ 13% sensitmaty, 41.84% specificity. 22.97% PPV, and
73.21% NPV. DNase test chowed higher specificity value than MSA but the test presented 26.79% false negative results
whereas no false-negative result from MSA when companng to TCT.

Conclusion: MSA had a tendency to be a good preference for screeming 5. aurens because of its ugh sensitmaty and NPV.
The result from this study will mprove a choice to use a screening test to diagnose 5. awrens of vetenmary field for prompt
disease controlling and effective treatment.

Keywords: bovine mastitis, deoxynbonuclease test. manmitol fermentation test, screeming methods, Staphylococcus aureus.

cal Medicine, Mahidol University, Bangkul: Thailand;
College

Introduction

Bovine mastitis is a disease of the most prev-
alence and costly diseases in dairy cows or some
livestock milk industries with losses lead to reducing
of milk production, changing in milk composition,
discarding or low quality milk, increasing veter-

services, and labor costs [1]. Ths
inflammation of the mammary gland can be divided
into two types that manifested by the appearance of
inflammation at the udder of dairy cow; asymptom-
atic (subclinical mastitis) and symptomatic masti-
tis (chmcal mastitis), whereas subclimcal mastitis

Copyright: Pumipuntu, &t al. Open Access. This article Is
distributed under the terms of the Creative Commons Attribution
4.0 International License (hitp://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate If changes were made.
The Creative C s Public D

creativecommons. org/ publicd: in/zerof1.0/) appl
made avallable in this artide, unless otherwise stated.

can be occurred up to 40 times more common than
clinical cases [2]. Thus. this subclinical mastitis
seems to be an important type of mastitis in dairy
cow because it is a hidden mastitis or invisible prob-
lem 1n the herd [3] and needed to be more concemn.
Staphylococcus species are one of the main etiolog-
ical bactena that cause bovine mastitis especially
for Staphylococcus aureus which 1s considered as a
contagious pathogen that often cause bovine mastitis
[4]. These bactenia can spread from infected cow to
another cow in a herd by mainly through many routes
as contaminated milking equipment or through hands
of farmers. S. aureus infection in subclinical bovine
mastitis becomes to be a large and 1

lem in dairy farm industry [5]. There are estimates
that about 80-100% of all dairy herds have at least
some S. aureus mastitis, with from 5% to 10% of
infected cows [6]. In Thailand. the prevalence of S.
aureus infection in dairy cattle subclinical mastitis is
also different in each study site such as 8% and 3%
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of the bactenal isolates in Chiang Mai [7] and Khon
Kaen [8], respectively. :

Conventional method is the gold standard for
identification of staphylococcal infection from the
clinical specimen. Tube coagulase test (TCT) is the
mofﬁoghemicd?gmﬂntwmoﬂyuqedﬁ—
ferentiate S. aureus coagulase-negative -
ylococci for a reason that the bactﬂ?:g:an produce
coagulase protein to promote coagulation [9-12].
This protein enzyme can activate the nonproteolytic
activation of prothrombin and cleavage of fibrmo-
gen [13]. In routine laboratory, TCT is nommally pre-
Rxaredﬁomplamofhmna'nblmorhom[l-‘t].

rertheless, the differentiation of S. aureus by TCT
spent a times to monitor and interpret the results [15].
Moreover. the 1 tion of TCT needs the =
tise to clanfy the results [16]. Risk of biohazard from
TCT can be happen when the plasma denved from
the infectious plasma whatever from human or ami-
mal [17]. Furthermore, some S. qureus may produce
low amount of coagulase which render false negative
result in TCT [18].

Beside the disadvantage of TCT, Manmtol salt
agar (MSA) and deoxyribonuclease (DNase) testing
are the other biochemical methods which can be used
for screening the differentiation of S. awreus from
other species. Due to S. aureus can ferment mannitol
sugar and produces an acid at the end product when
inoculated on MSA result in the phenol red indica-
tor change the color from red to yellow [19]. Since
S. aureus has an ability to mme DNase
which can hydrolyze nucleic acid in DNase medium
agar, then it will be seen a clear zone around bacterial
colonies [20]. From the limitation in some laborato-
ries which in short supply to find some plasma to per-
form the coagulase test by the reason of its expensive
and nisk of biohazard that we mentioned above. MSA
and DNase are interested to use instead of TCT [21].
Therefore, this study aims to evaluate the efficiency of
MSA and DNase for screening S. aureus in milks of
subclinical bovine mastitis cases from four provinces
in Thailand comparing to TCT. The sensitivity, spec-
ificity, positive predictive value (PPV), and negative
predictive value (NPV) were determined. The result
from this study will provide a choice of a screening test
for diagnose S. aureus of veteni field for further
prompt disease controlling and effective treatment.
Materials and Methods
Ethical approval

All procedures performed in this study were
approved by the Faculty of Tropical Medicine-Animal
Care and Use Committee, Mahidol University,
Thailand (protocol no. 002-2016).

Sample collection and preparation

Individual 224 milk samples were aseptically
collected from subclinical bovine mastitis cases i
from 52 dairy farms which 8 different areas Thailand,
i.e; Sarabun, Lopbun, Nakom Ratchasima and Maha

Sarakham provinces during September 2015 to Apnl
2016. All samples were inoculated on Columbia blood
agar supplemented with nalidixic acid and colistin sul-
fate for lococcus spp. and Si OCCUS SPP.
(Oxoid. Sﬁ-hﬁshne U'!Qsp:;ld incubated at 35°Cs%c)r
18 h. The suspected bactenal colomes were subjected
to conventional methods such as Gram-stain, catalase
test, coagulase test, MSA, and DNase.

Screening test for S. aureus

Staphylococcal 1solates which showed positive
result for catalase test were subcultured on human
blood agar and incubated at 37°C for 24 h. Then, the
single colonies were subjected to the screening test,
1e., MSA, DNase and TCT. respectively.

MSA

MSA contains 1% mannitol. 7.5% sodium chlo-
nde, phenol red indicator, and peptone. S. aureus
can tolerate and survive in high salt condition in this
medium and can grow on it whereas the other bactena
will be inhibited by the high salt concentration from the
media. S. qureus can ferment the sugar mannitol and
from this ability it produces an acid at the end product
that changes phenol red indicator nto yellow. In this
experiment, the suspected single bacteml colony was
moculated on MSA plate (Oxoid, e, UK),
mcubated at 35°C for 24 h and observed the indicator
change (Figure-1).
DNase test

DNase agar contains 2% tryptose, 0.2% deoxy-
nbonucleic acid, 0.5% sodium chlonde, and methyl
green indicator. S. aureus has ability to produce
enzyme DNase which can hydrolyze nucleic acid in
DNase medium and was seen a colorless zone around
their colonies. In this study, the single bactenal colony
was mnoculated on DNase plate (Oxoid, Basingstoke,
UK). incubated at 37°C for 18 h and observed the col-
orless zone around bactenial colony which indicated
the colony of S. aureus (Figure-1).
TCT

TCT is prepared using human or animal plasma.
The test aspired for detecting free coagulase of
S. aureus. Free coagulase is secreted from extracel-
lular specifically by S. auwreus that reacted with the
coagulase reacting factor in plasma that able to from
a complex together, which called thrombin The
thrombin has ability to convert fibn to fibrin
resulting in clotting of plasma. This thrombin can
be called staphylothrombin In this study, TCT was
done by the protocol from Murray, 2003 [22].
The full loop of fresh suspected colonies with 1 ml
of human plasma, then incubated the mixture at 37°C
and observed for clotting formation by gently tilting
it honizontal from the vertical after incubated for 4. 6
and 24 h. Plasma clotting was considered to be a pos-
itive result for coagulase test (Figure-1).

All methods have subjected with S. aureus
ATCC 25923 as positive control and Staphylococcus
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epidermidis ATCC 12228 was used as a negative con-
trol, respectively.
Verify assays for differentiate S. aureus

Latex agglutination

The suspected bactenial isolates, which showed
gram positive coccl and positive for catalase test,
were determined to be S. aureus by Staphaurex Plus
kit (Remel Europe Ltd, Dartford UK) based on
immuno-agglutination techmique. The latex particle
was coated with rabbit immunoglobulin G (IgG) and
fibrinogen which can render the interaction of fibrin-
ogen and S. aureus clumping factor, the Fc portion
of IgG and §. aureus protemn A and specific IgG and
S. aureus cell surface antigens. The was
done following to the manufacture’s protocol [23].
Two drops of bactenial suspension was mixed with a
drop of latex particle reagent on a reaction card. Then,
the card was rotated smoothly for 30 seconds before
observing noticeable agglutination S awreus strain
ATCC 25923 was used as positive control which
showed the mixture agglutination whereas no agglu-
tination when tested with S. epidermidis stram ATCC
12228, a negative control. The staphaureux-positive
1solates were determined the spa gene by polymerase
chain reaction (PCR).

Amplification of spa gene

Several studiesused the molecular method to deter-
mine S. aureus by amplify the spa gene that is encoded
for protein A [24,25]. Bactenal genomic DNA was
extracted using DNA extraction kit (Geneaid, Taiwan).
The PCR muxture (25 pL) consisted of 1 uM of forward
prmer (5-CAAGCACCAAAAGAGGAA-3") and
reverse primer (5-CACCAGGTTTAACGACAT-3"),
100 ng of DNA template, 2.5 uL of 10xTaq PCR buf-
fer, 02 mM dNTP. 2 mM MgCl, and 1 unit of Taq
DNA polymerase (Thermo Sc:enn.ﬁc USA). The PCR
mixture was subjected to the foll thermal cycle
conditions using the T100™ Thermal Cycler (BioRad,
USA): 95 min of 95°C before 35 cycles of amphfi-
cation at 95°C for 45 s, 58°C for 43 s, and 72°C for
45 s, followed by a final extension at 72°C for 10 min.
The PCR products were analyzed by 1.5% agarose gel
electrophoresis and ethidium bromide staimng [26].
The DNA bands, size 300 base pairs (Figure-2), were
observed under a Gel Doc™ XR+ System (Biorad,
USA). S. aureus ATCC 25923 and S. epidermidis
ATCC 12228 were used in this study as positive and
negative control. respectively.
Efficiency analysis

The SPSS software (version 20.0) was used for
statistical analysis. The sensitivity and specificity
of MSA and DNase were analyzed using two * two

tables as the followings formmlas:
Sensitivity (%) =L RePOSIvE ., 40
Allpositive

Figure-1: Screening tests for identification of Staphylococcus
aureus from subdinical bovine mastiis mik sample.
(a) Mannital salt agar; (b) deoxyribonuclease test and (c) tube
coagulase test. (+) - positive result; (—) - negative result.

Sarple 1 23 4 8 67 858 %P0 12 BH BRI

T * * 2 e Er R EE

Sighesrnns ¢ * # F 4 2 2 P e
Phas kit

Sample TP AR HBN BN N A

1T L T O I I I O I O T O I

Swphaures + + F F F F F 2 2 2 4 A+
Phos kin

Figure-2: Staphylococcus aureus identification by using tube
coagulase test, Pluskitand spagene arrolﬁahnﬂ
Lane M, IOOprNAIadder Lane 1- 32.5taphylococal
DNA LanePCSauret.:sA‘l'EIZZSBZB{mve
control). Spa arnplicm is 300 bp. (+) - positive result.

True negative
All negative

Specificity (%)= <100

Positive predictive value (PPV l('n]— Truepasitive <100
rucpositive +

False positive
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Negative predictive value (NPV) (%) = -—CL-

rucnegative +
!-l]sc negative
Results
From total 224 milk samples, 130

Staphylococcus spp. were isolated by the selective
media (Columbia supplemented with the inhibitors),
Gram-stain and catalase test. As showed in Table-
1, there were 78.46 % (102/130), 56.92% (74/130),
and 24.65% (32/130) staphylococcal isolates showed
positive result on MSA test, DNase test and TCT test,
respectively. All 32-positive TCT isolates were also
positive for both Stai)-’?lﬂa\m Plus and spa gene as
showed in Figure-2.

The efficiency of MSA showed 100% sensitiv-
ity, 28.57% specificity, 31.37% PPV, and 100% NPV.
Whereas, the effi of DNase showed 53.13% sen-
sitivity, 41.84% mmy 22.97% PPV, and 73.21%
NPV (Table-2). DNase test showed higher specificity
value than MSA but the test presented 26.79% (15/56)
false negative results whereas no false-negative result
from MSA when companng to TCT. The efficiency of
the combination tests, MSA and DNase, for
S. aureus also determined (Table-2.). The combined
test presented 100% sensitivity, 17.39% specificity,
30.9% PPV, and 100% NPV.

Discussion

Screening method for identification of S. aureus
is important and necessary for prevention and con-
trol In dairy herd for veterinary field and animal
health. There has less report about the evaluation of

Table-1: Screening for Staph aureus from
subdinical bovine mastitis milk sample by MSA and DNase
test comparing to tube coagulase test.

Biochemical test Number  Tube coagulase test

m:il:;u Positive (n) Negative (n)

MSA (+) 102 32 70
MSA (-) 28 0 28
DNase (+) 74 17 57
DNase ( - 56 15 41
MSA, DNase (+,+) 55 17 38
MSA, DNase (+,-) 47 16 31
MSA, DNase (—,+) 20 0 20
MSA, DNase (—,-) 8 0 8
Total 130 Stap isolates, MSA=Mannitol salt agar,

screening method for this pathogen especially with
clinical le from animal. Our study demonstrates
that MSA show high sensitivity and can be used as
screening test for differentiates 5. qureus from ami-
mal specimen which possible infected with vanous
species of Staphylococcus. The results similar to
other reported from Kateete et al. [27] which screen-
mg clinical staphylococcal isolates from human
by using MSA and combination method (MSA/
DNase). They reported that MSA had higher sensi-
tivity and NPV but lower specificity and PPV than
DNase test. They also concluded that a combination
of MSA and DNase which had highest sensitivity
was the best choice for screening and identifying of
S. aureus clinical 1solates [27]. However, our
showed similar sensitivity value (100%) of MSA
and the combination method (MSA and DNase test).
Moreover, screening S. aureus from Staphylococcus
1solates using MSA method showed higher spec-
ificity than the combination test. Consequently,
MSA would be the best choice to screen and iden-
tify S. aureus isolated from bovine mastitis milk
rather than the combined method even the PPV is
very close (31.4% vs. 30.9%).While DNase test,
presented low sensitivity and specificity, may not
appropriate to use for screening and identifying as
a single test. Furthermore, MSA had 100% NPV, it
means that negative-MSA result can reliable as true
negative result. MSA is appropriate to rule out the
negative result as non-S. aureus isolates. Besides,
many studies reported that DNase test showed lower
sensitivity than MSA when compare the results
with TCT [17.27.28]. Although DNase test showed
higher sensitivity value than TCT, it may not suit-
able to use for screening S. aureus infection in dai
cows. Because of the DNase test showed high false
negative results which render the infected cow (false
negative-DNase test) will not treat and still be with
the uninfected animal Thus. the mastitis infection
can disseminate in the dairy farm via this manage-
ment. Therefore. it i1s extremely important to choose
the appropriate screening test with provide the true
negative result for quarantine S. aureus infected an-
mal out from uninfected animal in order to medi-
cate, prevent and limit the exposure and expansion
of the infection in farms.

Furthermore, if we compared MSA, DNase and
TCT in the terms of economic or cost of commercial
media, they were found that MSA was very low priced.

DNase=Deoxyribonudease test It was cheaper than DNase test 1.5 times and cheaper

Table-2: The calculated efficiency of MSA and DNase tests for screening of Staphylococcus aureus from subclinical
mastitis milk sample.

Biochemical tests Sensitivity (%) Specificity (%) PPV (%) NPV (%)

MSA 100 28.57 31.37 100

DNase 53.13 41.84 22.97 73.21

MSA and DNase* 100 19.15 30.9 100

*Only MSA, DNase (+,+) and MSA, DNase (—,—) were considered for this calculation. MSA=Mannitol salt agar,
DNase=Deoxyribonuclease test, PPV=Positive predictive value, NPV=Negative predictive value
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than TCT about 50 times. Therefore, MSA is a good
choice to be an optimal choice for imitial screening of
S. aureus infection in dairy herd.

Conclusion
The use of MSA seems to be a valuable tool
for initial ing and identifying of S. aureus

clinical isolates in bovine milk sample. It can be
used to screen S. aureus infection in local laborato-
ries nearby agncultural fields in order to assist vet-
erinanans for diagnosing and making a decision to
readily medicate, control and prevention. However,
if veterinarians suggest culling the infected cows
out of the farm as 5. aureus mfection after MSA
positive result. they need to be confirmed this bac-
tenal infection by TCT or other molecular tech-

niques before culling.
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Effects of sodium chloride on heat resistance, oxidative
susceptibility, motility, biofilm and plaque formation of
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B Abstract
Medicine, Mahidal Universiy, Banghol Burkholdena pseudomallei is an environmental saprophyte and the causative agent of

N —_— MaM|m&muevdaﬂanmmswﬂm
Medicine and Genetic, Faculty of Tropical Asia and northem Australia. In Thailand, the highest incidence of melioidosis is in the
m idol University, Bangkok northeast region, where saline soil and water are abundant. We hypothesized that B.
Sl O Basicat i Musssuch pseudomallei develops an ability to thrive in saline conditions and gains a selective
Uniz, Faculty of Tropical Medicine. Mahidol ecological advantage over other soil-dwelling microorganisms. However, little is
T O e — known about how an elevated NaCl concentration affects survival and adaptive
Correspondence changes in this pathogen. In this study, we examined the adaptive changes in six iso-
N’"mc_:'::'.fp“'"":;“:h lates of B. pseudomallei after growth in Luria-Bertani medium containing different con-
of Tropical Medicine, Mahidol University, centrations of NaCl at 37°C for é hr. The bacteria were then investigated for resistance
Bangkok. Thailand. : =
i ; to heat at 50°C and killing by hydrogen peroxide (H,O,). In addition, flagellar produc-

tion, biofilm formation, and the plague formation efficiency of B. pseudomallei after
el Beaammclh Eiiil G it culture in saline conditions were observed. In response to exposure to 150 and
Number: MRGS580040; Faculty of Troical 300 mmol L™ NaCl, all B. pseudomallei isolates showed significantly increased thermal
pooge _rcm;mu::::ﬁuaw tolerance, oxidative resistance, and plaque-forming efficiency. However, NaCl expo-
Rezearch Fund, Grant/Award Number: sure notably decreased the number of B. pseudomallei flagella. Taken together, these
A A O results provide insight into the adaptations of B. pseudomallei that might be crucial for
Institutes of Health Grant/Award Number: survival and persistence in the host and/or endemic environments with high salinity.
UO1AI115520
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1 | INTRODUCTION Wuthiekanun, Smith, Dance, & White, 1995). Rice farmers are con-

sidered a high-risk group for exposure to B. pseudomaliei especially
Burkholderia pseudomallei is a Gram-negative pathogenic bacte- during the monsoonal and rainy season when there is a lot of mud
rium responsible for melioidosis in humans and animals. This sap- and surface water in the rice fields (Chaowagul et al, 198%; Cheng
rophytic organism is found in soil, stagnant water, and rice paddies. & Currie, 2005; Inglis & Sagripanti, 2006; Wiersinga, van der Poll,
Regions in which melioidosis is endemic include southeast Asia, White, Day, & Peacock, 2006). Infection mainly occurs by inocula-
particularly Thailand, and northemn Australia (Cheng & Currie, 2005;  tion through skin abrasions or inhalation. The clinical features of
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melicidosis vary considerably, ranging from acute fulminant septice-
mia to chronic localized infection. In its acute form, death can occur
within days of the onset of symptoms. However, the longest reported
incubation period between initial acquisition of the organism and
subsequent infection is a remarkable 62 years. Furthermore, a high
rate of relapse has been recognized (Ngauy, Lemeshev, Sadkowski, &
Crawford, 2005). Unfortunately, there is currently no effective vac-
cine available for the prevention of melicidosis. The treatment of me-
lioidosis generally involves the antibiotics ceftazidime or carbapenem
as B. pseudomaliei exhibits resistance to several empiric antimicrobial
therapies.

In Thailand, the highest prevalence of B. pseudomallei and the
highest incidence of melioidosis are in the northeast region, where
saline soil and water are plentiful The electrical conductivity of soil
samples from northeast Thailand ranges from 4 to 100 d5/m, which
is higher than that of normal soil from other regions (approximately
2d5/m) (Development Department of Thailand). We hypothesized
that B. pseudomallei may develop an ability to adapt to saline con-
ditions and gain cross-protection to other stress conditions. There i
evidence of a link between high NaCl concentrations and an ability to
survive in saline conditions in other closely related organisms, namely,
the Burkholderia cepacia complex (BCC). These organisms are oppor-
tunistic pathogens of cystic fibrosis (CF) sufferers (Mahenthiralingam,
Baldwin, & Vandamme, 2002; Vandamme et al, 1997) whose lung
airways have an increased concentration of NaCl in the surface lig-
uid (Widdicombe, 2001), approximately twofold higher than that of
heaithy lungs (Joris, Dab, & Quinton, 1993). The potential pathogenic
role of B. pseudomallei in CF lung disease has also been reported
(O'Carroll et al., 2003).

Several studies have shown that exposure to NaCl can influ-
ence the adaptive survival and virulence of pathogenic bacteria.
The relevance of this has been shown in Salmonella enterica sero-
var Typhimurium (12), Staphylococcus aureus (Park et al.. 2012), and
Listeria monocytogenes (Garner, James, Callahan, Wiedmann, & Boor,
2006), whereby bacteria cultured in medium-containing high NaCl
show increased heat tolerance (Park et al, 2012; Yoon, Park, Oh, Choi,
& Yoon, 2013), antibiotic resistance (Yoon et al, 2013), and invasion
ability into host cells (Garner et al, 2006; Yoon et al., 2013). Our pre-
vious study also showed that B. pseudomallei grown under salt stress
displayed significantly greater resistance to the antibiotic ceftazidime
(Pumirat et al., 2009). Salt-treated B. pseudomaliei exhibited greaterin-
vasion efficiency into the lung epithelial cell line A549 (Pumirat et al,
2010). However, only one B. pseudomallei isolate was used in our pre-
vious study and adaptive responses of B. pseudomallei to high NaCl
concentrations remain largely unknown.

In this study, we further investigated the adaptive response
of six B. pseudomallei isolates grown in Luria-Bertani (LB) medium
with different concentrations of NaCl for 6 hr at 37°C. The con-
centrations of NaCl used were 0, 150, and 300 mmol L™* which are
equivalent to 0, 15, and 30 dS/m, respectively. The bacteria under
salt stress were then tested for heat resistance, oxidative suscepti-
bility, swarm motility, flagellar production, and biofilm and plaque
formation.

2 | METHODS

2.1 | Bacterial strains, growth, and salt treatment

Experiments were performed using six clinical isolates of B. pseu-
domallei: strains 153, 576, 1026b, 1530, 1634, and the reference
strain K96243. All strains were obtained from clinical specimens of six
patients presenting with melioidosis in northeast Thailand. The bac-
teria were generally maintained on LB agar at 37°C. To examine the
effect of NaCl, B. pseudomallei was subcultured in NaCl-free LB broth
and incubated at 37°C with shaking at 200 rpm overnight. The bacte-
ria were then inoculated at a dilution of 1:10 into 10 ml of LB broth
containing 0, 150, and 300 mmol L™ NaCl and incubated at 37°C for
6 hr with shaking. The sal-treated and untreated B. pseudomaiiei were
adjusted to an OD g 0f 0.15. A serial dilution was performed to deter-
mine the number of colony-forming units (CFU) to obtain the starting
number of bacteria.

2.2 | Heat resistance assay

A heat stress resistance assay was performed as described previously
(Vanaporn, Vattanaviboon, Thongboonkerd, & Korbsrisate, 2008) with
some modifications. Briefly, B. pseudomaliei cultured in LB medium con-
mmammzmmmmr*nxna
37°C for 6 hr were washed with phosphate-buffered saline (PBS) and re-
suspended in PBS to an OD gy of 0.15. One milliliter of the bacterial sus-
pension was then added into 2 prewarmed tube and incubated at 50°C
for 15 min. Before and after heat challenge, bacterial survival was enu-
merated on LB agar plates after incubating at 37°C for 24 hr. The number
of surviving bacteria was expressed as a percentage of the viable cells.

% Survival = CFU (heat exposure) x 100/CFU (without heat
exposure)

2.3 | Oxidative stress assay

The survival of B. pseudomaliei under oxidative conditions was deter-
mined by observing the number of viable bacteria after exposure to an
oxidative agent. After § hr of culturing in LB medium containing different
salt concentrations (0, 150, and 300 mmol L™ NaCl), B. pseudomaiiei cells
were harvested, washed, and resuspended in PBS. The bacterial concen-
tration was adjusted to an OD gy of 0.15. Then, 100 pl of bacterial sus-
pension was treated with H,0,, (at 2 final concentration of 1 pmol L™}
or left untreated at room temperature for 15 min. A 10-fold dilution of
treated and untreated bacteria was performed and plated on LB agar.
After incubation at 37°C for 24 hr, colonies were counted. The number
of colonies of treated bacteria was compared with that of untreated bac-
teria (without oxidant) and presented as the % bacterial survival.
% Survival = CFU (with oxidant) x 100/ CFU [without oxidant)

24 | Motility assay

A motility assay was undertaken using the swarm plate method as
previously described (Deziel, Comeau, & Villemur, 2001). Briefly, B.
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pseudomallei were grown in LB broth with 0, 150, or 300 mmol L™
NaCl for 6 hr at 37°C. Bacterial pellets were collected, washed, and
adjusted in PBS to approximately 108 CFU/mL Swarm plates were in-
oculated by placing 2 pl of the prepared inoculum onto the agar sur-
face at the center of the plate. The diameter of the swarming motility
zone was measured from the point of inoculation after incubation at
37°C for 24 hr.

2.5 | Hectron microscopic examination

The presence of B. pseudomallei flagella was examined using a trans-
mission electron microscope. Fifty microliters of B. pseudomallei
grown in LB broth with different salt concentrations was harvested
and dropped onto parafilm. Formvar-coated carbon grids were placed
on top of the parafilm for 10 min to transfer the bacterial cells. The
liquid was then carefully removed with filter paper. The samples
were stained with 1% uranyl acetate for 10 min, then the liquid was
removed again. The grid was dried at room temperature overnight
Bacteria were observed under a Hitachi Electron Microscope H-7000
Uapan). The presence of bacterial flagella was recorded for 100 bac-
teria per condition.

2.6 | RNA preparation and real-time RT-PCR

RNA was isolated from 6 hr culture of B. pseudomallei grown at 37°C
by adding 10 ml of RNAprotect bacterial reagent (QIAGEN) to 5 mi
of bacteria cufture and incubating for 5 min at room temperature.
Subsequently, total RNA was extracted from bacterial pellets using
Trizol (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions and treated with DNase (NEB, MA, USA) for 10 min at
37°C before use. Conventional PCR for 235 RNA gene was used to
verify that there was no gDNA contamination in the DNase-treated
RNA samples. Real-time RT-PCR was performed for six genes (rpoE.
groEL, hipG bopA, bopE, and bipD) using Brilliant Il SYBR® Green
QPCR Master Mix, one step (Agilent Technologies, Santa Clara. CA
USA) with following conditions: reverse transcription at 50°C for
30 min, enzyme activation at 95°C for 10 min, then 40 cycles of de-
naturation at 95°C for 30 5, annealing at 55°C for 1 min, and melting
curve analysis at 72°C for 1 min in a CFX%6 Touch Real-Time PCR
Detection System [CA, USA). Real-time RT-PCR primers are listed in
Table 1. Relative mRNA levels were determined by fold change in ex-
pression, calculated by Sl using the relative mRNA level of 235
RNA, representing a house-keeping gene expression, as a baseline for
comparison.

2.7 | Biofilm formation assay

Quantification of biofilm formation was performed using a microti-
ter plate assay as previously described (Leriche & Carpentier, 2000;
Stepanovic, Vukovic, Dakic, Savic, & Svabic-Viahovic, 2000). Briefly,
biofilm formation of B. pseudomallei was induced in trypticase soy
broth at 37°C for 24 hr. After incubation, the adherent bacteria
were washed using deionized water three times and fixed with 99%

MicrobiclogyOpen —WI LEYM

TABLE 1 Oligonucieotide primers used in this study

Primers Sequences (5°-3) Sources
RpoE36  CTCCAAATACCACCGCAAGAT  (Korbsrisate
RpoE37  TATCCCTTAGTTGGTCCG etal, 2005)
Grol AGGACGGCGACTTGCTTGT (Vanapom et al,
Gro2 TTCCAAGACCAGTCGACAAC 2008)
Htp1 TACAGCAACAAGGAAATCT

Htp2 CACTCCTCCTTCTTCATCA

BopA F GTATTTCGGTCGTGGGAATG (Pumiirat et al,
BopA R GOGATCGAAATGCTCCTTAC 2010

BopE F CGGCAAGTCTACGAAGCGA

BopE R GCGGCGGTATGTGGCTTC G

BipDF GGACTACATCTCGGCCARAG

BipDR ATCAGCTTGTCCGGATTGAT

23sF TTTCCCGCTTAGATGCTTT

23:R AAAGGTACTCTGGGGATAA

methanol for 15 min at room temperature. The bacteria were stained
for 15 min with 1% crystal violet and solubilized with 33% (v/v) glacial
acetic acid. The quantity of biofilm was measured at 630 nm using a
microplate reader (Bio-Rad). Each B. pseudomaliei isolate was assayed
in duplicate, using eight wells per experiment.

2.8 | Plaque formation assay

Plaque-forming efficiency was assessed as previously described
(Pumirat et al, 2014). Hela cells were infected with B. pseudomallei at
a muitiplicity of infection of 20 and incubated at 37°C with 5% CO,
for 2 hr. Thereafter, the infected cell monolayers were washed and
replaced with medium-containing kanamycin (250 pg/ml). The plates
were incubated at 37°C in 2 humidified 5% CO, atmosphere for 20 hr.
Plaques were stained with 1% (w/v) crystal violet in 20% (v/v) metha-
nol and counted by microscopy. Plaque-forming efficiency was cal-
culated by determining the number of plagues per CFU of bacteria
added per well.

2.9 | Statistical analysis
All assays were conducted in triplicate, and an unpaired t-test of in-

dependent experiments was performed using the GraphPad Prism &
program (STATCON)]. Resuits were considered significantatap < .05.

3 | RESULTS

3.1 | NaCl stress induces cross-protection against
heat and oxidative agents

Different growth rates may affect the number of viable bacteria under
NaCl stress conditions. Therefore, prior to observing the effect of
NaCl stress on cross-protection against heat and oxidative agents, the
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individual growth of six clinical B. pseudomailei isolates (K96243, 153,
576, 1026b, 1530, and 1634) from six patients in northeast Thailand
was compared in LB broth containing different NaCl concentrations.
Strains K96243, 153, 576, and 1026b were selected as these have
been used extensively as reference isolates, and sequence type data
are available (K$6253, ST10; 153, 5T15, 576; ST 501 and 1026b;
ST102). Strains 1530 and 1634 were isolated from blood samples of
two cases in northeast Thailand and used for comparison. In our previ-
ous study, B. pseudomaiiei K96243 demonstrated growth impairment
during culture in LB containing 470 mmol L™* NaCl (Pumirat et al.
2010). In this study, we investigated the growth kinetics of six B. pseu-
domallei isolates in LB media containing 0, ISO,MSMMQIL'!'N:CI
for 6 hr after incubation at 37°C. Similar growth curves were observed
for the six isolates under conditions of 0, 150, and 300 mmol L™
NaCl (Figure 51). Therefore, salt concentrations ranging from O to
300 mmol L™ and a culture time of & hr were chosen for further
investigations.

To evaluate the effect of NaCl on heat resistance in B. pseudomaliei,
six B. pseudomallei isolates were cultured in LB broth with different con-
centrations of NaCl for 6 hr to reach the log phase of bacterial growth,
followed by heating at 50°C for 15 min. Figure 1 shows the percent-
age of surviving bacteria and demonstrates a significant difference in
heat resistance between B. pseudomallei isolates cultured in NaCl-free
medium and those cultured in LB with 150 mmol L™! NaCl =014
for K96243, p= 011 for 153, p= 028 for 576, p = .027 for 1026b,
p=.011 for 1530, and p = .040 for 1634) or those cultured in LB with
300 mmol L™ NaCl [p = 020 for K96243, p = 004 for 153, p < 001 for
576, p < 001 for 1026b, p < .001 for 1530, and p = 002 for 1634). In
addition, the data also showed a significant difference in the percent-
age of bacterial survival between B. pseudomallei isolates cultured in LB
supplemented with 150 and 300 mmol L™* NaCl (p = .038 for K96243,
p=.002 for 153, p=_.001 for 576, p < .001 for 1026b, p - 002 for

(a) Before heat exposure
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80 4
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v 40 4

®
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0 150 300
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1530, and p = .008 for 1634). The mean and standard deviation (SD) of
bacterial survival in NaCl-free medium of the six B. pscudomallei isolates
after heat treatment were 2.2 = 0.5%. By contrast, the mean and 5Ds of
bacterial survival of the six isolates in medium contzining 150 mmel L1
and 300 mmol L™! NaCl were 18.2 = 2.9% and 67.9 = 8.9%, respec-
tively. These data clearly revealed that salinity is associated with in-
creased resistance of B. pseudomallei to heat stress.

Activation of the oxidative response during survival in salt stress
has been reported for various bacteria (den Besten, Mols, Moezelaar,
Zwietering. & Abee, 2009; Metris, George, Mulholland, Carter, &
Baranyi, 2014). We investigated the effect of NaCl on oxidative suscep-
tibility of six B. pseudomallei izolates grown in different NaCl concen-
trations. Equal numbers of salt-treated and untreated B. pseudomallei
were exposed to 1 pmol L™ H,0, for 15 min, and their survival on LB
agar was determined (Figure 2). The percentage of surviving bacteria
among the B. pseudomailei izolates grown in salt-free medium in the
presence of H,0, was significantly lower than the bacteria exposed
to salt at a concentration of 150 mmol L™ NaCl (p = .046 for K96243,
p =039 for 153, p= 019 for 576, p = 027 for 1026b, p = 043 for
1530, and p = .014 for 1634), or those exposed to 300 mmol L NaCl
(p =.004 for K96243, p = 004 for 153, p < .001 for 576, p = 010 for
1026b, p =.011 for 1530, and p < 001 for 1634). These data also
showed a significant difference in the percentage of bacterial sur-
vival between B. pseudomallei isolates cultured in LB medium supple-
mented with 150 mmol L™ and 300 mmol ™! NaCl under oxidative
stress conditions (p = 010 for K96243, p = .004 for 153, p = 005 for
576, p = 046 for 1026b, p = 049 for 1530, and p < 001 for 1634).
In the presence of H,0, the mean survival rate of untreated B. pseu-
domallei isolates was 1.7 = 0.6%, compared with 5.6 = 1.2% for those
exposed to 150 mmol L™ NaCl and 12.7 = 2.3% for those exposed to
300 mmol L™* NaCL These data indicated that preexposing bacteria to

salt stress reduced susceptibility to H,0, in B. pseudomailei.

After heat exposure

FIGURE 1 Resistance to heat of
Burkholderia pseudomailei after growth in
Luria-Bertani (LB) broth containing 0, 150,
or 300 mmol L2 NaCl. (a) Cell viability of

Il K96243 B. pseudomaliei K96243 before and after
153 heat treatment at 50°C for 15 min. Colony-
B 576 forming units were enumerated on LB agar
plates after incubation at 37°C for 24 hr.
S 1026b (b) Percent survival of six B. pseudomailei
B 1530 isolates after heat treatment at 50°C for
I 1634 15 min. 100% viability corresponds to the
colony-forming unit count of unexposed

bacteria. The data were obtained from
at least three experiments. Error bars
represent the standard deviation of the
mean for experiments performed in
triplicate
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FIGURE 2 Susceptibility to oxidative stress of six Burkholderia
pseudomallei isolates grown in Luria-Bertani (LB) broth containing O,
150, and 300 mmol L™ NaCl. Susceptibility to killing by 1 pmol L™
H,0, was determined at 15 min. Surviving bacteria were enumerated
on LB agar plates after incubation at 37°C for 24 hr and were
expressed as the % survival. The data were obtained from three
experiments. Error bars represent the standard deviation of the mean
for three experiments

The response of B. pseudomallei to heat and oxidative stress has
been reported to be dependent on various cellular components, in-
cluding transcription factors, heat shock proteins, and virulent pro-
teins (itprasutwit etal, 2014; Korbsrizate et al, 2005; Vanaporn
etal. 2008). We therefore investigated whether NaCl affects the
expression of the rpok, groEL, htpG, bopA, bopE, and bipD. The rpoE,

—_—crr
groEL, and htpG genes were selected because they code transcription
factors or heat shock proteins that have previously been reported
to be involved in heat and oxidative stress (Jitprasutwit et al., 2014;
Korbsrisate et al, 2005; Vanaporn et al, 2008). The bopA, bopE, and
bipD were T355 genes which may be important for cell invasion (Gong
et al, 2011; Muangsombut etal, 2008; Stevens etal, 2003) Real-
time RT-PCR results showed that B. pseudomaliei K96243 when ex-
posed to NaCl (150 and 300 mmol L™%) exhibited increased expression
of all tested genes, compared with bacteria grown under NaCl-free
conditions (Figure 3). These data suggested that NaCl is involved in
increasing the expression of stress response proteins, which might be
responzible for the enhanced resistance of B. pseudomaliei to heat and
oxidative stress.

3.2 | NaCl decreases the expression of B.
pseudomallei flagella

Motility is a crucial factor for bacterial pathogenesis. Using a microar-
ray, we previously demonstrated that B. pseudomaliei grown under high
NaCl conditions exhibited downregulation of the flagella biosynthesis
sigma factor gene “fliA" (bpsI3291) (Pumirat et al, 2010). Therefore, in
this study. we further examined whether salt affects B. pseudomaliei
swarm motility. Six isolates of B. pseudomallei were grown in LB broth
containing different concentrations of NaCl (0, 150, or 300 mmol L™
for & hr, then equal numbers of bacteria for each isolate were used to
inoculate swarm agar medium. After incubation at 37°C for 24 hr, the

rpoE groEL hipG
200 100+ 150 1
éi“- a %0 g ——
= E - gtu-
'5 100 4 [] [}
z o T )
O . =] -]
L w204 w I-I
0 0 RS m— v v
0 150 300 0 150 300 0 150 300
NacCl (mmol/L) NacCl (mmoliL) NaCl (mmoliL)
bopA bopE bipD
200 4 80 - 80+
) S e S 0
o ; ;
"6' o 401 o 404
b= ° ©
- 100 - -
pd L » L 2
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NaCl (mmoliL) NaCl (mmoliL) NacCl (mmoliL)

FIGURE 3 Fold change of rpoE, groEL, htpG, bopA, bopE, and bipD genes in Burkholderia pseudomaliei K96243 grown in Luria-Bertani (LB)
broth containing 0, 150, and 300 mmol L™* NaCL RNA of B. pseudomaliei grown in LB broth with different NaCl concentrations for 6 hr was used
for determination of gene expression by quantitative real-time RT-PCR using the Brilliant Il SYBR® Green QPCR Master Mix, one step (Agilent
Technologies, Santa Clara, CA, USA) according to the manufacturer's recommendation. Relative mRNA levels were determined by fold changes
in expression, calculated by 2734CT 235 IRNA gene was used for normalization. Error bars represent the standard deviation of the means for
experiments performed in triplicate
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diameter of the swarming zone was measured (Figure 52). The mean
and 5Ds of the swarming zone diameters of the six B. pseudomallei iso-
lates were 23.7 2 0.9, 21.8 = 1.2, and 17.4 = 1.6 mmol L™ for bacteria
exposed to 0, 150, and 300 mmol L™ NaCl, respectively (Table 2).

To determine whether altered exprezsion of the fliA gene affects
bacterial flagella, we examined the number of flagella on the six B.
pseudomallei isolates during growth under different salt conditions
using an electron microscope. The results showed that the number
of flagella decreased with increasing concentrations of NaCl (Figure
53). The number of flagella counted on 100 bacteria for each of the

TABLE 2 Effect of NaCl on the swarming motility of B.

pseudomallei
Diameter of swarm zone (mmol L™}

B. pseudomailei 0 mmol L* 150 mmol L* 300 mmol L*
isolates NaQl NaCl NaQl
K?6243 24070 213267 177272
153 273=z46 263255 235=44
576 247:76 240282 160295
10260 220:70 217272 190=z82
1530 233291 18355 163=64
1634 20723 193231 11.7=81

Data represent the mean = SD of three experiments each performed in
triplicate.

TABLE 3 Effect of NaCl on the number of flagella expressed on
Burkholderia pseudomaliei

% Bacteria with flagella
B. pseudomallei  NaQl
isolates {mmol L) o 1-3 >3
K96243 1] 36 50 14
150 52 36 12
300 76 24 0
153 0 36 52 12
150 52 28 20
300 60 40 4]
576 0 24 42 24
150 32 60 8
300 76 24 4]
1026b 0 36 56 8
150 - 56 1]
300 80 20 4]
1530 0 52 — 4
150 52 — 4
300 60 40 0
1634 0 44 52 4
150 64 2 4
300 72 24 4

Data represent the mean = 5D of three experiments each performed in
triplicate. One hundred bacterial cellz were counted to determine the num-

ber of fiagella.

six isolates is shown in Table 3. The majority of B. pseudomaiiei iso-
lates (70.7 = 3.5%) grown in LB with 300 mmol L™ NaCl showed no
flagella. By contrast, only 38.0 = 3.8% and 49.3 = 4.3% of B. pseudo-
mallei cultured in NaCl-free and 150 mmol L™} NaCl-supplemented
media, respectively, had no flagella. The number of unflagellated
bacteria among the B. pseudomaliei isolates grown in 200 mmol L™
NaCl-supplemented medium was therefore significantly higher than
among those grown in sakt-free (p < 001) or 150 mmol L™ NaCl-
supplemented medium (p = 003, respectively). This phenomenon in-
dicated that salinity affects flagella production in B. pseudomallei.

3.3 | Effect of NaCl on B. pseudomallei
biofilm formation

B. pseudomallei can produce biofilm, which may offer protection
against hostile conditions such as antibiotic treatment, zalinity, and
immune responses (Cheng & Currie, 2005; Inglis & Sagripanti, 2006;
Kamjumphol, Chareonsudjai, Chareonsudjai, Wongratanacheewin, &
Taweechaisupapong, 2013). We therefore tested whether B. pseu-
domalici biofilm formation is affected by salt stress. Six isolates of
B. pseudomallei were grown in LB broth with different concentra-
tions of NaCl for & hr at 37°C prior to the induction of biofilm for-
mation. The results in Table 4 demonstrate the biofilm formation
capacity of each of the B. pseudomallei isolates. The mean OD val-
ues and SDs of the biofilm formation capacity of the B. pseudomal-
lei isolates increased from 0.19 £ 0.01 to 0.24 £ 0.03 and then to
0.31 = 0.03 when bacteria were grown in the presence of 0, 150,
and 300 mmol L™} NaCl, respectively. Although, each of the B.
pseudomallei isolates tended to show increased biofilm formation
when grown in the presence of NaCl compared with those grown
in 0 mmol L™* NaCl, we could not detect a significant difference in
biofilm formation when comparing bacteria grown in the presence
of 0, 150, and 300 mmol L™* NaCL

3.4 | Nadl affects B. pseudomallei plaque formation

B. pseudomallei is a facultative intracellular bacteria that har-
bors the ability for cell-to-cell spread (Kespichayawattana,

TABLE 4 Effect of NaCl on biofilm formation of Burkholderia
pseudomaliei

Corrected OD,,, nm

B. pseudomaliei 0 mmol L* 150mmolL™ 300 mmol L*
isolates NaCl NaQl NaCl
K96243 016003 021:007 023007
153 0242012 033018 035:018
576 014=001 0.16 £ 0.02 022:004
1026b 0202007 0352022 045:027
1530 017004 0.18 004 023:003
1634 021x003 023:003 025001

Datza represent the mean = SD of three experiments each performed in
triplicate.
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Rattanachetkul, Wanun, Utaisincharoen, & Sirisinha, 2000), which
is an important characteristic for pathogenesis. Previously, NaCl
was found to increase expression of the Burkholderia secretion
apparatus (Bsa) type Ill secretion system (T355), which involved a
virulence-associated interaction with the host cell (Pumirat et al.,
2010). In particular, the translocon “BipB* and the secreted effec-
tor protein "Cif" homolog in B. pseudomaliei were reported to in-
duce cell-to-cell dissemination (Pumirat et al., 2014; Suparak et al.,
20035). Hence, we investigated whether salt stress affects cell-to-
cell spread of B. pseudomaliei. Six B. pseudomaliei isolates grown
in LB with different concentrations of NaCl for 6 hr at 37°C were
assessed for plague formation. Figure 4a demonstrates plague for-
mation in the Hela cell line induced by B. pseudomallei K96243
when grown in 0, 150, and 300 mmol LY NaCl. The mean and 5D
of the plague-forming efficiency of B. pseudomaliei isolates grown
in 300 mmol L™* NaCl were 59.8 £ 2.8, compared with 41.7 = 2.2
for bacteria grown in 150 mmol L™ NaCl and 35.0 = 2.7 for those
grown in NaCl-free LB. All B. pseudomallei isolates grown in the
presence of 300 mmol L™ NaCl showed significantly increased
plague formation relative to bacteria cultured in NaCl-free medium
(p = 004 for K96243, p - 021 for 153, p = .002 for 576, p = 017
for 1026b, p = .032 for 1530, and p = .016 for 1634). Moreover, we
also observed a significant difference in the plaque-forming capac-
ity of all B. pseudomallei isolates cultured in LB supplemented with
300 mmol L™* NaCl compared with those cultured in 150 mmol L™
NaCl (p = .027 for K96243, p - 029 for 153, p - .019 for 576,
p=.033 for 1026b, p - 048 for 1530, and p - .042 for 1634).
This finding indicated the influence of NaCl on B. pseudomallei
pathogenesis.

(a)  O0mmol/L NacCl

FIGURE 4 Plagque formation by
Burkholderia pseudomallei after growth

in Luria-Bertani (LB) broth containing O,
150, and 300 mmol L™ NaCl. (a) images
of plaques formed by B. pseudomallei
K$6243. Representative images of Hela
cell monolayers after infection with B.
pseudomallei K96243, which had been
grown in LB broth containing 0, 150, or
300 mmol L™ NaCl for 20 hr. (b) Plaque-
forming efficiency of six B. pseudomaliei
isolates. Hela cells were infected with B. S
pseudomallei grown in LB broth containing g
0, 150, or 300 mmol L™ NaCl at a

multiplicity of infection of 20. The infected 2
cells were stained with crystal violet

after 20 hr incubation. Plaque-forming E
efficiency was calculated as the number of

plagues x 100/number of colony-forming 5‘
units of bacteria added per well. Error -
bars represent the standard deviation of o
the means for experiments performed in

triplicate
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4 | DISCUSSION

B. pseudomallei is a saprophyte that can survive and multiply under dif-
ferent environmental conditions (Cheng & Currie, 2005; Dharakul &
Songsivilai, 1999; White, 2003). It is a difficult microorganism to kdll. It
can inhabit harzh environments for many years, especially in endemic
areas, including northeast Thailand (Wuthiekanun et al, 1995) where
saline soil and water are abundant. B. pseudomallei was reported as po-
tential opportunist pathogens of CF patients (Mahenthiralingam et al.,
2002; O'Carroll et al,, 2003; O'Sullivan et al., 2011; Vandamme et al.,
1997), who have a high concentration of NaCl in their lung airway
surface liquid. Adaptive responses of Burkholderia species, including
B. pseudomaliei, to high salt conditions have been investigated pre-
viously (Inglis & Sagripanti, 2006; O'Quinn, Wiegand, & Jeddeloh,
2001; Pumirat et al, 2009, 2010), however, the mechanisms under-
lying these remain poorly understood. This study demonstrated the
adaptive phenotypes of six B. pseudomallei isolates to NaCl in various
concentrations. The concentrations of NaCl used in our experiments
were in the range of salt concentrations found in the soil and water
in northeast Thailand. We showed that adaptations under salt stress
conditions were associated with cross-protection against other envi-
ronmental stresses, as well as increased pathogenicity.

Our present study verified that the growth rate of six B. pseudomai-
Iei isolates in LB containing 0, 150, and 300 mmol L™* NaCl remained
constant. We therefore conducted our experiments within this range
of concentrations, Although high salinity seems to be a dizadvantage
for B. pscudomallci, as high salt (2470 mmol L™ NaCl) diminished
bacterial growth (Pumirat et al., 2010; Wang-Ngarm, Chareonsudjai,
& Chareonsudjai, 2014), B. pseudomallei would regularly encounter a

150 mmol/L NacCl 300 mmol/L NaCl

Il 96243
I 153

. 576
N 1026b
I 1530
I 1634

150 300
NaCl (mmol/L)
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high salinity environment in its physiological habitat. In this study, we
demonstrated that NaCl enhanced the ability of B. pseudomaliei to sur-
vive under heat and oxidative stress. Several studies in other bacteria,
such as Bacillus cereus (den Besten et al_, 2009), Bacillus subtifis (Volker,
Mach, Schmid, & Hecker, 1992), and Escherichia coli (Gunasekera,
Csonka, & Paliy, 2008), have also reported that activation of the salt
stress response conferred cross-protection against other stresses, that
is, increased resistance to heat and H,0,. Recently, Yuan, Agoston,
Lee, Lee, & Yuk, (2012) and Yoon et al., (2013) also showed that the
heat resistance of Salmonelia enterica was increased after exposure to
NaCl. Moreover, it i evident that growing Vibrio harveyi in LB broth
supplemented with 2% NaCl (34.2 mmol L) resulted in increased re-
sistance to menadione killing compared with the same organism grown
in normal LB broth (Vattanaviboon, Panmanee, & Mongkolsuk, 2003).
It is possible that the salt stress adaptation may reflect the ability of
these bacteria, including B. pseudomaliei, to survive under hostile envi-
ronmental conditions, such as high temperature and oxidative stress.

As B. pseudomaliei is an intracellular organism, it has the capability
to survive in phagocytic cells [Allwood, Devenish, Prescott, Adler, &
Boyce, 2011). While trafficking within macrophages, B. pseudomallei
may be exposed to oxidative stress. Interestingly, Scott & Gruenberg
(2011) reported that chloride and sodium ion channels play important
roles in regulating the phagosomal environment through counter ion
regulation and charge compensation of macrophages. Therefore, the
salt content in the phagosome may promote bacterial resistance to ox-
idative stress and allow B. pseudomallei to survive within the host cell.

These oxidative and heat protective effects of NaCl could be a
result of the increased expression of stress response cellular com-
ponents. The increased expression of the rpoE and groEL genes de-
tected in this study was in agreement with previous reports for the
B. pseudomallei transcriptome (Pumirat etal, 2010) and secretome
(Pumirat et al, 2009) under high salinity conditions. The expression
of groEL (bpss0477) and rpoE (bpsi2434) was upregulated in B. pseu-
domallei cultured in LB containing 320 mmol L™ NaCl, by approxi-
mately 1.2- and 1.4-fold, respectively, compared with B. pseudomallei
cultured in Immmdl'ileum&h&mpohttthtnaL
2010). indeed, the secretomic profile confirmed the presence of GroEL
in the culture supernatant only after exposure to 320 mmol L™ NaC1
(Pumirat et al, 2009). Moreover, our results were consistent with the
observation that inactivation of the rpoE operon increased susceptibil-
ity of B. pseudomallei to killing by menadione and H,0, and high osmo-
larity (Korbsrisate et al., 2005). Furthermore, it has been demonstrated
that rpok regulated a heat-inducible promoter of the rpoH gene in B.
pseudomallei (Vanaporn et al, 2008). These data implied that RpoE
plays an important role in the increased resistance of B. pseudomallei
in response to heat and oxidative stress.

Among the salt-altered genes of B. pseudomallei K96243 (Pumirat
etal, 2010), we previously detected downregulation of the flagella
biosynthesis sigma factor fiA gene (bpsi3291). by approximately
1.5- and 1.2-fold (at 3 and 6 hr, respectively), when B. pseudomallei
was grown in medium supplemented with 320 mmol L2 NaCl com-
pared with 170 mmol L™ NaCL This observation led us to examine
whether growth of B. pseudomallei under high salt conditions affected

the production of flagella. Under electron microscopic examination
[Table 3), we found that most B. pseudomallei isolates grown under high
salt conditions (300 mmol L™! NaCl) did not produce flagella, whereas
the majority of B. pseudomallei isolates grown under lower salt concen-
trations (0 and 150 mmol L2 NaCl) presented at least one flagellum.
The decreased expression of motility genes due to salt stress has also
been documented for other bacteria such as Sphingomonas sp. strain
LH128 (Fida et al., 2012) and B. subtilis (Hoper, Bernhardt, & Hecker,
2006; Steil, Hoffmann, Budde, Volker, & Bremer, 2003). All six B. pseu-
domallei isolates exhibited a smaller mean diameter for their motility
zone when cultured under high salt conditions (300 mmol L™ NaCl),
compared with culturing under salt-free or low salt conditions (0 and
ISOmmolL"NaCtl.Tﬁsobsmimpﬁdﬂutsakmssplmm
important role in regulating the production of bacterial flagella. One
possible explanation for this is that in order to cope with stressful en-
vironmental conditions the bacteria conserve energy by diminishing
nonvital activities, such as motility, by reducing the production of fla-
gella by decreasing the expression of the motility regulator gene.

The ability to form a biofilm is important for B. pseudomaliei to gain
resistance to numerous environmental factors, including certain anti-
biotics and stresses (Cheng & Currie, 2005; Inglis & Sagripanti, 2006;
Kamjumphol et al., 2013). Our study detected the increased ability of
B. pseudomallei to form a biofilm when bacterial isolates were grown
in medium supplemented with NaCl, compared with salt-free medium
(Table 4). This was consistent with the findings of Kamjumphol et al.
who demonstrated that biofilm formation was increased when B. pseu-
domallei was grown in modified Viogel and Bonner's medium contain-
ing 0.85-1.7 mol L™* NaCl (Kamjumphol et al., 2013). This indicated
that B. pseudomallei responds to salt stress by producing a biofilm that
could confer cross-protection against other environmental stresses.

Exposure to high salinity is likely to be associated with pathogene-
sis in B. pseudomallei. Previously, invasion of A549 cells was enhanced
by culturing of B. pseudomaliei K96243 in salt-supplemented LB me-
dium (Pumirat et al., 2010). Our results showed that when grown in the
presence of NaCl, all six B. pseudomallei isolates exhibited significantly
increased plague formation in Hela cells (Figure 4). The elevated rate
of cellular invasion in response to NaCl may increase the load of in-
tracellular bacteria, contributing to cell-to-cell spread or enhance cell
cytotoxicity. Several studies have demonstrated the reguirement of
the Bsa T35S and type VI secretion system (T655) for the intracellular
pathogenicity of B. pseudomaflei (Burtnick et al, 2008, 2011: Lim et al.,
2015; Shalom, Shaw, & Thomas, 2007; Stevens et al., 2002; Warawa &
Woods, 2003). We postulate that these systems may participate in the
enhanced plaque formation of B. pseudomailei observed after expo-
sure to NaCL However, further experiments are required to investigate
this possibility.

5 | CONCLUSIONS
In conclusion, our results demonstrated that high salt conditions modu-

late adaptive responses in B. pseudomallei isolates. These adaptive re-
sponses include increased thermal resistance, plaque formation, and
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decreased flagella and oxidative susceptibility. Similar results were ob-
served in all six isolates tested; suggesting that salt stress induces a gen-
eral, conzerved response in B. pseudomallei. Our findings provide insight
into how these bacteria persist in endemic environments abundant in
saline soil and water, and may indicate the link between the establish-
ment and pathogenesis of B. pseudomaliei infection in CF patients.
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ABSTRACT

Subclinical mastitis is a persistent problem in dairy farms worldwide. Environmental
Escherichia coli is the bacterium predominantly responsible for this condition. In
Thailand, subclinical mastitis in dairy cows is usually treated with various antibiotics,
which could lead to antibiotic resistance in bacteria. E. coli is also a reservoir of
many antibiotic resistance genes, which can be conveyed to other bacteria. In this
study, the presence of E. coli in milk and water samples was reported, among which
enteropathogenic E. coli was predominant, followed by enteroaggregative E. coli and
enterohemorrhagic E coli, which was found only in milk samples. Twenty-one patterns
of antibiotic resistance were identified in this study. Ampicillin- and carbenicillin-
resistant E. coli was the most common among the bacterial isolates from water samples.
Meanwhile, resistance to ampicillin, carbenicillin, and sulfamethoxazole-trimethoprim
was the pattern found most commonly in the E coli from milk samples. Notably,
only the E coli from water samples possessed ESBL phenotype and carried antibiotic
resistance genes, blarev and blacmy-2. This indicates that pathogenic E coli in dairy
farms is also exposed to antibiotics and could potentially transfer these genes to other
pathogenic bacteria under certain conditions.

Subjects Microbiology, Infectious Diseases

Keywords Subclinical bovine mastitis, Escherichia coli, Antibiotic resistance, Extend spectrum
beta-lactamase
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INTRODUCTION

In dairy farms, mastitis is a persistent problem resulting in economic losses and premature
culling of cows. Staphylococcus aureus (S. aureus) is considered a major causative pathogen
which is a threat to farmers, although easily identifiable, whereas other gram negative
bacteria is overlooked or not considered to be a cause for concern by farmers. Subclinical
mastitis, which is defined as a somatic cell count (SCC) of >200,000 cells/mL in milk,

is usually caused by gram negative bacteria, such as Fscherichia coli (E. coli), Klebsiella
pneumoniae, and Serratia marcescens (Schukken er al., 2012; Azevedo et al., 2016). These
bacteria are commonly found in environmental settings, such as bedding, clothes,
farmers’ hands, and water used on farms (Perkins et al., 2009; Iraguha, Hamudikuwanda
& Mushonga, 2015; Azevedo et al, 2016). Among gram negative bacteria, E. coli is the
most notable cause of mastitis. E coli was found to usually infected mammary gland of
cows parturition and early lactation period which could lead to local and acute mastitis
(Burvenich et al., 2003). In a study in Portugal, E. coli was found to be the second most
common bacteria after non-coagulative staphylococci found in bulk tank milk (Azevedo er
al, 2016). In Uruguay, E coli was second only to 5. aureus in bovine subclinical mastitis
cases (Gianneechini et al, 2002), whereas in China, it was one of the leading types of
coliform bacteria found in milk from cows with subclinical mastitis (Memon er al,, 2013;
Wang et al., 2015).

The treatment of bovine subclinical mastitis usually depends on the severity of the
symptoms. In Thailand, the disease is usually treated with antibiotics or the infected cows
are culled. Antibiotics are also used for prevention in some farms. However, this can lead to
bacteria developing resistance to them. For example, increased resistance to antibiotics in
S. aureus in the form of oxacillin- or gentamicin-resistant strains was reported in Thailand
due to their excessive use (Suriyasathaporn, 2011; Suriyasathaporn et al., 2012). Despite this
background, there is little information on antibiotic resistance and drug resistance genes in
other bacteria related to bovine mastitis in Thailand. E. coli can be antibiotic-resistant as it
is also exposed to antibiotics from wastewater from farms. Furthermore, E. coli that carries
resistance genes can transfer those genes to other pathogenic bacteria (Hu er al,, 2016).
The discovery of antibiotic resistance in E. coli isolates from farms could possibly show the
trend or specific characteristic of antibiotic resistance and facilitate better prevention or
the more effective treatment for mastitis on dairy farm. This study was thus conducted to
detect E. coli from water sources and milk from cows with subclinical mastitis, and their
antibiotic resistance patterns.

MATERIALS AND METHODS

Sample collection

All procedures performed in this study are in accordance with the ethical standards of the
Faculty of Tropical Medicine-Animal Care and Use Committee (FTM-ACUC), Mahidol
University, Thailand (protocol no. 002-2016). Water and milk samples were collected from
17 dairy farms in Saraburi Province, Thailand, where agriculture and livestock are the
main source of income of the people. A total of 35 water samples were collected in 500-ml
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sterile bottles from drinking water for cows in a milking area and also from washing water.
Thirty-eight milk samples were collected in sterile falcon tubes from cows with subclinical
mastitis, which had an SCC of >200,000 cells/ml in milk, after the teats had been disinfected
with 709 ethanol and 4-5 streams of milk had been removed. Both water and milk samples
were stored at 4 °C and transported to the laboratory within 24 h for the experiment.

Bacterial isolation

Each water and milk sample was centrifuged at 6,000 rpm for 10 min, and the precipitant
was subjected to 10-fold dilution and spread on MacConkey agar (Becton, Dickinson, and
Company). Suspected E. coli lactose-fermenting colonies (pink colonies) were subjected
to gram staining and standard biochemical tests, including triple sugar iron agar, lysine
decarboxylase, ornithine decarboxylase/deaminase, motility, and indole production tests.

Antibiotic susceptibility tests

All E coli isolates were subjected to antibiotic susceptibility tests following the Clinical
and Laboratory Standards Institute (CLSI) guidelines (Clinical and Laboratory Standards
Institute, 2016). The antimicrobial disks used in the experiment included 10 jug ampicillin
(=13 mm), 100 pg piperacillin (<17 mm), 10 pg carbenicillin (<17 mm), 20 pg
amoxicillin-clavulanic acid (<13 mm), 30 pg cefepime (<14 mm), 30 pg cefotaxime
(=22 mm), 30 pg ceftriaxone (<19 mm), 30 pg ceftazidime (<17 mm), 75 pg cefoperazone
(=15 mm), 30 pg cefuroxime (<14 mm), 10 pg imipenem (<19 mm), 10 j.g meropenem
(=19 mm), 10 pg gentamicin (<12 mm), 30 pg amikacin (<14 mm), 15 pg tigecycline
(<14 mm), 5 pg ciprofloxacin (<15 mm), 10 pg norfloxacin (<12 mm), and 23.75 pg
trimethoprim-sulfamethoxazole (<10 mm) (Oxoid). E coli strain ATCC 25922 was used
as a control in this experiment.

Extended spectrum fi-lactamase (ESBL) production was tested by double disk synergy
(DDS) method modified from Clinical and Laboratory Standards Institute (2012). The test
uses 30 pg antibiotic disks of cefepime, cefotaxime ceftriaxone, ceftazidime, and cefuroxime.
The antibiotic disks were placed on the E. coli spreaded MHA culture plate, 30 mm (center
to center) from the amoxicillin-clavulanic acid (30 pg) disk. Plates were incubated at 37 °C
overnight and observed for the presence of an extended spectrum beta-lactamase (ESBL)
phenotype by an extension of the edge of inhibition zone of antibiotic disks toward the
amoxicillin-clavulanic acid.

Gene detection by polymerase chain reaction

All E. coli isolates from both water and milk samples were determined using specific gene
and plasmid, and the isolates that showed resistance to antibiotics were selected and
subjected to PCR to investigate their drug resistance genes. The bacteria were cultured in
1.5 ml of tryptic soy broth (Oxoid) and incubated overnight; they were then harvested
and centrifuged for 10 min at 6,000 rpm. The pellet was resuspended with 800 .l of sterile
distilled water, boiled for 10 min, centrifuged at 6,000 rpm for 10 min, and then the
supernatant was collected for use as a DNA template in PCR. PCR primers, conditions,
and positive control strains for the detection of target gene and drug resistance genes are
presented in Tables 1 and 2. All PCR reactions with a total volume of 25 pl were performed
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Table | Primers and PCR conditions used for virulence gene detection.

Target genes Positive Sequences (5-3) Anncaling Product References
control temperature  size (bp)
(*C)

Heat-labile toxin (Ir) ETEC tctctalgcatacggag 55 32 Deng et al (1996)
ccatactgatigecgeaatt

Hest-stable toxin (st) ETEC tgctaaaccagtagagicticaaaa 55 138 Mercado eral. (2011)
geaggcttacaacacaaticacageag

Shiga-like enterotoxins 1 (evt)  EHEC caacactggatgatcicag 55 349 Khan et al. (2002}
cocectcaactgetaata

Shiga-like enterotoxins 2 (evs) EHEC atcagtcgtcactcactggt 55 110 Khan et al. (2002)
clgcttcacagtgacana

Transcriptional activator EAEC 17-2 ctaattgtacaalcgatgta 55 308 Nataro et al (1994)

of the aggregative atgaagtaatictigaat

adherence fimbriae (aggR)

pCVD432 plasmid EAEC 17-2 clggcgaaagactgtatcat 55 630 Aranda, Fagundes-Neto &
caatgtatagaaatccgetgit Scalersky (2004)

Intimin (eaeA) Plasmid-eaeA  aaacaggtgaaactgtigce 55 350 Yu & Kaper (1992)
tctcgectgatagigtitggta

Bundle-forming pilus (bfpA) - aatggtgcitgegettgetge 57 326 Zhang e al. (2016)
gocgetitatccaacctggta

Notes.

ETEC, enterotoxigenic E. coli; EHEC, enterohemorrhagic £ wli; EAEC, enteroaggregative E coli.

in 1x Taq buffer, 1 mM MgCl,, 0.2 mM dNTP, 1 pM of each of the forward and reverse
primers, and 2 units of Tag DNA polymerase (Thermo Scientific). The PCR amplicon was
subjected to 1.5% agarose gel electrophoresis in TAE buffer. For gene amplification with

no reference control, the PCR product from positive samples was subjected to nucleotide
sequencing and sequence analysis for gene confirmation.

Serotyping

E. coli isolates with virulence genes were serotyped using Serosystem (Serosystem, Clinag,
Thailand) to identify O and H antigens present on the surface of the pathogenic E. coli
isolates with slide agglutination test. The experiment was performed following the
manufacturer’s protocol. EAEC, EHEC, EPEC, and ETEC strains were used as positive
control in the experiment.

RESULTS

E. coli isolation and antibiotic resistance patterns

A total of 185 E. coli isolates were collected from water (116 isolates) and milk (69 isolates)
samples and subjected to antibiotic susceptibility tests. Among these isolates, a total of 77
(51 isolates from water and 26 isolates from milk samples) showed resistance to at least
one of the antibiotics use in the experiment. Penicillin-resistant E. coli (71/77, 92.2%) was
found to be the largest group in this study followed by folate pathway inhibitor-resistant
E. coli (20/77, 26%). E. coli resistant to cephems (14/77, 18.2%), aminoglycosides (14/77,
18.2%), B-lactamase inhibitor combination (4/77, 5.2%), fluoroquinolone (12/77, 14.3%),
and carbapenem (1/77, 1.3%) were also found. Among antibiotic resistant E. coli, 84.31%
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Table2 Primers and PCR conditions used for antibiotic resistance gene detection.

Drug resistance genes Positive Sequences (5'-3) Anncaling Product References
control temperature size (bp)
(*C)
Beta-lactams
blarys, ttaactggcgaactactiac 60 2147 Kozak e1 al. (2009)
gictatticgticatccata
blagy aggatigactgectiitg &0 393 Kozak et al. (2009)
atttgetgatttcgetcg
blacuy 2 gacagretciticiccaca &0 1,000 Kozak et al. (2009)
tgRacacgaagpctacgla
Aminoglycosides
aac(3)-1la CERaaggcaalaacggag 60 740 Soleimanmi et al. (2014)
lepaacagglageacigag
aac(3)-1V EtEtgctgeiggtccacage 60 627 Maynard et al (2004)
agiigacccaggecigicge
aadA cocctggagagagegagatt 60 152 Our study
cgiggctgpctcgagatac
aadB gaggagtiggactatggatt 60 208 Kozak et al. (2009)
cltcatcggeatagtaaaag
Quinolone
qnrA agaggattictcacgocagg 60 580 Cattoir eral (2007)
tgreaggeacagatetigac
gnrB gecatigaaaticgecactg 264 Catroir et al. (2007)
ttgetgetcgecagtcgaa
qnrs geaagttcatigaacaggyt 60 428 Cattoir et al. (2007)
tclasaccgtegagticgecy
(43/51) of E. coli found in water samples are multidrug resistance and 84.61% (22/26) in
milk samples (Table 3). The antibiotic patterns could be divided into 21 types, as shown
in Table 3. We also found the ESBL phenotype (12/185, 6.5%) in six E coli isolates each
from water and milk samples. The antibiotics that the E. coli strains are susceptible to are
as shown in Fig. 1.
Specific gene and drug resistance gene detection and serotyping
All 185 E. coli isolates from both water and milk samples were also subjected to an analysis of
the virulence genes and plasmid for EAEC, EHEC, EPEC, and ETEC (agg R and pCVD432,
evt and evs, eaeA and bfpA, and Ir and st, Fig. 2). Among the bacterial isolates, 24 (24/185,
12.97%) showed positive results for gene detection by PCR, with bfpA positive isolates,
EPEC forming the majority (13/185, 7.02%) followed by pCVI432 positive isolates,
EAEC (8/185, 4.32%) and evt positive isolates, EHEC (3/185, 1.62%) (Fig. 3). All EPEC
E. coli isolates were from water samples. Among them, the bacteria presented different
serotypes, namely, 0124:K62 (2/13, 15.4%), O111:K58 (2/13, 15.4%), O128:K67 (1/13,
7.79%), 078:K80(1/13, 7.7%), and O86:K61 (1/13, 7.7%). EAEC isolated from milk samples
possessed the O18a018C:K77 serotype (6/8, 75%) and those from water samples possessed
the O112a0112c:K66 serotype (1/8, 12.5%), whereas one isolate could not be serotyped.
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Table 3 Distribution of antibiotic resistance phenotypic patterns of E coli isolates.

Resistance Phenotypic resistance Number of resistant E coli isolates
pattern
Water samples Milk samples
(n=51) (n=26)
1 AMC 1(1.9%) 0(0%)
n AMC, AMP, CAR 2(3.9%) 0(0%)
m AMC, AMP, CAR, IPM 1(1.9%) 0(0%)
v AMP 3 (5.8%) 2(7.6%)
v AMP, CAR 26 (50.9%) 0 (0%)
Vi AMP, CAR, CAZ, CN, CRO, CTX, XM 2(3.9%) 0 (0%)
vi AMP, CAR, CAZ, CN, CRO, CTX, CXM, FEP 0 (0%) 6(23.0%)
Vi AMP, CAR, CAZ, CN, CRO, CTX, CXM, FEP, SCF 0(0%) 1(3.8%)
X AMP, CAR, CAZ, CN, CRO, CTX, CXM, FEP, SXT 1(1.9%) 0(0%)
X AMP, CAR, CAZ, CN, CRO, CTX, CXM, SXT 1(1.9%) 0 (0%)
X1 AMP, CAR, CIP, CN, CRO, CTX, CXM, FEP, SXT 1(1.9%) 0(0%)
X AMP, CAR, CIP, NOR 0 (0%) 7(26.9%)
Xm AMP, CAR, CIP, NOR, SXT 1(1.9%) 0(0%)
X AMP, CAR, CN, CROQ, CTX, CXM, SXT 1(1.9%) 0(0%)
b2 AMP, CAR, NOR 1(1.9%) 0 (0%)
xvi AMP, CAR, SXT 6(11.7%) 7(26.9%)
Xvii AMP, CAZ, CRO, CTX, CXM 0 (0%) 1(3.8%)
xvin CN 1(1.9%) 0(0%)
XIX NOR 1(1.9%) 1(3.8%)
XX SXT 1(1.9%) 1(3.8%)
Xxi TZP 1(1.9%) 0 (0%)
Notes.
AMP, ampicillin; TZP, piperacillin; CAR, carbenicillin; AMC, amoxicllin—clavisanic acid; FEP, cefepime: CTX, cefotaxime; CRO, CAZ, ceft SCF,
f CXM, cefuroxime; IPM, imig MEM, merop CN, gentamicirs AK, amikacin: TGC, tigecycline; CIP, ci NOR, norfl SXT,
rimeth sulf;

EHEC isolates from milk samples possessed the O114:K serotype (2/3, 66.7%), whereas

positive isolates from water could not be serotyped (Table 4).

The bacterial antibiotic-resistant isolates (77 isolates) were investigated for drug
resistance genes (8-lactam: blarem, blassiv, blacmy-2; aminoglycoside: aac(3)-1la, aac(3)-
IV, aadA, aadB; quinolone: gnrA, qnrB, and gnrS) using PCR. The results showed that
one pCVI432 positive E coli and one bfpA positive E coli isolates possessed blacyy.; and
blaye, respectively. We also found one pCVI)432 positive isolate with the ESBL phenotype
that carried both blarem and blacwmy-2. In non-pathogenic E coli isolates, 43 (43/77, 55.9%)
isolates were found to possess various antibiotic resistance genes (Table 5). The most
common resistant gene found was blargy (38/62, 61.3%) followed by blacyy.2 (16/62,
25.8%) and aac(3)lla (3/62, 4.99). Other resistance genes carried by non-pathogenic
isolates were aad A (2/62, 3.3%) and blasiv(2/62, 3.3%). None of the E coli isolates carried

quinolone resistance genes.
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Figure | Antibiotic susceptibility test results. (A) E coli isolates from water samples. (B) E. coli isolates
from milk samples.

M I st evt evs  pCVIMA2 aggR caeA  BfpA
1212 bp 158 bp 340 bp 110 bp 630 bp 30K bp 350 hp 52obp

1500

100}

Figure 2 Agarose gel clectrophoresis of 1% agarose of the amplification products of virulence genes
and plasmid for ETEC (It, st ), EHEC (ewt, evs), EAEC (pCVDM32, aggR), and EPEC (eae A, bfpA). M,
DNA Marker.

Figure 3 Prevalence of pathogenic E. coli detected from water and milk samples.
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Table4 Target genes, scrotyping, antibiotic resistance pattern, resistant gene profile, and ESBL phenotype of pathogenic E. coli isolates.

Isolate number Origin Target gene Serotype Antibiotic Resistance gene ESBL
resistance profile phenotype
pattern

M-W910-1 LF1 Water bfpA . : = =

M-W910-1 LF3 Water bfpA - '

M-W1010-1 LF1 Water bipA - v blare

M-W1110-1 LF3 Water bfpA : XX

M-W1110-1 LFS Water bfpA 0124:K62 : = =

M-WI1110-1 LF6 Water bipA O111:K58 =

M-W12UD LFB6 Water bfpA O111:K58 I

M-WI13UD LFB6 Water bfpA O128:K67 '

M-WI13UD LFB7 Water bipA 0124:K62 : = 2

M-WI13UD LFB10 Water bipA O78:K80 '

M-WI15UD LFB4 Water bfpA 3 v ) )

M-W22UD LP Water pCVID432 < vi blacay 2, aac(3)lla

M-W23UD LF2 Water PCVIM32 011220112cK66 Vi blargy, blacyy 2, aac(3)1a, aad A +

M-W32UD LFI Water bfpA - v

M-W33UD LF1 Water bfpA 0B6:K61 :

M-MI10UD LFB4 Milk o Ol14K

M-MI0UD LFBS Milk o Ol14:K : = =

M-M35UD LFB2 Milk pCVDM32 018a018cK77 Vil +

M-M35UD LFB3 Milk pCVIM32 018a018cK77 vil B +

M-M35UD LFB4 Milk pCVIM32 018a018cK77 vil '

M-M35UD LFBS Milk PCVIDA32 018a018cK77 Vi +

M-M35UD LFB6 Milk pCVIDM32 018a018cK77 Vil t

M-M35UD LFB7 Milk pCVDM32 018a018cK77 Vil = 3

M-M37UD LFB4 Milk e 3 XVI

Notes.
*Not typable.
*Susceptible.
* Positive.
~Negative.
DISCUSSION

E. coli is known to be the most common gram negative bacteria that potentially causes
subclinical mastitis and exhibits antibiotic resistance. However, pathogenic E. coli in the
environment has often been overlooked. Many studies have reported the presence of E. coli
among subclinical mastitis cases in dairy farms in many regions of the world, particularly
in developing countries, such as Uruguay, Turkey, Brazil, Ethiopia, Mexico, and China
(Gianneechini et al., 2002; Guler & Gunduz, 2007; Fernandes et al., 2011; Haftu et al., 2012;
Abera et al., 2012; Olivares-Perez et al., 2015; Wang et al., 2015). This study demonstrated
the existence of pathogenic E. coli in environmental sources and also in milk from cows
with subclinical mastitis by detecting specific genes associated with the pathogenic types of
this species. bfpA-positive E. coli was found to be the most common strain of pathogenic
E. coli residing in water sources. pCVD432-positive isolate was found in both water and
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Table5 Target genes, scrotyping, antibiotic resistance pattern, resistant gene profile, and ESBL phenotype of non-pathogenic E coli isolates.

Isolate number Origin Target gene Serotype Antibiotic Resistance gene ESBL phenotype
resistance pattern profile
M-W610-1 LF1 Water - . v blarem
M-W910-1 LF2 Water i w blacwy 2
M-WI1110-1 LF9 Water . Xvi blarpy
M-WI12UD LFBé Water - 1 blacyey 2
M-WI16UD LFI Water 5 v blarg, blagzy, blacyy 2
M-WI16UD LF2 Water E v “m, u‘lmy_g
M-W1910-1 LF6 Water : - v blarem >
M-W20UD LF6 Water J v blarey, Blacyy.2
M-W20UD LP9 Water : - v w'rn. M_g
M-W22UD LF3 Water 5 X blarem, blacuy 2
M-W22UD LF7 Water - s X blreg, blagyy 1» aac(3)1ia +
M-W24UD LFI Water . y/ blares
M-W24UD LF3 Water » X1 blargy, blagyy 3, aac(3)1la, aadA +
M-W24UD LM Water ; v blarsy
M-W24UD LF5 Water ' g Xvi blarem
M-W24UD LF7 Water . ' blargy, blagyy.
M-W26UD LIS Water - ® v blare
M-W27UD LM Water . xvi blarem
M-W2BUD LFI Water b xv blaygy
M-W28UD L5 Water 5 v blagy, blacyy »
M-W28UD LF7 Water - y v blares, blacuy 2
M-W29UD LFI Water > X blarey, blagyy 3, aac(3)1la, aadA. ~ *
M-W25UD LF10 Water ' = Xvi blarem
M-W3IUD LFé Water . v blarsy
M-W33UD LF2 Water e v [ -
M-W33UD LFs Water - v blarem
M-W33UDLF® Water > v blares
M-W33UD LF10 Water - v blargy
M-W34UD LF3 Water - - v blares
M-W34UD LF7 Water : Xim blarey
M-M1610-1 LFB2 Milk - = wv blaygy
M-M37UD LFBI Milk - Xvi blaren
M-M37UD LFB3 Milk > Xvi blargy
M-M37UD LFB5 Milk Xvi blacsey 2
M-M37UDLFB6  Milk : Xvi blarey, Bagy.2
M-M37UD LFB8 Milk Xvi blacyy >
M-M38UD LFB1 Milk B » xn blarem =
M-M38UD LFB2 Milk X blarey
M-M3SUDLFB3  Milk 8 X1 ey
M-M38UD LFB4 Milk 2 X1 blarem
(continued on next page)
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Table 5 (continued)

Isolate number Origin

Target gene Serotype Antibiotic Resistance gene ESBL phenotype

M-M38UD LFs2 Milk
M-M38UD LFS3 Milk

M-M38UD LFS4 Milk

EHE

Notes.
ENot serotype.
*Susceptible.
+ Posits
- Nemati

milk samples. evi-positive E. coli was the least common and was only identified in milk
samples; it was not present in any of the water samples. In this study, EPEC possessed
only bfpA, which encodes bundle-forming pili that are a specific characteristic of EPEC
(Cleary et al., 2004). The presence of EPEC in water sources in dairy farms could lead to
intramammary infection of cows. A study by Dopfer, Nederbragt & Almeida (2001) also
reported the isolation of bfpA-positive EPEC from persistent cases of bovine mastitis
(Depfer, Nederbragr & Almeida, 2001). Although none of the E. coli isolates was positive for
eaeA in this study, there are reports of the presence of eaeA-positive EPEC among E. coli
found in cows with mastitis in Brazil and Turkey (Correa & Marin, 2002; Guler & Gunduz,
2007). However, in Iran, eacA-positive E. coli was not found in clinical mastitis cases
(Ghanbarpour & Oswald, 2010). This indicates that bfpA- and eae A-positive EPEC may be
distributed unevenly across the globe. EAEC (pCVD432-positive isolates) was found in
both water and milk samples. However, the serotypes of those isolates differed. This may
indicated different sources of EAEC in water and infected cows. The results also designated
that EAEC may be an epidemic strain in dairy farms in Saraburi Province, and EAEC and
EPEC could be causative agents of mastitis considering their potential infection through
water in farms. EHEC was the least common group found only in milk samples in this
study and positive only for evr (shiga-toxin 1-encoding gene). These results raise concerns
regarding the bacterial distribution to nearby areas via the contaminated water which
workers should be aware of. Studies by Lira, Macedo ¢ Marin (2004) and Momraz (2010)
also reported shiga-toxin 1-producing E. coli from cases of subclinical mastitis in cows in
Brazil and Iran. Momiaz et al. (2012) later reported that shiga-toxin 1-producing E. coli
was the most common type of E. coli in milk samples from cows with subclinical mastitis in
Iran (Momtaz er al,, 2012). These results also correlated with many studies on clinical cases
of bovine mastitis. For example, Momtaz er al. (2012) reported the presence of EHEC with
shiga-toxin l1-encoding gene as the most common virulence gene in milk samples from cases
with subclinical and clinical mastitis (Momtaz et al., 2012), which also correlated with the
study by Suojala er al. (2011), in which shiga-toxin 1-encoding gene was among the most
common virulence genes found in clinical cases of bovine mastitis (Suojala eral,, 2011).
Among the 21 antibiotic resistance patterns, the most common pattern found in E. coli
from water sources was pattern V (ampicillin and carbenicillin resistance), followed
by pattern XVI (ampicillin, carbenicillin, gentamicin, ceftriaxone, cefotaxime, and
trimethoprim/sulfamethoxazole resistance). Among the antibiotic patterns in the E. coli
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from milk, pattern XII (ampicillin, carbenicillin, ciprofloxacin, and norfloxacin resistance)
and XVI were the most common. This may indicate that E coli in milk could potentially
derive from water or other environmental sources. A study by Sayah er al. (2005) also
reported the difference in antibiotic resistance patterns between E. coli isolated from farm
water and fecal samples (Sayah er al, 2005). Our results call for a more cautious approach
with antibiotics usage in dairy farms in the Saraburi province area, since the antibiotics
that the E. coli isolates were susceptible to are from the high generation cephalosporin and
B-lactam classes which are normally used for the treatment of drug-resistance bacteria.

In another study, Geser, Stephan ¢ Hachler (2012) reported on ESBL-positive E coli in
milk from cows with mastitis Geser, Stephan & Hachler (2012), and ESBL-producing E.
coli was shown to be able to spread from infected animals to the environment, such as air
and slurry, as reported in a pig farm in Germany (Von Salviari et al., 2015). In this study,
EAEC was the only pathogenic strain that possessed the ESBL phenotype. Notably, only the
ESBL-producing EAEC isolates from water samples contained antibiotic resistance genes
(blargey and blacygy-2). The results also correlate with the study by Franz et al. (2015), who
reported that EAEC found in surface water and wastewater dominates over other strains
of pathogenic E coli in terms of possessing the ESBL phenotype (Franz et al, 2015). In
this study, we found that non-pathogenic E. coli isolates carried ESBL-associated genes
(blares, blasyy, and blacyy->. However, only four isolates (M-W22UD LF3, M-W22UD
LF7, M-W24UD LF3, and M-W29UD LF1) presented the ESBL phenotype and all of
these carried blaygy and blacyy-2. These results imply that the presence of drug-resistant
strains of non-pathogenic E. coli isolates from the environment is possible. This can pose a
threat to mastitis management programs for farm since one study also reported that non-
pathogenic E. coli can serve as a reservoir of antibiotic resistance genes and could possibly
transfer the genes to other pathogenic E coli if conditions are suitable (Hu et al,, 2016).

CONCLUSION

This study provides evidence that E coli isolates from cows with subclinical mastitis and
from water at dairy farms in Saraburi Province of Thailand consisted of pathogenic E coli
strains that are resistant to many groups of antibiotics, including the fluoroquinolone
group, which should raise concerns regarding the improper use of antibiotics in this
area. However, the information on which antibiotics are being used on the farms is very
limited. Identification of the ESBL phenotype and B-lactamase genes was also a concern as
these can be transferred to other E. coli strains, including pathogenic strains, and bacterial
species. This could lead to more serious problems associated with antibiotic resistance
in the future. It should be recommended that farms prevent mastitis by promote clean
environments for cows such as frequently changing bedding at the stalls and milking
areas by cleaning the areas thoroughly. The use of dry and clean cloths to clean the
teats before milking and effective teat dips should reduce mastitis on farms. The use

of antibiotics, mastitis control programs, and milking hygiene should be considered
and supervised by veterinarians to improve mastitis status and treatment in this area.
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Abstract Some Staphylococaus aureus isolates produced toxic shock syndrome toxin-1 (TSST-1)
which is a pyrogenic toxin superantigen (PTSAg). The toxin activates a large fraction of
peripheral blood T lymphocytes causing the cells to proliferate and release massive amounts
of pro-inflammatory cytokines leading to a life-threatening multisystem disorder: toxic shock
syndrome (TSS). PTSAg-mediated-T cell stimulation circumvents the conventional antigenic
peptide presentation to T cell receptor (TCR) by the antigen-presenting cell (APC). Instead, intact
PTSAg binds directly to MHC-1I molecule outside peptide binding cleft and simultaneously
cross-links TCR-V P region. Currently, there is neither specific TSS treatment nor drug that directly
inactivates TSST-1. In this study, human single chain antibodies (HuscFvs) that bound to and
neutralized bioactivities of the TSST-1 were generated using phage display technology. Three
E. coli clones transfected with TSST-1-bound phages fished-out from the human scFv library using
recombinant TSST-1 as bait expressed TSST-1-bound-HuscFvs that inhibited the TSST-1-mediated
T cell activation and pro-inflammatory cytokine gene expressions and productions.Computerized
simulation, verified by mutations of the residues of HuscFv complementarity determining regions
(CDRs),predicted to involve in target binding indicated that the HuscFvs formed interface contact
with the toxin residues important for immunopathogenesis. The Husclvs have high potential for
future therapeutic application.

Keywords: direct acting anti-TSST-1; human scFv; Staphylococcus aureus; superantigen; Toxic shock
syndrome (TSS)

1. Introduction

Superantigens (SAgs) are proteins produced by some bacterial and viral strains that mediate T cell
activation by bypassing the conventional peptide-MHC-II presentation to T cell receptor (TCR) [1].
Instead, intact (unprocessed) SAgs bind directly to MHC-II molecules on the antigen presenting cells
(APCland simultaneously cross-link TCR-V B domains shared by about 5%~20% of circulating CD4*
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and CD8* T lymphocytes [1,2]. T cell stimulation by SAgs is Lck pathway-independent [3], initiated
at the Gal1 (a membrane raft-enriched heterotrimeric G-protein) that stimulates PLCP and PKC to
activa®e mitogen-activated protein kinases (ERKs) causing nuclear translocation of NF-AT and NF-xB
and cytokine gene expressions [3]. Massive amounts of cytokines including IL-1p, IL-2, IL-6, TNFax
and IFNy are released from the activated cells into the circulation [1] leading to high fever, rash, skin
desquamation (peeling), plasma leakage, obstinate hypotension, and life-threatening multisy stem
organ failure called toxic shock syndrome (TSS) [2,4]. SAgs potentiate host sensitivity to bacterial
endotoxin resulting in TNFa-mediated capillary leakage which is the major contributor of the TSS [5,6].
Staphylococaus aureus secretes several pyrogenic toxin superantigens (PTSA gs) including toxic
shock syndrome toxin-1 (TSST-1) and many enterotoxins [1,7]. TSST-1 is a prototype of group | FTSAgs
responsible for most cases of menstrually-related-TSS and a large proportion of non-menstrual cases,
i.e, patients with surgical wound and cutaneous infections, osteomyelitis, arthritis, burns, post-partum
infection, and barrier contraceptive users [8,9]. Although PTSAgs share nearly identical tertiary
structure, their primary sequences are diverse (only 20%—30% identity) and the way they interact with
the host receptors (MHC-II and TCR) are different [10-16]. Forexamples, S. aureus TSST-1 occupies
almost one-half of the HLA-DR1 and contact with a-helices of the MHC-1I and the bound peptide
while S. aureus enterotoxin B binds to only one edge of the peptide binding cleft of the DR1 [10]. TSST-1
is encoded by tstH gene in the S. aureus mobile genetic element [17]. TSST-1 structure and regions that
interacted with MHC-1I and TCR have been investigated extensively [10,18-20]. Mature toxin (194
residues; ~22 kDa) is monomeric in solution and comprises two tightly packed-distinct domains [18,20].
The N-terminal domain (small domain B) acquires a-helix configuration («1; residues 1-17) that is
surrounded by five B-strands (B1-B5; residues 18-89). The C-terminal domain (large domain A) is
connected to the N-domain and contains a long a-helix (a2 or the toxin backbone; residues 125-141)
packed against five} strands; residues 90-194) that form a B-grasp motif [18-20]. N-terminal domain
of TSST-1 binds MHC-II, while C-terminal domainis implicated in binding to TCR-V [10,16,18,21].
TSS management includes supportive and symptomatic treatment. Antimicrobials and surgical
debridement to remove the toxin-producing microorganisms are important Maintaining blood
pressure by fluid therapy is necessary [22,23]. Intravenous immunoglobulin (IVIG) confers some
benefit to the patients [24]. Murine monoclonal antibodies that neutralized endotoxin prevented rabbits
from lethal TSS and endotoxin challenge [6] Symptom severity of TSS was mitigated in a rabbit model
after giving a mouse monoclonal antibody that neutralized TSST-1 activities [25]. Rabbit polyclonal
antisera against wild type and TSST-1 mutants (G31R and H135A which affected MHC-1I and TCR
bindings) protected rabbits even when given late in the course of the TSST-1 challenge [26]. In this
study, human monoclonal single chain antibodies (HuscFvs) that bound to functionally important
residues of TSST-1 were produced by phage display technology. HuscFvs of three phage-transformed
Escherichia coli clones inhibited TSST-1 mitogenicity (activation of T cell proliferation) and pyrogenicity
(induction of pro-inflammatory cytokine gene expressions and the cytokine secretions). The human
scFvs have high potential for testing further as a safe, direct acting anti-TSST-1 remedy.
2. Results and Discussion

2.1. Recombinant TSST-1 and Activities

Recombinant pET21a* with TSST-1 gene insert was synthesized (GenScript) and used to transform
NiCo21 (DE3) E. coli. Amplicon of the gene is shown in Figure 1A. From 1 L culture of the transformed
E. coli grown under 1 mM isopropyl B-D-1-thiogalactopyranoside (IPTG) induction, 1.46 grams of
purified recombinant protein was obtained. The purified preparation revealed only one protein band in
SDS-PAGE and protein staining (lane 1, left panel of Figure 1B) and Western blotting (lane 1, right panel
of Figure 1B). The LPS content of the purified preparation was 0.15 endotoxin unit (EU)/ microgram.
One endotoxin unit was approximately 0.1-0.2 ng [27]. Mass spectrometry verified that the recombinant
protein was TSST-1 (Table 1). Figure S1A shows codon-optimized nucleotide sequence of the TSST-1 of
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this study. BamH1 and Hindlll restriction sites were placed at the 5’ and 3’ ends of the gene sequence,
respectively; a stop codon of the TSST-1 gene was removed from the 3’ end upstream of the Hindlll site.
The deduced amino acid sequence, which has 100% amino acid identity to the TSST-1 of the database
(accession J02615), is shown in Figure S1B.
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Figure 1. (A) Amplicon of TSST-1 gene. (B) Stained-SDS-PAGE-separated-rTSST-1 (1 pg per lane) (lane 1
of keft paneljand Western blot pattem (lane 1 of right panel). In the Western blotting, mouse monoclonal
antr-6x Has (AbDSerotec) at 1:3000 was used as the primary antibody; goat-ant-mouse sotype-alkaline
phosphatase conmjugate (Southern Biotech) at 1:3000 as secondary antibody and BCIP/NBT substrate
(KPL). (C) Amplicons of husgfos (-1000 bp) from 10 phage-transformed HB2151 E. cdi clones.
(D) Binding of HuscFvs in lysates of 8 HB2151 E. cdli clones to SDS-PAGE-separated-rTSST-1 (1 ug
per lane). (E) SDS-PAGE-separated- purnified and refolded HuscFv35, HuscFv53, and HuscFv56 from
transformed NiCo21 (DE3) E. cali. M in (A,C) DNA ladders in base-pairs (bp); M in (B,D,E) protein
markers in kDa

The rTSST-1 at 10, 100, and 1000 ng/ mL activated T cells to express CD69 (T cell activation marker)
by 5.2%, 6.3%, and 7.2%, respectively, compared with 0.6% of the negative control (cells in medium
alone) and 24.8% of the cells stimulated by 1000 ng/mL PHA (pan T cell mitogen) which served as
positive control (Figure 2A). At 72 h after exposure to rTSST-1 (10, 100, and 1000 ng/mlL) and PHA
(1000 ng/mlL), the percentages of proliferated cells were 5.1%, 6.2%, 7.5%, and 26.8%, respectively,
compared with 0.5% of the cells in medium alone (Figure 2B).
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Table 1. LC-MS/MS Mascot results of peptides generated from recombmant TSST-1 of thas study with
30 sequence coverage.

Orthologous Accession Number of = E .
Proteins Prokein Na. Matched Peptides Score Matched Peptide Sequence (Score)
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LPFTPELFLKVK (38)

Tencic shock

rssT-1 syndrome toxin-1 G 136457 9 2

of § mreus ITMNDGSTYQSDLSK (28)
ITMINDGSTYQSDLSK (28)
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% 653%

L ] '

LT

! .

— - (f S - e e o
TSST-1 1000 ng/mlL PHA

* = % 11.7‘.

1" =

By i

1 i"-'"r"-r T
.

e
O PerCha

TSST-1 10 ng/ml TSST-1 100 ng/mlL

coind fama

TSST-1 1000 ngiml PHA

g

=R

i v W . % » '
waiet Pac s Blueh

Figure 2. Mitogenicity of the rTSST-1 (ability of the TSST-1 to induce T cell prohiferation). (A) TSST-1

at 10, 100, and 1000 ng/mlL activated T cells to express CDE9 (activation marker) by 5.2%, 6.3%, and
-

, tespectively, compared with the cells i medium alone (0.6%) and PHA (1000 ng/ mL}stimulated
cells (24.8%). (B) At72 h after exposure to (TSST-1 (10, 100, and 1000 ng/ml) and PHA (1000 ng/mlL.)
the percentages of proliferated cells were 5.1%, 6.2%, 7.5%, and 26.8%, respectiv ely, compared w ith
0.5% of the cells in medum alone.
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The rTSST-1 at 10, 100, and 1000 ng/ml. were tested for pyrogenicity (ability to induce
pro-inflammatory cytokine gene expressions in stimulated cells). Figure 3 shows fold-increase of
IL-1B, IL-6, and TNFagene expressions, respectively, in the human PBMCs after stimulation with
rSST-1 and PHA (positive control) in comparison with non-stimulated eells. Pyrogenicity of the
rTSST-1 was not concentration dependent which was conformed to the results reported previously [28].

IL-1p o IL-6 .
i || 'H : |||
: “,x,!,xa "
«Mé‘a & &S é‘p‘@

Figure 3. Pyrogenicity of the (TSST-1 (abality to induce stimulated cells to expness pro-mflammatory
oytokine genes). Fold increase of IL-18, I1-6, and TNFa expressions in the human PBMCs after
stimulation with ¢TSST-1 at 10, 100, and 1000 ng/mL and 1000 ng/mL PHA (positive control) in
relation to non-stimulated cells (negative control).

To exclude the effect of contaminated LPS in the TSST-1 preparation, an experiment in which 1
ug/ mL of LPS (Sigma-Aldrich, St. Louis, MO, USA) was used to stimulate the PBMCs was performed.
It was found that the LPS induced only 28% of the cell proliferation compared to 100% stimulation
by 1000 ng/mL of TSST-1 (Figure S2). Overall results indicated that the bacterially derived-rTSST-1
acquired the inherent activities of the native counterpart Thus, the active protein was used further.

2.2 Production of HuscF os

Ten colonies of the HB2151 L. coli transfected with rTSST-1-bound phages derived from the
human scFv phage display library by means of phage bio-panning using the rTSST-1 as bait (see
Materials and Methods) revealed amplicons of HuscFv coding genes (huscfo; ~1000 bp) (Figure 1C).
Only eight clones produced soluble HuscFvs that bound to SDS-PAGE-separated-rTSST-1 (Figure 1D).
Even though the HuscFvs bound to the rTSST-1 which was prepared in buffer containing reducing
agents (SDS and mercaptoethanol) in the Western blotting, conclusion cannot be made at this stage that
the rTSST-1 epitopes are linear sequences [29]. After nucleotide sequencing, three clones (nos. 35, 53,
and 56) showed complete Husclv sequences, ie., contiguous sequence coding for IgVH, peptide linker
(GlygSery)s, and IgVL. Therefore, huscfos of these three clones were subcloned into pLATES2 vector
and the recombinant vector was used to transform NiCo21 (DE3) E. coli for large scale production
of the antibodies. Inclusion bodies were purified from homogenates of the E. cli grown under
IPTG induction condition and the HuscFvs were refolded. Figure 1E shows SDS-PAGE-separated
purified and refolded HuscFvs. The refolded antibodies retained their binding specificity to the TSST-1
coated on the ELISA well surface with and without BSA as determined by indirect ELISA (Figure 53);
indicating that the antibodies were refolded properly. The HuscFvs also bound to S. @ureus enterotoxin
A (SEA) (Figure S3).
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2.3. Presumptive Residues and Regions of TSST-1 Bound by the HuscFvs

TSST-1 3D structure (PDB 21JO) and modeled HuscFvs (Table S1) were subjected to intermolecular
docking, Interactive modes: salt-bridge, hydrogen, hydrophobic, and van der Waals, were selected
from molecular dynamic results. The lowest energy scores for TSST-1 complexed with Husclv35,
HuscFv53, and HuscFv56 were —304+ 75.4, —243.3+ 23.7, and —371.6 15.3 kcal/ mol, respectively.
Tables 2-4, Figure S4A-C, and Figure S5 show TSST-1 residues and motives that were predicted to form
contact interface with HuscFv35, Husclv53, and Husclv56. Epitopes of the HuscFv35 and HuscFv56
tend to be conformational, ie., formed by residues in the separated portions of the TSST-1 molecule
that are spatially juxtapose upon the active protein folding, while residues that formed predicted
Husclv 53 epitope located mainly between 4 and B5 of the TSST-1 N-terminal domain,suggesting
that the epitope might be linear (Figure S5).

HuscFv35 was predicted to interact with TSST-1 at S1, D4, 16, K7, W12 and S15 of al-helix,
G16 before Bl-strand, K67, R68, K71, §72, and Q73 of B4-strand, and 5 Y80 (Table 2). Rabbit immune
sera predominantly reacted with residues 1-15 of the TSST-1 N-terminal domain was shown previously
to neutralize TSST-1 mitogenicity [30]. Blocking of al-helix impaired interaction between TSST-1 and
MHC-II molecules [20]. S15-G16 peptide bond has been shown to play a role in modulating TSST-1
mitogenicity [31]. A side chain on residue 16 geometrically stabilizes the wild type TSST-1 [32].
(16 (located in the last turn of al) and S15 were affected when H135 was mutated to alanine and this
impaired TSST-1-TCR interaction [30]. YSOW TSST-1 had reduced mitogenicity in a rabbit model [33].
TSST-1 with R68A and S72A mutations failed to activate T cells carrying VB2 TCR [34]. Functions of
K67, K71, and Q73 are elusive. Results of computerized simulation suggested that HuscFv35 should be
able to reduce TSST-1 mitogenicity by interfering with TSST-1 binding to TCR-v and cause reduction
of TSST-1-mediated cellular cytokine release by interfering with several important residues of the toxin.

Table 2 TSST-1 residues and motives predicted to be bound by residues and domains ofHuscFv35.
After resadues labeled in red wene mutated to alanines, the Husclv 35 lost ability to suppness TSST-1

mutogematy and py rogematy.

TSST-1 HuscFv3s
Residue Motif Residue(s) Do Rl St

s1 al-helix T165 VL-CDR1 Van de Waals
D4 Before al-helix T165 VL-CDRI Van de Waals
D4 Before al-helix N166 VL-CDR1 H-bond

6 «l-helix N166 VL-CDR1 H-bond
K7 al-helix Y168 VL-CDR1 Water bridge
K7 al-helix V27 VL-CDR3 H-bond
K7 al-helix D228 VL-CDR3 H-bond
D8 al-helix Y103 VL-CDR3 OH-n

D8 Before al-helix N166 VL-CDR1 Van de Waals
w12 al-helix L102 VH-CDR3 CH-n
s15 al-helix Q101 VL-CDR3 H-bond
Gl6 Before Pl-strand QIn VH-CDR3 Hydrophobic
K67 Pd-strand Q101 VH-CDR3 Water bridge
R&8 Pd-strand D31 VH-CDR1 H-bond
RéS fd-strand H100 VH-CDR3 CH-n
R6S Pe-strand QIn VH-CDR3 Van de Waals
K1 fd-strand H100 VH-CDR3 CH-n
K1 Pd-strand D108 VH-CDR2 H-bond
K1 [-strand Y185 VL-FR2 H-bond
s72 fd-strand H100 VH-CDR3 H-bond
Qn Pd-strand T192 VL-FR3 H bond
Y80 [5-strand YZ VH-FR1 H bond
Y80 p5-strand D31 VH-CDRI1 OH-n
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By the i silico docking, HuscFv53 contacted with D18 (before f1-strand), D39 (before f3-strand),
and R68; K71 and H74 (B4-strand); S76 and E77 (before B5-strand); and Y80 (p5-strand) of
the TSST-1 N-terminal domain (Table 3, Figures S4B and S5). R68A rendered TSST-1 inability
to bind to the HLA-DR2 [34]. YS0W TSST-1 had reduced mitogenicity in a rabbit model [35].
Functions of other residues predicted to form contact interface with the HuscFv53 are unknown.
Based on the computerized results, the HuscFv53 should not be as effective as the HusclFv35 in
mitigation/ amelioration of the TSST-1 bioactivities.

HuscFv56 was predicted to interact with TSST-1 K7, 110, D11 and S15 of al-helix; $17 and D18
before B1-strand; T19 and F20 of B1-strand; D39 before B3-strand; N65, R68, K71, S72 and H74 of
p4-strand; Y80 of B5-strand; K114, Y115, and P117 before B8-strand; K118 and F119 of f8-strand;
E132, H135, T138, Q139 and 1140 of «2-helix; and R145 before f%-strand (Table 4, Figures S4C and
S5). Importance of TSST-1 R68 and 572 on the TCR-V binding and N-terminal residues 1-15 (which
include K7, D11, and S15) and Y80 on T cell mitogenicity has been mentioned above. H135 and
Q139 on the a2-helix have been shown to be important for the TSST-1 superantigenicity [18,32,35-37].
Previous data indicated that H135A TSST-1 mutant possessed only 5%~10% mitogenicity of the wild
type [35]. H135 and Q139 are individually critical for functional activity and direct interaction of
TSST-1 with TCR-v [37]. TSST-1 with H135 mutated to alanine had abolished capacity to induce
TNF-a and IL-6 mRNA expressions and protein production [35]. Y115 is a pronounced inducer of IL-6
and TNFa as well as IL-8 [36]. Y115A mutant of TSST-1 had much reduced mitogenicity on T cells
and did not express significant toxicity in the rabbit model of TSS [35]. Because the Husclv 56 formed
interface contact with several important TSST-1 residues, this antibody should be able to neutralize the
TSST-1 activities.

Table 3. TSST-1 residues and motives predicted to be bound by residues and domains of HuscFv53.
After pesadues labeled in red wene mutated to alanines, the HuscPv 53 lost abihly to suppress TSST-1
mitogenicity and py rogenicity.
TSST-1 HuscFv53
Residue Motif Residue(s) T

D8 Before pl-strand R31 VH-CDR1 H-bond

D39 Before i3-strand R31 VH-CDR1 H-bond

Re&8 P4-strand 52 VH-CDR2 Van de Waals

R6S Bi-strand D57 VH-CDR2 H-bond

K71 P4-strand waa VH-CDR1 NH-n

K71 P4-strand TS2 VH-CDR2 H-bond

K1 fe-strand D57 VH-CDR2 H-bond

on Pe-strand was VH-CDRI Van de Waals

i f-strand w230 V1-CDR3 Van de Waals

H74 f-strand was VH-CDR3 nestacking

H74 P4-strand R100 VH-CDR3 NH-m

H74 P4-strand F101 VL-CDR1 u—audcing

76 Befon: B5-strand D166 VL-CDRI H bond

76 Before B5-strand Y168 VI-CDR1 H bond

S76 Befone p5-strand K186 VL-CDR2 H bond

E77 Before p5-strand K186 V0L-CDR2 Waker bﬁdge

Y80 P5-strand waa VH-CDRI1 H-bond

Y80 p5-strand R100 VH-CDR3 NH-m
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Table 4 TSST-1 pesidues and molives predicted to be bound by residues and domains ofHusclv56.
After resadues labeled in red wene mutated to alanines, the HuscFv56 lost ability to suppress TSST-1

mutogenaty and py rogemcity.
TSST1 HuscFvs6
T Motif Residue(s) Deaatn  iweesivcsiorBond
K7 al-helx Sle2 V1L-CDR1 H-bond
K7 al-helix 1163 VIL-CDR1 Van der Waals
L10 al-helx 1163 V1-CDR1 Hydmplwbnc
b al-helix 163 VI-CDR1 Van de Waals
pn ol-helix R164 VI-CDR1 H-bond
D1 al-helx Y165 VL-CDR1 OH-nt
S15 al-helnx Y165 VL-CDR1 H-bond
s17 Befon Bl-strand Y102 VL-CDR3 H-bond
D18 Before Bl-strand R103 VH-CDR3 Water bridge
T19 PBl-strand Y102 VH-CDR3 CH-n
TI9 Pl-strand R103 VH-CDR3 Van de Waals
F20 Bl-strand R103 VH-CDR3 CHn
D39 Before B3-strand Y182 VL-FR2 Water bridge
D39 Befone p3-strand P189 V1L-CDR2 Van de Waals
N6S Bhstcond v VH-CDR3 OH-n
R6S Bi-strand Y182 VL-FR2 H bond
R&S Pi-strand N186 VL-CDR2 Van de Waals
K71 P4-strand S185 VL-CDR2 Van de Waals
K71 P4-strand N18s V1L-CDR2 Van de Waals
2 B-strand N186 VL-CDR2 H bond
H74 Bi-strand F193 VL-FR3 re-stacking
Y80 B5-strand Y182 VL-FR2 H—lﬂd.i:l\g
Y80 B5-strand N1B8&6 V1L-CDR2 Van de Waals
Y80 B5-strand V187 VL-CDR2 H bond
Y80 BS-strand F193 VL-FR3 e atacking
K114 Befom f8-strand 57 VH-CDR2 Van de Waals
K114 Befon: f8-strand TS VH-CDR2 H bond
K114 Befone pB-strand E59 VH-CDR2 Salt bﬁd#
Y115 Befor B8-strand W50 VH-CDR2 matacking
Y115 Befon: P8-strand F52 VH-CDR2 xetacking
Y115 Befor: B8-strand Y101 VH-CDR3 H-bond
P117 Befone p8-strand F52 VH-CDR2 CH-n
P17 Befor: B8-strand Y101 VH-CDRY CHn
P17 Befor: B8-strand Y102 VH-CDR3 CHn
K118 BS-strand s31 VH-CDRI H bond
K118 P8-strand ESS VH-CDR2 H bond
K118 B8-strand Y102 VH-CDR3 H bond
F119 B8-strand Y102 VH-CDR3 r-stacking
F132 o2-helix Y101 VH-CDR3 OH-n
E132 o2-helix Y102 VH-CDR3 CH-m
F132 o-helix R104 VH-CDR3 Salt bridge
H135 o2-helix R104 VH-CDR3 NH-n
H135 a2-helx w24 VL-CDR3 !l'-ﬁﬁl:king
Q1% o2-helix w22 VI-CDR3 CHn
Q139 a2-helx Y27 VIL-CDR3 CH-n
Q139 o2-helix Y220 V1L-CDR3 H bond
1140 o2-helix Y2z VI-CDR3 CHn
R145 Befor B9-strand 5225 VI-CDR3 H-bond

2.4. Inhibition of TSST-1 Activities by HuscFos

Experiments were performed to verify the computerized intermolecular docking results.
TSST-1-mediated 7.8% T cell activation (Figure 4). After treatment with Husclv35, Husclv53, and
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Husclv56, percent activated T cells were reduced to 1.2%, 17%, and 0.9%, respectively (Figure 4).
The inhibitory activities of the Husclv35 and Husclv56 were higher than the HuscFv53 which
conformed to the computerized prediction that the former interacted with several TSST-1 residues
important for superantigenicity. The HusclFvs did not cause percent CD69* cell reduction among the
PHA-exposed-CD3" cells, indicating their target specificity. Control Husclv showed modest inhibitory
(placebo) effect on the percent CD69* cells (6.5%). Normal PBMCs contained 0.2% CD3*CD69* cells

.
Ol Periha

Figure 4. Percent activated CD3*CD69* among the CD3* cells exposed to TSST-1 (1000 ng/mL) after
treatment with individual HuscFvs (4 pg), control HuscFv (4 pg), and medium for 24 h. The percent
TSST-1-activated T cells (7.8%) was markedly neduced after exposure to HuscFv35 (1.2%), HuscFy53
(1.7%), and HuscFv56 (0.9%) The control HuscFv had some nhabitory activity (placebo effect) on the
TSS5T-1-activated cells (6.5%). The TSST-1-specific-HuscFvs did not affect the PHA-stimulated cells
mdicating their target specificity.

TSST-1-exposed-human PBMCs added with the HuscFvs had markedly reduced cytokine
gene expressions (Figure 5) and the respective cytokine levels (Figure 6), compared to the control
HuscFv-treated and non-treated cells (p < 0.05). Both HuscFv35 and HuscFv56 performed better than
the HuscFv53. Noantibodies had an effect on the PHA-exposed cells, indicating that the HuscFv
inhibitory effect on the TSST-1 pyrogenicity was target specific The data obtained from PBMCs
exposed to rTSST-1 and PHA of Figure 5 do not fit with the data of Figure 3. The reason should be that
the experiments were performed on blood samples taken a few months apart, although from the same
blood donor. However data of duplicate experiments performed on blood samples taken from the
blood donor one or two days apart were not statistically different, as shown by the small error bars of
both Figures.

Tables 2-4 provide information on the amino acids, their positions, CDRs, and domains of the
scFvs that have been predicted to involve in target binding, In order to demonstrate the relevance of
the predicted Husclv residues that formed interface contact with the TSST-1, many of the HuscFv
residues which their side chains interacted with TSST-1 were substituted by alanines (marked red in
Tables 2-4). The mutated residues for HuscFv35 were Y27A of VH-FR1; D31A of VH-CDRI1; H100A,
Q101A, and D108A of VH-CDR3; T165, N166A and Y168A of VL-CDR1; Y185A of VL-FR2; and
T192A of VL-FR3; for HuscFv53 were R31A of VH-CDR1; T52A and D57A of VH-CDR2; Y168A of
VL-CDR1; and K186 of VL-CDR2; and for HuscFv56 were S31A of VH-CDR1; E55A and E59A of
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VH-CDR2; Y101A, Y102A, and R104 of VH-CDR3; Y165A of VL-CDR1; Y182 of VL-FR2; N186 of
VL-CDR2; and 225 and Y229 of VL-CDR3. The inhibitory activities of the wild type HuscFvs on the
TSST-1-mediated cell proliferation and pro-inflammatory cytokine production were abrogated after the
residue mutations, ie., the mHuscFvs could not reduce mitogenicity and pyrogenicity of the TSST-1,
as shown in Figures 6 and 7, respectively.

Antibodies of heterologous source have been shown to mitigate symptom severity and rescued
animals from the TSS-mediated lethality [30,31]. Treatment of human TSS cases is usually performed
in the intensive care unit and includes supportive and symptomatic measures, removal of backeria
producing the causative toxin as well as infusion of IVIG thought to contain antibodies to bacterial
endotoxin. However, passive immunization and immunotherapy by using homologous (human)
antibodies directed to the TSST-1 functionally critical residues has never been performed. Human
scFvshave potential applications for immunotherapy of diseases [38-40]. Thus, the fully human scFvs
produced in this study, especially the HuscFv35 and HuscFv56 have high potential for testing further
as a safe, direct acting anti-TSST-1 remedy.
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Figure 5. Fold change of IL-1p, IL-6, and TNFa gene expressions in human PBMCs that had been
exposed to 1000 ng/ mLof TSST-1 and treated with 4 pgof HuscFv35, HuscFv53, and HuscFv36 and
controls for 24 h. *, significantly different from (lower than) both controls (p < 0.05); #, signaficantly
different from HuscFyv53-treated, TSST-l-exposed ells (p < 0.05);n, significantly different from
TSST-1-exposed cells in medium alone, indicating a placebo effect of the control HuscFv.
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Figure 6. Levels of 111, IL6, and TNFx cytokines in culture supematants of PBMCs exposed
to 1000 ng/mL of rTSST-lafter treatment with 4 pg of TSST-1-bound-Huschvs, 4 pg CDR
mutated-HuscFvs, negative control (TSST-1-exposed cells in medium alone), and positive control
(cells stimulated with 1000 ng/mL PHA). #, significantly lower than the groups treated with mHuscFvs
and TSST-1- and PHA-stimulated cells.

268



Tarms 2017, 9, 50 120f17

Normal cells PHA stimulation TSST stimulation
0% 04%  +f  o% B3 ~{  ow 6.8%
3] 3] i
351 @ | @ E—..I @ X h o | @
o mw 4 0% TAT%| 0% . 93.2%
[ S—— 14 - v e D I e — ey
e ':'Sm“"-‘r s - mm""# e - e B 2
HuscFv35 HuscFv53 HuscFv56
] 0% 1.5% » 0% 19%| 0% 1.3%
;"‘! ;,"'1 i.']
g o | e : o o §"-1 o | o2
_g—g’,"' a8 5%, E gx‘ 98.1% o y.' 98.7%
' o ol ”u"} e ! . -.-mm-:“}. i ' C coarmea ¢ o
mHuscFv35 mHuscFv53 mHuscFv56
] 0% 6.5% y 0% 6.3% ‘b! 0% 6.7%
il i i
5‘-1 —m i g'h o | g"ﬂ o | =
B R LU
402 A e D rmyEe s MIRETTE TR

Figure 7. Percent activated T cells (CD3*CD69*) among the TSST-1-exposed PBMCs after treatment
with HuscFv35, Huschv53, and HuscFv56, mutated-HuscFvs (mHuscFv35, mHusclVv53, and
mHuscFv56), control HuscFy, and i The tated-HuscFvs could not reduce TSST-1
matogemcity on the human PBMCs (percent activated T cells were not different from the TSST-1-exposed
PBMCs cultused in the medium alone).

3. Materials and Methods

3.1. Recombinant TSST-1 (rTSST-1) Production

TSST-1 gene was retrieved from GenBank no. J02615. Synthetic TSST-1 gene sequence with stop
codondeletion and BamH1 and Hindlll restriction sites incorporation at the 5 and 3’ ends, respectively,
was inserted into pET21a* DNA (GenScript). The recombinant plasmid was used to transform NiCo21
(DE3) E cdi by means of a highly efficient transformation protocol (New England Biolabs, UK).
Appropriately transformed E. cli colony was grown in LB-A broth containing 1 mM IPTG and the
6x His-tagged-rISST-1 was purified from the bacterial lysate by using Ni-NTA resin (Invitrogen,
Waltham, MA, USA).

3.2 Mitogenic and Pyrogenic Activities of rTSST-1

Because activated T cells expressed surface CD6Y molecules [41]; thus, mitogenicity testing of the
rTSST-1was performed by detecting percentages of CD3*CID69* in human PBMCs after exposure to the
toxin and controls. Human PBMCs (3 x 10° cells/well) were cultured in 48-well round-bottom tissue
culture plate (Corning) in RPMI-1640 medium (Gibco™) supplemented with 10% fetal bovine serum,
2 mM L-glutamine, 100 units/mlL penicillin, and 100 ug/ml. streptomycin (complete medium) at 37 °C
in 5% CO, atmosphere. Various concentrations of rTSST-1 (10-1000 ng/ mL) were added appropriately
to the cells. Positive control was cells stimulated with 1000 ng/ mL phytohemagglutinin (PHA) (Sigma)
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which is a pan T cell mitogen and negative control was cells in culture medium alone. After 24 h, cells
were washed twice with cell washing/blocking reagent (1% heat-inactivated normal serum in PBS),
re-suspended in fresh culture medium, added with anti-CD3-PerCP and anti-CD69-PE, and subjected
to FACScan flow cytometry with BD Diva software for data acquisition and analysis. Lymphocyte
population was identified using forward and side scattered property. T cell population was identified
by cells that were CD3*. The percentage of activated T cells (CD3*CDé9*) was determined from
an upper-right quadrant (Q2) where as Q4 was CD3" cells. The Q1 and Q3 were non-activated cell
population (CDFCD6Y ). Results are expressed as percentages of CD3"CD69” cells.

For testing rTSST-1-mediated cell proliferation, human PBMCs were incubated with violet
CellTrace™ for 20 min in complete medium before stimulating with rTSST-1 as above. Similar controls
were included. After72 h, cells were washed, stained with anti-CD3-PerCF, and subjecting to FACScan
flow cytometry. Results were expressed as percentages of violet/ pacific blue stained-CD3" cells.

Pyrogenicity of rTSST-1 was tested. Human PBMCs (1x 10° cells /well) were cultured and
stimulated with various concentrations of rTSST-1 as above. Similar controls were included. After 24 h,
total RNAs were extracted from cells in individual wells. Expressions of pro-inflammatory cytokine
genes including 1L-18, IL-6, and TNFa were determined by quantitative real-time RT-PCR (qRT-PCR)
using primers listed in Table S2 One microliter cDNA(50 ng) and 100 nM each PCR primer was
put in SYBR Green Master Mix (Applied Biosystems) and subjected to PCR reaction: 95 °C, 10 min
then 36 cycles of denaturation at 95 °C for 30 s, annealing at 60 “C for 1 min, extension at 72 °C
for 30 s, and hold at 72 °C for 5 min in Strategene Mx3005P QPCR System (Agilent Technologies).
Data were analyzed using MxPro QPCR software. B-actin gene was used for normalization. Levels of
the pro-inflammatory cytokines in cell culture supernatants were determined by using ELISA kit
(Thermo Fisher Scientific, Waltham, MA, USA).

3.3 Production of TSST-1-bound HuscF vs

Human scFv phage display library used in this study was constructed previously [42]. Briefly,
<DNAs were prepared from mRNAs of peripheral blood lymphocytes of multiple human blood donors
and used as templates for amplification of immunoglobulin VH and Vk coding sequences by PCR.
The oligonucleotide primers used for the PCR were human degenerate primers designed from all
families of human immunoglobulin variable sequences [42]. The PCR amplified oh and o sequences
were ligated randomly via a polynucleotide linker (coding for (GlysSer)s) to generate a repertoire of
th-linker-0l sequences or scft sequences. The scfos were ligated with pCANTABSE phagemid DNAs
and the recombinant phagemids were used to transfect TG1 E. coli. After growing the recombinant
phagemid-transformed E. coli in the presence of helper phage (M13K07), complete phage particles
which displayed human scFvs as fusion proteins with the phage coat protein (p3) and also carried the
respective sgfos in the phage genomes could be obtained from the E. coli culture supernatant.

HuscFv-displayed phage clones that bound to the rTSST-1 were fished-out from the library using
the recombinant protein as bait in the biopanning process [42]. The phage library was added to
an ELISA well pre-coated with 1 ug of purified rTSST-1 and the plate was incubated at 37 °C for 1
h. Unbound phages were removed by washing with buffer and a log phase-grown HB2151 E. coli
culture was added to the well containing the antigen-bound phages.The phage transformed bacterial
coloniesthat grew on selective agar plates after overnight incubation were screened for the HuscFy
genes (husgfos) by PCR [42]. The huscfo-positive clones were grown in 0.2 mMIPTG-conditioned
broth to induce HuscFv expressions. Binding of soluble HuscFvs in the bacterial lysates to the
SDS-PAGE-separated-rTSST-1 were tested by Western blotting. Nucleotides of the huscfos coding
for rTSST-1-bound-HuscFvs were sequenced, deduced, and canonical complementarity determining
regions (CDRs) and immunoglobulin framework regions (FRs) were determined using the IMGT®
Information System [43].

For large scale production of HuscFvs,hllsq‘Ds of HB2151 E. coli clones of interest were subcloned
from the phagemids to pLATE52™ expression vector by using ligation independent cloning (LIC)
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system (Thermo Fisher Scientific). The pLATES2-husgv plasmids were used to transfect NiCo21 (DE3)
E. coli. Selected transformed bacterial colonies were grown under IPTG induction; the bacterial pellet
was suspended in BugBus!zraPtuﬁein Extraction buffer (5 ml. /g bacterial wet weight) and kept at
25 °C with agitation. The preparation was added with Lysonase™ Bioprocessing reagent (10 ul./g
of bacteria) and agitated further for 20 min. E. coli inclusion body was harvested by centrifugation,
washed twice with Wash-100 Solution (50 mM sodium phosphate buffer, pH 8.0; 500 mM NaCl;
5 mM EDTA; 8% (w/7) glycerol; 1% (v/?) TritonX-100); twice with Wash-114 Reagent (50 mM Tris
buffer, pH 8.0; 300 mM NaCl; 1% (v/7) Triton X-114), and once with Wash-Solvent (50 mM Tris buffer,
pH 8.0; 60% (v/v) isopropanol) by shaking the preparation vigorously followed by centrifugation.
For HuscFv refolding, the inclusion body was solubilized (w/ ) in buffer (50 mM CAPS, pH 11.0; 0.3%
(w/v) N-laury] sarcosine; 1 mM DTT) and kept at 4 °C for 16 h. The preparation was loaded into the
Slide-A-Lyzer® 2K Dialysis Cassettes G2 (Thermo Fisher Scientific), dialyzed at 4 °C with slow stirring
against refolding buffer (20 mM imidazole, pH 8.5 supplemented with 0.1 mM DTT), filtered through
0.02 m low protein binding Acrodisc® syringe filter (Pall, Port Washington, NY, USA), and kept in
water-bath at 30 °C for 2 h before adding with 60 mM trehalose. Protein content was determined.
The refolded-HuscFvs were reested for binding to rTSST-1 by indirect ELISA.

3.4. Computerized Simulation for Determining Interactive Residues between TSST-1 and HuscFos

TSST-1 3D structure was retrieved from RCSB PDB 21JO. The husgfo 3D structures were modeled
by the I-TASSER server [44,45]. The FTASSER-predicted structures were further refined [46,47]
and improved to near native states on the automated ClusPro 2.0 antibody-protein docking
server. The models from the docking were simulated with NAMD Molecular Dynamics [48].
The TSST-1-HuscFv complexes were built and visualized by using Py Mol software (PyMol Molecular
Graphics System, Version 2 edu, Schrodinger, LLC).

3.5 Preparation of Mutated-HuscFos (mHuscFos)

Gene sequences coding for HuscFvs which side chains of their residues interacted with
TSST-1 (data from molecular dy namics) were substituted by alanines and synthesized (Integrated
DNA Technologies, Coralville, 1A, USA). The DNA fragments were cloned into pLATES2 and the
recombinant vector was used to transform NiCo21 (DE3) E. coli. The HuscFvs were prepared from
appropriately transformed E. coli as for the wild type Husclvs. The mutated HuscFvs (mHusclvs)
were tested for their ability to inhibit TSST-1 activities (mitogenicity and pyrogenicity).

3.6 HusdFos-mediated Inhibition of TSST-1 Activities

For inhibition of TSST-1-mediated T cell activation by the HuscFvs, human PBMCs were
added with mixture of rTSST-1 and HuscFvs/mHuscFvs or control HuscFv and kept for 24 h
TSST-1-stimulated cells without antibody treatment, PHA-stimulated cells treated similarly with
TSSTS-1-bound-HuscFvs, and normal cells in medium were included in the experiment. After washing,
cells were labeled with CD3-PerCP and CD69-PE and analyzed by FACScan Flow cytometry.
Total viable lymphocytes were gated by SSC and FSC and CD3* cells were gated for CD69* cells.
Results were expressed as percentages of CD3*CD69" cells.

For inhibiting rTSST-1 pyrogenicity by the HuscFvs/mHuscFv, human PBMCs (5x 104 cells/well)
in complete medium were added with 1000 ng/mL rTSST-1. The TSST-1-stimulated cells were treated
either with TSST-1-bound-HuscFvs/ mHuscFv, control/ irrelevant HuscFv (did not bind to TSST-1),
or medium alone. The antibody:TSST-1 molar ratios were 4:1 (optimal from titration). Triplicate wells
were set for each treatment. Cells added with 1000 ng/mL PHA with and without HuscFv-treatments,
and cells in medium alone (normal cells) were included. After 24 h, total RNAs were extracted from
cells in individual wells and quantified by using NanoDrop instrument Complementary DNAs were
synthesized (RevertAid First Strand cDNA Synthesis kit) and used as templates for quantification
of mRNAs of pro-inflammatory cytokines including TNF-a, IL-1B, and IL-6. The quantitative
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real-time PCR primers for the mRNA quantification are listed in Table S2. B-actin gene was used for
normalization. Moreover, cell culture supernatants in all wells were collected and the levels of the
pro-inflammatory cytokines were measured using commercial ELISA kits (Thermo Fisher Scientific).
Results are the average of the two reproducible experiments.

3.7. Statistical Analysis

One way ANOVA followed by post hoc comparison using least significant difference (LSD) and
inde pendent f-test were performed for data comparison using SPSS 18.0 statistical software. Significant
difference was p < (0.05.

4. Conclusions

Human single chain antibodies (HuscFvs) to S. aureus TSST-1 that inhibited the TSST-1-mediated
T cell activation and pro-inflammatory cytokine gene expressions and productions were generated.
The HuscFvs formed interface contact with the TSST-1 residues important for immunopathogenesis of
toxic shock syndrome. The Husclvs have high potential for testing further as a direct acting anti- TSST-1
agent for future clinical use.

Supplementary Materials: The following ame available online at www.mdpicom/2072-6651/9/2/50/s1,
Figure S1: Codon-optimzed nucleotide and deduced ammno aad seq of the TSST-1 of this study. Figure 52:
Effect of hpopolysacchande (LPS) on PBMC stimulation to TSST-1. Fagure 53: Binding of the punfied,
refolded HuscFv35 (T35), HuscFy33 (T53) and HuscFv56 (T56) to rTSSt1 and SEA immobilized on the ELISA
well surface with and without BSA. Figure 4 Computerized bindingof TSST-1 (cyan) and HuscFvs (gaeen).
Figume S5 Residues and motives of TSST-1. Table S1: Estimated accuracy of the modeled HuscFv35, HuscFv33,
and HuscFv56. Table S2 Oligonucleotide primers used in quantitative real-time RT-PCR for monitoring cytokine
Bene expressions.
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The ESKAPE pathogens (Emterococcus faechum, Staphylococous aurews, Kichsiella pneumoniae, Acinetobacter baumannil, Fseu-
domonas aeruginosa, and Enterobacter species) are the leading cause of nosocomizl infections throughout the world Most of
MmmmmmumdmmmmMmmqm-m
the top three threats to global public health and ts usually caused by excessive drug usage or prescription, Inappropriate use of
antimicrobials, and substandard pharmaceuticals. Understanding the resistance mechanisms of these bacteria is cructal for the
development of novel antimicrobizl agents or other alternative tools to combat these public health challenges. Greater mechanistic
understanding would also aid in the prediction of underiying or even unknown mechanisms of reststance, which could be applied

to other emerging multidrug resistant pathogens. In this review, we summarize the known antimicroblal reststznce mechantsms of
pathogens.

ESKAPE

L. Introduction

Nosocomial infections are caused by a variety of organisms,
Infections can be derived from exogenous or endogenous
sources and are transferred by either direct or indirect contact
between patients, healthcare workers, contaminated objects,
visitors, or even various environmental sources. A survey of
hospital-acquired infections (HAI) in the United States in
2011 reported a total of about 722,000 reported cases, with
75,000 deaths associated with nosocomial infections [1]. A
second study conducted in 2002 estimated that when taking
into account all types of bacterial infections, approximately
L7 million patients suffered from HAIs, which contributed to
the deaths of 99,000 patients per year [2].

The growing numbers of antimicrobial-resistant patho-
infection, place a significant burden on healthcare systems
mdhmmwmt;lobdemmmﬂ&cumdﬁe
high mortality and morbidity rates, increased treatment
costs, diagnostic uncertainties, and lack of trust in orthodox

surveillance studies as well as from the Infectious Diseases
Society of America have begun to refer to a group of noso-
comial pathogens as "ESKAPE pathogens™ [3, 4]. ESKAPE
is an acronym for the group of bacteria, encompassing both
Gram-positive and Gram-negative species, made up of Ente-
rococcus faecium, Staphylococcus aureus, Kiebsiella pneumo-
niae, Acinetobacter baumannii, Bmdwmxm aeruginosa, and

and immunocompromised individuals and are characterized
by potential drug resistance mechanisms [5].

2. Antimicrobial Resistance Mechanisms of
ESKAPE Pathogens

Antimicrobial resistance genes may be carried on the bacte-
rial chromosome, plasmid, or transposons |6]. Mechanisms
of drug resistance fall into several broad categories, induding
drug inactivation/alteration, modification of drug binding
sites/targets, changes in cell permeability resulting in reduced
intracellular drug accumulation, and biofilm formation [7-
9].
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2.1 Drug Inactivation or Alteration. Many bacteria pro-
duce enzymes that irreversibly modify and inactivate the
mﬂnmmchuﬁ-lxmmmmglymdem
enzymes, or | acetyltransferases. One of
the well-characterized enzymes is f-lactamases They are
hdtlrmnluumdtlhrhrdrdmnsthe&lxmnns
which is present in all f-lactams; thus, all penicillins,
cephalosporins, monobactams, and carbapenems are essen-
tial to their activity [10]. f-lactamases are classified using
two main dassification systems: the Ambler scheme (molec-
ular classification) and the Bush-Jacoby-Medeiros system,
which classifies the most dinically important §-lactamases
nslbocepméudhy(}mmbmmlm Ambler
dass A enzymes consist of inase, cephalospori-
nase, broad-spectrum f-lactamases, extended-spectrum -
lactamases (ESBLs), and carbapenemases. They can inactivate
pemulﬁns(u:zp(lﬂnodhn) I.lm'dgmailonmnmlw

‘The Ambler class A group contains a number of signifi-
cant enzymes including FSBLs (mainly TEM, SHV, and CTX-
M type) and KPCs. TEM-type enzymes were first identified in
1965 in Escherichia coli from Greek patients, with TEM taken
from a patient’s name, Temoniera. TEM-1 is widespread not
only amongst bacteria of the family Enterobacteriaceae (e.g.,
K. prneumoniae, Enterobacter spp.), but also in nonfermenta-
tive bacteria such as P aeruginosa. Currently, TEM enzymes
are the most common group in E. coli. Amongst sulfhydryl
variable (SHV) enzymes, SHV-1 is the most dinically relevant
and represents the most common K. preumoniae [11]. The
mutation rates, resulting in a high level of diversity in enzyme
types and thus increasing the scope of antibiotic resis-
tance. CTX-Ms have been identified in ESKAPE pathogens
including K. pneumoniae, A. baumannii, P aeruginosa, and
Enterobacter species. Some of the highest prevalence and
spectrum f-lactamases in K. pmeumoniae [12, 13]. Car-
bapenemases are also prevalent in clinical bacterial isolates
such as K. pneumonia such as KPC-1 that results in resis-
tance to imipenem, meropenem, amoxicllin/clavulanate,
piperacillin/tazobactam, ceftazidime, aztreonam, and ceftri-
axone [14].

Ambler class B enzymes, or group 3 enzymes as classi-
fied by the Bush-Jacoby system (Table 1), include metallo-
p-lactamases (MBLs), which require Zn®* as a cofactor
Bacteria that produce these enzymes show resistance to all
ems, and f-lactamase inhibitors, except aztreonam. Genes
encoding MBLs are found on plasmids; hence, they are easily
transmitted to other microorganisms. The most common
metallo-f-lactamases (MBLs) are imipenemase metallo-p-
lactamases (IMP), Verona integron encoded metallo-§-
lactamases (VIM), and the newly described New Delhi
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metallo-beta-lactamase-1 (NDM-1) enzymes [5, 15]. IMP-
type MBLs have mainly been found in P aeruginosa, K. preu-
monige, A. baumannii, and Enterobacter cloacae, whereas
VIM-type enzymes have been detected mostly in P aerug-
inosa and A. baumannii. NDM-1-type enzymes have been
isolated from K. pneumoniae and E. cloacae |5,16].

ThAnﬂadngmpcmdwmﬂw
enzymes, induding penicillinase and cephalosporinase, such
as AmpC f-lactamase, which results in low level resistance
to narrow-spectrum cephalosporin drugs. Chromosomally
encoded AmpC are usually identified in P geruginosa and
bacteria in the Enterobacteriaceae family such as Enterobacter
species where their production is typically very low level
and does not elicit any dinically relevant resistance but
can be inducible during drug therapy. Nevertheless, the
acquisition of transmissible plasmids from other bacteria
can lead to the overproduction of AmpC f-lactamase in
some organisms ordinarily lacking the gene encoding for
chromosomal AmpC, for example, K. pneumonia [17]. The
AmpC f-lactamases inactivate aztreonam, all penicillin, and
most cephalosporins and are not susceptible to inhibition by
most 3-lactamases inhibitors except avibactam, a new non-
p-lactam §-lactamase inhibitor antibiotic [4].

Ambler class D consists of a variety of enzymes, such as
oxacillin hydrolyzing enzymes (OXA). The most common
members of this class, such as OXA-11, OXA-14, and OXA-
16, demonstrate ESBL properties and are normally found
in P aeruginosa [11, 18, 19]. OXA enzymes are classified as
group 2d following the Bush-Jacoby scheme, and almost all
of these enzymes, except OXA-18, are resistant to 3-lactamase
inhibitors [ 20]. Furthermore, OXA-type carbapenemases are
commonly found in Acinetobacter spp. Specific A. baumannii
whpmmhy&nlyzim OXA enzymes, wlm:h have low
mﬁmcmmmmh;hm
to carbapenems [21].

22 Modification of Drug Binding Sites. Some resistant bac-
teria avoid recognition by antimicrobial mbr mod-
ifying their target sites. The mutation of gene encoding
for penicillin-binding proteins (PBPs), which are enzymes
typically anchored on the cytoplasmic membrane of the
bacterial cell wall and function in assembly and control
of the latter stages of the cell wall building, results in
example, the expression of a unique PBP2a in 5. aureus, which
is the most dominant PBP in the MRSA cell compared to
the native PBPs (PBPI-4) [22]. PBP2a has low affinity for
all B-lactam antibiotics and acts as a substitute for the other
PBPs, thus enabling the survival of §. aureus in the presence of
high concentrations of §-lactam drugs induding methicillin
acting on cell wall biosynthesis [23]. lhl:lﬂnlallwa]]syn
thesis in methicillin-resistant Gram-positive organisms

bemhi:nedbygiympephdes.whchmpltﬂDﬂmﬂ
D-alanine (acyl D-Ala-D-Ala) residues of peptidoglycan
precursors. However, by changing the i cross-
link target (D-Ala-D-Ala to D-Ala-D-Lac or D-Ala-D-Ser),
encoded by a complex gene cluster (Van-A, Van-B, Van-D,
Van-C, Van-E, and Van-G), E. faecium and E. faecalis can

276



WS AUV U] 00ROy e > ou —

wwagds 12 gury pue dgooe [-geng agp £q sambud asewnegoe)-¢f ppaiowg jo vogerpofne) (]

PP sumnar p wado -
i pareapiorn| jou ST PISY DU NG was] ST ITuA S ’
SOOI
SR LR 0P CINI*INIA T o uopdais gus *swauadeg mo 'l £
g Buppnpw .-Eﬂ.mn nv
sasewnew)-¢f oA w-uou : " swavadng e
Soralpupie- wsadeqad 1111 'SEO “TINS DdN Soprpoy sumpng v v -
PRE yunnarp
4q pareapor sawvayodso puydan v supodsopydal) v T
EVXOIEVXONTVYD  swauadeqme) ‘ugpexo ‘w2 a we
SURIeqouoL
PPT quynarp S1% XD 11D supodso prydas-ouund zo a e
Aq uograpoe apqeres yym PO e
sawdzua Bugdp aply -ugpreror) OLVXO0 T-¥YXO ' T-VXO upRxo R a "
!s-ni.nﬁgr pepusnc (o1 € VD) - 1M s uppyugeD) v ax
pE uEmArp 4q papapoe " ¥
sausdzua fupzdp phy-umppegRn CEHAYD 13Sd WP YA v 7
wRorgns
pror o B3 funanqorE) Proe Mueme
ity il R o i STWILL 05 WL 0] MYAD.1 S UWIRGOUD W v 24z
s sa uad o wingdads -papuajey epoies prii e fon
sumIuag
(SINLL Tumsgsas- 301K 1qen) o . .
. . 18 TS CwmoRgone) pre
a - . v 3 4
..nﬂﬁ“ﬂ&gip.ﬂﬂﬂ T4 AHS ‘01 AHS 18 WAL 08 WAL poyeiivmvap. e v %
 UATIRGOUD
HIA HEd WXLO Younpcbyao Suoxms =
Erﬂiﬁiﬁ:s&w.ﬂnoeog-zﬁs T 00 BIILY T AHS sopmyo Sameod) ¥ -
CTAHS 9TWHLL 0L T WL supodso pogdad-oumundxo
(jananansy v ” Rl Sl
¢ o “a1) wamauuay P quemarp 4 pagapowo IFAHS
P (4 spvqumny ‘wpsomnnd wwdus wnnsadeprog  TAHS ¥WAL TIWELT WAL Mo ¥ %
A~ #3) mcnapeqoALy pre uemArp
: 4q pawaiovy e RRg 4 bl o TS | b
s apmere —— aﬂ!ianﬁﬁr AN “THIN 1XOd IOV Sapopu sundopydss o 1
- P — wruads: papuana pue so 1wy
Pquy  Agow|-ger
m sualoped 54 Vs uopduasq wanizuy suale r ey sopoy W)

277



!

increase their resistance to glycopeptides in current dinical
use (vancomycin and teicoplanin) [6].

2.3. Reduced Intracellular Drug Accumulation. The balance
of antibiotic uptake and elimination determines the sus-
apﬁbdﬂydhndmllnapuﬁculn&u&'!h&mduung
the amount of antibiotic able to pass through the
cd]mnﬁmnmummmulbyhxmwdedop

resistance. Mechanisms by which bacteria achieve
this indude the occurrence of diminished protein channels
on the bacterial outer membrane to decrease drug entry
and/or the presence of efflux pumps to decrease the amount
of drug accumulated within the cells.

2.3.1 Porin Loss. The outer membranes of Gram-negative
that allow the passage of many hydrophilic substances,
including antibiotics. A reduction in the amount of P aerug-
inosa porin protein OprD results in decreased drug influx
into the cell, allowing the bacterium to develop resistance
to imipenem [24]. Loss of a 29-kDa outer membrane pro-
tein (OMP) in other Gram-negative bacteria, such as A.
baumannii, allows them to become insensitive to imipenem
and meropenem drugs. Multiple-drug resistant K. pneumo-
nige strains also exhibit resistant/reduced susceptibility to
f-lactams (such as cephalosporins and carbapenems) by
the loss of outer membrane proteins known as OmpK35
and OmpK36 together with the production of resistance
enzymes, including AmpC lelmwdnewumum
carbapenemase A, KPC [21

2.3.2. Efflux Pumps. To increase the removal of antibiotics
from the intracellular compartment (or the intermembrane
space in Gram-negative bacteria), some bacteria contain
membrane proteins that function as exporters, called efflux
the drug from the cell at a high rate, meaning that the
drug concentrations are never sufficiently high to dicit
an antibacterial effect. Most efflux pumps are multidrug
transporters that efficently pump a wide range of antibiotics,
contributing to multidrug resistance. Up to date, there are
five super families of efflux pumps that have been described.
Mmchduhe)ﬂ‘?—bmdmmm(wc)&nulylhe
small multidrug resistance family, the major facilitator super
fanﬂylhemﬂmno&lhm-dmnm(m)ﬁumhm
Ihelmllldmgandmmmoundenmhnﬂyl?j]
The most common type of efflux pump in Gram-negative
bacteria is the

mm(MDNhﬂmﬂmmmo‘pﬂw
expels a variety of antibiotics and structurally unrelated

molecules, such as dyes and bile salts, but also detergents
and biocides that are frequently used in medical practice
[26]. ActAB-TolC and MexAB-OprM are multidrug efflux
pumps typically belonging to the RND superfamily. They are
usually chromosomally encoded. These two efflux pumps are
essential for bacterial survival, particularly in the presence of
toxic agents. P aeruginosa contains a large number of efflux
pumps, with four potent RND-type multidrug resistance
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efflux pumps (Mex) capable of eliminating toxic compounds
from the periplasm and cytoplasm. Two of these efflux

carbapenems, i andnninnglymsidﬁﬂ?:
28]. Studies have shown that overexpression of MexXY-
mMﬁmemmﬂ&smmmm

mﬂnudmmMn(I)-OwlmndxBF-Opr&
An increase in the prevalence of strains i
these efflux pumps has also been reported in Enterobacter
aerogenes and K. pneumoniae dinical isolates. Overexpres-
sion of the AcrAB efflux pump, together with decreased
i of pociie. ds ol istic of imi R

E. aerogenes MDR strains. In these bacteria, the efflux
ptmqnhoqemntbu'tmrchmlmﬂmnu.mdluﬂum
tetracydline, and chloramphenicol. A. baumannii

isolates can also demonstrate a MDR phenotype through the
presence and overexpression of RND efflux pump AdeABC.
This pump is associated with resistance to a broad range of
uniuotu.mchdmgﬂmmqumdm Iacums.teua:y
clines (including tigecydine), chilo-
ramphenicol, and aminoglycosides. Like P aeruginosa, A.
RND-type efflux pumps AdeABC, AdeDE, AdeFGH, and
AdelJK play a role in resistance to aminoglycosides, fluoro-
col in all bacterial species reported to date. Finally, the
synergistic effect of multidrug efflux pumps and the outer

OFEwhthhnsmwhlmpamahllltythmEthupF.
m.nhnglﬂllz efflux pump activity more effective in resistant
strains [26].

24. Biofilm Formation. Biofilms are complex microbial com-
mmulﬁhmh}wwhdxumm

mehcﬁhanm-uhudlothanwﬂuthz
environment. The major component of the matrix is secreted
mmcmmw
polysaccharides, proteins, lipids, and extracellular DNA

lhemu:mba[ZSI There are three key steps for biofilm
formation. The first step is adhesion, which occurs as cells
ru:hlmrfxemdmcbctw!hemmmdmp

cell bunches. The final step is detachment, which can be
is initiated by bacteria themselves, for example, by quorum
sensing and enzymatic degradation of the biofilm matrix.
In contrast, passive detachment is caused by external forces,
such as fluid shear, scraping, and human intervention |30].
It could be argued that the main causes of antimicrobial
resistance are not classical drug resistance mechanisms,
that is, efflux pumps, target site modification, or enzymatic
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degradation. It is likely that the matrix of biofilms provides
a mechanical and biochemical shield that provides the con-
ditions needed to attenuate the activity of the drugs (e.g.,
low O,, low pH, high CO,, and low water availability).
Under these conditions it is difficult to eliminate bacteria
using conventional antibiotics. Moreover, when the bacteria
experience nutrient scarcity, they could become tolerant to
resistance of cells in the deep layers of a biofilm (bacteria
ﬂh:ﬂed&mﬂnhﬂmmd in broth recover their
full susceptibility, i mgd:ﬂd:erenmud:mtypc
andnolgmdrplc]'[ﬂ]'lhemﬂmmnmpﬂhm&found

in a healthcare setting are S aureus, P aeruginosa,
A.bnalmlm and K. pneumonia [32].

3. Antibiotic Resistance in ESKAPE Pathogens

3.1 Enterococcus faecium. Enterococcus species were formerly
dassified as part of the genus Streptococcus. They are Gram-
positive facultative anaerobes, which are often found in
pairs or chains. Their normal habitat is the gut of humans
and animals. There are more than 20 Enterococcus species,
but Emterococcus faecium and Emterococcus faecalis are the
endogenously acquired, but cross-infection may occur in
hmtnliudpmts['.’el Over the past decade, some reports
have revealed a rise in ampicillin- and vancomycin-resistant
enterococcal infections in healthcare facilities. For instance,
in Netherlands, the average number of invasive ampicillin-
mmalm&ammwh:mh
lated from 1omfemnmmmawsom&cnom
in 2005 per [H]Rﬂuofm:emhalm
enterococci are

hhnhAmadmmgthehelmwhsl%dEﬁmmm
isolates estimated to be vancomycin resistant by 2002. While
the incidence of VRE is much lower in European countries,
including Ireland and the United Kingdom, a lur\!y by
the British Society for Antimicrobial Chemotherapy from
2001 to 2006 found that the incidence of VRE in Europe
had risen from approximately 20% to more than 30% [35,
36]. Despite the high global rates of VRE, there is some
geographical variation. There are six types of VRE (Van-A-
E and Van-G), with van-A being the most prevalent and
showing the highest levels of resistance to all glycopeptide
antibiotics [37]. In 2011, Galloway-Pena and her colleagues
demonstrated two diverse dlades of E faecium which differ
genetically. Clade A dinical isolates were found to associate
predominantly with hospitals, whereas dade B isolates were
associated with community origin. Both dades express low-
affinity penicillin-binding proteins (called PBP5) which bind
weakly to f-lactam drugs. In addition, clade A has acquired
presence of insertion sequence 16 (1516) and a gene encoding
the ampicillin-resistant PBP5 (pbp5R) while clade B has been
shown to have a gene encoding for ampicillin-sensitive PBPS
(pbp5S) [38].

5

3.2 Staphylococcus aureus. S. aureus is a Gram-positive coc-
cal bacterium, with cells arranged in characteristic grape-like
clusters. With nonfastidious growth requirements, S. aureus
is part of the normal skin flora, especally of the nose and
perineum of humans and animals. Carriage rates are high in
the general population, and transmission can occur by direct
contact or airborme routes. Traditionally, infections caused
hmﬁmmmshwmmmﬂedwﬂtnpmmﬂm
treatment; however, excessive use of these antibiotics led
&emdﬁhﬂmpﬂﬁm&aﬂqﬁmu
lates in 1948, with 65-85% of staphylococcal clinical isolates
now also resistant to penicillin G. In two decades, the incident
of B-lactamase-producing Staphylococcus species increased
more than 80% in both community and hospital associated
infections as reported by Bodonakik et al, 1984; Appelbaum
and Brown, 2007; and Wu et al, 2010 [39-42]. Reports of
methicillin-resistant Staphylococcus aureus (MRSA) emerged
in the 1960s, and currently, MRSA isolates are estimated to
account for 25% of S. aureus isolates, with a prevalence of
up to 50% or more in some areas. Researchers from the
Prince of Songkhla Hospital, Prasat Neurological Institute,
and Hospital for Tropical Diseases, Thailand, studied the
prevalence of methicillin resistance amongst 92 clinical S.
aureus isolates. Of these isolates, 60.9% were MRSA, and all
were sensitive to vancomycin [43]. Tackling the problem of
MRSA is a top priority for public health systems worldwide,
with much current research focused on future intervention
strategies.

In most cases, glycopeptide antibiotics, for example, van-
comycin and teicoplanin, are used as first-line antibiotics for
treatment of MRSA infections. However, the selective pres-
sure of these antibiotics has induced some strains to become
intermediate- susceptible to vancomycin in vitro, with cases of
clinical vancomycin-intermediate and vancomycin-resistant
S. aureus (VISA and VRSA, resp.) becoming more common
[44]. Unfortunately, most VISA isolates are also less suscepti-
ble to teicoplanin, with the term glycopeptide-intermediate S.
aureus used to identify these isolates. VISA was first reported
in Japan in the mid-1990s, and the strains have now emerged
in other countries across Asia, the USA, and Furope. VRSA
is of particular concern because of the interspecies exchange
of genetic resistance genes from VRE. VRSA isolates contain
both the van-A and mec-A resistance determinants of VRE
and MRSA, which result in resistance to multiple drugs,
induding methicillin and vancomycin [45].

3.3 Klebsidla pneumonia. K. pneumoniae is a member of
the family Enterobacteriaceae. It is a nonfastidious, Gram-
negative bacillus, which is usually Species of
the genus Kiebsiella are the bacterial pathogens most often
found associated with infections in healthcare settings and
infections may be endogenous or acquired through direct
contact with an infected host. In recent years, many K
preumonige strains have acquired a massive variety of -
lactamase enzymes, which can destroy the chemical structure
dﬁ-hclmmhblohc:mchupemcﬂlms.czphhwm
and carbapenems. Because carbapenems are conventionally
used to treat persistent infections caused by Gram-negative
bacteria, the increasing prevalence of carbapenem-resistant
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K pneumoniae (CRKP), with resistance encoded by blag.,
presents a significant challenge for physicians [46, 47]. In
addition, the emergence of the K. preumoniae super enzyme,
known as NDM-1 and encoded by blay,, ,. has increased
the proportion of carbapenem-resistant K. pneumoniae iso-
lates and may pose a threat to other antibiotics such as
f-lactams, aminoglycosides, and fluoroquinolones |15, 16].
Even if several intensive infection control practices are used,
outbreaks of carbapenemase-mediated multidrug resistant
(MDR) strains are only reduced and cannot be completely
eradicated An effective treatment is therefore needed to

overcome these pathogens.

34. Acinetobacter baumannii. Acinetobacter species are
widdy distributed in the environment and readily contam-
inate the hospital environment. The most important human
pathogenis A. baumannii, which has a rlatively long survival
time on human hands, which can lead to high rates of cross
contamination in nosocomial infections [48]. A. baumannii
is a nonfermentative Gram-negative coccobacillus and causes
infections at a variety of sites, including the respiratory
which is a particular problem in surgical wards and intensive
care units [49]. Recently, the emergence of carbapenemase-
producing A. baumannii strains carrying imipenem metallo-
[3-lactamases, encoded by blayyp, and oxacillinase serine -
lactamases, encoded by blagy,. has been reported. These
strains show resistance to both colistin and imipenem, and
the combination of resistance genes makes them capable of
evading the action of most traditional antibiotic compounds
[50, 51].

3.5. Pseudomonas aeruginosa. P. aeruginosa is a Gram-
negative, rod-shaped, facultative anaerobe that is purluf
the normal gut flora. Carriage rates are fairly low in the

mﬂpmlﬂonbﬁmhgbumhomhlmmm
aally immunocompromised hosts. Patients become infected
through an exogenous source, such as by direct/indirect
contact with the environment, but endogenous sources are
also possible. Many P aeruginosa strains show an intrinsic
reduced susceptibility to several antibacterial agents, as well
samb&wmmmmmm

tion and porin change. Indeed, low level of AmpC enzymes
production does not result in high-level carbapenem resis-
tance due to their low potential to hydrolyze carbapenem
membrane porin permeability and/or efflux pump overex-
pression contribute to high-level carbapenem resistance in
this pathogen [24, 33]. P. aeruginosa also produces ESBLs
and can harbor other antibiotic resistance enzymes such as
K pneumoniae carbapenemases (KPC), VIM encoded by
blay py, and imipenem metallo-f-lactamases. The combina-
tion of these enzymes leads to high rates of carbapenem
resistance amongst P aeruginosa isolates and also to the

emergence of fluoroquinolone-resistant strains as the corre-
sponding mechanisms of resistance may be carried by the

BioMed Research International

same plasmid [46, 52]. The continuous increase of MDR
isolates presents a complicated situation for antimicrobial
therapy; however, colistin is still effective in most cases [51].

3.6. Enterobacter spp. Enterobacter species are nonfastidious
Gram-negative rods that are sometimes encapsulated. They
can cause opportunistic infections in immunocompromised,
usually hospitalized, patients and contain a wide range of
antibiotic resistance mechanisms. Many Emterobacter strains
contain ESBLs and carbapenemases, including VIM, OXA,
metallo-f§-lactamase-1, and KPC [53]. Furthermore, stable
derepression of the AmpC f-lactamases that can be expressed
at high levels by mutation in this bacterial group is important
also. These MDR strains are resistant to almost all available
umuthd&mmwhemdcohﬂmisﬂ
In condusion, nosocomial ESKAPE bacteria represent
paradigms of resistance, pathogenesis, and disease transmis-
sion. There are a range of antimicrobial resistance mecha-
nmsuadbrlhenummnlmmhngm;mdld
inactivation, modification of drug targets,
chlnpn:cdlpu-md:dnylhmmhpmnlonnnnﬂm
in expression of efflux pumps, and mechanical protection
provided by biofilm formation. Antimicrobial resistance in
these pathogens is a major menace to public health systems
worldwide and seems likely to increase in the near future
as resistance profiles change This results in the dearth of
potential therapeutic agents in the pipeline that causes real
concerns but should trigger research and development of
new antibiotics or new approaches to control the infections
:qu !nlhucmﬁeﬂ.lhuemmrrmnmd:eﬁu

formation. Tl:luenwd tools provide hope for prevention
and treatment of infectious diseases caused by these ESKAPE
organisms.
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