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REGULATORY EFFECT OF TRANSCRIPTIONAL FACTORS ComK AND
SinR ON THE EXPRESSION OF bacABCDEywfG OPERON IN Bacillus subtilis

SUMMARY

Bacillus subtilis is a rhizosphere-colonizing bacteria which have the ability to
stimulate plant growth and also suppressing the growth of plant-pathogenic organisms.
Being non-pathogenic, easy to deal with make it the organism of choice for biological
and genetic laboratory research. It can grow in different environmental conditions, in
soil and on the surface of plant root.

B. subtilis exhibits assortment of survival approaches such as undergoing to stationary
phase due to nutritional oscillations. The moment that nutrients turn out to be reduced
for optimum growth at the end of the exponential growth phase, B. subtilis cells start
producing a complicated motility and chemotaxis system which facilitates looking for
nutrients in the surroundings. If nutritional restrictions continue, the motile cells resort
to entering the stationary phase and secreting degradative enzymes. These degradative
enzymes make available nutrients to cells from alternative sources that are ordinarily
unreachable.

Likewise, cells initiate producing antibiotics to fight probable competitors. Extended
nutritional stress ends up by the development of competence, and ultimately
sporulation by which the bacterial population is capable to live in such severe
environmental circumstances. Bacillus subtilis appropriately directs these adjustments
utilizing quorum sensing system to regulate gene expression in light of changes in cell-
population density.

Bacillus subtilis has the ability to produce antibiotics either ribosomally and undergo
posttranslational modification such as lantibiotics and lantibiotic-like peptides or non-
ribosomally such as polypeptides.

Bacilysin is a peptide non-ribosomally synthesized antibiotic composed of L-alanine
in the N-Terminus and L-anticapsin in the C-Terminus. Despite its simple structure,
bacilysin has an impressive antimicrobial activity against a wide range of bacteria and
some fungi.

Recently, in Bacillus subtilis, bacABCDEywfG operon and monocistronic gene ywfH
were proven to be the basic component carrying the bacilysin biosynthetic core
function.

Bacilysin production is under a complicated regulatory network by which several
global regulators can directly or indirectly regulate its operon in negative or positive
manners such as the quorum-sensing response-regulator ComA, the transition state
regulator AbrB. Moreover, the bacilysin biosynthesis is regulated by quorum sensing
through ComQ/ComX, PhrC (CSF) ComP/ComA pathway and stimulation of
bacABCDEF expression is tightly regulated by ComA, SpoOA, AbrB and CodY DegU
proteins.

XiX



Expression of ComK, the main transcriptional factor of competence, is under multiple
controls of several proteins both negatively and positively such as DegU, SinR, CodY,
AbrB, Rok and ComK itself in addition to quorum sensing regulation.

SinR, a pleiotropic DNA binding protein, is the master regulator that governs the
Gram-positive model organism Bacillus subtilis life style whether to be a free-living,
planktonic lifestyle or a biofilm-forming, is essential for the late-growth processes of
competence and motility and also is a repressor of sporulation and subtilisin synthesis.
The activity of the transcriptional regulator SinR is regulated by its antagonists, Sinl,
SIrA, and SIrR

In this study, the regulatory effect of ComK and SinR on the expression of
bacABCDEywfG operon were determined. For this purpose, comK mutant, sinR
mutant and comK-sinR double mutant strains were constructed. Subsequently, OGU1,
and its comK and sinR and comK-sinR derivatives were grown in PA medium and bac
promoter-directed p-galactosidase activities were measured. Moreover, with the
purpose of make known how ComK and SinR proteins effect each other’s binding to
bac promoter, Electrophoretic Mobility Shift Assays (EMSAS) were also implemented.

To sum up, the results revealed that, in Bacillus subtilis, comK and sinR genes’ products
affect the expression of bac operon in a positive manner by binding to the bac operon
promoter in a competitive manner.
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Bacillus subtilis’DE COMK VE SINR TRANSKRIPSIYONEL
FAKTORLERININ bacABCDEywfG OPERONU UZERINE ETKIiSi

OZET

Bacillus subtilis, bitki biiylimesini tesvik yetenegine sahip bir rizosfer kolonizasyon
bakterisidir. Ayrica bitkideki patojen organizmalarin biiyiimesini bastiran, patojenik
olmayan gram pozitif cubuk seklinde bir bakteridir. Farkli ¢evre kosullarinda, toprakta
ve bitki kokindn yizeyi Uzerinde blyuyebilir. Bacillus subtilis, genomunun tamami
dizilenmistir. Ayrica patojen 6zellikte olmamasi sebebiyle kolay kontrol edilebilir bir
tirdiir. Bolinme ve biliyiime hizi, kolay transforme olabilme yetenegi, yliksek
adaptasyon kabiliyeti, cesitli antibiyotikleri, enzimleri ve biyokimyasallari
tiretebilmesi sayesinde bilimsel arasgtirmalarda siklikla yer alan bir model
organizmadir. 4,2 Mbp uzunlugundaki genomunun tamaminin dizilenmesi sonucunda,
organizma genomunun Yyaklagik 4,100 genin kodlanmasindan sorumlu oldugu
goriilmiistiir.  Bu  genlerin  haritalanmas1 ile tiire 06zgli fonksiyonlarin
gerceklestirilmesinden sorumlu olan kismin, toplam bakteri genomunun tigte birlik bir
kismi oldugu anlasilmistir. Haritadaki geri kalan ticte ikilik kismin sahip oldugu
fonksiyonlar1 aydinlatma amaciyla yapilan ¢aligmalar hala stirmektedir.

Bacillus cinsine ait mikroorganizmalar bazi O6nemli O6zellikleri nedeniyle gida
endiistrisinde biyolojik gida kontrol ajan1 olarak kullanilmaktadirlar. Bu 6zelliklerinin
basinda GRAS (Generally Recognized as Safe) etiketine sahip olmalari,
toksisitelerinin diisiik olmasi, biyo-bozunabilirliliginin yiiksek olmasi ve gevreye
yararli olmalar1 siralanabilir.

B. subtilis besin sikintisi nedeniyle hayatta kalmak igin gesitli stratejiler gelistirmistir.
Logaritmik biiyiime fazinin sonunda besin elementleri azaldigi zaman B. subtilis
hiicreleri ortamda besin elementleri aramay1 kolaylastirmak i¢in karmagik bir motilite
ve kemotaksis sistemi gelistirmeye baglar. Beslenme kisitlamalari devam ederse,
hareket ederek besin bulmayr hedefleyen bakteride, bu sefer de ortamdaki diger
mikroorganizmalar1 bu yarigtan uzaklastirmak i¢in antimetabolik, antifungal ve
antimikrobiyal Ozellikteki antibiyotiklerin Uretimi tetiklenir. Besin kitligiyla bas
edebilme ¢oziimlerine ek olarak, ayni sekilde ortamdaki besin seviyesinde azalma s6z
konusu oldugunda, farkli besinleri kaynak olarak kullanabilmek i¢in parcalayici enzim
tiretimine, kompetans gelistirerek yabanct DNA’nin hiicre i¢ine alimma ya da
sporlanmaya yonelebilen B. subtilis, olumsuz sartlarda gelistirdigi ¢esitli
mekanizmalarla hayatta kalmay1 basarabilen bir mikroorganizmadir.

Bunun yani sira sahip oldugu kemotaksis kabiliyetinin sonucu olarak kati yilizeylerde
kayarak yer degistirebilmesi, olumsuz sartlarda sporlanmasi ve kompetans
gelistirilmesi B. subtilis tiriinG, rakipleriyle miicedelesinde 6ne ¢ikaran avantajlar
arasindadir. Ayni sekilde, hiicreler muhtemel rakipleri ile miicadele etmek igin
antibiyotik Uretmeye baslar. B. subtilis rakipleriyle micadele edebilme konusunda
birgok avantaja sahiptir. On ikiden fazla cesitlilikte antibiyotik tiretebilmesi en ¢arpici
Ozellikleri arasindadir. Bacillus subtilis antibiyotikleri, ya ribosomal olarak
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sentezlenen ve translasyon sonras1 modifikasyon gegiren lantibiyotikler ve lantibiyotik
benzeri peptidlerdir, ya da ribosomal olmayan yolak ile tiretililen ¢ok dalli halkasal
peptitlerdir.

B. subtilis hiicreleri, gen ifadesini “hiicre yogunlugu algilama mekanizmas1” ile genom
capinda kontrol ederek ¢evresel sartlara gore metabolizmasini hizli ve etkin bir sekilde
duzenler. Hiicre yogunlugunun algilama mekanizmasi, mikroorganizmalarin
“otoindukleyici” denilen bir takim sinyal molekiilleri araciligiyla, iireme ortamindaki
hicrelerin ve ilgili sinyal molekiillerinin yogunlugunu algilamak suretiyle hiicredeki
biitiin genlerin koordineli bir sekilde kontroliinii saglayan ve bu sayede ortam
sartlarinin  gerektirdigi optimum metabolik akist temin eden bir iletigim
mekanizmasidir. Bacillus subtilis, hiicre yogunlugu algilama sistemini kullanarak
uygun bir sekilde bu ayarlamalari yonlendirir ve hiicre populasyonu yogunlugundaki
degisiklikler 1s181nda gen ekspresyonunu diizenler.

Basilisin, genis bir bakteri yelpazesi ve bazi mantarlara karsi aktif bir antibakteriyel
ajan olan ve ribozomal olmayan bir mekanizma ile sentezlenen L-antikapsin ile L-
alanin’den olusan Bacillus subtilis tarafindan Uretilen bir dipeptid antibiyotiktir.

Basilisin biyosentezinin, bacABCDEFywfG operonu ve ywfH gen Urlnleri tarafindan
gerceklestirildigi kisa bir siire énce kesfedilmistir. Oncelikle, basilisin biyosentezi,
Bacillus subtilis’te, ComQ/ComX, PhrC (CSF), ComP/ComA’nin SpoOK (Opp)’ye
bagli bir bicimde gergeklesen, hiicre yogunlugu algilama kontrol mekanizmasi altinda
gerceklesmektedir. Bu mekanzsmanin yani sira, aynt zamanda diger global
dizenleyici SpoOA ile pozitif olarak, CodY ve AbrB global diizenleyiciler ile de
negatif olarak dizenlenmektedir.

SinR proteini B. subtilis’in biylime egrisinde, geg¢is fazt doneminde etki gosteren
onemli duzenleyicilerden biridir. SinR, gecis fazi ddneminde kompetans ve motilite
gelisimini aktive ederken sporulasyon ve ekzoproteaz iiretimini engelleyerek cift
fonksiyon gdsteren énemli bir diizenleyicidir. SinR proteininin N-terminal bolgesi
helix-turn-helix motifi igerir ve buna bagli olarak DNA baglanma yiizeyi olusturur.
SinR’m fonksiyonu dikkate alindiginda kompetans ve motiliteyi nasil diizenledigi
halen bilinmezken ekzoporeteaz ve sporulasyon uzerindeki negatif etkisi daha iyi
anlagilmistir.

SinR proteininin bir diger 6zelligi de ComK proteininin negatif diizenlenmesinden
sorumlu Rok proteininin transkripsiyonunu negatif bir sekilde etkilemesidir. Rok
proteininin baskilanmasi ile SinR’nin ComK ekspresyonu stresindaki rolu pozitif bir
sekilde diizenlenmis olur. Aktif ComA~P, comS geni de dahil olmak (zere birgok
genin ekspresyonunu aktive eder. comS geni srfA operonunda, srfB (srfORF2) geni
icinde yer alir. ComS, kompetans transkripsiyon faktorii ComK’nin ClpC (Chaperon
benzeri protein) ve MecA’nin bulundugu proteolitik kompleksten ayrilmasini saglar
ve parcalanmasini Onler. Serbest kalan ComK kendi ekspresyonunu tesvik eder ve
hiicre i¢indeki konsantrasyonunu arttirir ayrica ardindan ilgili genlerin promotor
bolgelerine baglanar ve transkripsiyonlarii aktive eder. Hiicre igindeki
konsantrasyonu hizla artan ComK bu otoindiikleyici dongii sayesinde DNA baglanma,
DNA alimi ve DNA integrasyondan sorumlu olan ge¢ kompetans genlerini aktive eder.

DegU ve DegS proteinleri kompetans gelisimde rol alan diger 6nemli
diizenleyicilerdir. Birlikte kompetans gelisiminin ayni sira degredatif enzim sentezinin
duzenlenmesini de saglarlar.  Fosfatlanmig DegU~P degredatif enzim dretimini
artirirken, fosfatlanmamis DegU comK geninin transkripsiyonunu diizenlemek igin
tetikleyici bir sekilde hareket eder. ComK konsantrasyonunun artmasi ile de

xXxii



kompetans gelisimi baglar. DegU proteinine ek olarak dort farkli transkripsiyon
faktori comK promotorunun trankripsiyonunun kontrolinde dogruca etkili olur. Bu
duzenleyici proteinler AbrB, CodY, Rok ve comK genin kendi iiriinii olan ComK’dir.
ADbrB proteini comK promotor transkripsiyon baslama bolgesine baglanarak comK
promotor bolgesi ile RNA polimeraz etkilesimini engeller.Sonu¢ olarak, AbrB,
comK’nin prematiire ekspresyonunu engel ¢ikarak kompetans gelisimini negatif yonde
etkilemis olur.

CodY logaritmik biiyiime fazinda negatif regulator olarak hareket eder ve besin
yoksulluguna adaptasyon icin gerekli genlerin ekspresyonunu temin eder. CodY
proteininin aktivitesi GTP ve izolosin- valin gibi dallanmig amino asitlerin kontroli
altindadir. Bakteri hiicreleri besin sikintisi ile karsilastiklarinda, GTP’nin baglanmasi
ile aktif hale gelen CodY’ in GTP diizeyinin diigmesine bagli olarak aktivitesi hizlica
kisilir Karbon kaynagina ve amino asit limitasyonuna bagli bir sekilde gelisen
’stringent response” regiilasyon mekanizmasi aktiflesir. Bu hal GTP nin pppGppp ve
ppGpp molekillerine doniismesine yol acar. Boylece, hicre icinde (p)ppGpp
toplanmasi veya intraselliiler GTP’nin hizlica tikenmesi ve buna bagli olarak da
CodY’in inaktif hale doniismesi saglanir.

CodY proteini ComK promotori bolgesinde, RNA prolimerazin baglanma bolgesini
istild ederek kompetans gelisimini baskilar. ykuW geni (rok geni adiyla tanilir)
tarafindan Rok proteini comK transkripsiyonunu baskilayarak kendi sentezini de
baskilar. ComK konsantrasyonu arttig1 zamanda ise rok ekspresyonu baskilanir.

Bu ¢alismada ComK ve SinR’nin bacABCDEywfG operonu ekpresyonu Uzerindeki
etkisinin belirlenmesi amaglanmistir.  Bunun icin, bacA lokusunda lacZ fuzyonu
tasiyan, B. subtilis OGU1 (bacA::lacZ::erm) susunda comK, sinR tekli ve comK-sinR
ikili mutant tiirevleri olusturulmustur. Bir sonraki adimda ise, OGU1, comK, sinR tekli
mutant ve sinR-comK ikili mutant turevleri PA besi yerinde biiyiitiilmiis ve bac
promotoruna bagli B-galaktosidaz aktiviteleri belirlenmistir. Bu ¢alismalara ilaveten,
ComK ve SinR proteinlerinin bac promotor bdlgesine baglanma egilimleri ve
birbirlerinin baglanmasini nasil etkiledikleri “Elektroforetik Hareketlilik Kaydirma
Analizi” (EMSA) deneyi ile test edilmistir. Sonu¢ olarak ComK ve SinR
transkrisiyonel faktorlerinin, bac operonuna birbirleri ile yarigmali sekilde baglanarak
bac operonunu pozitif yonde etkiledigi anlasilmistir.
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1. INTRODUCTION

1.1 Bacillus subtilis

Bacillus subtilis is a rhizosphere-colonizing bacteria which have the ability to
stimulate plant growth and also suppressing the growth of plant-pathogenic organisms
(Koumoutsi et al, 2004; Liming et al, 2014; Chena et al, 2009; Idriss et al, 2002). In
addition to be non-pathogenic, gram-positive and rod-shaped bacterium, it is a notably
diverse bacterial species that can grow in different environmental conditions such as

in soil and on the surface of plant root (Ashlee et al, 2008).

Bacillus subtilis previously was known by the name of Vibrio subtilis in 1835, until it
was renamed Bacillus subtilis in 1872 by the German biologist Ferdinand Cohn.
Furthermore, it is one of the first bacteria to be studied and became a good model for
cellular development and differentiation in addition to have a high capacity to respond
easily to the environmental changes which in turn exert its effects on the phenotype
and morphology. These causes can be attributed to the instability of growth rate,

temperature, and nutrients availability (Sonenshein et al, 1993).

Despite being non-pathogenic, Bacillus subtilis bacteria can contaminate food,
nevertheless, they seldom result in food poisoning. On the other hand, they are used
on plants and on agricultural seeds as a fungicide. Bacillus subtilis cells colonized on
root system compete with disease-causing fungal organism and secrete various
antibiotics. Moreover, Bacillus subtilis used as a fungicide does not affect humans
(Andersson et al, 1995).

Bacillus subtilis survive under severe environmental conditions such as starvation by
means of its ability for the formation of stress-resistant endospores and the competence
development. Depletion of carbon, nitrogen or phosphorus causes starting the
sporulation. Yet, the process needs to start with the entire exhaustion of nutrients
(Perez, 2000).

Although Bacillus subtilis had been thought to be a strict aerobe, it also can live in

anaerobic environment utilizing nitrate as a terminal electron acceptor (Glaser et al,

1



1995; Preis, 1993). Recent studies pointed out that Bacillus subtilis can grow in
anaerobic conditions utilizing nitrate or nitrite as a terminal electron acceptor or by

fermentation (Glaser et al, 1995).

When Bacillus subtilis is exposed to stress whether physically or in nutrients, it begins
developing a series of morphological and physiological responses including the trigger
of macromolecular hydrolysis (proteases and carbohydrases), chemotaxis, motility,
and development of competence (Colin, 2013). When these reactions fail to restore
growth, sporulation is initiated in a part of the population (< 10 %) while the other part
is imposed to cell lysis (cannibalism) to supply the nutrients needed for sporulation to
continue (Veening et al, 2009). Sporulation of Bacillus subtilis which is regulated by
SpoO0A protein is induced by nutritional deficiency where cells undergoing sporulation
produce sporulation Killing factor (SKF) and sporulation delay protein (SDP) by
expression of their operon which prevents the other cells from sporulation and cause
them death to feed on their lysis (Pastor et al, 2003).

After demonstrated as a transformable organism in 1958 by Spizizen, Bacillus subtilis
168 has been gaining an increasing importance in the field of synthetic biology,
biotechnology and genetic studies. As a result of this accumulated knowledge, B.
subtilis came to be one of the most studied microorganism (Colin et al, 2013) and
became one of the most known prokaryotes in terms of molecular biology and cell
biology. In addition, its diverse genetic responsiveness has offered the effective
implements needed to explore a bacterium by the entire potential perspectives (Zweers
etal., 2008). Moreover, research on B. subtilis remains at the pole position of bacterial
molecular biology and cytology, and the organism represents the mode of choice for
investigating cell differentiation and gene regulation bacteria. Furthermore, its ability
to secrete the secondary metabolites to culture media makes B. subtilis one of the best
fermenter prokaryote from biotechnological point of view comparing to E. coli.
(Zweers et al., 2008).

1.1.2 Bacillus subtilis Genome

Bacillus subtilis has one circular chromosome with 4.2 Mb total size of genome
(Frangeul et al, 1999). The sequence of its genome was completed in 1997 by an
international collaboration (Kunst et al., 1997). Its genome also involves 17 sigma



factors and almost 250 DNA binding transcriptional regulators besides to 4106
protein-coding, 86 tRNA, 30 rRNA and 3 small stable RNA genes (Ando et al.,2002).

Bacillus subtilis duplicates its single circular chromosome by starting DNA replication
at a single locus(Ori C), where replication proceeds bidirectionally and two replication
forks proceed in the clockwise and counterclockwise directions alongside the
chromosome halves and chromosome replication is ended when the forks attain the
terminus region, that is positioned opposite to the origin on the chromosome map, and
includes a number of short DNA sequences (Ter sites) which promote replication

arrest.
1.1.3 Quorum sensing mechanism in B. subtilis

Bacteria are prevalent and tremendously prosperous life appearances. Their
achievement is principally owing to their capability for familiarizing to enormous
assortments of conditions. With the purpose of prevailing over the tough
circumstances, B. subtilis exhibits assortment of survival approaches such as
undergoing stationary phase due to nutritional oscillations. The moment that nutrients
turn out to be reduced for optimum growth at the end of the exponential growth phase,
B. subtilis cells start producing a complicated motility and chemotaxis system which
facilitates looking for nutrients in the surroundings. If nutritional restrictions continue,
the motile cells resort to entering the stationary phase and secreting degradative
enzymes. These degradative enzymes make available nutrients to cells from alternative
sources that are ordinarily unreachable. Likewise, cells initiate producing antibiotics
to fight probable competitors. Extended nutritional stress ends up the developing
competence, and ultimately sporulation by which the bacterial population can adapt to
live in such severe environmental circumstances (Hamoen et al., 2003; Levdikov et
al., 2006; Msadek,1999).

Bacillus subtilis appropriately directs these adjustments utilizing quorum sensing
system to regulate gene expression in light of changes in cell-population density.
Quorum sensing was initially defined in the Vibrio fischeri bacterium, a marine
organism, due to its role as a control mechanism of light production and many various
characterizations (Engebrecht and Silverman, 1984, 1987; Antunes et al, 2007).
Quorum sensing regulates many important processes such as bioluminescence,

sporulation, biofilm formation and virulence factors secretion (Novick & Geisinger,



2008; Ng & Bassler, 2009; Williams & Camara, 2009). Quorum sensing systems differ
in regulatory components and molecular mechanism. However, they are governed by
three essential determinants. First, the signaling molecules Als. Second, the receptors
located in the membrane or the cytoplasm. Third, activating related genes and Al
production (Novick et al, 1995. Seed et al, 1995).

Cell—cell signaling is a basic activity performed by nearly all cell sorts (Lazazzera,
2000). Bacteria regularly manipulate it to sensor their population density generating
and sensing small signaling hormone-like molecules, designated as “autoinducers”
(Reading and Sperandio, 2005; Gobbetti et al., 2007; Chen et al., 2002). These
signaling molecules, consecutively, accumulate and incite cascade incidents when a
“quorum” (e.g., a particular onset intensity) is accessed; for that reason, the term of
“quorum sensing” designates the cell-cell communication process (Gobbetti et al.,
2007; Hooshangi and Bentley, 2008). Finding cell-cell communication among
bacteria has led to understand that bacteria behave cooperatively as a group which

previously thought to be confined to multicellular organisms (Hardman et al., 1998).

Quorum sensing encompasses the production, release and consequent recognition of
chemical signaling molecules (Henke and Bassler, 2004; Lazazzera, 2000). The
extracellular concentration of QS signaling molecules that are yielded and excreted
into the surroundings by bacterial cells intensifies with raising cell number. When the
QS signaling molecules reach a critical threshold level, the group coordinately respond
to the signaling molecules by altering their gene expression (Schauder and Bassler,
2001; Reading and Sperandio, 2006). The adjustments in gene expression owing to the
existence of signaling molecules offer bacteria certain performances only when living

in a population, not when living as individuals (Henke and Bassler, 2004).

The signaling molecules and receptors are divided into three classes, N-acyl
homoserine/lactones (AHLS) produced by Gram-negative bacteria. Oligo peptides or
autoinducing peptides (AIP), used by Gram-positive bacteria (Kweon et al, 2014).
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Figure 1.1: Canonical bacterial quorum-sensing (QS) circuits. Autoinducing peptide
(AIP) QS in Gram-positive bacteria by (A) two-component signaling, or
an AIP-binding transcription factor. Small molecule QS i. Gram-negative
bacteria by (C) a Luxl/LuxR-type system, or two-component signaling.
(http://www.ncbi.nlm.nih.gov/pubmed/10081580).

When it comes to the difference between quorum sensing in Gram-positive and Gam-
negative bacteria. In gram negative bacteria, the signaling protein is termed acyl-
homoserine lactone (AHL) functions as the key signaling molecules. Its formation is
catalyzed by Luxl. LuxR binds to AHL at onset level Fig.1. These autoinducers
molecules come to be able to diffuse freely through the cell membrane and spark cell
response once concentration attains a certain level. As a consequence, this complex

surveys Lux boxes within the promoter section to trigger specific genes.

Likewise, Gram-positive bacteria, on the other hand, employ peptides or modified
peptides as the main process of signaling; and also contrary to gram-negative bacteria,
there are two main quorum sensing systems obviously as follows: (i) Two-component
signal transduction where the peptide signal operates by means of attaching to a sensor
protein, histidine kinase, placed in the cell membrane. The histidine kinase activation
directs phosphorylation of response-regulating protein, and interaction with another

regulatory protein smooth the progress of transcriptional activation.


http://www.ncbi.nlm.nih.gov/pubmed/10081580

In Bacillus subtilis, the main physiological processes such as sporulation, biofilm
formation, competence, proteolytic enzymes synthesis and peptide antibiotic
production are under the control of quorum sensing (ComX/PA) pathway (Grossman,
1995). On the other way, the multicomponent regulatory circuits that control
sporulation and competence feature two crucial regulators, namely SpoOA, the master
transcriptional regulator of sporulation and AbrB, the transition state regulator. SpoOA,
under unfavorable condition such as stress and high cell density is activated by
phosphorylation initiated by histidine kinase KinB and KinC and KinA producing
SpoOA-P regulon genes and control their transcription. SpoOA-P plays a dual role as a
regulator both positive and a negative regulator. SpoOA-P represses the abrB gene
thereby derepressing a number of stationary phase/sporulation genes (Stranch et al,
1990; Sonenshein, 2000).

Genetic competence can be defined as a physiological state that enable bacterial cells
to bind and take up exogenous DNA (transformation). In Bacillus subtilis, competence
is a physiological state which occur at the inception of late exponential growth within
certain nutritive condition (Kiirsad et, al 1998) by which the cells enter stationary
phase as a response to cell density as well as growth phase and also to the accumulation
of products secreted in the culture (e.g. competence factors). These particular
conditions are called competence regime (Akos et al, 2009). However, only few cells
can become competent (Hahn and Dubnau, 1991). A cell that has the capability to
take exogenous DNA and become transformed is called competent.

Bacillus subtilis and Streptococcus pneumoniae theoretically have the ability to take
up any linear DNA but to be replicated it should be recombined with the recipient
chromosome which requires similarity in some region of the chromosome. In addition,
there are specific proteins play an important role in this process including a membrane-
associated DNA-binding proteins, a cell wall autolysin and different nucleases. In
Bacillus subtilis, competence development is regulated by quorum sensing. During
their growth, cells excrete a small peptide, as this peptide accumulates to high
concentrations it triggers them to be competent. However, not all cells can develop
competence about 20 % of the Bacillus subtilis cells can develop competence and
remain for several hours. On the contrary, in Streptococcus 100 % of the cells can

become competent but for short period during the growth cycle (Michael et al, 2015).
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Figure 1.2: Overview of the different regulation pathways involved in competence
development. The main pathways are indicated by solid black lines. The
grey lines illustrate a number of regulatory connections. The srfA, comK
and rok genes are schematically depicted with the promoter regions to
which several transcription factors are bound (circles). The ComP and
SpoOK  proteins are depicted in the cell membrane. The
ComK/MecA/CIpC/CIpP protein complex is encircled. Arrows and T-bars
indicate positive and negative regulation, respectively.

(Hamoen et al, 2003).

Competence in Bacillus subtilis is regulated by quorum sensing where ComX
represents the main competence pheromone Fig.1.2. ComQ encodes protein (protease
enzyme) responsible of cutting and modification of competence pheromone ComX.
ComP, the membrane protein, is a sensor protein. Once the active form of ComX bind
to ComP which then undergo autophosphorylation leading to activation of ComA by
transfer the phosphate to ComA. Consequently, ComA induce the transcription of
several genes. Conversely, ComA-P can be activated by indirect pathway by
competence sporulation factor (CSF) resulting from PhrC protein. CSF is attracted to



the cell by oligopeptide permease SpoOK. Once imported into the cell, CSF inhibits
RapC protein which is in the case of being activated binds to the C-Terminus DNA-
binding domain of ComA-P and hinders its binding to DNA leading to transcription.
Fig.1.3 (Snyder and Champness, 2007).
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Figure 1.3: Regulation of competence development in Bacillus subtilis by quorum

sensing. (Snyder and Champness, 2007).

There is at least one other such pathway; these pathways’ purpose may be to coordinate
competence with sporulation and other functions when the cell runs out of nutrients

and enters stationary phase.

Expression of ComK is under multiple controls of several proteins both negatively and
positively such as DegU, SinR, CodY, AbrB, Rok and ComK itself in addition to
quorum sensing. ComK and DegU act positively by binding directly to comK promoter
(PcomK) forming a positive feedback loop (Sinderen & Venema, 1994) where DegU
binds to PcomK it rises the attraction between ComK and its promoter (Hamoen et al,
2000). However, AbrB and CodY repress ComK expression by binding directly to
PcomK (Hoa et al, 2002; Serror & Sonenshein, 1996). However, within competence
development, AbrB functions in a positive manner on comK transcription (Hahn et al,
1996).

The stability of ComK is adjusted by CIpCP protease which acts by degrading ComK
prior to stationary phase and when avoiding competence state Fig.1.4. There is no
direct contact between ComK and ClpCP, however, the connection is mediated by
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MecA protein which acts as an adaptor connecting ComK and CIpCP to its N-
Terminus and C-Terminus domains respectively (Turgay et al, 1998; Persuh et al,
1999). Coms, a small protein formed via series of phosphorylation reactions started
by quorum sensing (Lazazzera et al, 1999) releases ComK by binding to the N-
Terminus domain of MecA thus protects it from degradation. YIbE plays a positive
role on the expression of ComK by increasing the stability of ComS (Tortosa et al,
2000).
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Figure 1.4: Schematic presentation of the control of comK expression. comK is
schematically depicted as gene with the promoter region to which
several transcription factors are bound (circles) (Hamoen et al, 2003).

The competence transcription factor encoding gene comK is negatively regulated by
Rok (Ykuw) protein as transcription of comK is inhibited by Rok when it is found in
extra amount without affecting its stability which is regulated by MecA where Rok
exerts its effect on comK by binding directly to DNA portion containing comK
promoter Fig.1.5. However, rok transcription is negatively regulated by SinR and
ADbrB proteins where they act as repressors for its transcription (Hoa et al, 2002).



SinR, AbrB

E F_Zﬂg AbrB, CodY
COMK wmmp COomMK === Competence

DegU/ T \ YIbF

MecA, CIpC, ClpP

F

ComS

Figure 1.5: Competence regulation. In this simplified summary diagram, arrowheads
and perpendiculars represent positive and negative effects respectively.
These effects are variously exerted on the transcriptional or post
transcriptional level. (Hoa et al, 2002).
SinR is a pleiotropic DNA binding protein that is essential for the late-growth
developments of competence and motility in Bacillus subtilis and also is a repressor
of sporulation and subtilisin synthesis besides acting as an inhibitor of sporulation
(Mandic-Mulec et al, 1995). Mainly, SinR is the master regulator that governs the
Gram-positive model organism Bacillus subtilis life style whether to be a free-living
or a biofilm-forming lifestyle. The activity of SinR, is regulated by its antagonists,
Sinl, SIrA, and SIrR Fig.1.6. (Newman et al, 2013). When abundant Sinl is existent,
an SinR-Sinl complex is created that inhibits the SinR-DNA interaction, triggering

derepression (Lewis et al, 1996;1998).
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Figure 1.6: A schematic view of the control network of SinR. SinR is a tetrameric
repressor of two major biofilm operons, epsA-O and ygxM-sipW-tasA. The
repression is relieved by the action of Sinl and SIrA, which bind to and
inactivate SinR. SIrR, itself under control by SinR, repurposes SinR to
become a repressor of motility genes. (Newman et al, (2013).

10



1.2 Bacillus subtilis and Plant

Bacillus subtilis belong to plant growth-promoting rhizobacteria (PGPR) which are
soil useful microorganisms that inhabit plant roots for nutritive reasons and
consequently do good to plant by enhancing its growth or decreasing disease and most
commonly found in soil environment and on plant undergrowth. They are likely to be
found in O and A surface soil horizon where the concentration of oxygen is most
abundant and temperature are relatively mild. These microbes form spores in times of
nutrients exhaustion. However, when the nutrients required for the bacteria to grow

are abundant, they exhibit metabolic activity.

Currently, biological control agents for plant diseases have obtained substantial

considerations as substitutions to chemical pesticides.

From plant or agricultural point of view, B. subtilis is an important microorganism
living in the rhizosphere -the soil area surrounding the plant root- as it enhances plant
growth and acts as a biocontrol agent (Emmert and Handelsman,1999) in addition to
be used as a biofertilizer (Beauregard et al, 2013). Additionally, these organisms can
produce antibiotics during sporulation and many of the Bacillus microbes can degrade
polymers such as protein, starch and pectin, therefore, they are thought to be important
contributor to carbon and nitrogen cycle. However, quite a few of the Bacillus subtilis

organisms are primarily responsible for the spoilage of food.

Proliferation of Bacillus subtilis in the soil needs availability of nutrient source such
as breaking down organic material or plant roots (Eariam et al, 2008). Plant roots are
directly surrounded by region of soil called the rhizosphere. This region is rich in plant
secretions that can provide bacteria with nutrients (Danhorn et al 2007; Lugtenberg et
al, 2009 and Ramy et al, 2004). Figure 1.7 shows communication network within
rhizosphere microflora represented by bacteria, fungi and plant roots which play an
important role in plant development and adaptation to stressful conditions where by
signal exchanges is regulated by quorum sensing (Choudhary and Johri, 2009).
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Figure 1.7: Schematic representation of complex interactions mediated by root
exudates that take place in the rhizosphere between plant roots and
other organisms. QS, quorum sensing. (Walker et al. (2003).

Bacillus species have the ability to enhance plant growth and can protect plants from
infection by pathogenic bacteria, fungi and nematode. This protection can be achieved
by the antimicrobial compounds secreted by Bacillus subtilis Fig.1.8. Additionally,
plant systemic resistance induced responding to Bacillus subtilis enhance the ability of
plant to be more resistant against diverse pathogens. (Emmert, & Handelsman,1999;
Kloepper et al, 2004; Ryu et al, 2004; Choudhary & Johri, 2009; Srivatsan et al, 2008;
Perez-Garcia et al, 2011). Bacillus species - including B. subtilis - are marketed
commercially as biological control agents for agriculture (Danhorn & Fuqua 2007;
Ramey et al, 2004; and Morikawa, 2006).

12



—Rhizosphere

Plant root

| Induced systemic

resistance

\

Figure 1.8: Schematic illustration of B. subtilis colonizing a plant root. B. subtilis
secretes the lipopetide surfactin, which is required for B. subtilis biofilm
formation on the root. A second trigger for B. subtilis matrix gene
expression is malic acid, which is constitutively secreted in the
rhizosphere by tomato plants but secreted by A. thaliana only when the
plant is infected with the pathogen P. syringae. B. subtilis exerts
beneficial effects on the plant by promoting its growth and helping to
fight of pathogens (such as P. syringae), directly via the secretion of
surfactin and other antimicrobials and indirectly by eliciting induced
systemic resistance in the plant. (Hera VIamakis et al, 2013. nature).

B. subtilis is easily isolated from the rhizosphere of plants and the bulk of root-
associated strains are able to form vigorous biofilms in laboratory conditions
(Vessey,2003 and Fall et al, 2004). Moreover, quite a lot of other Bacillus species
develop biofilms on plant roots (Chen et al, 2012 and Rudrappa et al, 2008).
Establishment of biofilm on plant roots equivalents in vitro biofilm establishment in
that the matrix exopolysaccharide is necessary (Shank, et al, 2011 and Fall et al, 2004).

Likewise, the master regulator SpoOA and the antirepressor Sinl are also essential for
root colonization. In many wild isolates, the existence of these genes, and consequently
the capability to develop a biofilm on the root, is also requisite for the strain to make
use of its utmost biocontrol influence (Fall et al, 2004).

Bacillus species yield a diversity of antimicrobial agents that were suggested to be
significant in plant biocontrol in view of the fact that these molecules could inhibit

growth of particular pathogenic soil microorganisms Table 1.1. (Bais et al., 2004;
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Stein, 2005; Nagorska et al., 2007). For example, Bacillus thuringiensis (Bt) is
amounted for over 90 % of all marketed bioinsecticides and Bacillus subtilis kodiak
strains highly effective for crop protection from the pathogen Fusarium and

Rhizobacteria and it also stimulates plant growth.

Strains of B. subtilis have been commercially sold as biocontrol agents for fungal
diseases of crop Table 1.2. For example, Serenade, a biofungicide produced from B.
subtilis (QST713 strain) Payer, is used successfully to fight fungal and bacterial
diseases (Morikawa, 2006). Bacillus subtilis B25 isolated from banana rhizosphere soil
was confirmed to have an antifungal protein that acts against Fusarium oxysporum
f.sp.cubense (FOC), which is a destructive disease of banana (Tan et al, 2013). In their
work on biocontrol of tomato wilt disease by Bacillus subtilis, Chen and others (2012)
showed the importance of biofilm formation to the same degree of the production of
antimicrobial agents, and their results suggested that surfactin production participates
to plant biocontrol through two mechanisms by acting as antimicrobial agent and as a

signaling molecule that triggers biofilm establishment on plant roots.

The antibiotic difficidin and bacilysin from Bacillus amyloliquefaciens FZB48 have
the ability to suppress bacterial blight and bacterial leaf streak, serious diseases of rice
resulted from Xanthomonas oryzae bacterium (Liming et al, 2015). Difficidin, and
bacilysin downregulated expression of genes related to Xanthomonas virulence, cell
division, protein and cell wall synthesis. These results point out the activity of

difficidin and bacilysin as antimicrobial compounds.

The bacilysin was at least five times more active against Staphylococcus aureus when
using Dulbecco agar medium containing free amino acids comparison to the Lemco
medium containing peptides which reflects the responsibility of peptides in decreasing
the activity of bacilysin. Bacilysin has a wide broad activity against bacteria and
Candida albicans, however, its activity is intensely subject to the components of the
nutritive substances (Keing & Abraham, 1975). Liming Wu et al (2014) showed that,
the bacilysin produced by Bacillus amyloliquefaciens FZB42 causes lysis of algal cell
and also downregulates genes involved in essential processes in the cell peptidoglycan
synthesis, photosynthesis, mycosystin synthesis and cell division besides it could be
developed to be used as a biological agent to alleviate the effect of damaging algal
bloom produced by huge and extraordinary overgrowth of microalgae and

cyanobacteria, as they represent a worrying global environmental problem.
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Bacillus amyloliquefaciens FZB24, which is known by its activity against nematodes
which make severe damages to agricultural crops around the world, is recorded in
Germany as a plant- reinforcing agent (Krebs et al, 1998). Plantazolicin (PZN) isolated
from Bacillus amyloliquefaciens FZB24, was discovered and named by Scholz and
others (2011) due to the correlation of a number of producing organisms with plants
and the integration of azole heterocycles, originated from Cys, Ser, and Thr residues
of the precursor peptide. It was also described and characterized by its ability as a

nematicidal agent by Zhongzhong (2013).

Table 1.1: Examples of Bacillus-based biocontrol in plants against pathogens.

Plant Disease Pathogen Biocontrol Bacillus  Ref
Cercospo  cercospora beticola B. pumilus strains 203-6 Bargabus et
Sugarbeet leaf spot & 203-7, B. mycoides al.
strain Bac J (2002. 2004)
Radish Bacterial Xanthomonas campestris  Bacillus spp. Krause etal.
leaf spot armoraciae (2003)
Cucumber Root rot  Pythium spp. Bacillus spp. Zhangetal.
Peanut Late leaf Cercosporidium Bacillus spp. Zhangetal.
spot (2001)
Tobacco Blue Peronospora tabacina B. pasteurii C-9, B. Zhang et al.
pumilus SE34 and T4 (2002,
Bacterial Erwinia tracheiphila B. pumilus INR7 Zehnder et
Cucumber oy P P al. (1997)
B. subtilis IN937b,
Cucumber mosaic virus B. pumilus SE34, Zehnder et
Tomato  Leafspot )y B amyloliquefaciens al. (2000)
IN937a
Late Phytophthora infestans B. pumilus SE34 Yan et al.
: Cronartium quercuum, B. sphaericus SE56 and
Loblolly  Fusiform  Zroap i &, pumilus INR7, SE34, Enebak ot
pine rust exsirai f. sp. fusiforme SE49, SE52 al. (1998)
Peanut Crown Aspergillus niger B. subtilis AF1 Sailajaetal.
Angular  P. syringae B. pumilus INR7 Wei et al.
Cucumber spot
Anthracn Colletotrichum arbiculare
B. amyloliquefaciens
Tomato mottle virus IN937a, B. subtilis Murphy et
Tomato  Leaf spot gz 15\ IN937b, and B. pumilus  al. (2000)
SE34
Park and
Tobacco  Wild fire P. syringae pv. tabaci B. pumilus strain T4 Kloepper
(2000)
Jetiyanon
Tomato \?V?ﬁte”al Ralstonia solanacearum Bacillus spp. ?(r;gepper
(2002)
Long Anthracn Colletotrichum
pepper (Penz.) Penz and Sacc.
Green :
kuang _[z)a]l;nplng Rhizoctonia solani
Futsoi

Cucumber Leaf spot

CMV

15



Tablel.2: Commercially available Bacillus-based plant disease biocontrol products.

Product . Formulatin .
name Company Bacillus component type Primary target
S q AgraQuest, Davis, o i ger 713 WP, Fungi, bacteria
erenade  ~a . subtilis Q gqueous_. on multiple fruits
uspension Sclerotini
: : . clerotinia
EcoGuard Novozymes, Salem, B. licheniformis Flowable homoeocarpa on
VA SB3086 turf
Fungi on cotton,
Kodiak Gustafson, Plano, g ¢ ntilis GBO3 \Iévlg’wable legumes,
soybeans
Yield ; Fungi on
Shield Gustafson B. pumilus GB34 WP soybeans
B. . .
o ; Fungi on bedding
BioYield Gustafson amyliliquefaciens Dry flake plants in
GB99+ B. subtilis otting mixes
GB122 F; ng
ungi on cotton,
Subtilex E%gsr LIJAnderwood, B. subtilis MB1600 WP legumes,
' soybeans
Hi Stick Beker Underwood  B. subtilis Flowable ngg Ie§r?s peanut
L+Subtilex MB1600+Rhizobium

Source: Schisler et al. (2004).

aWP Y, wettable powder.

1.3 Bacillus subtilis Antibiotics

Bacillus subtilis is an endospore-forming rhizobacterium which has the ability to
produce more than two dozen antibiotics (Stein, 2005). According to Stein (2005), 4-
5% of Bacillus subtilis genome is allocated to produce antibiotics. Antibiotics
produced by B. subtilis have been characterized by being low toxic and high
biodegradable, thus B. subtilis has been awarded GRAS (Generally Recognized As
Safe) status by the US Food and Drug Administration. (Zweers et al, 2008).

As stated by Stein (2005), non-proteinaceous residues production is conducted by two
distinguished pathways (i) Non- ribosomal pathway by which peptides are synthesized
by non-ribosomal synthetases (NRPSs), substantial multienzymes distinguished by
their ability to catalyze a series of reactions. (ii) Ribosomal pathway by which linear
precursors are synthesized and undergo post-translation modification and processed
by proteolytic enzymes. The non-ribosomal synthesis pathway of peptides is common
within bacteria and fungi (Sieber & Marahiel, 2003.Finking & Marahiel, 2004 and
Walsh, 2004).
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1.3.1 Lantibiotics

Lantibiotics are bacterial peptides produced ribosomally by many gram-positive
bacteria. They contain lanthionin and or methyllanthionine (Me Lan) (Bierbaum &
Sahl, 2009) where the presence of lanthionin residue make them resistant against
protease (Bierbaum et al, 1996; Chatterjee et al, 2005). They are encoded by gene
clusters containing structural gene (lanA)-lantibiotic peptide-LanM biosynthetic
enzyme to perform modification or LanB and LanC. For these bacteria, they produce
variety of immunity protein to protect themselves such as Lanl lipoproteins (Hacker
et al, 2015).

Lanthionine-containing antibiotics are peptide antibiotics characterized by inter-
residual thioether bonds (Schnell et al,1998). Lanthionine formation occurs within two
steps. The first step includes dehydration of L-thionine residues in preplantibiotic
peptide produced ribosomally forming 2,3 didehydoalanine and 2,3-didehydrobutyrin
respectively. In the second step, the formation of inter-residual thioether linkage
through stereospecific Michael-like addition of neighbored L-cysteine sulfhydryl
group yielding meso-lanthionine and 3-methyl lanthionine respectively (Guder et al,
2000; Jack & Jung, 2000; McAuliffe et al, 2001).

Lantibiotics are classified into two types according to their structural properties Fig.
1.9 (i)Type A Lantibiotics, composed of 21-38 amino acid residues, are linear
secondary structures and have the ability to kill Gram-positive cells by forming pores
into the cytoplasmic membrane. Examples of them, Subtilisin, EricinA, EricinS. (ii)
Type B lantibiotics are globular peptides function by attaching to lipidll, cell wall
precursor consequently, inhibit the cell wall biosynthesis. Examples of them,
mersacidin, sublanicin produced by B. subtilis 168, haloduracin, produced by Bacillus

halodurans. However, not all lantibiotics have an antibacterial activity (Kodnai, 2004).

Subtilisin: a 32 amino-acids pentacyclic lantibiotic (Stein, 2005) yielded by Bacillus
subtilis ATCC6633. It has a wide range activity against bacteria by increasing
permeability of the cytoplasmic membrane of target bacteria. It consists of two types,

subtilin and N-succinylated subtilin (Parisot et al 2008).

Ericin, (S and A): distinctive lantibiotic peptides produced by Bacillus subtilis A1/3
(Stein et al, 2002). However, EricinA has a different ring organization and 16 amino
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acids substitutions compared with Ericin S. For both Ericin A and Ericin S, a single
Eri BC synthase is needed (Stein 2005).

Sublancin 168 is one of the unusual Lantibiotics, discovered by Paik et al, (1998). It is
a novel lantibiotic produced by Bacillus subtilis 168. It contains a disulfide bridge. In
addition, its microbial activity is similar to other lantibiotics by its ability to inhibit
gram- positive bacteria but not gram-negative ones and it behaves like the lantibiotics
nisin and subtilisin by inhibiting both bacterial spore outgrowth and vegetative growth.
Furthermore, it is a distinguished stable lantibiotic and can be stored in aqueous
solutions at room temperature for 2 years (Paik et al 1998). Furthermore, it is
endogenous to Bacillus subtilis 168 and characterized by possessing disulfide bridge

and its extraordinary stability compared to other lantibiotics.

Class |
4+A B T C | P R K +F E G
T, """

Nisin

Llactis

+ B T C +S 4+ F E G 4+ R K
e e EE—
Subtilin

B.subtilis

G E F H 7 A B C D Q P
J[' po lfp Y T

Epidermin

S.epidermis

T ] A P B C

. IO r pPE—

Peps

S.epidermis

Oorfl O T A P B (o i1 2 3 orf A

@ DD S N

Epilancin 15X
S.epidermis

Class Il
A M T F E G
Lacticin 481
Lloctis
Y X A M N T Uu v P J w
Lactocin S

Lb.sakei

Figure 1.9: Representative gene clusters of selected class | and class Il lantibiotics.
(Alkhatib et al, 2012).
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Subtilosin is a microcyclic peptide antibiotic characterized by interresidue bridge
(Marx et al, 2001; Kawulka et al, 2003). Subtilosin A, a modified antimicrobial peptide
produced by Bacillus subtilis 186, originally identified by Babasaki and coworkers
(1985). Its encoding gene also occurs in the same alb gene operon. It consists of 32
common amino acids and several atypical residues developing from the
posttranslational modification (Zheng et al, 1999). The production of nature subtilosin
relies on expression of the sbo-alb gene cluster containing the subtilosin structural

gene sbo and genes requisite in immunity (Zheng et al, 2000; Stein et al, 2004).

As for mode of action, lantibiotics are mainly produced by gram-positive bacteria, in
spite of that, they exert their effects mostly on them (Ree et al, 2007). However, the
outer membrane of gram-negative bacteria provides them resistance to lantibiotics as
it hinders access the cytoplasmic membrane (Kordel et al, 1988; Stevens et al, 1991).
In addition to the modification of peptides undertaken by LanM enzyme or LanB and
LanC besides elimination of exporter LanT and the leader sequence N-terminal
(Kaletta et al, 1994. Xie et al, 2004).

Regarding protection from lantibiotics, Lantibiotics exert their effects on the
producer’s relative strains. On the other hand, the producers have genes encoding
products act as self-protective by different mode of actions (Draper et al, 2008). Self-
protection against Lantibiotics is acquired by ATP-binding cassette (ABC) transporter
homologous proteins (Lan FEG) that conveys the Lantibiotic from the cytoplasmic
membrane toward the extracellular gap (Stein et al, 2005). In addition, some
Lantibiotic producers produce Lanl, membrane-bound lipo protein which prevents the
gathering of the Lantibiotic to high concentrations in the vicinity of the cytoplasmic
membrane and hindering Lantibiotic lipid Il pore formation (Koponen et al, 2004;
Stein et al, 2005).

As for food industry, the major manipulation of Lantibiotics is exemplified by Nisin,
which is used as a biopreservative mediator due to its ability to prevent bacterial
spoilage and inhibit the clostridial spores (Delves et al, 1996). Moreover, some
Lantibiotics showed their potentiality to be used in biomedical industry for example,
nisin for peptic ulcers treatment, nisin and lacticin 3147 were proposed as

contraceptive ingredients (Silkin et al, 2007; and Aranha et al, 2004).
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1.3.2 Non-ribosomal biosynthesized peptides (NRBP)

Nonribosomal peptides stand for a large family of bioactive secondary metabolites
produced by bacteria and fungi. Many of these peptides became notable antibiotics
such as iturin, gramicidin, and bacitracin (Chalasani et al, 2015) Fig. 1.10. Moreover,
the non-ribosomal synthesis of peptide antibiotics is widespread among bacteria and
fungi (Stein, 2005).

Non-ribosomal peptide synthesis is an enzymatic mechanism undertaken by a large
multienzymes complex to assemble and catalyze gradual peptide condensation
(Fischbach & Walsh, 2006). The nonproteinogenic amino acids such as D-isomerase,
carboxy acids and N-methylated residue represent the building blocks of substrates of
these enzyme complexes. On the other hand, NRBP mechanism is associated with
other common postsynthetic modifications such as Glycosylation and oxidative cross-
linking (Sieber & Marahiel, 2003).

NRBP (noribosomal peptide) synthetase and polyketides synthetase widely distributed
across the three domain of life (Wang et al, 2013) and they are synthesized on large
nonribosomal peptide synthetase (NRPS) enzyme complex. Wang et al (2014) in their
work on nonribosomal peptides and polyketides biosynthetic pathways revealed
related siderophore NRPS genes clusters that encoded modular and nonmodular NRPs
enzymes organized in a gradient with higher frequency gene clusters of NRPs and PKs
from bacteria than archaea and Eukarya. However, the majority of these NRPs and

PKs gene clusters and their products are still unknown.

NRPS are large multienzymes composed of modularly arranged domains where there
are three core domains responsible for peptide biosynthesis. (i) The adenylation
domain composed of 550 amino acid residues, which is similar to the amino-acylation
of tRNA synthetases through ribosomal peptide biosynthesis. (ii) The thiolation or
peptidyl carrier domain composed of 88 amino acids supported by 4'-
phosphopantetheine (PPan) prosthetic group to which the adenylated amino acid
substrate is transferred under release of AMP (Stein, 2005). (iii) The condensation
domain composed of 450 amino acids flanked by every pair of adenylation and

peptidyl carrier domains.

Lipopeptides can be classified to three types, Iturin, Surfactin and Fungycin (Meana

& Kanwar, 2015). Surfactin, is one of biosurfactants produced by different strains of
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Bacillus subtilis. It is composed of seven amino acid residues and resembles detergents
in terms of effects by forming pore in cell membrane (Carrillo, 2003). The Surfactin

biosynthesis regulation is related to competence development (Maracheil et al, 1993).

Iturin, is produced by some strains of Bacillus subtilis. Iturins are classified to Iturin
A, lturin D, Iturin E, Bacillomycins, Bacillomycins F, Bacillomycins L, Bacillomycins
Lc and Mycosubtilin (Peypoux et al 1993,1977,1978, Besson et al, 1984, Besson et al
1976, Winkelmannet et al 1983, Besson & Michel 1987). Iturin A is the main inhibitor
against postharvest fungal pathogens (Arrebola et al, 2010). Iturin isolated from
Bacillus amyloliquefaciens is a promising biocontrol agent in plant defense immunity
where it causes Verticillium dahlia cell death by affecting fungal signaling pathway
(Han et al, 2015).

Myecosubtilin, pore-forming lipopeptides produced by various strains of Bacillus
subtilis are characterized by a strong antifungal activity. However, they are active
against some bacteria such as Micrococcus luteus (Maget-D & Peypoux 1994).

Fungycin, an antifungal cyclic lipopetide produced by Bacillus subtilis F-29-3 strain.
It has the ability to inhibit filamentous fungi by forming pores in lipid membrane
(Vanittanakom et al, 1986. Fracchia et al, 2015). It can be used as an environmentally
friendly agent to control the pathogenic F.oxysporum (Nam et al, 2015).

Mycosubtilin, an antimicrobial lipopetide produced by Bacillus subtilis ATCC663
strain (Duitman et al, 1999) is distinguished by its effective anti-fungal performance
(Nasir & Besson, 2012) and it also acts against plasma membrane of sensitive cell
(Nasir et al, 2011).

Amicoumacin, produced by several strains of Bacillus subtilis (Pinchuk et al 2002), it
has a wide range of activity such as antibacterial, anti-inflammatory in addition to their
ability to act against Helicobacter pylori (H. pylori), which make it a potent agent for

human treatment mainly for chronic gastritis and peptic ulcer (Pinchuk et al, 2001).

Bacilysocin, a unique phospholipid antibiotic produced by Bacillus subtilis 168 was
discovered by Tamehiro et al in 2002. Figure 1.10 shows summery of Antibiotics

produced by Bacillus subtilis.
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Figure 1.10: Summary of B. subtilis antibiotics.

1.3.2.1 Bacilysin

1.3.2.1.1 Bacilysin biosynthesis

Bacilysin is a non-ribosomal peptide antibiotic composed of L-alanine in the N-
Terminus and L-anticapsin in the C-Terminus as shown in Fig.1.11. (Walker
&Abraham, 1970; Kenig & Abraham, 1976).
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L-anticapsin is the effective component of bacilysin which acts as an inhibitor of
glucosamine synthesis. Inhibiting the glucosamine synthetase by anticapsin leads to
blocking biosynthesis of bacterial peptidoglycan and fungal mannoprotein therefore
causing cell protoplasting and lysis (Whitney & Funderburk, 1970; Keing et al, 1976;
Chmara et al, 1982; Chmara,1985 and Milewski,1993). The releasing of L-anticapsin
is achieved by the proteolysis of di-peptides by peptidase (Finking & Marahiel, 2004).

CH, CH,
+ .
H;N-CH.CO-NH-CH-CO,"
L

Figure 1.11: Chemical structure of bacilysin (Walker & Abraham, 1970).

Bacilysin is produced by Bacillus subtilis and also can be found in some strains of
Bacillus species related to Bacillus subtilis such as B. amyloliquefaciens, B.
licheniformis and B. pumilus (Loeffler et al, 1986).

Despite its simple structure, bacilysin has a strong activity against a wide range of
bacteria and several fungi (Walker & Abraham, 1970; Kenig et al, 1976). Furthermore,
bacilysin also has a comparatively wide-ranging, unspecific activity against gram-
positive and gram-negative bacteria along with budding and filamentous fungi where
it is uptaken efficiently by sensitive cells through dipeptide and oligopeptide permease
systems (Diddens et al., 1979; Perry & Abraham, 1979; Chmara et al., 1981).

Inaoka et al (2003) showed that, the ywfBCDEywfG operon and a ywfH gene encode
bacilysin biosynthesis machinery Fig.1.12. After demonstrated to have the essential
functions in synthesizing bacilysin, the ywfBCDEF were renamed bacABCDE
(Steinborn et al, 2005), and also ywfG and ywfH were proposed to renamed bacF and
bacG respectively by Parker & Walsh, 2010 and 2012. Now, it is known that
bacABCDFG are necessary for the successive reactions starting from prephenate and
ending by bacilysin (Parker & Walsh, 2013).
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bacA bacB bacC bacD bacE

Figure 1.12: Bacilysin biosynthetic operon of Bacillus subtilis 168 (Steinborn et al,
2005).

bacA, the first part of bac operon, is responsible for biosynthesis of dipeptide antibiotic
bacilysin. bacB, carries out an isomerization process (Mahlstedt & Walsh 2010 and
Rajavel et al, 2009). BacG, (ywfH), Phenylalanine aminotransferase forming
tetrahydrotyrosine in bacilysin synthesis Fig.13. bacF, bacilysin biosynthesis
aminotransferase. BacC acts as oxidoreductase in bacilysin biosynthesis. BacD, an
L.amino acid ligase (Lal), is responsible for dipeptide ligation acting by adding L-Ala
to the amino group of anticapsin as a last step (Steinborn et al, 2005; Tabata et al,
2005; Shomura et al, 2012). Additionally, bacD and bacE genes were indicated to be
responsible for amino acid ligation and self-protection to bacilysin in turn (Stein et al,

2005).

OH BacA, BacB, 2929

: YwfH, YwfG S
0o # H
0, =
>O:)C H.N CO
Prephenate trahydroty Anticapsin

Figure 1.13: 4 enzyme (BacA, BacB, YwfH, and YwfG) pathway leading to the H
(4) Tyr production and ultimately to L-anticapsin formation.
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1.3.2.1.2 Regulation of bacilysin biosynthesis

Bacilysin biosynthesis is tightly related with growth media where the production of
bacilysin can be repressed or inhibited by main nutritional components mostly by
glucose and casamino acids (Ozcengiz et al, 1990; Ozcengiz and Alaeddinoglu, 1991;
Basalp et al, 1992).

On the other hand, bacilysin biosynthesis is positively regulated by quorum sensing
regulatory pathway through ComQ/ComX, PhrC (CSF), ComP/ComA dependent way.

CodY, a global transcription factor, is a GTP-binding protein that has the ability to
sense the intracellular GTP concentration and then regulate the transcription of early
stationary phase and sporulation genes, thus regulating the expression of many genes
in B. subtilis during transition from exponential phase to stationary phase and
sporulation (Manoj et al, 2001). Transcription of bac operon was also regulated by the
guanine nucleotides ppGpp and GTP (Inaoka et al, 2003). Additionally, ScoC, the
transition state regulator jointly with CodY and AbrB regulates bacilysin production
in Bacillus subtilis in a negative manner (Inaoka et al, 2009). The recent study of
Koroglu et al (2011) pointed out that the activation and induction of bac operon
expression is under the firm regulation and balance of four proteins: ComA, Spo0OA,
AbrB and CodY. Both AbrB and CodY proteins negatively regulate the expression of
bac operon by directly repressing its transcription while ComA and SpoOA act as
positive transcriptional regulators: ComA activity is required for its basal level
expression but both ComA and SpoOA activity is required for transition-state induction

of bac operon.

On the other hand, DegU/DegS two component system has the capacity to control
multi processes inside the cell such as motility exportease production, biofilm
formation and genetic competence. In another study carried out by Mariappan et al,
(2012) showed that DegU positively regulates the transcription of bacilysin
biosynthetic operon in Bacillus amyloliquefaciens FZB42 Fig. 1.14.
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Figurel.14: Regulatory network of bacilysin production. Several global regulators
are directly or indirectly regulating bacilysin. However, DegU and Hpr
are directly acting on the bacA promoter. (Marriapan 2012).

1.4 The Purpose of Thesis

The present study aimed to investigate the regulatory effect of comK and sinR gene
products on the bacilysin biosynthetic operon bacABCDEywfG and increasing further
understanding into how they exert their effects via investigating interactions between

ComK and SinR proteins within bac promoter region.
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2. MATERIAL AND METHODS

2.1 Materials

2.1.1 Bacterial strains

Bacterial strains used within this study and their genotypes are listed in Table 2.1.
Bacillus subtilis PY79 was used as a wild type strain.
Figure 2.1 shows pGEM-T vector that was used for cloning of PCR products and

Figure 2.2 shows pQEG60 vector that was used for the expression of desired proteins.

Table 2.1: Bacterial strains and their genotypes used in this study.

Strains Genotype Source
wild type, BSP cured
B. subtilis PY79 | prototrophic derivative of B. P.Youngman
subtilis 168
[.Ogiiliir M.Sc.
OGU1 bacA::lacz::erm Thesis
B. subtilis A comK::kan AkosT.Kovacs
ComK
OGU1CK A comK::kan bacA::lacz::erm This study
OGU1SRCK A comK::kan A sinR::spc This study
bacA::lacz::erm
OGU1SR A sinR::cm bacA::lacz::erm Our laboratory
F’ ®dlacZ (lacZY AargF), .
. U169,5upE44). thi- American Type
E. coli DH5a Culture Collection;
1,gyrA,recAl, relAl endAl, Hanahan (1983)
hsdR17 ]
pHiss-comK ComK in pQE6G0 T. E. Kéroglu
pHis6-sinR SinR in pQE60 Oykii Irigiil
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28

‘"5 g - o e e Vel SxHis @ Stop Codons

f pQE40
3.4 kb

Figure 2.2: Genomic map of the pQEGO expression vector.

ColE

2.1.2 Bacterial culture media

Composition and preparation of culture media are given in the Appendix A.
2.1.3 Buffers and solutions

Composition and preparation of culture media are given in the Appendix B.
2.1.4 Chemicals and enzymes

The chemicals and enzymes that were used are given in the Appendix C.
2.1.5 Laboratory equipment

The laboratory equipment used during the study is listed in Appendix D.
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2.1.6 Maintenance of bacterial strains

B. subtilis and E. coli were grown in Luria-Bertani (LB) liquid medium and were kept
on Luria-Bertani (LB) agar plates at +4 °C. All strains were sub-cultured frequently.
10% LB glycerol stock was prepared for long time storage of strains at -80°C. Amp

(100 pg/ml) was used for E. coli DH5a strain for selection with antibiotic.

2.2 Methods
2.2.1 DNA techniques and manipulation

2.2.1.1 Chromosomal DNA isolation

Chromosomal DNA of B. subtilis PY79 strain was isolated by using a standard
procedure developed for Bacillus species (Cutting and Horn, 1990). 1,5 ml of
overnight culture was pelleted by centrifugation at 13000 rpm for 5 min. The pellet
was resuspended in 567 pul of TE (Appendix B) with frequent vortex. Followed by
adding 10 pl of proteinase K (20mg/ml), 6 pl of RNase (10 mg/ml), 24 ul of lysozyme
(100mg/ml) and 30 pl of 10% SDS. Next, the mixture was incubated for 1 hour at
37°C. After addition of 100 pl of SM NaCl solution, the sample was mixed without
vortex until the mucosal white substance turn out to be noticeable. Following, 80 ul of
CTAB / NaCl (Appendix B) (prewarmed at 65°C) solution was added and the mixture
was incubated for 10 min in 65°C water bath. The sample was then extracted with the
same volume of freshly prepared phenol/chloroform/isoamyl alcohol (25:24:1)
solution and centrifuged at 13000 rpm for 10 min. Afterward, the upper layer was
transferred to a new 1.5 ml microfuge tube and 0.7 volume isopropanol was added.
After mixing shortly, the sample was centrifuged at 13000 rpm for 15 min. The pellet
was washed with 1ml of 70% ethanol and centrifuged at 13000 rpm for 5 min.
Subsequently, the pellet was placed for dryness at 37°C for 1 hour and was dissolved
in 10 pl of TE buffer and stored at 4°C. Finally, the isolated DNA was run on 1.0%

agarose gel.

2.2.1.2 Polymerase chain reaction (PCR)

The sequences of primers used in PCR reactions are given in Table (2.3).
PCR components and amounts used are given in Table (2.2).

PCR was performed using i-Tag polymerase supplied by INTRON Biotechnology,
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Initial denaturation

Denaturation

Inc. Reaction steps were as follows:

94 °C for 3 min

94 °C for 1 min —

Annealing 55°C for 1 min L for 5 cycles
Extension 72°C for 1 min —

Denaturation, 94 °C for 1 min  —

Annealing, 60 °C for 1 min . for 25 cycles
Extension, 72 °C for 1 min

Final extension,

72 °C for 15

Table 2.2: i-Tag PCR components and amounts.

Component Amount (50 pL in total)
10X Buffer 5uL
dNTP 5 uL
Template 1 uL
Reverse primer 1 uL
Forward primer 1 uL
i-Taq polymerase 0,5 uL
dH20 36,5 uL

Table 2.3: Oligonucleotide primer sequences.

Primer Oligonucleotide sequences
bacA reverse GCC GAG CGT GTT GAC TGT AAT
bacA forward GGC CGT GAC ATT AGG TTC TGC
yufO reverse CGC CTT GCG GAT ATT GAG CAT
yufO forward CAGTCG TTG AAG ATG TAA CGA
ywbH reverse CAG AGC GAT TTG AAT AAC GGT
ywbH forward GCC GTT TGG TAA AAC AGTT C
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2.2.1.3 Agarose gel electrophoresis

Electrophoresis was carried out on a horizontal submarine electrophoresis apparatus
in a gel system comprised of ~1% agarose gel encompassing 1xXTAE buffer (Appendix
B). Ethidium bromide of a 0.2 ug/mL final concentration. 1X Loading dye was added
into the samples. Electrophoresis was performed at 90-120 Volts for 30-35 minutes.
The DNA bands were visualized on a UV transilluminator (UVP) and photographed
by using Gel Imaging System. Gene Ruler DNA Ladder Mix marker (Appendix D)

were used to determine the molecular weights of DNA bands for desired purposes.
2.2.2 Preparation of B. subtilis competent cells and transformation

Preparation of B. subtilis competent cells and their transformation process were
implemented as illustrated by Klein et al (1992). The B. subtilis competent cells were
prepared using a two-step procedure involving two types of minimal media, HS and
LS (Appendix A) media were used. Suitable amount of B. subtilis cells were inoculated
into 3 mL of HS medium and incubated overnight at 37°C with shaking at 250 rpm.
0,5 mL of this overnight culture was transformed into 20 mL of freshly prepared LS
medium and incubated at 30°C with shaking at 200 rpm until the optical density (O.D)
of the culture at 600 nm reached 0,55. Then, 1 mL of competent cells was transferred
into 2 mL Eppendorf tube and 1 pL of DNA was added. Following, the cells were
incubated at 37°C for 2 hours with shaking at 200 rpm and incubated cells were pellted
by centrifugation at 5000 rpm for 10 minutes. Finally, the pellet was resuspended in
100 pL of sterile saline solution (%0,85 NaCl) and was spread out on LB agar plates
containing selective antibiotics and incubated at 37°C for 16 h.

2.2.3 B-galactosidase assays

Bacillus subtilis cultures were grown overnight in PA medium at 37°C (Appendix A).
Then, 150 mL of PA medium were inoculated with this overnight culture to an initial
optical density (O.D) of about 0,1 at 595 nm (ODsgs). After that, cultures were
incubated at 37°C with shaking of 250 rpm for 30 h. 1mL of culture was taken as

duplicates each hour for the later implementation of B-galactosidase assay.

For the measurement of growth at O.D sgs, the necessary amount of cultures was taken
as dilutions. 1 mL of culture taken as a sample each hour was centrifuged at 13000
rpm for 5 minutes and the supernatant was discarded. Subsequently, the pellet was
washed with 500 pL of ice-cold 25 mM Tris-Cl (pH 7,4) and centrifuged. Following
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the removal of washing buffer, the pellet was resuspended in 640 puL Z-buffer and 160
uL of lysozyme was added so as to lysis cell. Subsequent to the incubation at 37°C for
5 min, the samples were carried on ice and 8 pL of 10% Triton-X100 was added.

Previous to incubation on ice, mixtures were vortexed for 2 seconds.

After the incubation, B-galactosidase assay was carried out by using o-nitrophenyl-p-
d-galactopyranoside as a substrate and then initiated by prewarming the extracts to
30°C. Consequently, 200 pL of ONPG solution was added and the solution was
observed for the development of yellow color. At the precise time that yellow color
stabilized, the reaction was stopped by the addition of 100uL 1M Na2,CO3 and reaction

time was recorded.

Reaction time refers to a period that was started by adding ONPG and continued until
the steady of yellow color. Finally, the samples were centrifuged at 13000 rpm for 5
min and then transfer solution from the top of the tubes to cuvette for measuring the
cell density of culture (O.D) at A420 and Asso. Calculation for B-galactosidase specific
activity was carried out according to the formulation developed by Miller in (1972) as

follow:

(A420 — (1.75 X Asso)
Miller units = x 1000 (2.1)

Reaction time (min) x ODsgs

2.2.4 Protein synthesis

2.2.4.1 Overexpression of histidine-tagged proteins in E. coli

Pre-culture of E. coli DH5a carrying the desired protein sequences in pQE60
expression vector was grown in 50 mL medium overnight at 37 °C with gentle shaking
and then was moved into 1 L LB broth medium containing Amp (100 ug/ml) as a
selective antibiotic. Culture was incubated at 37 °C with shaking of 200 rpm until
reached 0.6 of ODgoo. Subsequently, 1 ml of bacterial sample was transferred to a
microcentrifuge tube and was pelleted by centrifugation at 13000 rpm for 1 minute
and was marked as an uninduced sample. IPTG was added into the growing cultures
with a final concentration of 1 mM and incubated at 37 °C with shaking of 200 rpm
for 5 hours. By the end of this time, 1 ml of induced cell sample was taken into a

microcentrifuge tube and was pelleted by centrifugation at 13000 rpm for 1 minute
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and was marked as an induced sample. Residual bacterial cell culture was harvested
by centrifugation at 5000 rpm for 15 minutes. After removal of supernatant, pellet was
resuspended with 2 ml Lysis buffer (Appendix B). Finally, pellet was stored at -80 °C.

2.2.4.2 Purification of 6xHis-tagged proteins from E. coli under native
conditions

Protein purification procedures were undertaken in + 4 °C. After the freeze-thaw of
pellets, they were treated with lysozyme (1 mg/mL, 30 minutes, on ice) and then were
disrupted by sonication at 50 watts for 7-10 minutes. Following, cell lysis was
centrifuged at 10,000g for 15 minutes to remove insoluble materials and the
supernatant was transferred to a fresh 1,5 mL Eppendorf tube. To immobilize the
protein, Ni-NTA resin (10 pl resin has a capacity for 50-100 pg 6xHis-tagged protein)
was added at the ratio of 10:1 to each microcentrifuge tube containing 1ml supernatant.
Top layer which contain alcohol was replaced by lysis buffer (Appendix B). The
mixture (the supernatant and resin) was gently mixed for 45 minutes at + 4°C in a
rotator. Subsequently, samples were centrifuged for 1 min at 1000 rcf to precipitate
the resin. Resin pellets were washed three times with 1 ml 20 mM wash buffer and one
time with 1 ml 50 mM wash buffer (Appendix B) for eliminating non-specific proteins.
After washing steps, His6-proteins were eluted with 100 ul elution buffer (Appendix
B) 1-2 times compared to imidazole concentration under native conditions. Purified
proteins bands were examined by SDS-PAGE.

2.2.5 SDS-PAGE analysis

Histidine-tagged ComK and SinR proteins were purified by using Ni-NTA resin
system. The extracted proteins were analyzed by means of SDS-PAGE (sodium
dodecyl sulphate-polyacrylamide gel electrophoresis) technique which is commonly
used for the separation of proteins in light of their molecular weight. SDS-PAGE
separates proteins according to their differential rates of migration across a sieving
matrix (a gel) under the influence of an applied electrical field which is determined by
their molecular weight. 50 ul SDS-loading dye was added to samples and lysozyme
treatment was applied for 20-30 min at + 4 °C. All samples and unstained protein
marker were denatured at 99°C for 5 min. SDS-PAGE was carried on a 15%
separating gel and a 4% stacking gel (Table 2.4) according to the protocol of Laemmli
(1970).
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Molecular weight of the proteins was determined by contrasting their profiles with
unstained protein molecular weight marker (Fermentas) (Appendix D). Following
denaturation, samples were loaded onto SDS-PAGE gel and run at 80V for 20-30 min
until the samples pass the separating gel and soon after voltage was increased 120V
for 2-3 hours. After that, polyacrylamide gels were stained with SDS-PAGE staining
solution (Appendix B) at 37°C for 1 hour with a gentle shacking. Finally, gel was

washed overnight with destain buffer (Appendix B), and then visualized.

Table 2.4: Preparation of SDS-gel.

15% Separating Gel for 5 mL
dH20 1,15 mL
30% acrylamide 2,5mL
1,5mM Tris pH 8,8 1,25 mL
10% SDS 50 ul
TEMED 4 ul

10% APS 50 ul

4% Stacking Gel for 5 mL
dH20 1,4 mL
30% acrylamide 330
1M Tris pH 6,8 250 pl
10% SDS 20 ul
TEMED 2 ul
10%APS 20 ul

2.2.6 Bradford assay

The Coomassie brilliant blue protein assay, universally known as the Bradford assay
(Bradford, 1976), is the most widely used method that allow quick and straightforward
protein quantification The Bradford Reagent was used to determine the concentration
of proteins. The procedure is based on the formation of a complex between the Brilliant
Blue G dye and proteins in solution. By using BSA (bovine serum albumin) as the
standard protein at different concentrations 0.125, 0.25, 0.5, 0.75, 1, 1.5, 2 mg/mi

respectively so as to obtain a correct standard curve. Proteins and standard solutions
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were assayed in a microplate containing 96 wells. Bradford assay was performed using
5 pl of each standard solutions and proteins with 250 pl Bradford reagent. Color of
this mixture was converted blue according to concentration of protein. Absorption

spectrum was measured at 595 nm.

2.2.7 EMSA (Electrophoretic mobility shift assay)

For gel retardation assay, 382 bp length promoter region extends from -273 to 108
relative to the transcriptional start of bacABCDE operon (Inaoka et al., 2009),
promoter region of yufO and promoter region of ywbH were amplified by PCR using
B. subtilis PY79 chromosomal DNA as a template with specific primers given in
Appendix B. 50 mM KCI, 5 mM MgCI2, 0.1 mM EDTA, 1 mM DTT, 8% glycerol in
10mM Tris-HCI, pH 8 (Koroglu et al.,, 2008) (Appendix B); reaction buffer
supplemented with competitor DNA poly [d(I-C)] (1pug/ml), BSA (0,1 pg/ml) and 45
nanograms of promoter DNA was used for gel retardation of ComK and SinR, 10 mM
Tris-HCI, pH 7.5, 50 mM NaCl, 1 mM EDTA, 1 mM (DTT) dithiothreitol with 5%
(v/v) glycerol (Appendix B) was used as a binding buffer. 25 ul total reaction mixtures
were incubated at 37 °C for 10 minutes after that at 4 °C for 15 minutes. Following,
5ul of loading dye buffer [0,25xTGE, 60%; glycerol, 40%; bromophenol blue,
0,2%(w/v)] was added to each reaction. 6 % native polyacrylamide gel was pre-run
(80V) for 30 min at 4°C. After pre-running, samples were loaded into a non-denaturing
6 % polyacrylamide gel (Table 2.5) and an electrophoresis was run in 43mM imidazole
and 35mM Hepes pH 7.4 buffer at 80 V for 75 mins at 4°C within an ice box.
Following electrophoresis, gel was incubated at 37°C on the orbital shaker with low
rpm for 20 minutes with SYBR® Green | Nucleic Acid Gel Stain (10,000X
concentrate in DMSO) (Lonza) and were visualized with the Gel Doc XR* System
(BioRad).

Table 2.5: 6% Native EMSA gel.

dH20 6.4 ml
40 % Acrylamide 1.5 ml
5x Hepes-imidazole buffer | 2 ml
10 % APS 0.1ml
TEMED 8ul
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3. RESULTS

3.1 Expression of bac operon

3.1.1 Strains construction

With the aim of observing the bac operon expression, B. subtilis OGUL strain
containing a transcriptional Pbac lacZ fusion at the bacA locus was used as a control.
This strain was constructed previously in our lab by a transcriptional fusion between

the bac promoter (Pbac) and the lacZ gene in pMutinT3 vector.

In this study, to examine the possible effect of the key transcriptional regulator of the
competence development in Bacillus subtilis ComK and the master regulator SinR. To
investigate potential effects of ComK on the bac operon, the comK gene was disrupted
in OGUL strain. For this, chromosomal DNA of B. subtilis comK::kan mutant strain
was used to transform competent cells of B. subtilis OGU1 (bacA::lacZ::erm). This
transformation resulted in a strain which contain comK-disrupted mutation
(AcomK::kan bacA::lacZ::erm) and this mutant was designated as OGULCK.
Additionally, previously constructed sinR-disrupted strain OGULSR (AsinR::spc
bacA::lacz::erm) was used.

For investigating the role that comK and sinR play together in regulation of the bac
operon expression, a AcomK-AsinR double mutant strain (A comK::kan A sinR::spc
bacA::lacz::erm) was also constructed. to produce comK-sinR double mutant,
competent cells of OGULSR (AsinR::spc bacA::lacz::erm) strain was transformed
with the chromosomal DNA of comK-disrupted mutant and designated as
OGU1SRCK

3.1.2 p-galactosidase assay

All Strains, OGU1 and its derivatives comK-mutant (OGU1CK), sinR-mutant
(OGU1SK) and comK-sinR double-mutant (OGU1SRCK) strains were cultured in PA
medium at 37°C for 30 hours and the B-galactosidase activities of the cells were

measured at intervals in different stages of growth (Fig.3.1).
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OGUL1 strain was used as a control to compare the newly constructed mutants. As a
result, p-galactosidase activities related to bac promoter activity of the Bacillus
subtilis strain containing a transcriptional fusion Pbac-lacZ termed OGU1 confirmed
that the expression of bac operon was persistent during the exponential growth phase,
however, it amplified in the course of transition from exponential to stationary phase
and get to its top level at the onset of the stationary phase (Fig .3.1).

1000 10

B-galactosidase activity
()]
8

0.1
0 5 10 15 20 25 30

Time h
—4&—0OGU1 B-galactosidase activity OGU1SR pB-galactosidase activity

—#—O0GU1CK p-galactosidase activity —— OGUI1SRCK B-galactosidase activity
—A&—QOGU1 growth rate OGU1SR growth rate
—#—0OGULCK growth rate —— OGU1SRCK growth rate

Figure 3.1: Growth and B-galactosidase activity of bacA::lacz fusion OGUL1 and its
derivatives OGU1CK mutant, OGU1SR mutant and OGU1SRCK double
mutant. Error bars indicate the standard deviation.

3.1.3 Effect of comK null mutation on the expression of bac operon in Bacillus
subtilis

As shown in Fig. 3.2, contrarily to OGU1, the deletion of comK gene severely affected
the expression of bac operon despite that the growth of this mutant was approximately
constant and somehow closer to that of OGUL during the growth stages and a basal
level of bac operon expression was observed during growth phases but no induction

of bac expression was observed at the onset of stationary phase in this mutant.
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Figure 3.2: Cell growth and -galactosidase

activity of OGU1CK strain compared to

OGUL1 strain. Error bars indicate the standard deviation.

3.1.4 Effect of sinR null mutation on the expression of bac operon in Bacillus

subtilis
As shown in Fig.3.3, the sinR mutation d

ramatically influenced the bac operon

expression. bac expression of the sinR-disrupted OGU1SR strain was remain at a basal

level as in the case of comK-disrupted OGU1CK strain. Additionally, growth profile

of OGULSR was dramatically affected. Its tr
OGUL strain.

ansition phase was extended compare to
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Figure 3.3: Cell growth and p-galactosidase

activity of OGULSR strain compared to

OGUL1 strain. Error bars indicate the standard deviation.
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3.1.5 Effect of comK- sinR double mutation on the expression of bac operon in
Bacillus subtilis

As shown in Fig. 3.4 and Fig. 3.5, bacA-lacZ expression was severely impaired in the
comK- sinR double mutant strain compared to OGU1. bac operon expression in
OGUSRCK strain was kept at same basal level with the single SinR mutant OGU1SR
strain until reached to stationary phase but bac operon expression slightly increased

and reached to basal level of parental strain OGU1 within stationary phase.
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Figure 3.4: Cell growth and p-galactosidase activity of OGU1SRCK strain compared
to OGUL strain. Error bars indicate the standard deviation.
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Figure 3.5 : Cell growth and -galactosidase activity of OGU1CK mutant, OGU1SR
mutant and OGU1SRCK double mutated strain. Error bars indicate the
standard deviation.
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3.2 EMSA (Electrophoretic Mobility Shift Assay) Experiments

3.2.1 Overexpression of 6xHis-tagged ComK and SinR Proteins in E. coli

Overnight culture of recombinant E. coli strain carrying the pQE-SinR expression
vector grown in 50 mL of LB medium were moved into 1 L of LB medium containing
1 mL ampicillin (100 pg/ml). At the beginning of the exponential phase (ODeoo 0,6)
these cultures were induced with ImM IPTG to overexpress proteins. After 5 hours’
incubation period, cultures were divided into 3 Beckmann centrifuge tubes and were
pelleted by centrifugation at 4000 x g for 15minutes. Pellets were resuspended in 1 ml
lysis buffer and stored at -80 °C.

3.2.2 Purification of ComK-Hiss and SinR-Hiss proteins

Purification of overexpressed proteins were performed at 4°C by using Ni-NTA Resin
via the batch method based on centrifugation including collect flow-through, wash and
elution fractions. Cells were lysed by lysozyme followed by sonication. The cell
extracts were added to the centrifuge tubes and Ni-NTA Resin was added to each tube.
Tubes were Centrifuged for 15 minute at maximum rpm and mixed slowly for 45
minutes by using rotary mixer followed by centrifugation, wash and elution. The
histidine-tagged proteins were eluted in contrast to increased imidazole concentration
under native conditions. The eluted proteins were analyzed by SDS-PAGE (Fig 3.6
and Fig.3.7).
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Figure 3.6: Purified SinR (12.989 KDa) protein. Washing steps (line 2,3,4,5,6),
elution of the purified SinR proteins (lane 7-8-9), M; Protein molecular
mass marker (Fermentas) (Appendix).
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Figure 3.7: Purified ComK (22.3KDa) protein. 1; Protein molecular mass marker
(Fermentas), elution of the purified ComK proteins (lane 2-4).

3.2.3 Binding of ComK and SinR to the bac ABCDE promoter

Based on the effect of comK and sinR mutation on bacA expression, it was required to
check if the bac promoter is the direct target of these transcriptional regulators. For
this, gel retardation assays EMSAs were carried out where the promoter regions of
bacA was amplified by PCR using chromosomal DNA of B. subtilis PY79 as a
template with specific primers (Fig.3.8 and Fig.3.9). The amplified bacA promoter
region, 382 bp in length harboring the regions between -273 and +108 relative to the
transcriptional start site (Inaoka et al, 2009) was incubated with different

concentrations of the purified proteins, His6-tagged-ComK and His6-tagged-SinR.

21226 bp

4973 bp
1263 bp

Figure 3.8 : Chromosomal DNA isolated from Bacillus subtilis PY79 (line 1) and M;
Lambda DNA/EcoRI+Hindlll Marker (Fermentas).
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The promoter regions of yufO and ywbH were used as negative controls for ComK and
SinR respectively. Fig.3.10 and Fig.3.11. As shown in Figure 3.12, the mobility of the
bac promoter fragment was shifted apparently upon incubation with the increased

concentrations of ComK-His6.

500 bp
400 bp

Figure 3.9 : bacA DNA amplified by PCR using Bacillus subtilis PY79
Chromosomal DNA as template M:marker, lanes 1,2,3, bacA
DNA.

500 bp

300 bp

Figure 3.10 : yufO DNA amplified by PCR using yufO F and yufO R primers. M:
marker, lanel: yufO DNA.
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Figure 3.11 : ywbH DNA amplified by PCR using ywbH F and ywbH R primers. M:
marker, lanelywbH DNA.

uM Comk
0 1 2 3 4 5

. R - " -3 e i
By i qEEmeLy o [y £ i i |
b ; b . B

3 &~

H

(B) PyufO negative control

Figure 3.12 : (A) Gel mobility shift assay performed using bacA promoter
fragments incubated with purified ComK-Hiss at the indicated
concentrations. (B) Gel mobility shift assay performed using
purified ComK-Hiss incubated with yufO DNA represent the
negative control at the indicated concentrations.

Similarly, the shifted bands were observed when incubating the bac promoter with
increasing concentrations of SinR-Hise protein (Fig. 3.13). The level of retardation of
the bac promoter fragment was proportional to the concentration of these proteins.
These results indicate that ComK and SinR exert their effect directly by binding to
Pbac. The observed shifts were specific to ComK and SinR since these proteins caused
no retardation in electrophoretic mobility with their negative controls DNA fragments
(Fig. 3.12. B and Fig 3.13). B respectively in addition to the presence of nonspecific
competitor DNA poly [d(I-C)].
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(A) Pbac (B) PywbH negative control.

Figure 3.13 : (A) Gel mobility shift assay performed using bacA promoter fragments
incubated with purified SinR-Hiss at the indicated concentrations.
(B) Gel shift for control: purified SinR-Hise incubated at the
indicated concentrations with ywbH DNA represent the negative
control.

3.2.4 Investigation of regulatory interaction between SinR and ComK by EMSA

To analyze whether ComK and SinR bind to Pbac simultaneously or compete for
binding, the gel retardation assays were repeated in the presence of both proteins in
which the fixed amount of one of them was mixed with different concentrations of the
other. As shown in Figure.3.14, purified ComK and SinR were mixed jointly with 382-
bp DNA fragment, when the addition of increasing amounts of ComK with a fixed
amount of SinR, no additional retardation in electrophoretic mobility of ComK-bound
Pbac fragments was observed with the increased ComK concentrations.

ComK 0 1
SinR__O 0 0 0 3_.3_ 3 3'_0pM

'DNA

Figure 3.14: Gel mobility shift assay performed using bacA promoter fragments
incubated with increasing concentration of ComK in the presence of 3
UM of SinR. The reaction contains 1ng/ul of Pbac promoter DNA, 1ug/ul
poly[d(I-C)]. The leftmost and rightmost lanes represent the position
of unshifted DNA in the gel.
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Consistently, the addition of increasing amounts of SinR in the presence of a fixed
amount of ComK caused the displacement of ComK bands in the EMSA gel (Fig.
3.15). Conversely, by increasing amounts of these proteins leads to hinder retardation
and the bands were displaced by the increasing concentration of proteins indicating
that both ComK and SinR compete for binding to the Pbac and they can dislocate each

other from bac promoter in a concentration dependent way.

SinR
ComK

Figure 3.15: Gel mobility shift assay performed using bacA promoter fragments
incubated with increasing concentration of SinR in the presence
of 4uM of ComK. The reaction containslng/ul of Pbac promoter
DNA,1pg/pul poly[d(I-C)]. The leftmost and rightmost lanes represent the
position of unshifted DNA in the gel.
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DISCUSSION

In Bacillus subtilis several physiological processes such as genetic competence
development, sporulation, degradative enzyme production, biofilm formation and
antibiotic synthesis are organized by quorum sensing through the ComX-ComP-ComA
signaling circuit as a main quorum sensing pathway (Auchtung et al,2005; Griffith &
Grossman, 2008; Natalia & Grossman, 2005). Bacilysin biosynthesis is encompassed
by bacABCDEywfG operon and the ywfH gene (Steinborn et al, 2005; Inaoka et al,
2003). The bacilysin operon is ruled by the quorum sensing regulator ComA and
negatively controlled by AbrB, the transition state regulator (Yazgan et al, 2001).
ppGpp (Guanosine 5'-diphosphate 3'-diphosphate) also has a crucial role in the
transcription of bacilysin biosynthetic operon in a GTP-dependent manner (Inaoka et
al, 2003).

Yazgan et al, (2003) demonstrated that, the bacilysin biosynthesis is regulated by
quorum sensing through ComQ/ComX, PhrC (CSF) ComP/ComA pathway, the
activation and induction of bacABCDEtwfG expression is under the firm regulation
and balance of four proteins: ComA, Spo0OA, AbrB and CodY. Both AbrB and CodY
proteins negatively regulate bacABCDEywfG in the transcriptional level and have the
ability to bind concurrently to the bac operon promoter (Pbac), whereas ComA and

Spo0A act as positive transcriptional regulators (Koéroglu et al 2011).

Expression of ComK is under multiple controls of several proteins both negatively and
positively such as DegU, SinR, CodY, AbrB, Rok and ComK itself in addition to
quorum sensing. ComK and DegU act positively by binding directly to PcomK (comK
promoter) forming a positive feedback loop (Sinderen & Venema, 1994) where DegU
binding to PcomK rises the attraction between ComK and its promoter (Hamoen et al,
2000). However, AbrB and CodY repress ComK expression by binding directly to
PcomK (Hoa et al, 2002; Serror & Sonenshein, 1996).

Whithin competence development, AbrB functions in a positive manner on comK
transcription (Hahn et al, 1996). The stability of ComK is adjusted by CIpCP protease
which acts by degrading ComK prior to stationary phase and when avoiding
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competence state. There is no direct contact between ComK and ClpCP, however, the
connection is mediated by MecA protein which acts as an adaptor connecting ComK
and CIpCP to its N-terminal and C-terminal domains respectively (Turgay et al, 1998;
Persuh et al, 1999). ComS, a small protein formed via the series of phosphorylation
reactions started by quorum sensing (Lazazzera et al, 1999) releases ComK by binding
to the N-terminal domain of MecA thus protects it from degradation. YIbE plays a
positive role in the expression of ComK by increasing the stability of ComS (Tortosa
et al, 2000).

The gene encoding competence transcription factor, comK, is negatively regulated by
Rok (Ykuw) protein as transcription of comK is inhibited by Rok when it is found in
extra amount without affecting its stability which is regulated by MecA. Rok exerts its
effect on comK by binding directly to DNA portion containing comK promoter
(PcomK). However, roK transcription is negatively regulated by SinR and AbrB
proteins where they act as repressor for its transcription (Hoa et al, 2002).

SinR is a pleiotropic DNA binding protein that is essential for the late-growth
processes of competence and motility in Bacillus subtilis and is also acting as repressor
in subtilisin synthesis and inhibitor in sporulation (Mandic-Mulec et al, 1995).
Moreover, SinR is the master regulator that governs the Gram-positive model
organism Bacillus subtilis life style whether to be a free-living, planktonic lifestyle or
a biofilm-forming. The activity of SinR is regulated by its antagonists, Sinl, SIrA, and
SIrR (Newman et al, 2013). When abundant Sinl is existent, an SinR-Sinl complex is
created that inhibits the SinR-DNA interaction, triggering derepression (Lewis et al,
1996.;1998)

On the light of these findings it was rational to investigate the potential effect of ComK
and SinR on the expression of bacilysin biosynthetic operon. To do so, by using
insertional inactivation, comK, sinR genes and comK gene together with sinR were
disrupted in bacA::lacZ fusion strain OGU1 generating new mutants designated as
OGULCK, OGU1SRCK in addition to sinR-disrupted strain OGUL1SR constructed

previously in our laboratory.

Based on the results of this study, the expression of bac operon was persistent within
the exponential growth phase in the control strain OGU1, however, it amplified in the
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course of transition from exponential to stationary phases and get to its top level at the
onset of the stationary phase

Contrarily, the expression of bac operon in comK-disrupted strain was severely
effected. A basal level of expression was observed but there was no induction of bac
expression during transition phase in this mutant. In the same way, the expression of
bac operon in the sinR mutation severely decreased with remaining a basal level of
expression. However, a very slight induction of bac operon expression was detected
at the beginning of stationary phase. Likewise, the bac expression of comK-sinR
double-mutated strain remained at a basal level during the exponential and transition
phases, however, it reached its peak in the stationary phase in a level higher than both
comK and sinR mutants and was shifted to the end of stationary phase. Indicating that

ComK and SinR activity is crucial for bac operon expression.

EMSAs with the 382-bp DNA fragment harboring the regions between -273 and +108
relative to the transcriptional start site (Inaoka et al, 2009) together with various
concentrations of the purified Hise-tagged ComK and were performed. The promoter
regions of yufO and ywbH were used as a negative control for ComK and SinR

respectively.

The mobility of the bac promoter fragment was shifted apparently upon incubation
with the increased concentrations of ComK-Hiss. Similarly, the shifted bands were
observed when incubating the bac promoter with increasing concentrations of SinR-
Hiss protein. The degree of retardation of the bac promoter fragment was proportional
to the concentration of these proteins. These results indicated that ComK and SinR

exert their effect by binding directly to Pbac.

To determine whether ComK and SinR bind to Pbac simultaneously or compete for
binding, the gel retardation assays were repeated in the presence of both proteins in
which the fixed amount of one of them was mixed with various concentrations of the
other one. As shown in Fig.3.14., purified ComK and SinR were mixed jointly with
382-bp DNA fragment, when supplement of increasing amounts of purified protein
ComK with a fixed amount of SinR no additional retardation in electrophoretic
mobility of ComK-bound Pbac fragments was observed. Consistently, the addition of
increasing amounts of SinR with a fixed amount of ComK caused the generation of

one shifted band in the EMSA gel (Fig.3.15). As a result, the increasing amounts of
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SinR proteins leads to hinder retardation and generate a single shifted band. Since this
band was displaced by the increasing concentration of proteins indicating that both

ComK and SinR compete for binding to the Pbac.
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CONCLUSION

In this study, with the aim of elucidating the effects of comK and sinR null mutations
on the expression of bac operon, comK and sinR genes were disrupted in the
bacA::lacZ fusion mutant OGU1 and bac operon expression within the constructed
mutants [OGULCK (comK::kan bacA::lacZ::erm), OGUISR (sinR::spc
bacA::lacZ::erm), OGU1SRCK (comK::kan, sinR::spc bacA::lacZ::erm)] were

analyzed through B- galactosidase assays.

The results of B- galactosidase assays showed that the expression of bac operon of
OGUstrain increased during transition phase and reached to maximal level upon entry
into stationary phase. The deletion of comK and sinR genes seriously affected the
expression of bac operon and a basal level of bac operon expression was observed
during growth phases but no induction of expression was observed at the transition
phase in comK-disrupted strain. However, in sinR-disrupted strain a very slight
induction of bac operon expression was detected during the stationary phase but it
showed a lvery ow level peak within this phase. Likewise, the bac operon expression
of comK-sinR double-mutated strain remained at a basal level until stationary phase
however, it slightly increased and reached to basal level of parental strain OGU1
observed within stationary phase.

These results revealed that comK and sinR genes are essential for bac operon

expression.

EMSA analysis performed in this study revealed that transcriptional key factor ComK
and the master transcriptional regulator SinR exert their effect by binding directly to

the promoter region of bacA in a competitive manner.

To sum up, the results revealed that, in Bacillus subtilis, comK and sinR gene products
affect the expression of bac operon in a positive manner by binding to the bac operon

promoter in a competitive manner.
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APPENDIX A

Compositions and Preparation of Culture Media

Perry and Abraham (PA) Medium (pH 7.4)

KH2PO4 1g/L

KCI 0.2¢g/L
MgSO4.7H.0* 0.5¢/L
Glutamate.Na.H20 4 g/L
Sucrose* 10 g/L
Ferric citrate** 0.15¢g/L
Trace elements** 1ml
CoCl2.6H20 0.0001 g/L
Ammonium molybdate 0.0001 g/L
MnCl2.4H.0 0.001 g/L
ZnS04.7H20 0.0001 g/L
CuS04.5H,0 0.00001 g/L

*Autoclave separately

**Filter sterilization

Luria Bertani (LB) Medium (1000ml)

Tryptone 10 g/L
Yeast Extract 59/L
NaCl 59/L

Distilled H>O was added up to 1000ml and then autoclaved for 15 minutes.
Luria Bertani (LB) Agar Medium (1000 ml)

Tryptone 10 g/L

Yeast Extract 59/L

NaCl, 50/L

Agar 15 g/L
10X-S-base

(NH4)2S04 20 g/L
K2HPO4.3H20 140 g/L
KH2PO4 60 g/L
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Naas.citrate.2H>O 10 g/L
Autoclave together and cool down to 50°C and supplement with 1 ml sterile 1 M

MgSOa.

HS medium (30 ml)

10X-S-base 3aml
Glucose (50%) 300 ul
Yeast Extract (10%) 300 ul
Casaminoacid (2%) 300 ul
Arg (8%) + His (0.4%) 3ml
Tryptophan (0.5%) 300 ul
Phenylalanine (0.3%) 450 pl

Complete up to 30 ml with sterile distilled H20 and store at cold room (+4°C) up to
one week at most.
LS Medium (20 ml)

10X-S-Base 2ml

Glucose 200 pl
Tryptophan 200 pl
Phenylalanine 30 ul
Casaminoacid 100 pl
Beef Extract 200 pl
Spermine (50mM) 200 pl

MgCl, (1M) (filter steriled) 50 ul
Freshly prepare and complete up to 20 ml with sterile distilled H2O.
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APPENDIX B

Buffers and Solutions

P1 Buffer (pH 8)
Tris-base 6.06 gr

EDTA.2H20 3.729r

Dissolve Tris-base and EDTA with 800 mL dH20O. Adjust pH to 8 with HCI. Adjust
volume to 1 It dH20. Add 100 mg RNase A per liter of P1.

P2 Buffer
NaOH 8gr
SDS solution (20%) 50 mL

Dissolve NaOH in 950 mL dH20.

Add 50 mL SDS solution.

P3 Buffer (pH 5.5)

Potassium acetate 294.5 gr
Dissolve in 500 mL dH20.

Adjust pH.

TE Buffer (pH 7)

Tris base 10 mM

EDTA 1 mM

Adjusted pH 7 with HCI.

TAE Buffer (50X)

Tris base (2 moles) 242 g
Glacial acetic acid (57.1 mL) 57.1 mL
EDTA (100mL 0.5M) 100 mL (0.5 M, pH 8.0)

Add Distilled H20 up to 1L and adjust pH to 8 by HCI.
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TGE Buffer (10X)

Tris base (2 moles) 30,39
Glycine 142 g
EDTA (100mL 0.5M) 37,29

Add distilled H20 up to 1L and adjust pH to 8,4 by HCL

Low Melting Agarose Gel (1%0)

Agarose 059

TAE buffer (1X) 50 mL

Add 1.5uL EtBr (final concentration: 0.5 ug/mL) before pouring the gel into tray.
CTAB/NaCl Solution (10 % CTAB/ 0.7 M NacCl)

4.1 g of NaCl was dissolved in 80 mL of dH20. Then, 10 g of CTAB (hexadecyl
trimethyl ammonium bromide) was added and dissolved with vigorously shaking
and gentle heating up to 65 ° C. Final volume was made up to 100 mL with dH20.

Buffers for Purification Under Native Conditions

Lysis buffer (1 liter)

NaH2PO4 6.90 g

NaCl 17.54 g

Imidazole (10 mM) 0.68 g

Dissolve in 800 ml dH20 and adjust pH to 8.0 using NaOH. Adjust volume to 1 It
dH20.

Wash buffer (1 litre):

NaH2PO4 6.90 g

NaCl 17.54 g

Imidazole (20 mM) 1.36 g

Dissolve in 800 ml dH20 and adjust pH to 8.0 using NaOH. Adjust volume to 1 It
dH20.

Elution buffer (1 liter):

NaH2PO4 6.90 g

NaCl 17.54 g

Imidazole (250 mM) 17.00 g
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Dissolve in 800 ml dH20 and adjust pH to 8.0 using NaOH. Adjust volume to 1 It
dH20.

SDS-PAGE and Native Gel solutions and buffers

Monomer solution for SDS-PAGE (12%)

Acrylamide 29.5 g

Bisacrylamide 0.5 ¢

Dissolve in 100 ml of dH20 and stored at 40C in the dark.

Separating gel buffer for SDS-PAGE

Tris base (1.5 M) 18.2 g

Dissolve in 80 ml dH20 and adjust pH to 8.8. Add distilled H20 up to 100 ml.
Stacking gel buffer for SDS-PAGE

Tris-HCI (1 M) 12.1 ¢

Dissolve in 80 ml dH20 and adjust pH to 6.8. Add distilled H20 up to 100 ml.
3X Loading (Sample) buffer for SDS-PAGE

Tris base 5 ml (0.135 M, pH 6.8)

Glycerol 3 ml

SDS0.3¢

DTT 231 mg

Bromophenol blue 0.03 % (w/v)

10x Binding Buffer Stock Solution B for EMSA
KCI 372 mg

MgCI2 102 mg

EDTA 3.7 mg

Tris base 8 ml (100 mM, pH 8.0)

Final volume was made up to 10 mL with dH20.
5x Binding Buffer B Preperation

10x Binding Buffer Stock Solution B 0.5ml
Glycerol 0.4 ml

DTT (0.1M) 0.05 ml

Add sterile distilled H20 up to 1ml.

Loading (Sample) buffer for EMSA

0.25x Native gel buffer 60%
Glycerol 40%

Bromophenol blue 0.2% (w/v).
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APPENDIX C

LABORATORY EQUIPMENT
Autoclave: Tuttnauer Systec Autoclave (2540 mL)
Balances: Precisa 620C SCS

Precisa 125 A SCS
Centrifuge: Beckman Coulter, Microfuge 18
Centrifuge rotor: F241.5P
Deep freezes and refrigerators: -80°C Heto Ultrafreeze 4410

-20°C Argelik 2091t
+4°C Argelik
Electrophoresis equipments: E — C mini cell primo EC320
Gel documentation system: UVI PHotoMW Version 99.05 for Windows
Incubators: Nive EN400
Nive EN500
Orbital shaker incubators: Sertomat S — 2
Thermo 430

Pipettes: Gilson pipetteman 10 pL, 20 uL, 200 uL, 1000 uL

Volumate Mettler Toledo 10 uL, 20 puL, 200 pL, 1000 pL

Eppendorf research 2,5 pL 10 pL, 20 pL, 200 pL, 1000 pL
pH meter: Mettler Toledo MP220
Spectrophotometer: PerkinElmer Lambda25 UV/VIS Spectrometer
Thermomixer: Eppendorf thermomixer comfort (1.5 mL)
Transillumunator: Biorad UV transilluminator 2000
Vortexing machine: Heidolph Raax top
Waterbaths: Memmert wb-22
Ultrafiltration tube: VIVASPIN
Power supply: Bio-Rad
ChemiDoc™ XRS+ System: Bio-Rad
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APPENDIX D

Marker Supplier
Lambda DNA/EcoRI+ Hindlll Marker (Marker 3) Fermentas

N

1% lopVision™ Lt G Agarcse (FHU4M1)

0.5 pgflane, 8 em length gel,
1X TAE, 7 Viem, 45 min

-t

GeneRuler™ DNA Ladder mix, ready-to-use Fermentas
bp ng/0.5 pg %
10000 18.0 36
e0a0 180 386

{6000 120 386

‘./ 5000 180 36
4000 180 38
7, 2000 180 38
7/ 3000 600 120
7 2500 160 32
/2000 160 32
N 1500 160 32
/ 1200 160 32
d/ 1000 600 120
2900 170 34
2 800 170 34
- i70 34
Z 170 34
- 600 120

— 200 40
200 40

200 40

200 40

% TopVislon™ LE GQ Agarcse §#R0491)

0.5 pg/lane, & cm kength gel,
1XTAF. 7 Wiem. 45 min

Protein molecular mass marker Fermentas

kDa
-116.0

—— 18.4
—— 14,4

Gel
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APPENDIX E

Chemicals
Acrylamide

Agar

Agarose
Ammonium persulfate
Bis-acrylamide
Bromophenol blue
Coomassie Brilliant Blue R
CTAB

EDTA

Ethanol

Ethidium bromide
DTT

Gilicial Acetic Acid
Glycerol

Glycine

HCI

Hepes

Imidazole

IPTG

KCI

Methanol
MgClI2.6H20

NaCl

NaOH

NaH2PO4

Phenol-chloroform-isoamylalcohol

SDS
TEMED
Tris-base

Yeast Extract

Supplier
Merck

Sigma

Prona

Merck

Merck

Sigma

Sigma

Sigma

Sigma
Riedel-de Haén
Sigma

Sigma
Riedel-de Haén
Merck

Merck

Merck
AppliChem
Merck
AppliChem
Carlo Erba
Riedel-de Haén
Carlo Erba
Merck

Carlo Erba
Merk

Fluka

Merck

Carlo Erba
Merck

Acumedia
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Enzymes

Lysozyme

Proteinase K

RNAse A

Taqg DNA Polymerase
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AppliChem
Sigma
Sigma

Intron
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