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ABSTRACT

SITE DIRECTED MUTATIONS OF ONE OF THELANT PATHOGEN EFFECTOR
GENE FOR FUNCTIONAL ANALYSIS

Mustafa Zemran

M.S., Department of Biochemistry

Supervsor: Prof. Dr. Mahinur S. Akkaya

February 201588 pages

Wheat(Triticum aestivuni.) is one of the mst important cropplanted inthe worldand
used as major food resourcéet, there are major lossesmbductivity due tadifferent
biotic and abiotic destructive agenfsmong the biotic factorespecially theyellow rust

is one of the most frequent

Yellowrustor al so cal |l ed A s tapdegramcem thsl¢avegisedse e
is causd by Puccinia striiformisf. sp. tritici, whichis an obligateplantfungal pathogen
To cope with high yield lossesawused byhesepathogensinvestigatiorof hostpathogen

interaction athemolecular levetan empower the scientists in fight agathstpathogen

In thisthesisresearch, one of tHeuccinia striiformidf. sp. tritici candidate effector genes
(PstHa2& / Yin et al, 2009) was studied for functional analysis byonductingsite

directed mutagenesis (SDM)n the geneThe amino acidsequace of this effector
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indicates thgresence of a conserved FXC motif. The function of this motif is currently
unknownbut it is suspected that itieeded for intracellular targetingeffectorproteins.
Mutated versions of thegenewere cloned intopK7WGF2 and pK7FWG2 gateway
destination vectorsto be transformedfirst into Agrobacterium tumefaciendy
electroporation and then delivered ilNotiana benthamiankeavesvia agrobacterium
mediatedyenetransformationThe distorted motibf PstHa2a®hy SDM wadested for its
role in intracellular localizatiof the proteinBy expressinghe mutant proteirn N.
benthamiandeave cellsand trackng green fluorescent protein (GFBXpressed as a

fusion to the modified genander microscpe functional analysis were conducted.

Keywords: Wheat, Triticum aestivunL., yellow rust,Puccinia striiformisf. sp. tritici,
site directed mutagenesi®stHa2a5,Nicotiana benthamianaAgrobacterium gene

transformationGateway cloning, GERBubcellular localization
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KKkLEVSEL ANALKZ K¢KN BKTKK PATAOJEN EF
YY¥NLENDKRKLMKK NOKTA MUTASYONU

Mustafa Zemran
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Buj d ariicurh aestivunL,.)d ¢ nyada ekilen en °nemli tahe
kaynaklbarr@nddmrak kull anél ér. Ancak deji Ki
verimlilikte °nemli kayégkeknern r ma¢cahebaad rigde | me

pasers €k g°r ¢l enl erdendir

Puccinia striiformisf. sp. tritici, s a r & apa sa heédgnselretikeni olarakir obligat
mant ar patojenidir. Bu patojenlerin neden
i -,i nmol ek ¢l er-padopred kd é elkka mabdimia g & 8 | patajéna € a

karké savakta konumlaréné kuvvetlendirecek

Bu t ez ar,dPuccida smidosmish dpatriticib ni n aday efekt?oor
birinde(PstHa2a5 / Yiretal,2009) i k|l evsel a maktaimatasyorui n y ° |
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( SDM) yapéeBlumeekiteékrt °r ¢n amino asiivadilzéjséné kor u
g°stermektedir. Bu motifin 1kl evi hen¢gz bil i

hedefl eme lidujnukgdpahrek leini & mekt edi r .

Mut asyona upKiWGFave piéRvwGlatewayhdef vektorl erine kIl o
ilk olarak Agrobacterium tumefaciedes elektroporasyon ile transf edilip daha sonra

Nicotiana benthamiang a p r a kabrebacéemuey ol u i 1l e gen transfer.i
Pst Ha2a506ide] 5B Mrktiellp®etcu f i h¢creundakiinlgyodklag i zasy
tespitii - N. benthamiangy apr ak h ¢ cr e lpemi ikimdes kiofpalilyd t eechidla

edi lgrminte birl eki k ye KardsanlproteifingG&R) talapdedrékeest

edi |l mi ktir

Anathar Kelimeler: B u J dTaitycum aestivuni., s a r éPugziaia striiformisf. sp.
tritici, y°nl endi ri | mi kK , rPetiHaRad, Nicotiarta a beptbamiana
Agrobacterium gen transferi(transformasyon) Gateway klonlama, GEP h ¢ cr e i - |

lokalizasyon
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CHAPTER 1

INTRODUCTION

1.1Wheat and its significance

Wheat is one othe earliest cultivated crapin the world, (around 8000 BC during

ONeol i t hi o, alddodayi$ stil usedna8 main foodourcefor human and

livestockin many countriesGenetic studies reveal thaheat has been originated in Near

East from wild einkorn wheat,pscifically at the outskirt o f Karacadaj Mo u
Diyarbaker of t oleany®%7)Dariogildemesticalion of kvigegt two

traits ofgreat importancevere selectedl) Lossof shattering of the spike at maturitych

2) The change from hulled forms to frd@eshing naked form&hewry, 2009)Therange

of growing temperature for wheat is betweS2AC to 32 A Gvith an optimum growing
temperatur@tabout25AC ( Bri ggl e, 1980) .

Wheat is grown yearlyon around 215 million hectares around the wodd, area
equivalent to that of Greenlan8bout one of third of arable lands in Turkane devoted
to wheat productiohttp://wheatatlas.org/country/TYRTable 1.1)

Wheat flour contaisabout 700 75% starch, 12 14% water, 8 16% proteins, 2 3%
fibers,2%lipids and1% minerals (Scheueat al,, 2011) Because of its high starch content
which can easilype converted into sugard is an attractive option tbe used as biofuel

in future butbecause of current world wide hunger problem it is not yet favorable to use

it as the source of energy production.


http://wheatatlas.org/country/TUR

Figure 1.1 Global Wheat Cultivatior(You et al., 2014) Darker colors indicat@areas
where more wheat is grown

Table 1.1Wheat data for tirkey based on FACFpod and Agriculture Organization of
the UnitedNations)

Wheat Data for Turkey

Indicator (Source) Value Year
Total Land (FAO) 769,630kn"? 2012
Arable Land (FAO) 20,577,000 ha 2012
Wheat area (FAO) 7,772,600 ha 2013
Wheat production (FAO) 22,050,000t 2013
Wheat yield (FAO) 2.84 t/ha 2013
Percentage of total daily

calories from wheat (FAO) 36% 2011




1.2Wheat Yellow (Stripe) Rust

Yellow (stripe) rust is one of the most common and destructiveasiésof wheat arld-

wide which can cause 10% t@% vyield loss depending ausceptibility of the wheat

line, stage of infection, disease development rate, and the period of inf&dte@most
severe epidemics of this disease occur in teatpeool and wet climates and thessult

in severe sockeconomic consequences. Yellow rust disease is caused by an obligatory
biotrophic fungal pathogelAucciniastriiformis f. sp.tritici (Psf (Chen, 2005)This type

of rust forms yellow to orange powdgestructures called urediniospongich contains

many single uredialhe disease caus&esionson leaves thaare likely to be spreaih

stripe like structure on entire lengthleaves (Markelkt al., 2000).

Figure 1.2 Stripe rust lesion on wheat.



Germination occurs at humid (more than 50%) and cold conditions, but not in free water.
The wheat leaf rust fungus is adapted to a range of different climates, and the disease can
be foundin diverse wheat growing areas throughout thel&vd he range of temperature

at which yellow rust can grow vary fromAOC t AC wh6optimum temperatures
between AC tAC $ 2 h rettad £969. Spreading ofhe disease is completed by
urediniospres which travel with the wind Viability of urediniospores decrease with
exposure to ultraviolet radiation from the stwwever, in suitable conditions they can

spread even overse@daddison and Manners, 1972

Eventhoughfungicides can be used to control spreading of the disease, they increase the
cost of wheat production and cause environmental pollution. Thus, breeders constantly try
to obtain new resistant wheat cultivars agaihstdiseasgbut newaggressive strainsf

yellow rust appearconstantlycausing disea@&seven in resistant cultiva(€hen, 2005;
Rapilly, 1979). At this pointunderstanding aheresistance mechanisof plantsandthe
pathogen mechanism of virulenatthe molecular leveimayallow usto gererate better

and faster solutionsgainst the disease.

1.3 Plant immunity system

Plantslive constantly under thread of bacterial, viral and fungal pathodensurvive
these threadshey have developed a sophisticated defense mechanisms (Morel & Dangl|,
1997). For a pathogen to invade plant tissue firstly they have to overgemegsive
immunity of plant whichconsists of prexisting physical and chemical barriers such as
the leafcuticle and tissue architecture like cell wall and remain undetecteuppyessing

plant immunity system. Prior to pathogen invasiplant cells may undergsystemie
acquired resistan€&AR) which ischaracterised by the induction of a numbedefence
related proteins, including many PR proteiS#R is induced bgalicylic acid, jasmonic

acid and ethylenéCohn, Sessa, & Martin, 20Q1)Beside SAR plant immune system

4



consist ofpathogerassociated molecular pattertngigered immunity (PTI) and effector
triggered immunity (ETIY G°® hr e & Robatzek, 2008).

1.3.1PAMP triggered immunity (PTI)

Pathogerassociated molecular patterns (PAMP) triggered immunity (PTI) is a primary

plant defense mechanism. PAMPs or sometimes called MAMPs (miassioeiated

molecular patterr)scontain conserved regions and are recognized by pRattern
Recognition receptors (PRR#fter being recognized by these receptors, PAKiGger

defense responses. PRRs reside in plasma memiPahealso recognizes damage
associatedholeculampaterns(DAMPs ) t hat means dantagedaalftan gni z e
parts(Figure 1.4) They stimulate signaling cascades involving'Glaixes and mitogen

adivated protein kinases (MAPKsSJhesdead to defense reactions such as production of
reactive oxygen species (ROS), medium alkalinization, deposition of callose in the cell
wall, expression of pathogenesis related (PR) proteins and defensins. Somernsathog

inject a range of effector® suppress defense responses at the level of perception by
PRRs, signaling, or defense action, maki n
Robatzek, 2008)

1.3.2Effector triggered immunity (ETI)

Effectors aregproducts of the respectiavirulance QAvr) genes of pathogens secreted to
suppress PTI of plants and are vital for their virulence. Effectors also intermediate
penetration of pathogens into host tissues, access to nutrients, and multiplication. Resistant

plant varieties have developed R genes whiehtify effector molecules or their actions.



R-genes are characterized havihgnucleotide binding domain (NB) and theucine rich

repeat (LRR) domafs) and are often callddB-LRR proteins (Figure 1.4)

After recognition R genes initiate hypersensiiresponse (HR) which lead to programed

cell death (PCD) which compriseTE effector triggered immunityThe cell death

response likely benefits the plant as whole by depriving pathogens from access to further
nutrient sources andhiting pathogen multilication (Cohn, Sessa, & Martin, 2001B-

gene products (receptors) are localized in plasma membrane and in intracellular matrix

and are race specific. This type of action is called gergene resistance as specific R

proteins account for recognition specific effector molecules. It is an evolutionary race

of pathaen virulence and plant defersestemsG° hr e & Ro b Atleasetwo, 200 8)
steps are necessaryitauce the HR: recognition of the pathogen and transducfitre

perceived signal® the programedell deathpathway(Morel & Dangl, 1997)

a b C

PAMP. PAMP PAMP

@wé @aé @é
) . ) a)

signaling signaling

v v v
%ﬂﬁn}d- rlerrs!m:r?s% ‘M
g 2 .y

Figure 1.3 Simplified representation of the plant immune sys{Bmeterseet al., 2009)
a) PAMP-triggered immunity b) Effectortriggered susceptibilityc) Effectortriggered

immunity.
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Figure 1.4Schematic representation ofipt PTI and ETI immune systerfWirthmueller
et al, 2013)

1.4 Site directed mutagenesi$SDM)

There are three wayavailablefor site directed mutagenesis to be completessette
mutagenesis, primextensiorand procedures based on polymerase chain reaction (PCR).
Cassette mutagenesis is based on synthetic DNA fragment containing the desired mutant
sequence which is thdigatedto desired fragment. This method is limited tosihere
suitable restriction sites on both flanking region of DNA fragmenaaadable



Primerextensiormethod is easy to be done. It requires only one primer with mismatch,
insertion or deletionwith regard to the single strandgdasmid (Figure 1.5). The
disadvantagef this method is the requirement to obtain single stranded plasmid and the

need to separate the final product which contains both mutant and wild type plasmids.

Multiple point Insertion Deletion
mutations A mutagenesis B mutagenesis C

/Xf@_@@\ /\
Mutant oligonucleotide Mutant oligonucleotide Mutant oligonucleotide
with multiple (four) carrying a sequence to spanning the region to
single base pair be inserted sandwiched be deleted, binding to
mismatches between two regions two separate sites, one

with sequences on either side of the
complementary to sites target

on either sides of the
target site in the
template

Figure 1.5Site directed mutagenesis based on preméznsiormethod A) Multiple point
mutation;B) Insertion mutationand C) Deletion mutation procedurgPrimorseet al,
2001)

PCR base&DM is themostconvenentmethod for site directed mutagenesis. It contains
threedifferentPCRs in two steps process. Fadifferentprimers, two of which spans the

site of mutation, are required for a single mutation of the DNA fragmenir@-lgo).
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Figure 1.6 PCR based method for site directed mutagendsithefirst step twadifferent

PCRsare performed Faour different primers are needed; tBeand C primers daing

edges of DNA fragment, And A6 primers both spanning si
first step two PCRwith two different produc coincidingin the place ofmutation are
generatedThe ®cond step is a joining fragment PCR whem@dpcts from step one are

joined toform a whole sequence with desired mutation in desired place.



1.5Agrobacterium-mediated transformation

Agrobacterium tumefaciens a gram negates/ bacterial pathogen withgreat range of
plant host{mainly dicotyledonouy where it causes crown gall disease. It catis@®r
formation. Agrobacteriumcontairs a plasmid named Iplasmid which is vital for its
virulence. It delivers only -Btrand (FDNA) located inside Fplasmid with guidance of
virulence yir) genes also found in falasmid,to the plant cell. 30 kb of virulence (vir)
region is organized ini>xs operons that are essential for thédINA transfer (Opabode,
2006) The T strand is inserted byype Four Secretion $stem(T4SS) inside plant cell
where it is inserted into the placgll chromosomend become transcriptionally active. T
strand productsnduce tumor groth on the plant trunk with transformed plant cells
producing nutrition to be exploited #grobacterium It is a magnificeniodel and the
only known example in nature where pathogen trari3f¢A fragmentfor its virulence,

to organisms bother kingdom(Pitzschke & Hirt, 201Q)After its discovery scientists
modified the Tiplasmid to usét as a successful way for transformation of plant cell by
replacing FTDNA region with desired DNA fragmentlt can also be used for
transformation of fungi and even some mammalian cédllallowed congruction of the
first vector from bacterial kingdom for plant transformatidssually Agrobacterium
mediated expression of a transgene achieves the highebk®2lév8 days following
argoinfiltration, after which the expression level decreases rapidjgio et al., 2006;
Pitzschkeet al, 2010) It is an easy and cheap method which is used for many researches
in plants. However, it has some restrictions asfitsiency is low, and the part of plant
genome&o which T strand attaches caot be determined definitely.
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Figure 1.7 Agrobacteriuramediated transformation (Gelvin, 2005)

1.6 Gateway cloning

For genomic functional studies cloning of the gene of interest into desired plasmids for
different uses is cruciallraditionally, gene cloning has relied on restriction enzyme
digestion and ligationOn the other hand, Gateway cloning, developed by byein Co.

has advantages as it utilizadacteriophage sitspecific recombination strategy without
necessy of using restriction enzymégXu & Li, 2008). In general, the Gateway cloning
technology involves a twetepprocess First step is tolone the gne of interest into
donor vector (pENTR/BTOPO) through so-called BP reactiorthat consistsof mix
containingthe phage integrasmpoisomeraseand the integration host factéior a DM\

fragment to be inserted inttonorv e ct or it i s f |

11
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is recognized and joined to pENTR vector. DNA fragment inserted into pENTR is flanked
by two attL regions. The pENTR vector hasdB gene in site of ingdon, which is
disturbed as thgene is inserté If not disturbed¢cdB is lethal gene foEscheriacoli, to
which theplasmidis transformed This way norrecombinant plasmid carrying. coli
bacteria are eliminated. Moreoyére donorvector contain antibiotic resistance gene for
positive selectiorof transformeck. coli. The purpose of usingonorvector is that the
gene of interest can easily be transformed form this vector to wide variety of vectors
named a destination vectors (pDEST)which are more specializedvectors that
incorporateparticular functional properties tbe clonedDNA fragment (Hartleyet al.,
2000). Subcloning of our DNA fragment frodonor vector to @stination vector is
performedwith so-called LR reaction which consisbf a mix containingintegrase,
integrationhog factor, and the phage excisionagsBEST hastwo attR sites,flanked to
theccdB gene. In LR reactioattL1 andattL2 of thepENTR vector reaawith attR1 and
attR2 on thepDEST respectively, to recombine tH&NA of interest withccdB gene in

correct directionKarimi et al, 2007%.
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Topoisomerase-mediated capture and Gateway recombination
Target sequence
1. PCR PCR product: P —
PCR product: Target sequence
L p—
2. Capture
attL1 joeo atiL.2
pENTR/D-TOPO: 4 —
i TOR
PENTR-target: M13F attlL1 Targetsequence  atfl2
e A —
3. Recombine ><
promoter attR1 CmR c¢cdB atiR2 YFP
Destination vector: ———
Destination vector romoter attB1 Target sequence aftB2 YFP
4. Finished product with taiget sequenos: p Fs get seq
- J—

Figure 1.80verview of the process for cloning a DNA fragment mttesireddestination
vector by gateway cloningthnology: 1After DNA containing fragment to be amplified
is isolated, PCR is done hgining a CACC flanking sequencga propety designed
forward primer. 2)The amplified target sequence is captured into pENTRIPO by
recognition of CACfe targetgdisequenee. Tihenvectobditis d
regiors on both sides afsertion. 3)Target sequence is subclorigtb destination vector
which hasattR regions on both sites @tdB gene.attR regions recombine withttL
regions of pENR/D-TOPO vector. 4) After twatep procedure thiarget sequence is
insertedn specific astination vecto(Early et al, 2006).

13

of



1.6.1 pK7WGF2and pK7FWG2 vector

pK7WGF2and pK7FWG2 vectors are binaryDNA vectors usedsadestination vectors

in Gateway cloning technology and are readily transformed iWgrobacterium

tumefaciens for agrobateriummediated gene transfer. Target sequence translocate
betweenattL sites of pPENTR/BTOPO vector tattR sites of pK7TWGF2 or pK7FWG2
vectorsccdBgene is locatedeweerattR sites of pK7WGF2 and pK7FWG2 vectors. The

ccdBgeneis neededor negative selection of nercombinant plasmid carryirig. coli.

pK7WGF2 and pK7FWG2 vectors have spectinomycin (Sm) and streptomycin (Sp)

resistances in bacterium, and kanamycin (Kan) resistance in(jdmti et al, 2002).

The map of both vectoere represented in Figure 1.9.

1358

SacH (1173) ol (245
Kan Egtp
anR2
mal (1359
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SmSpR

pKTWGF2,0
11876 bp

1355

Sacl (3747)
Hinl (3749)
RB

Figure 1.9 Vector map ofppK7WGF2and pK7FWG2vector map (Karimet al, 2002).
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1.7PstHa2a5 gene

Genomic studiesf Pucciniastriiformis f. sp.tritici reveal genome composition and its
genes. One of these genes is R&&b gene. It was found that Pa2&5 gene expression
increaseslightly in germinated uredinospores and up to 120 timestmfected infected
leaves, comparing to uredinospores that have not yet idvadeplant cédl(Yin et al,

2009) This give us a clue that PsiPa5 gene must be an important gene for the pathogen
virulence Its sequence resemels an effector molecule as it has tl&XC motif, one of
YXC, FXC or WXC (X can be any amino acid) motifs found in effector molecules.
(Godfreyet al, 2010). These motifs are found in the first 27 amino acide PktHh2a5
genecontains als?N-terminal signal peptide and is considered a putative secreted protein.
The presence of FKC motif 24 amino acids away from beginning and highly probable
cleavagesite supports even motiee hypothesis of being an effector molge (Yin et al.,

2009)

PstHa2a5 gene is a newly found gene whose function and interactions are still unknown

andit is in focus of researchers.

Table 1.2 Predicted secreted proteins fraBNA library of Pst haustoria (Yinet al,
2009b).Prediction completedia signd P 3.0 algorithm and iPSORT.

Unisequence  GenBank accession Size (aa) No. of Cysteine residues Homology in databases E value
=P PSTha2as GH737102 17 6 predicted protein of Puccinia graminis 5.23E-23
PSTha9FI8 GH737274 259 14 hypothetical protein of Puccinia graminis 8.96E-41
PSThal2a4 GH737444 289 10 predicted protein of Puccinia graminis 4.00E-23
PSThal2j12 GH737467 133 6 no homology
PSThal SN2 GH737567 98 7 no homology -
PSTha2108 GH737139 92 I putative sulfate transporter 1.42E-38
PSTha5a23 GH737046 108 4 no homology -
PSThaéil 6 GH737950 73 5 predicted protein of Puccinia graminis 3.00E-10
PSTha8FI3 GH738007 ) 6 no homology -
PSTha2c7 GH737231 204 13 predicted protein of Puccinia graminis 1.15E-15
PSThal 6B3 GH737129 87 2 no homology -
PSThal OF24 GH737323 56 3 no homology -
PSThal6Dé GH737598 66 3 hypothetical protein of Aspergilus niger 2.00E-16
PSTha9Cl13 GH738022 65 | predicted protein of Puccinia graminis 6.00E-10
PSThal2h2 GH737173 70 5 no homology

=
(6}



1.8 Aim of the study

The objective of this thesis study was to investigate the role of a conserved motif present
in PstHa2abwhether it is involved in the sgbllular localization in the plant cell upon
secretion from the haustorium. As in many other plant pathogens, in some rust pathogens
too, (W/Y/F)XC motif which is assumed to play a role in localization of the effector.
Wheat Yellow Rust disease agdpticcinia striiformisf. sp.tritici (Ps)) predicted effector

gene, PstHa2a5 (Yiet al , 2009) also has AFKCO conserved
adjacent to the signal peptide putative cleavage site. The uniqueneé&s ofdf of this

effector is its posion to the Signal Peptide sequeraagdlit happens to start at the possible
cleavage site of the SP. However, the (W/Y/F)XC conserved motif usually present further
downstreanof the SP of those candidate effectors possessing it. The obvious distinction
of Cysteine in the motif is that it may form disulphide bond with another cysteine residue
present in this effector. Since PstHa2a5 has 8 cysteine residues in its sequence, any of the
remaining ones might be involved in disulphide bond formation conindpun the
stability of the protein, which is considered one of the critical features in assigning the
effector candidates, especially for those effectors targttepglant apoplastic regiomo

test the role of FXC maoitif in sudellular location, the sdhitution mutations were decided

on the cysteine residue of FXC motif. For substityti®erine was selected due to the
similarities in the electron density the chemistryi@H andi SH groups: although
hydroxyl group of Serine cannot form a covalent homdcan involve in Hydrogen
bonding. Another selected substitution was to Valine; since it is an inert amino acid with
closest electron density to Cysteine.

16
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CHAPTER 2

MATERIA LS AND METHODS

2.1 Nicotiana benthamianagrowth and maintenance

Nicotianabenthamianaeeds were planted in a small petmicoveredwith stretchfilm

to sustain the humity. The pot waglacedin plant growthroomwhich wassetfor 16
hour light and &our dark an®4 °C temperature. After 10 daylse grownsprous were
transferred rito bigger pots (650 crfivolume) asone sprout pepot N. benthamiana
leaves of4i 6 week oldvere used forgro-infiltration. Every six months two subcultured
N. benthamianglants were kept for more than 6 weeks to use as seed $outater

plantings. Seeds were matured and gathered arourdd 8veeks after planting

2.2 PstHa2a5 gene construct

PstHa2a5gene(GenBank accession numb&H737102.) sequenceavas retrievedrbm
Expressed Sequence Tag (EST) records of National G&rdéstechnology Information
(NCBN.6 Si gnal P 4 .w8és use fosigrarpéptidgedictionof the PstHa2a5
geneproduct(http://www.cbs.dtu.dk/services/SignalP/

The sequence as sent foisynthesis containefl 6  F-ta@\ fGr immunoprecipitation,
restrictionenzymesitesPad at Nbi6 atnd36 f or diure@.d)tTheo n al

gene construct wasy/nthesizedby GeneScript and secibned in pBluescripii SK vector

17
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http://www.cbs.dtu.dk/services/SignalP/

usingEcoR site (Figure 2.2) This construct wassed for amplification of Ps&2a5gene

for cloning in Gateway pENTR vector

Pacl Flag - Tag Linker EK
TTAATTAAATGSACTACAAGGACGACGATGAGVAMAGCTTCTCGAGAATTEXGACGACGAC Aagagctt
caacttcttcatcgtattcgcagtgttgttgatcaacactcaattcatttctgtgaagtcg ttcaagtgtcccggtttg
catggaacgccaagccaaacacatggttattgcaccagatcaatcaccgatgaagaacgaaaggcaaaaaagattggca
aggagttcaccatgtggaaggaagaaatcaagacagtcgacgggaaattctcgtgtgataaagtggacttgaatg ggtc
ggttgccacagatagcttctgttgtgacgttgcaggtagaattggtgaagttgagaaaagtaaacaagctatgtggaca
aacaactgctccaaagcatcttag GCGGCCGC

Not |

Figure 2.1 PstHa2a5 gene catruct cloned impBlueScript 11 SK Pad/Notl restriction

sites plue), flagtag (purple, linker sequence(red), enteokinase sequencéreer).

Pstth2 a5 geneds own signal peptide 1s highlight:

18
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Figure 2.2 pBSK-PstHa2a5 plasmid majgyntheticPstHa2a5 gene was cloned into
EcdRV restrictionenzymedigested pBluescript || SKlasmid derivative.

2.2.1 PstHa2a5 gene and primers

Amplification of PstHa2a5 genei t h 5 6 C A Cdgiorf for &atelvayrclgning was

carried outwith PstHh2a5CACC-fwd and PstHa2a5rev-with/without-stop primers. As

19



DNA template PstHa2a5 gene catruct cloned ipBlueScript || SKwas usedPstHa2a5

C27Sfwd and PstH2a5C27Srev primers were used for generating point mutation of

27" amino acid oPstHa2a5 genfeom fiCysteine (C) to fiSerine §)0. PstHa2a5C27V-

fwd and Pstld2a5C27V-rev primers were used for generating point mutation df 27

amino acid oPstHa2a5 geneom fiCysteine (C) to fivaline (V)0. For generation of the

fragmentswith point mutations PstHe2a5rev-with-stop primer was used for gene

construct where GFP was flankedn ebdof the gene whered®stHa2a5rev-without-

stoppri mer was used for gene construct where GFP

GFP region had its own stop codon.

Table 2.1PstHa2a%mplification andpoint mutation primers

Primer names Sequences (56 to 36)
PsHa2a5CACC-fwd CCACATGCAAAGCTTCAACTTCTTC
PsHa2a5C27Sfwd CTGTGAAGTCGTTCAAGTCTCCCG
PsHa2a5C27Srev TCCATGCAAACCGGGAGACTTGAA
PsHa2a5C27V-fwd TCTGTGAAGTCGTTCAAGGTTCCCG
PsHa2a5C27V-rev TCCATGCAAACCGGGAACCTTGAA
PsHa2a5rev-with-stop CTAAGATGCTTTGGAGCAGTTGTTTGT

PsHa2a5rev-withoutstop  AGATGCTTTGGAGCAGTTGTTTGT
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A 56 CACCAAAGCTTCAACTY ®3tHaLasROGC-fwd
1 ATCCAAAGCTTCAACTTCTTCATCGTATTCGCAGTGTTGTTGATCAACAC ¢

PstHa2a8C27Sfwd Y CTGTGAAGTAGCAA@CICCCG 36
B 45 ACACTCAATTCATTTCTGTGAAGTCIEEAAG@CICCCGGTTTGCATGGA 95
PstHa2a8C27SrevY 3 6 AAGTTAG/IGGGCCAAACGTAC

PstHa2asC27V-fwdY 56 TCTGT GAIEGAGBIGC CCG 36
C 45 ACACTCAATTCATTTCTGTGAAGTCIIZCAAGTICCCGGTTTGCATGGA 95
PstHa2as8C27V-revyY 3 6 AAGTTEAAGGGCCAAACGTA

PstHa2a5 rewith-stopY 36 TGTTTGTTGACGAGUTISIGT CGT.,
D 301 AGAAAAGTAAACAAGAITGTGGACAAACAACTGCTCCAAAGCARNGTI351
PstHa2a5 rewithoutstopY 36 TGTTTGTTGACGAG®B®GITTCGT.

Figure 2.3 Locations of primers bound to PstHa2géne:A) PstH2a5CACC-fwd
(above) ATG in cyanmarks beginning of gene with methionif®;PstHa2a5C27Sfwd
(above) PstH2a5C27Srev (below) C) PstHa2a5C27V-fwd (above), PstilRa5C27V-
rev(below). InB)and(C)y el | ow hi ghl i ghted sequence mar
motif, while green highliglted sequence marks mutated sequente A FKCoO0 B} o A S0
and t o (O VD) PstHa2a5rev-with-stop (above), PstHa2a5rev-without-stop

(below). Sequences in pink marks the stop codon.

2.3 Polymerase chain reaction (PCR)

The gene of interest waamplified using PCR. PCR was performed usinQ5 High
Fidelity TagDNA Polymerase (NEB, Cat# M0491S, Edd041209) with the appropriate

primerpairsf ol | owi ng t he maasrepfesenteduiabdelr.® s pr ot oc ol
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Table 22 Components and their amounted in PCR

PCR Components in2000L t ube Amount Final concentration
5X Q5 Reaction Buffer 5 OL 1X

5X Q5 High GC Enhancer 5 OL 1X

10 mM dNTPs 0.5 OL 2000m

10 ¢M Forward Primer (1.25 OL 0.50m

10 ¢M Reverse Primer (1250L 0.50m

Q5 High Fidelity DNA Polymerase (2000U/mL) 0. 5 OL 1U

ddH0 variable

Template DNA variable;207 150ng 0.81 6 ngliL

Tot al

vol um

Table 2.3Conditions in thermocycler for PCR using Q5 high fidelity DNA polymerase

Steps Temperature °C Duration Repetition (cycles)
Initial Denaturation 98 1 min

Denaturation 98 10 sec

Annealing 55 30 sec } 35

Extension 72 20 sec

Final Extension 72 2 min

2.3.1 Colony PCR

Colony PCR was performed verify the presence of gene in traaniesof Escherichia

coli or AgrobacteriumGV3101 Since the product of colony PCR was used only for

verification not for further usagéaq DNA Polymerase with Standaiithg Buffer (New
England Biolabs, Cat# M0320S, Lot41203)with the appropriate primgvairs was

preferred In colony PCR instead of DNA terape, singlecolony cells were placed

directly inthe PCR mixture. Colony PCRvas performed following the manufacturé s

protocolasrepresented at Table 2.4
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Table 2.4Components and their amounts useddlonyPCR

PCR Components in2000L t ube Amount Final concentration
10X StandardaqReaction Buffer 250L 1X

MgCl, (25mM) 1.5 OL 1.5mM

dNTPs (10mM) 0.5 OL 2000Mm

10 €M Forward Primer 050L 0.20m

10 ¢M Reverse Primer 050L 0.20Mm
TaqgPolymerase (5000 U/mL) 0.20L 1U

ddH0 variable

Colony from liquid media 10 Lat ODypo= 1.0

Total volume:25¢ L

Table 2.5Conditions in thermocycler for colony PCR usifey DNA polymerase

Steps Temperature °C Duration Repetition (cycles)
Initial Denaturation 95 3 min 1

Denaturation 95 45 sec

Annealing 55 45 sec } 35

Extension 68 45 sec

Final Extension 68 5 min 1

2.3.2 Fragment joining PCR

Fragment joining PCR was used for joining two DNA fragments which overlaps head to

tail to create a bigger fragment consistomjho f t hem. One fragment és
identic t o o endegon{mora thandtctedides $ha@uld overlap). For

this purpose)5 High FidelityTagDNA Polymerasava s u s e d . Forward opr

end region overlapping fragmentandmrevee pr i mer of 56end over|

was used. Protocol described iable 2.2 was used with one extra DNA template.
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Figure 2.4 Fragment joining PCR procedure for generation of complete fragment with

desired point mutation.

2.4PCR product purification

For purification of PCR productIAquick PCR purification kit was usedFirst, PB
buffer was pouwgd into PCR tube in 5 : 1 rat{®CR mixture was transferred to another
tube before adding PB buffer if total volume exceeded@@0which is the volume of

PCR tube). The mixture was mixed by vortexing. Quick mini spin egised outto
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collect the liquid to the bottom of tube. The mixture was transferré@lAguick spin
columnwhich was placed inside sterile 2 mL collection tubee Tibe including column
was centrifugated at 1500 rpm for 1 min. The flovthorough was discarded. At this stage
DNA was stuck in column membrankhe column was washed by adding 0.75ohPE
Buffer and wakept at room temperature foii & minutes for salts to dissolgalts inthe
buffer. Then, it wascentrifuged for 1 minute at 13)B6 rpm Flow-through was discarded
and a 1 minute centrifugation at 1306 rpm was carried outagain to remove any
remaining of washing buffer. At final stagwlumn was placed into clean 1.5 mL
collection tube, an@07 50 € L B (efutioebuffeElB0 mM Tr i swasl , pH
added. It was kept for 5 minutes at room temperature and then centrifugedatrpds
for 2 minutes. The collected pusefl PCR prduct was measured in Nanadp (ND-1000

spectrophotometer), recorded, and kepRm°C for later usage.

2.5Gateway cloning
2.5.1 pENTR/D-TOPO cloning

Forgateway cloning procedure first step was to ligate the gene of iritecedbnorvector
(PENTR™/D-TOPO) by topoisomeraseediated cloningPstHa2a5 gene flanked with
CACC sequence at 50 e ad5CACCSwdand pdtld2d5reve d  u s i
with-stop primer pair for insertion intgppK7WGF2 destination vector an®sHa2a5
CACC-Hfwd and Pstld2a5rev-without-stop primer pairs for insertion into pK7FWG2
destination vector. PCR conditiongre the same as mentioned ac&on 2.3Invitrogen
PENTR™ Directional TOPG cloning kit and its protocakith slight changesvere used
for thecloning readon. First of al| 0.50 Lof purified PCR product (30150 ngO ) was
mixed with 0.50 Lsalt solution, 0.2% LpENTR/D-TOPOsolutionand 1.750 LddHO

in 2000 LPCR tube. The PCR tubes were put in thermocycler to be kept@t28 30
minutes. Afterthat, tubes were kept a’@ overnight to increase ligation efficiency. The
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next day mixture was ready to be transformed in compdientoli TOP10 cells.
PENTR/D-TOPO vectorcontainskanamycin resistance gene, thus the transformed cells
were selected ibB agar containing kanamycifp 0 ¢ pdften growing for 16 18
hours at 37C.

2.5.2 LR clonase reaction

As second step in gateway cloning procedure subcloning of the gene of interest to
destination vectompK7WGF2or pK7FWG2)via LR reaction was conated.Invitrogen
Gatewaf LR ClonaséM Il Enzyme Mix kitand its protocolith slight changes wassed

for thereaction Firstly, transformedt. coliTOP10 cells containingstHa2a5 gene cloned

into pPENTR/D-TOPO vectorwere grown overnight in LB containing kanamycin
(50 g / )mAlso E. coli TOP10 cells containing destination vectop TWGF2 and
pK7FWG2) were grown overnight in LB containisgectinomycir{100eg/mL). Plasmid
isolation was performed from overnight grovi coli TOP10 cells according to the

procedure desitred in Sction 2.6.

To perform LR reactiof.5¢L (around 200 nggL) of pPENTR/D-TOPO vectocontaining
PstHa2a5 gene was mixed witb eL (around 200 ng¢L) of destination vector in 200

eL PCR tube2.5¢L TE buffer, 0.5 LR clonase andel. ddHO was added into PCR
tubes and kept at 2& for 2 hours at thermocycler. After 2 hours OL5proteinase K was
added to stop the LR reaction. At this point the mixture was ready to be transformed into
competentE. coli TOP10 cellspK7WGF2and pK7FWG2 destination vectocentain
spectinomycin resistance gene, thus the transformed cells weréedelecLB agar
containing spectinomyci(i00e g / )mAfter 161 18 hours single colony selection with

tip of the loop was performed from LB agar plates and inoculated into LB containing
spectinomycin100¢ g / )rahd kept at 37C for 161 18 hours. Plasmidolation from
grownE. coliTOP10 cells containing gene of interest in destination vector was performed.
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The isolated plasmids were used to transform electrocompgenibacteriumGVv3101
(pMP90)cells.

2.6 Preparation of E. coli TOP10 competent cells

Lysogenybroth agar (LB5 g tryptone, 2.5 g yeast extract, 5 g NaCh g agarl.6 mL

NaOH (0.5 M) dissolved in 0.5 L ddB and autoclaved) was prepared and poured into
plates. Streak plate froB coli TOP10 master stock waseparedand incubated at 3C
overnight. Single colony was selected with the tip afoop, inoculated in 4 mL LB
medium and was let grow overnight in shaker ét@Gat 250 rpm. 1 mL of LB containing
overnight growrE. coli TOP10cells was poured into 100 mL sterile LB medium & id

grow at 37°C for 1.57 2 hours untilabsorbance (é&onn) reached to ®. (measuredia
spectropbtometer Shimadzu, U¥1601) Then the solution was divided into two 50 mL
falcons and centrifuged af@, at 5000 rpm for 5 minutes. The supernatant was discarded
while cells were stack at the bottom as pell€&t.mL of cold (4°C) and filtered N
sterilizer, 0. 22 )d00 mMechd wak addedo batle af 50artLe f i | |
falcons.The cells weresuspendedby gently shaking the mixture until no pellet rengin

at the bottom and kept for 10 minutes in ice. Thle@ mixture wasentrifuged again at 4

°C, at 5000 rpm for 5 minutes. The supernatant was discarded while cells were stack at
the bottom apellet. For the second tim&0 mL of cold and filtered.O0 mM CaCi was
addedto both of 50 mL falcons and centrifuged af@, at 5000 rpm for 5 minutes.
Supernatant was discarded again. Cells wesuspended in 2 mL afold and filtered

100 mM Cad, and stored at 4C. These cells could be used for up to one week for

transformation.
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2.7 Plasmid isolation

For plasmid isolatioQiagen Plasmid Miniprep kit (Cat. No: 27106, Lot. No: 124104532)

was used. Isolation wanductedaccording toltema n u f a gtotoaoleQvérrsght

grown cells were collected by centrifugation @@ rpm for 2 minutes in 2 mL tubes.
Supernatant was discarded. Cells stuck as pel
(RNase Aadded)y vortexing the solution. TheB5 0 € L Buf f e andBedtywas added
inverted 41 6 times until the solution turns completely blue. Followidgh 0 € L Buf f er
N3 was addednd gently inverted # 6 times until the blue color turns completely white.

The tubes were centrifuged for 10 minud¢4 3,90 rpm in a microcentrifugécLP Model

3410 Microcentrifuge) A white pellet and transparent supernatant was formed.
Supernatanivastransferred intdIAprep spin columnAt this step the supernatant was

pipetted carefully not to take any part dfive pellet.QIAquick spin columrwhich was

placed inside sterile 2 mL collection tube. The tube including columrcerasifugedat

13,500 rpm for 1 min. The flovthorough was discarded. At this stage plasmid DNA was

stuck in column membran&he column vas washed by adding 0.75 raf PEBuffer and

waskept at room temperature fori57 minutes for salts to dissolwalts inthe buffer.

Then, it wascentrifuged for 1 minute at 136 rpm Flow-through was discarded and a 1

minute centrifugation at 1300 mpm was carried ouagain to remove any remaining of

washing buffer. At final stage column was placed into clean 1.5 mL collection tube, and

301 50 ¢ L B wdshdeed. ItRv8s kept for 5 minutes at room temperature and then
centrifuged at 13@ rpm for 2 minutes. The collected puefi plasmid DNA was

measured in Nanabp, recorded, and kept 180 °C for later usage.

2.7.1 Transformation of plasmid into TOP10 competent cells

The recombined plasmid to be transformed was obtainadsolation or igation
procedures3  @flthe recombinedplasmid wasmixed with 1000 Lof E. coli TOP10
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competent cell mixture in 1.5 mL tube and kept for 10 minutes in ice. Heat shock was
applied by placing the tubes into 42 water bath for 45 seconds. After heat shock tubes

were placed immediately into ice again and kept for 5 minutesTh® e L LB medi
was addedhto tube and let grow at 3T at 200 rpm for 2 hours. The mixture was spread

at different amounts in LB agatates containing thapropriateantibiotic to which the
transformed plasmid contained the resistance .geBBITR/D-TOPO vectorcontains
kanamycin resistance gene, whereas pKAWGF2 and pK7FWG2 vectors contain
spectinomycin resistance gefidus, onlythe transformed cells could survive. The spread

LB agar plates were kept at 3€ in growth chamber overnight. The transformed cells
formed single colonies were picked with the tip of loop and inoculated in 4mL LB

containing the same antibiotic.

2.8 Agrobacterium-mediated gene transformation
2.8.1 AgrobacteriumGV3101 (pMP90) electrecompetent cell preparation

LB-t et racycl i ne agaiwastplepale@andpowreg intmplates. Streak plate
from AgrobacteriumGV3101 (pMP90) cell{obtainedfrom Dr. Csaba Koncz, Max
Planck Institute Plant Breeding Research Department, Cologne, Génvesgerformed
and incubated at 2& for 2 days. Single colony was selected with the tip of loop and
inoculated in5 mlLB-T et ( 5 and gt/gmow gvernighat 28°C at 250 rpm. 1 mL

of LB-Tet containing overnight growiigrobacteriunmcells was poured inth00 mL LB
Tet (5 ¢ gandiktgrowate28°C avernightat 250 rpm for the second time.
Following day cells were let grow untébsorbance (&onm) was betwee®.51 0.7. The
solution was divided into two 50 mL falcons and kept in ice for 30 minutes. Then, falcons
centrifuged at #C, at 3500 rpm for 15 minutes. The supernatant was discarded while
cells were stack at the bottom as pelletm30of cold (4°C) 10% glycerowas addedo

both of 50 mL falconsThe cells were suspendbg gently shaking the mixture until no
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pellet remained. Then the mixture waentrifuged again at 4C, at 3500 rpm for 15
minutes. The supernatant was discarded while cells staeck at the bottom as pell&D

mL of cold 10% glycerolvas addedio both of 50 mL falcons again and the centrifugation
procedure were done once more. After centrifugationrsapent was discarded, while
cells stack at the bottom as pellet weresuepended i2 00 e L @Yglyceo(, 1 0
0.125% yeast extract, 0.2btryptone) mediumThe solution was divided into four 1.5
mL tubes each containing %0 Lof GYT suspende&lectreconpetentAgrobacterium
GV3101 (pMP90Xells. Tubes were stored-80 °C for later usage.

2.8.2 Electroporation of AgrobacteriumGV3101 (pMP90)electro-competent cells

The recombined plasmid to be transformed was obtainadsolation or ligation
procedurs. 2 O Lof isolated or ligated plasmi@0i 300 ngfL) wasmixed with 500 L

of AgrobacteriumGV3101 (pMP90) electrecompetentell mixture in 1.5 mL tubes and
kept for 10 minutes in ice. The mixture was pourgd an ice-cold pulser cuvette with
gap of 1 mm. The electric shock 22 kV was applied to filled pulser cuvettéSellject
duo, Therma corporation) mL of SOC(Super Optimal broth with &abolite repressign
medium was added to the mixtuend transferredo sterile 1.5 mL tubes. The
electroporatedgrobacteriuncells in medium werket to recover at 28C at 150 rpm for
1.5 hours. The mixture was spread IBQper LB agar plate containing the appropriate
antibiotics. Thus, only the transformed cells coddrvive. The spread LB agar plates
were kept at 28C in growth chamber for 23 days. Single colonies were pickedwith

the tip of loop and verified for presence of our gene of interest in the plasnddiony
PCR. Verified colonies were inoculated in 4mL LB containing the same antibiotid for 2
3 days at 28C at 150 rpm.
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2.8.3 Agro-infiltration

Foragrainfiltration first medialisted in Table 2.6, 2.7 and 2\8ereprepared.

Table 2.6Mediaand theipreparation required for agiofiltration.

Media Concentration and content

MES pH 5.7 0.5M MES infiltration buffer

Acetosyringone 0.1M in DMSO (Dimethyl sulfoxide

MgCl, 1M

LB media 5 g yeast extracilO g tryptone, 5 g NaCl inL1ddH.O (autoclaved)
Gentamicin (Gen) 25 Og/ mL

Spectinomycin (Spgc 10009 / mL

Rifampicin (Rif) 10 Og/ mL

Table 2.7Preparation of IMESA

Media Amount Concentration and content
MESO0.5M, pH 5.7 1mL 10 mM MES pH 5.7
Acetosyringoné.1 M 104 20 e M

LB media 49 mL

Total 50 mL

Table 2.8Preparation of Agroinduction media.

Media Amount Concentration and content
MESO0.5M, pH 5.7 1mL 10 mM MES pH 5.7

MgCl: 1 M 0.5mL 10 mM

Acetosyringoné.1 M 7500 150 M

ddHO 48.4mL

Total 50 mL
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Acetosyringonevas added in.-MESA and Agroinductiormediajust before usage for
acetosyringoneot to lose its activity. Streak plate fromarsformedAgrobacteriuncells
were done to obtain single cell colony. Streak plates were incubated@tf@aB21 3
days.Single colony was selected with the ¢ipaloop and inoculated in 3 mL-MESA
containing Spectinomycin (Spec5 0 € J /Gantamicin (Gen 2 5 €y /amaL
Rifampicin (Rif,1 0 ¢ pinsitd.15 mL falcons and let grow at 28, at 250 rpm in
shakerfor 2471 30 hours.5 0 0  e¢Agrobacteriumgrown culture was pipetted and
inoculated intdd mL L-MESA containingKan 0 ¢ pGemR 5 ¢ j danchRif (L0

€ g / )ramd let grow at 28C, at 250 rpm in shaker for about 8 hours untiebsorbance
(Aeoonm) reached to @.1 1.0. Then, the solution was centrifuged @08 rpmfor 10
minutes in microcentrifugeSupernatant was discarded whlgrobacteriumcells were
stick at the bottom as pellet. The pellet was suspendagraginduction mediauntil the
solution absorbanc@eoonn) reached tdl.0. The solution was kept overnight at room
temperature in dark, meanwhile growth room temperatuhe benthamianglants was
decrease from 24°C to 22°C overnight, to increase agndfiltration efficiency. Back
sides of the laves were infiltratedising 0.5 mL syringe without needlat places away

from main veins.

A firm hold of the front side of the leaf argkrtle counter pressumwas appliedo the
place of infiltrationwith the thumb of one handvhile Agrobacteriummixture was
injected with thesyringe. As the Agrobacteriummixture enters the intercellular space of
the leaf, the infiltrated area tuwed visibly darker greehe injection continuedntil the
darkergreen cirte stopped expandindrigure 2.5.
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Figure 2.5 Agro-infiltration of N. benthamiandeaf using syringe The darker region
around needle tip shows thexture enteredhe intercellular spacef leaf.
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Figure 2.6 Flowchart of the steps tfie experimental design
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Predictionof PstHa2ab5as an effector candidate

PstHa2a5 gene was predicted as an effector gene from data retrieved from haustorial
cDNA library and analyzed by Yin and his colleagues @fial, 2009a)PstHa2a®DNA
sequence wasbtained from NCBI databagestHa2a5 gene sequerneas converted into
possibleopen reading frames (OR&3ing ORF finder and the full length protein sequence
(116 amino acids longyas obtainedThe signal peptide dhegene produaivas predicted

by 0Si gnal P onkhe ioinfSrenatieseéonl bas shown in igure 3.1
(http://www.cbs.dtu.dk/services/SignalPThe probability of containg signal peptidés

0.937 havingmaximumcleavage sit@robability 0f0.629 between positior#&t and 25

Note that at the site of maximum cleavage probabildy just before amino ats FKC

which match exactly the conserved effector motif FXC.

Signal peptides generally are cut off form cleavage site after the protein has reached its
destination. Presence of signal peptide and cleavage site in PstHa2a5 gene gspports

function as effetor protein which are common features of them.
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SignalP-NN prediction (euk networks): Sequence
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Figure 3.1 SignalP prediction results for PstHa2a5 gene encoded protein sequence. C
score (redines) represents possiblgnal peptide cleavage steS score (greelne)
representsignal peptidepossbility, and Y score (bludine) represents aombination
(geometric average) of the-s¢ore and the slope of thes8ore With black arrow is
pointed out the point of maximum cleavage probability. Red arrow at bottom marks FKC

motif which lies immediatelafter probable cleavage site.

3.2 Decision for mutations

PstHa2agene consist of FKC motif, which is one of the conserved effectorsvotihd
asYXC, FXC andWXC when candidate effector proteins were investigd®sttHa2a5 is

also one of thee effectors which are rich in yGteine esidues. It is considered that
Cysteines contribute to the stability and appropriate folding of the effectors by forming
disulfide bonds. It is known for arng time that effectors rich inySteine residues are
likely to be apoplastic effectors likely to maintain the structuresidetof the cell
(Stergiopouloset al, 2009. The pesence of (Y/F/\)XC conserved motif predicted to
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have a role in localizatiofGodfreyet al, 2010).Therefore, we decided to substitties
Cysteine withSerine and ¥line. Serine waselected so that ithe Rgroup the only
difference washydroxyl group instead o$ulfhydryl group, so that although poteh
disulfide bond formation wasliminated with Serine, yet, the similarity of tAmino acid

was maintained. We also wanted to substitute Cysteine with Valine, although chemical
structure is differet the Rgroups (SH and CHz) have similar sizes. Also, Valine having

an inert Rgroup as inthe case 8fe r i1r8€ S0 A f o r maedlimirated withatlsese
mutations. Thus, we intended to check a potentia oflfii S H dor the subcellular

localization of the gene product.

We decided to change the third amiacid which is Cysteine to Serine andkhe. The
reason of choosing these ammiacidsor modification waghatasboth Serine and &line
have similar size Ryroups they will not disturb overall proteifCBconformation but have

different chemical properties (Figure 3.3 and 3.4)
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1 atg caaagcttcaacttcttcatcgtattcgcagtgttgttgatc 45

1 M QSFNFFIVFAVLLI 15
46 aacactcaattcatttctgtgaagtcg [0 tg t e 90
16 NTQFISVKS BEe PGL 30
91 catggaacgccaagccaaacacatggttattgcaccagatcaatc 135
31 HGTPSQTHGYCTRSI 45
136 accgatgaagaacgaaaggcaaaaaagattggcaaggagttcacc 180
46 TDEERKAKKIGKEFT 60
181 atg tggaaggaagaaa tcaagacagtcgacgggaaattctcgtgt 225
61 M WKEEIKTVDGKEFSC 75
226 gataaagtggacttgaatgggtcggttgccacagatagcttctgt 270
76 DKVDLNGSVATDSFC 90
271 tgtgacgttgcaggtagaattggtgaagttgagaaaagtaaacaa 315
91 CDVAGRIGEVEKSKQOQ 105
316 gct atg tggacaaacaactgctccaaagcatct tag 351
106 A M WTNNCSKAS * 116

tot : DNA sequence

: Amino acid sequence

Figure 3.2 Original nucleotide and amino acgkquencef PstHa2a5 gen&KC is the

suspected cleavage site. C iagjeted to change by side directed mutagenesis
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1 atg caaagcttcaacttcttcatcgtattcgcagtgttgttgatc 45

1 M QSFNFFIVFAVLLI 15
46 aacactcaattcatttctgtgaagtcg HeERE Y cccogtttg 90
16 NTQFISVKS "B P G L 30
91 catggaacgccaagccaaacacatggttattgcaccagatcaatc 135
31 HGTPSQTHGYCTRSI 45
136 accgatgaagaacgaaaggcaaaaaagattggcaaggagttcacc 180
46 TDEERKAKKIGKEFT 60
181 atg tggaaggaagaaatcaagacagtcgacgggaaattctcgtgt 225
61 M WKEEIKTVDGKEFSC 75
226 gataaagtggacttgaatgggtcggttgccacagatagcttctgt 270
76 DKVDLNGSVATDSFC 90
271 tgtgacgttgcaggtagaattggtgaagttgagaaaagtaaacaa 315
91 CDVAGRIGEVEKSKQ 105
316 gct atg tggacaaacaactgctccaaagcatct tag 351
106 A M WTNNCSKAS * 116

tct tgt waschanged to tct : DNA sequence

FKC was changed to FKS Amino acid sequence

OH

SH
® _A & _~_ o
HN" ~coj => HN™  "CO;

Cysteine Serine
Cys, C Ser, §

Figure 3.3Nucleotide and amino acid sequenceité directed mutated PstHa2@27S

gene. FKC motif have been changed to FKS.
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1 atg caaagcttcaacttcticatcgtattcgcagtgtigttgatc 45

1 M QSFNFFIVFAVLLII15

46 aacactcaattcatttctgtgaagtcg HeERE T W cccogtitg 90

16 NTQFISVKS "B P G L 30

91 catggaacgccaagccaaacacatggttattgcaccagatcaatc 135

31 HGTPSAQ THGYCTRSI 45

136 accgatgaagaacgaaaggcaaaaaagattggcaaggagttcacc 180

46 TDEERKAKKIGKEFTG60

181 atg tggaaggaagaaatcaagacagtcgacgggaaattctcgtgt 225

61 M WKEEIKTVDGKFSCT75

226 gataaagtggacttgaatgggtcggtigccacagatagcttctgt 270

76 DKVDLNGSVATDSFC 9

271 tgtgacgttgcaggtagaattggtgaagtigagaaaagtaaacaa 315

91 CDVAGR |l GEVEKSKQ 105
316 gct atg tggacaaacaactgctccaaagcatct tag 351
106 A M WTNNCSKAS * 116

tgt was changed to gtt : DNA sequence

FKC was changed to FKV : Amino acid sequence

SH

~H H
@ /[ e @ L
HsN™ ~CO; => HN" ~Coj

Cysteine Valine
Cys, C Val, V

Figure 3.4Nucleotide and amino acid sequencsité directed mutated PstHa2@27V
gene. FKC motif have been changed to FKV.
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3.3 Generation of point mutation mutations by site directed mutagenesis

PstHa2a5 genavi t h  SCACCeflandting region was amplified with PCR from
PstHa2a5pBlueScript Il SKplasmid construct,dr construction oPstHa2a8C27S and
PstHa2a8C27V mutants

3.3.1 Construction ofPstHa2a5C27S
3.3.1.1 Construction ofPstHa2a5C27S with stop codon

For construction oPstHa2aB8C27Sgenewith stop codortwo consecutivd?CRs were

performed. PstHi2a5 CACC-fwd andPstHa2a5C27Srev pair of primers were used for
generating the short frage n t from 56 t &stHBabC2/8fwdband r egi o
PstH2a5rev-with-stoppair of primers were used for generating the long fragment from

mut ation region to 36 end containing stop
PCR of two fragments were performed to obtain full length of PstHa2a5 gene containing
C27S mutatiormandthe stop codon at the efigure 3.5)

3.3.1.2 Construction ofPstHa2a5C27S without stop codon

For construction ofPstHa2a8C27S gene without stop codonfirstly 2 PCRs were
performed. PstHi2a5 CACC-fwd andPstH2a5C27Srev pair of primers were useoif
generating the short f r aghseb2a5C27Sfwalrand 506 t o
PstHa2a5rev-without-stop pair of primers were used for generating the long fragment
from mutation region to 306 end. Il n second
were performed to obtain full length of PstHa2a5 gene containing C27S muy#titiane

3.5).
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Figure 3.5Scheme of the procedure for constructioPsfHa2a5C27Smutant genevith
or withoutstop codon

3.3.2 Construction of PstHa2a8C27V
3.3.2.1Construction of PstHa2a5C27V with stop codon

For construction of PstHa2da527V genewith stop codotirstly 2 PCRswere performed.

PstHa2a5 CACC-fwd andPstHa2a5C27V-rev pair of primers were used for generating

the short fragmentfrod 6 e n d t regiom @dtld2da5C2ayvifwd and PstHa2a5

rev-with-stop pair of primers were used for generating the long fragment from mutation

region to 36 end containing stop codon (TAG).
two fragments were performed to obtain full length of PstHa2a5 gene containing C27V

mutation andhe stop codon at the efiigure 3.6)
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