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ABSTRACT

COMPLEMENTATION STUDIES TO IDENTIFY G¥ES WITH

ROLES IN ZINC EFFICIENCY IN BAHEEY

Yilmaz, Aliye Seda
M.S., DepartmehBootechnology
Supervisor: Prof. Plahinur S. Akkaya

Co-Supervisor: Assist. Prof. Benay Vural Korkut

July 2007, 81 pages

Zinc (Zn) is an essential micronutrient for thewtlo and development of all
organisms. Zinc deficiency is a widespread microaat disorder worldwide, which
reduces crop yields and the nutritive value ofghan. Understanding the process of
zinc absorption and translocation in crop is esakefdr this purpose. Zinc is taken up
by plants and translocated within plants througihkaffinity zinc transporter proteins
embedded in the plasma membrane. The Znspeaters are induced under
Zn deficiency, and it is speculated that the exgqoes levels of some of zinc

iv



transporters are critical for improved tolerance lov zinc. A number of Zn
transporters have been cloned from higher plawctadimg rice and Arabidopsis, but
little has been done in barley and wheat. This gmogims to investigate genes
involveld in zinc efficiency mechanism by complertagion analysis in yeast, which
is double mutant of zinc-transporters, using cDMAression library from a most zinc

efficient barley cultivar, Tokak-157.

Key words: Zinc efficieny, zinc deficiency, zinc transportec®NA library, barley,

complementation analysis.
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ARPADA CINKO YETERLILIGINDE ROL ALAN GENLERIN

TAMAMLAMA ANAL [ZLERIYLE BELIRLENMESI

iz, Aliye Seda
Yiksek Lisans, Biyotekwji Bolimu
Tez Yoneticisi: Proft.Mahinur S. Akkaya

Yardimci Daman: Yrd. Dog. DSenay Vural Korkut

Temm@007, 81 sayfa

Cinko (Zn) bdtun organizmalarin buaylimesi ve gabsi icin gerekli olan
onemli bir microelementtir. Topraktaki ¢inko eksgilise Ulkemizde ve dinyada
yaygin olan bir sorundur. Bu eksiklik bitkisel tirst sinirlayarak énemli ekonomik
kayiplara neden olmaktadir. Bu yuzden, bitkilerdekg alimi ve tainiminin
mekanizmasini anlamak buyldk onemgizaktadir. Cinko bitkilerde hicre zarina
gomull olarak bulunan ggici proteinler yardimiyla alinir ve bitkiginde
tasinir. Bu tglyici proteinler c¢inko eksildinde artmakta ve bu proteinlerin

ekspresyon duzeylerinin inko eksiklie tolerans gejtirmekte O6nemli oldgu
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distinulmektedir. Bu projede arpada ginko yetaiilili sazlayan mekanizmada rol
oynayan genlerin belirlenmesi amaclanmaktadir. Bwag@a arpadan (Tokak-157)
cDNA ekspresyon kitiphanesi giurulmus ve bu kitiphane, c¢inko gigicilari

mutasyona gratiimis mayada tamamlama analizi yontemi kullanilaraktamémistir.

Anahtar kelimeler: Cinko eksiklgi, ¢inko eksiklgine dayaniklilik, ¢inko tayicilari,

cDNA kltuphanesi, arpa, tamamlama analizi,

Vii



ACKNOWLEDGEMENTS

I would like to thank to my supervis@rof. Dr. Mahinur S. Akkaygreatly for
her encouragement, friendship, admirable supeonsand limitless support in every

field during my research and my life.

| offer sincere thanks tdr.Ulrich Eckhard and Prof. David Eide for

supplying plasmid and yeast cell.

| offer sincere thanks tAssist.Prof.Dr.Senay Vural Korkut, Dr. Semra

Hasancebi and Assist.Prof. Dr. Aslihan Guret their support, help and friendship.

| owe thanks tony parentsfor their care, encouragement and support

throughout my life.

| am indebted deeply to my husb&irdz Baran Ely who always believed in

and supported me.

| owe special thanks to all studesft®\kkaya lab for their close friendship

and help.

viii



TABLE OF CONTENTS

PLAGIARISM .o iii
ABSTRACT e ettt e e rennee 1\
O ettt eaeaaa e b b ars Vi
ACKNOWLEDGEMENTS. ... viii
TABLE OF CONTENTS ... .ottt srrem ettt e e e e eeeeeees IX
LIST OF TABLES. ... ..ot e e e e e Xiv
LIST OF FIGURES. ... e XV
LIST OF ABBREVIATIONS. ... .t XVil
CHAPTERS
L. INTRODUCTION. .. e e e e e e 1
Vg S 1
1.2 NGttt e e 1
1.2.1 Properties Of ZINC ..........ouummeeeeeieieeeee e 1
1.2.2 The effects of zinC 0N PlantSe.....cocciviiiiiiiiiie e, 2
1.2.3 Hyperaccumulator plants......c....ooovvviiiiiiiiiivieieiiiiiiiiinns 7
1.3 Correcting micronutrient defiCIENCYummm .vvvvrvrrrereeiiiiiiiieeieeeeeennn. 7
1.4 Zinc uptake mechanism in plants..........cccoocceiiiiini, 8
1.4.1 ZINC tranSPOIMErS. ... .cv i iiiiiiieeeee e eeee e e e aennannanees 8
1.4.2 Metal chelating agents (Phytesdphores)............ccccvvvvnees 11
1.5 Zinc uptake mechaniSms iN YEaASTau . vieiieieeriiiiiiiiiiieeeeeeeeenn 11

iX



1.5.1 Intracellular ZINC traNSPOM e . ..vveeiiiieee e 14

1.6 Functional complementation analysis............cccccoviiiiiiiiiieeeeeenn. 15
1.7 CDNA TBrary......cccvuiiiiiii i 17
1.8 AImM Of the StUAY.....ccviiiiii e 18
. MATERIALS AND METHODS ... e 19
2.1 PlantmaterialS ..........coouiiiiei et 19
2.2 GrowWth CONAILIONS.......cciueree sttt 19
2.3 Collection of SAmMPIES.......ccciiiiiiiiii e, 20
2.4 RNA ISOIALION. ...t 21
2.4.1 Precautions ......... coiueeie it et mreeee e 21
2.4.2 Total RNA ISOlation...........coovvii i e 21

2.4.3 MRNA ISOIAtIONS. ... e e 22

2.5 Preparation of agarose gels...........oocoiiiiiiiiieeeeee 24
2.5.1 Preparation of RNA geIS...iiiiiiiiiceiece e 24
2.5.2 Sample preparation for RNA Qels..........cccoiiiiiins 25
2.5.3 Preparation of DNA gelS.........cccuiiiiiiiiiiiiiiiieeeee 25

2.6 CDNA SYNthesSIS. .. ..o e 25
2.6.1 Synthesis of first strand CDNA. oo 25
2.6.2 Synthesis of second strand cDNA. ..........cccciiiiiieieeeeenn. 27
2.6.3 Processing the ends of CDNA.............oovvviviiiiiiiiiiiinn, 27

2.6.3.1 Blunting the CDNAMEBNI ..........cceviiiiiiiiiiieieeeeeeeen. 27
2.6.3.2 Ligating EcoRl att@P.............cccovvviiiiiiiiiiien, 28
2.6.3.3 Phosphorylating ELeRds .............cccoovvvvviiviiiiinnnns 28
2.6.3.4 Digesting with Xhol...............coiiiiiiiiiin, 28

2.6.4 PCR amplification with actinrper ................ccccccveeeeeeee. 29
X



Xi

2.6.5 Size fractionation of CDNA ... 29
2.7 Preparation of vector for library constion ................cccccvveeee. 30
2.7.1 Choice of vector for transforioat.. ............ccccccceeeriinnnnne. 30
2.7.2E.colicompetent cell preparation for transformation...... 31
2.7.3 Preparation of growth medium w....cccooooeveieiinn, 32
2.7.4 Transformation of competentscalith plasmid pUEZ2.......... 32
2.7.5 Isolation of plasmid...............cccoeii i, 32
2.7.6 Restriction digestion of pUE2....ceuiiiiiiiiees e, 33
2.7.7 Purification of plasmid from gel........ccccovvvvriiiiiiiiiiiiinnnn. 34
2.7.8 Dephosphorylation of plasmid ...............ccccoiiiiieeenenn. 34
2.7.9 DNA purification and conCcentofti... ... ..........ccccceeereneneee 38
2.8 Construction and characterization oNédibrary ..................... 39
2.8.1 Ligation of plasmid pUE2 WithB .............cccoviiieeeeenn. 39
2.8.2 Transformation of the ligatioguct intoE.coli ................ 39
2.8.3 Determination of CDNA libraryeii.............cooooeiiiiiiiiiienninenenn. 40
2.8.4 Determination of transformatedficiency........................... 40
2.8.5 Amplification of the library ..........cccooviiiiiiiiiis 40
2.8.6 Collection of the library fromafes ..............ccooeeeeeinnns 41
2.8.7. Plasmid isolation .............c.ccoiiiiiieiimiiieeeeee s 41
2.8.8. Qualifying cDNA library.............oooii i ceee i, 41
2.9 Complementation analysis..............coooiiiiiiiii e 41
2.9.1 Preparation of yeast growth medand solutions............... 41
2.9.2 Growing dB. cerevisiaestrains.............ccccevveveveeveierevenes o 42
2.9.3 Transformation of yeast celithyplasmid...............ccccceee. 42
2.9.4 Growing transformants in selectmedium ..................... 44



2.9.5 Isolation of plasmids from yeast...........ccccccoevviiiiiiineennenn. 44

2.9.6 Re-transformation of isolatedsphid intoE.coli................ 45
2.9.7 Isolation of plasmids......ccceeiioiiiiiiiiiii e 46
2.9.8 Visualization of isolated plagimi...........ccccccovvviiiiiiiinenennn. 46
2.9.9 Double digestion of plasmidhiiicoRl andXhd............. 46
3. RESULTS AND DISCUSSION.......uutiiiiiieemiiie e 47
3.1 Collection of plant samples ..............oeevvveviiiiiiviiiiiiiiiinn, 47
3.2 Total RNA ISOIAtION.......ccieeeeeiiieieee e 47
3.3 MRNA ISOIALIONS. ...t 51
3.4 Visualization of CDNA........ e 52
3.5 Control of cDNAia PCR with actin primers....................... . 53
3.6 Size fractionation of CDNA..........coiiiiiiiiee e 54
3.7 Isolation of plasmid PUE2... . .ccoieoiiiiiiiiiiiiiieeeeeeee e 55
3.8.inearization of Plasmid pUE2 withcdrl andXhd............... 55
3.9 Determining the titer CONA library.........cccccoovviiiiiiiiiineennenn. 56
3.10 Determining transformation efiaty.............ccccceevvrviininnnnnn 57
3.11 Qualifying the CDNA liDrary...ccc.c.cooeeeiiiiiiiiiiieee s 57
3.12 Yeast CURIVALION.........ooem e 58
3.13 Results of the transformMation...........cccceeeviriiiiiiiiiieeennenn. 60
3.14 Screening of the library...........ccccccoiiiiiiiiieis 62
3.15 Sequance analysSis.......coceeeeererririiiiiii 64
4. CONCLUSION. ...ttt e et e e 66
REFERENCES. ..ot e e e 68

Xii



APPENDICES

Appendix A: Sequence of the plasmid pUEZ2........

Appendix B: Sequences of the primers designe@WE2.....................

Appendix C: Results of multiple sequence alignin

Xiii



TABLE

Table 2.1

Table 3.1

LIST OF TABLES

Growth supplements added to SD mediunttesid
CONCENIAtIONS... ...ttt e e e e e e e e

Concentrations of total RNA samples iealdrom barley.....

Xiv



FIGURE

Figure 1.1
Figure 1.2.

Figurel.3
Figurel.4
Figurel.5

Figurel.6
Figurel.7
Figurel.8

Figurel.9

Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6

Figure 3.1

Figure 3.2

LIST OF FIGURES

Worldwide barley production.......cceee.coooiiiiiiiiiiienieeeennn. 2
Geographic distribution of severe amdlenate Zn

deficient soils in the world..............cccoieiiiiiiiiis 4
Causes of zinc defiCIeNCY.........ceeeeeciiiiiiiiieee e, 5
The picture of zinc deficient wheat ....................... 6

Predicted protein structure of the membefr the ZIP
family of micronutrient transporters......................... 10

CDF tranSPOIterS. ... ... e e e e e aen 10

Model of zinc transport and its regulatioS.cerevisiae. 13

A model of zinc-responsive post-translai inactivation

Of ZItd. .o 14
ZHY3 mutant strain &. cerevisiaéacking ZRT1 and

ZRT2 tranSPOMeIS. .. ettt vee e et e e aee e 16
A representation of the hydroponicsayst.................. 20
Shematic representation of mMRNA isohatio................... 23
cDNA synthesis flowchart.................cccoeeeevee. 26
Map of pUE2...........ocooiiiii i ceeeeeenn,. 31
Schematic representation of dephospiom. ............... 36

Restriction sites of enzynieoRl andXhd on pUEZ2..... 37

An example of comparison of the lendtloots of barley
grown in Zn(-) and Zn(+) mediums. ............cccccvvvennnen. 48
Discoloration and necrosis of the oléawes of barley

grown in Zn(-) Medium.........coevveveieeeiiimmmmeeeeeeeeeeeeenennnnnns 49

XV



Figure 3.3

Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8

Figure 3.9
Figure 3.10

Figure 3.11

Figure 3.12
Figure 3.13

Figure 3.14

Appearances of total RNA isolates frardy grown in

zinc deficient Medium.............ooooiiiii e 50
The length of synthesized cDNA.................cocov e 53
ACtIN PCR IESUIL......ccoiiiiiit e 54
VeCtor preparation..........cccocvccccceeeeeeeeeeeeeeeeeeeeereeennnenannan. 55
Appearance of cut plasmid on gel.aueeeeecooooiiie 56

Appearance of digested plasmid contginioDNA
frAgMENTS. ..o 57
2 days growth of ZHY3 ... ..o 59
Control, untransformed ZHY3 cells wepeeaded onto
—URA minimal medium ... e 61
ZHY3 cells that are transformed with pUE2 and sa ca
grow on —URA minimal medium............ccccoueacceeeennnnnns 61
Screening of the library..........ooooiiimmmeee 63
Isolated plasmid DNA from putatively positive clenthat
were amplified IE.COli..........ccuvviiiiiii e, 64

Appearance of digested putative recombinant plasmid. 65

XVi



H9

bp

ds

kb
min
mM
ng
PCR
pmol
MmRNA
cDNA
Rpm
uv
viv

wiv

LIST OF ABBREVIATIONS

: Microgram
: Microliter
. base pair
: double stranded
: kilobase
: minute
: Milimolar
: Nanogram
: Polymerase Chain Reaction
: Pico mole
: Messenger RNA
: Complementer DNA
: Rotation per minute
: Ultra Violet
: volume/volume

: weight/volume

XVii



CHAPTER |

INTRODUCTION

1.1 Barley

Barley (Hordeum vulgare)belongs to the tribe Triticeae and family Poacekes an

annual diploid species with 2n =14 chromosomes.

Barley is one of the earliest cereals cultivated has been known to man for more
than 10,000 years. In ancient times it was impofbednaking bread and beer and also
used for medicinal purposes. Today it's no longed for bread making (wheat was
replaced with it). Half of the world's barley praxion is used as an animal feed. A
large part of the remainder used for malting aral key ingredient in beer and whiskey
production. Also it is an ingredient of breakfasteals. A small amount of barley is
also used in soups and stews, particularly in Eadteirope, and also as a medicinal
herb (Duke and Ayensu, 1985).

Barley was grown in about 100 countries worldwid€005 and Figure 1.1 shows top

ten barley producers including Turkey.

1.2 Zinc

1.2.1 Properties of zinc

Zinc (°zn*? is a very important trace element for many biaabfunctions and it

plays an amazing number of critical roles ihoajanisms such as development,
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Top Ten Barley Producers — 2005

(million metric ton)

Russia 16.7
Canada 12.1
Germany 11.7
France 10.4
Ulcranie 9.3
Turkey 9.0
Australia 6.6
United Kingdom 55
USA 4.6
Spain 4.4
World Total 138

Figure 1.1 Worldwide barley production (Source: UN Food & Agiiture
Organization FAO)

diseasaesistance and wound healing. Zinc is an essetdtalytic component of over
300 enzymes, including alkaline phosphatase, alcatehydrogenase, Cu-Zn
superoxide dismutase, and carbonic anhydrase. af&acplays a critical structural role
in many proteins. For example, several motifs tbun transcriptional regulatory
proteins are stabilized by zinc, including the Zimger, zinc cluster, and RING finger

domains.

Zinc also controls the synthesis of indoleacetid acich is an important plant growth
regulator and it is also essential for gene expasand nucleic acid metabolism, has

many structural roles in biological membranes, @kptors and other proteins.



1.2.2 The effects of zinc on plants

Zn is an essential element for plants and othemrosgns and is irolved in
many cellular processes, including activatioh emzymes, protein synthesis, and
membrane stability (Welcét al, 1982; Marschner, 1986).

Zn deficiency, defined as the condition in whichufficient Zn is available for optimal
growth, may cause not only reduction in crop yieldit also weakens the resistance of
cereals to diseases and impairs the nutritionalityuaf the grain. It is probably the
most widespread micronutrient deficiency in cerdatsting the grain

yield and affecting 30 % of cultivated world’s soilin Australia, India, Turkey and
USA (Cakmaket al, 1996a, Sillanpaa, 1990-Figure 1.2). Zn deficjeris common in

a wide range of soil types, including high pH caécaus soils, sandy soils, and high
phosphorus-containing fertilized soils (Marschri995). Many plant species such as
bean, maize, wheat, rice and tomatoes are condidess tolerant to Zn deficiency
stress and exhibit significant yield losses dueZio deficiency compared to more

tolerant species such as peas, carrots, and ryap(@n, 1966).

Additionally, 40% of world’s population suffers fromicronutrient deficiencies (the
so-called “hidden hunger”), including Zn deficien@D) (Bouis, 1996; Graham and
Welch, 1996). High consumption of cereal-basedd$owith low zinc content is
considered to be one of the major reasons for tliespread occurrence of zinc
deficiency in humans, especially in developing d¢aes. This is because of the plants
grown in zinc deficient soils, have increased Isvefl phytic acid which is the main
storage form of phosphorus in cereal grains (75%otafl P is stored as phytic acid)
(Raboyet al, 1991). As phytic acid has high Zn binding ananptexing ability, it
hampers zinc’s biological availability in diets (W%, 1993) which is a very efficient

chleator of zinc. Therefore, the biological availié4pof zinc decreases in such plants.

Zinc efficiency (ZE) is defined as the ability ofspecies or cultivar to grow and yield
better on a Zn deficient soil than other speciesuttivars. Zinc deficient plants don’t
have this ability. In most crops typical leaf Zoncentration required for adequate

growth approximates 15-20 mg Zn kfydry weight (Marschner,1995). Among the



cereal species, Zn efficiency was found to dedlinne order; rye >triticale > barley >
bread wheat > oat > durum wheat (Cakratkl,1998; Ekizet al,1998).

Figure 1.2 Geographic distribution of severe- (red areas) moderate- (green areas)

Zn deficient soils in the world (Source: Alloway)@1).

Several mechanisms have been proposed to explaieffmency in crop plants,
including increased Zn uptake, increased Zn bidabdity in the rhizosphere due to

release of root exudates, and more efficient ilstieZn use (Rengel, 1999).

In Zn-deficient plants, a number of critical cedlulfunctions and processes are
impaired, leading to severe reductions in growtth development (Browast al, 1993).
The adverse effects of Zn deficiency occur mordirdidy in meristematic tissues,
where intensive cell division and elongation takace. There is a high specific
requirement for Zn in meristematic tissues, esplgcir maintenance of protein
synthesis (Kitagishet al, 1987; Cakmak et al.,1989). The causes of ziricidacy

can be summarized as in Figure 1.3.

More than 300 enzymes are Zn dependent (Colem&2)1%Zinc plays catalytic, co-
catalytic, and structural roles in these enzym&he enzyme copper-zinc superoxide

dismutase (CuzZn-SOD) is required for protectitanpcells against toxic superoxide

4



radical and activity of this enzyme is very lowplants under Zn-deficient conditions
(Cakmak and Marschner, 1988b,c; 1993). Measurenfe@tiZn-SOD is suggested as

a tool for screening cereals for Zn efficiency.

Low total zinc content in soil
(e.g. sandy soils)

Low manure High soil pH
applications . (e.g. calcareous soils,
heavily limed scils)
v
ZINC {

Zinc inefficient . DEFI;IIEI\;T .C?d()p High phosphate
crop varieties g Ced YR applications
impaired

‘ . . - quality
High soil organic .
matter content High salt
(e.g. histosols) concentrations
(salinity]

Waterlogging /flooding of soil
(e.g. rice paddy)

Figure 1.3Causes of zinc deficiency (Source: Alloway 2003)

Zinc plays a decisive role in DNA and RNA metabwljchromatin structure, and gene
expression (Vallee and Falchuk, 1993). Severat@mtaining proteins are known to
be involved in DNA replication and gene transcoptiprocesses (Klug and Rhodes,
1987). The structural and functional integritycellular membranes is greatly affected
by the lack of Zn, which plays both structural amatective roles in membrane
integrity (Welch et al, 1982). Zinc can stabilize membranes by bindimg t
phospholipids and sulphydryl groups of cell membmnthereby protecting these
compounds against oxidative damage (Marschner, ;1@3tkmak and Marschner,

1988b,c; Welch and Norwell, 1993; Rengel, 19954)hen these compounds undergo
oxidative damage, membrane integrity of Zn-defitiptant cells is impaired, and

leakage of ions from Zn-deficient root cells is rie@sed (Welch rhizosphere, Zn

deficient plants may be susceptible to root dissasuch agusariume t al, 1982).



Due to the increased leakage of carbon contaicamgpounds in the rhizosphere, Zn
deficient plants may be susceptible to root diseasich as Fusarium
graminearum(Sparrow and Graham, 1988gaeumannomyces gramin{8rennan,
1992), and Rhizoctonia solan{Thongbaiet al, 1993). Zinc deficiency also affects
metabolism of phytohormones, especially indoleacatid (IAA). The concentration of
IAA is reduced by Zn deficiency, and this reduntis accompanied by decreases in
shoot elongation (Skoog, 1940; Caknetlkal. 1989).

Characteristic symptoms of Zn deficiency includakbmsis on young leaves, reduced
leaf size (i.e. little leaf ), and stunted, thirerss (Figure 1.4). Under severe Zn
deficiency, older leaves show wilting and curlinghwvextensive chlorosiand stunted
growth (Marschner, 1995).

Figure 1.4 The picture of zinc deficient wheat (Source: Regsakt al, 2001).

Chlorosis of the leaves is apparent as patchesllmivy areas on the leaves.

1.2.3 Hyperaccumulator plants

Despite its importance as a nutritional elementesg amount of Zn in the soil limits
plant growth and is considered toxic. However,nplapecies growing in high

concentrations of heavy metals, such as Zn, CuCHNi,Mg, etc. have been reported for
several centuries (Brown et al.,1995 ; Taiz andyZei1998). Plants growing in high

6



concentrations of these metals have been propaskd tised for decontamination of
soils containing heavy metal, a process called ggeyediation. Phytoremediation is
the most economical and environmental friendly veéiyremoving hazardous heavy
metals from soil. Plants that are able to grovhiigh concentrations of heavy metals
and capable of accumulating them are called hyperaaglators (Taiz and Zeiger,
1998). Over 200 terrestrial species have beenrted as accumulating various
heavy metals (Baker and Brooks, 1989). One of & known hyperaccumulator plant
species isThlaspi caerulescensyhich can accumulate up to 3% Zn in dry shoots

without showing any sign of toxicity.

1.3 Correcting zinc deficiency

Micronutrient deficiencies can be corrected byitradal methods like; soil application
at or before planting, foliar application post-egesrice, and application of the
micronutrient to the seed at the time of plantiZinc deficiencies are most commonly
corrected by application of the zinc fertilizerttee soil. While foliar applications of
zinc are often beneficial, soil applications remafiective much longer. Seed
applications of zinc, although successful on sor@ntp, have not been shown to

produce a yield response on crops.

However, correction of Zn deficienaya fertilization is not always successful due to
agronomic and economic factors. Some of thosefadhclude reduced availability
of zinc due to topsoil drying, subsoilnstraints, disease

interactions, and cost of fertilizer in dey@hg countries; Zn fertilizers may be
unavailable or unaffordable in developing countri@aham and Rengel, 1993).
Because of the widespread problems of Zn deficieamay difficulties in alleviating it
via fertilization, an alternative may be identifieati of Zn efficient genotypes
(Hacisaglihogluet al, 2001) and their molecular and genetic analysilso, the genes
involved in zinc efficiency mechanism can be idignby using functional genomics
techniques and transgenic plants can be generfaédate normally zinc inefficienct
and such a research can be helpful to creat trarcsgéants with enhanced mineral

content.



1.4 Zinc uptake mechanisms in plants

1.4.1 Zinc transporters

Although zinc is an essential micronutrient, itaxic at over optimal concentrations.
Therefore, its concentration must be balanced clbyef Because zinc is a
hydrophilic, highly charged species, it cannot srb®logical membranes by passive
diffusion, but rather it must be transported. sltaken up from the soil solution as a
divalent cation (Zf). It is also taken up as ZnOHt high pH. Inside cells, zinc is
neither oxidized nor reduced; thus, the role ot zmcells is based on its behavior as a
divalent cation that has a strong tendency to fimtrahedral complexes (Berg and Shi,
1996).

In eukaryotes two families of transporters, the ZZIRT, IRT-like Protein) and CDF
(Cation Diffusion Facilitator) families, have befound to play a number of important
roles in zinc transport. The ZIP family plays ratezinc uptake, transporting it from
outside the cell into the cytoplasm. The secondigr@DF family, transports zinc in
the direction opposite to that of the ZIP proteirmomoting zinc efflux or

compartmentalization by pumping zinc from the cyasm out of the cell.

The ZIP (_RT,; Zinc-regulated transportersRT; Iron-regulated transporter-Like
Protein) proteins (first identified in Arabidopsisyntain eight potential transmembrane
domains, numbered I-VIIl. The majority of ZIP privte share a similar predicted
topology where the amino and carboxy termini aréraeytoplasmic (Figure 1.5).
Another feature shared by many of the ZIP protéms long loop region located
between transmembrane domains Ill and IV. Thisoreg referred to as the ‘variable
region’ because both its length and sequence shitiles conservation among the
family members (Guerinot 2000). One feature ofvhgable region that is shared by
several of the ZIP proteins is the presence of nastydine residues. The function of
this motif is unknown, however its conservatiormany of the ZIP proteins suggests a
role in metal ion transport or its regulation. Thensport function is eliminated when
the conserved histidines or certain adjacent residue replaced by mutation (Rogers

et al., 2000). Finally, the variable region is gioted to be cytoplasmic and this

8



location has been confirmed for Zrtl 8accharomyces cerevisig&itan and Eide
2000).

In the Arabidopsis thalianagenome, a large number of cation transportersnfiatky
involved in metal ion homeostasis have been idedti{Maseret al, 2001). Several
members of the 15 Zinc-regulated transporters,-tegulated transporter-like Protein
(ZIP) gene family (Guerinot, 2000) have been charazed and shown to be involved
in metal uptake and transport in plants (Eetlal, 1996; Korshunovat al, 1999).

In contrast to ZIP family, CDF family members mediainc efflux out of cells or
facilitate zinc transport into intracellular compaents for detoxification and/or
storage. Most CDF proteins share a similar toppladnere both the amino and
carboxy are cytoplasmic (Figure 1.6). The actiwfymany of these transporters is
regulated in response to zinc through transcripfioand post-transcriptional
mechanisms to maintain zinc homeostasis at botrcefialar and organismal levels.
The ZAT1 gene oArabidopsisis a member of CDF transporter family. When ZA3'1
overexpressed, Zn accumulates only in roots, buimshoots and it is suggested that

ZAT1 might be involved in vacuolar sequestratiorZof(Zaal, 1999).



Cytoplasm v

- i 5 :
Hig-rich domain ‘ b vetin

Figure 1.5 Predicted protein structure of the members of tH® Zamily of

micronutrient transporters. The notable structdealftures include eight membrane-
spanning domains and a cytoplasmic loop of variédigth situated between the third
and forth transmembrane helices. This cytoplagioimain contains histidine repeats

that may function in metal binding (Gaithetral, 2001).

Cytoplasm

' -
His-rich domain Zn2+

Figure 1.6 CDF transporters are predicted to have six trandmname domains (I-VI).
Conserved polar or charged residues within trandon@ne domains |, Il, and V. The
locations of histidine-rich regions are potentiatlyolved in metal binding (Gaitheat

al., 2001).
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1.4.2 Metal chelating agents (Phytosiderophores)

Phytosiderophores are organic compounds that deased into the rhizosphere and
they bind to ferric iron (F&). Phytosiderophore-Be complex is recognized by
specific transporters and transported across tbe plasma membrane by an uptake
system. But many studies showed that these conaigothrelate not only ferric iron but

also zinc.

Actually the phytosiderophores don’t chelate zinc direclijne mechanism takes place
via iron deficiency. When zinc is free in soil, zispecific transporters become active
and zinc is transported into roots. When free Z2ewel decreases, plants use iron
deficiency-induced phytosiderophore strategy tauaegzinc. In this case, iron is not
sent to shoots from roots and iron deficiertaites place. This situation results in
release of phytosiderophores. These compoundatehebn and transfer it into roots,
also zinc is transported by this complex across ptmsma membrane (Wirest al,
1996)

1.5 Zinc uptake mechanisms in yeast

Zinc is estimated to be required for the functidn 8% of the yeast proteome, and
therefore cells must possess mechanisms to ohtHioient quantities of this important
nutrient (Eide, 2003).

Kinetic studies of zinc uptake by cells grown witiferent amounts of zinc in the
medium suggested the presence of at least two eigtatems. One system has a high
affinity for zinc and is active in zinc-limited del(Zhao and Eide 1996a). Thesecond
system has a lower affinity for zinc and its adyivis detectable in zinc-replete cells
(Zzhao and Eide 1996b). ThERTlandZRT2genes encode the transporter proteins of
the high and low affinity systems, respectively ddhand Eide 1996a, b). ZRTI and
ZRT2 are the members of the ZIP family of metal iansporters and they share 44%
sequence identity and 67% similarity. They eachnt@io eight potential

transmembrane domains and have a similar predimtedbrane topology in which the

11



amino- and carboxy-terminal ends of the proteinlacated on the outside surface of
the plasma membrane (Figure 1.5). The high affisytstem is induced more than 30-
fold in zinc-limited cells resulting from increas@dnscription of th&RT1gene (Zhao
and Eide 1996a).

Zinc uptake inSaccharomyces cerevisiae controlled at the transcriptional level in
response to intracellular zinc levels. Regulatibrihese genes in response to zinc is
mediated by the product of t#BAP1 gene (Zhao and Eide 1997¢AP1encodes a
transcriptional activator. Zapl protein was alsonid to regulate its own transcription
through a positive autoregulatory mechanism. Zapdis to zinc- responsive elements
(ZREs) in the promoters of tl#ERT1, ZRT2andZAP1lgenes (Zhaet al. 1998).

As cells enter the initial phases of zinc limitatiaheir first response is to increase the
activity of the Zrt2 transporter. As zinc limitati becomes more severe, the Zrtl
transporter is induced to provide high affinity alpg activity for zinc acquisition
(Figure 1.7). Finally, increased expression of ZAd°1 gene, allowing for maximum
expression of its target genes, would only be ngegteler conditions of extreme zinc-

limitation.
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Figure 1.7 Model of zinc transport and its regulationSncerevisiaeProteins involved

in zinc transport are shown gray and the Zapl regulatory protein is in black. Solid
arrows indicate transport steps and dashed lind&cate regulatory interactions.
Transporters that are anticipated to exist but hentebeen identified are indicated by
the question marks (Gaither and Eide, 2001).

A second mechanism iB.cerevisiaeregulates zinc transporter activity at a post -
translational level. In zinc-limited cells, Zrt$ a stable plasma membrane protein.
Exposure to high levels of extracellular zinc tegg a rapid loss of Zrtl uptake activity
and protein. This inactivation occurs through zimduced endocytosis of the protein
and its subsequent degradation in the vacuole (&idud). Therefore, this system
prevents the overaccumulation of this potentialli¢ metal. (Gaither and Eide, 2001).
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Figure 1.8 A model of zinc-responsive post-translational thetion of Zrtl. High
zinc causes the ubiquitination of Zrtl which result the protein’s migration into
clathrin-coated pits and subsequent endocytosis.tden passes through the endocytic
pathway to the vacuole where it is degraded by etacproteases. The model proposes
that zinc alters the conformation of Zrtl (indichtey the asterisk) to make it a better

substrate for ubiquitination (Gaither and Eide, 200

1.5.1 Intracellular zinc transport

Once zinc is taken up across the plasma membramee ©f the metal must be
transported into organelles such as the mitocharaird compartments of the secretory
system to serve as a cofactor of zinc-dependenteipgo found within those
compartments. The vacuole function in the storaug detoxification of zinc (Ramsay
and Gadd, 1997). Two potential intracellulanczitransporters have been identified
in S. cerevisiadghat transport zinc into vacuole. These transpeidee members of the
CDF family, Zrc1, Cotl (Figure 1.7). More recently gene in yeast has identified,
ZRT3, that also plays a role in vacuolar zinc tpams (MacDiarmidet al. 2000).
Although distantly related to Zrtl and Zrt2, Zrt3a potential transport protein that is a
member of the ZIP family. Like the ZRT1 and
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ZRT2 genes, ZRT3 is a ZAP1 target gene and is wpaegd in zinc-limited cells. Zinc
sequestered within the vacuole serves as a stp@geof zinc that can be mobilized

under zinc-deficient conditions for use by the ¢glbe,2006).

1.6 Functional complementation analysis

The brewer's yeastSaccharomyces cerevisiags a eukaryotic, unicellular
microorganism of the fungus kingdom. As simfiee-living cells, yeast are
convenient tool for studying fundamental preess in eukaryotic genetics, cell
biology and molecular biology. Much of our undarsting of zinc transport and its
regulation comes from studies of the ye@sterevisiaeComplementation analysis is
also an important tool while working on zinc traogprs. For this purpose a mutant
‘ZHY3’ was generated by Prof. David Eide form Ueiisity of Wisconsin. The yeast
strains ZHY3MAT o ade6 canl his3 leu2 trplura3 zrflEU2 zrt2:HIS3)was derived
from its parent strain DY1457MAT a ade6 canl his3 leu2 trpl uraBy mutating zrtl
and zrt2 genes. So, this mutant lacks both highlaw affinity zinc uptake systems
and is extremely sensitive to zinc limitation besauwf its reliance on less efficient

uptake pathways (Figure 1.9).

By using complementation analysis in ZHY3 many zimansporter genes were
identified up to date. ZIP1, ZIP2, and ZIP3 gepnésrabidopsiswere isolated by
functional expression cloning in a zrtl zrt2 mutymtast strain; expression of these
genes in yeast restored zinc-limited growth to thigant and biochemical analysis of
metal uptake has demonstrated that these genesleerzéac transporters (Grott
al.,1998). ZNT1 is another gene that was isolated fzoma hyperaccumulatdrhalaspi
caerulescend®y using the yeast Zn transport-deficient doubldamuZHY3 (Penceet
al.,2000).
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Figure 1.9 ZHY3 mutant strain ofS. cerevisadacking ZRT1 and ZRT2 transporters
(Original figure is from Gaither and Eide, 2001istls modified form).

However, the strain lacking both the high and Idfinay systems, the zrt1zrt2 double

mutant, is still viable in normal zinc conditionklndoubtedly, these cells are obtaining
zinc, and this uptake may represent the activitg tifiird system for zinc uptake. The
identity of this third system is suggested by eaditudies in which zinc uptake in yeast
attributed to a “divalent cation uptake system”ttihas also capable of transporting

magnesium, cobalt, manganese, and nickel (Fuhrragaln 1968).
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1.7 cDNA libraries

In eukaryotic genomes, the entire sequence of gsraten very large due to presence
of introns. Only about 1 to 10% of the total DNAplant or animal cell is expressed or
is functional genetically. The advantage of a cDN#ary is that only the exons are
templates for the creation of DNA to collect thefprred genes. A cDNA library is the
set of all the mRNAs contained within a cell. dpresents only the expressed genes so,
would be proportionately much smaller and hence hmaonpler to handle and

construct.

Such a library has several uses. A cDNA of a eukaryrganism can be cloned into a
prokaryotic organism and expressed there. The epDNA library of an organism

represent the actively translated proteins in thredition that the organism is in total of
the. Also, comparison of cDNA sequence betweeralibs constructed from cells
derived from different organisms can provide insigito the genetic and evolutionary
relationship between organisms through the sintylas their cONA. cDNA libraries

can be screened by complementation analysis oeprotay be designed to hybridize

with the gene of interest.

cDNA libraries are prepared by first isolating td&NA from plant cells. Plants can be
grown under certain conditions so gene expressioteru this conditions can be
examined. Then, poly(A)+ mRNA is isolated fromaldRNA. It is then converted into
a single-stranded cDNA copy of the message usiagetizyme reverse transcriptase.
This single-stranded cDNA copy is then hybridizedthwa primer and DNA
Polymerase is used to synthesise the complimerstaaynd forming double stranded
cDNA. The cDNA fragments can be inserted into pprapriate plasmid (phage or
cosmid) vector for maintenance and cloning. Thputetion of recombinant vectors
will represent the complete set of expressed gendéise cell from which the mRNA

was isolated.
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1.8 Aim of the study

When zinc is deficient in soil, some barley cultsvauffer from this deficiency, but

somehow other cultivars called zinc efficient coyéh this. Our aim is to investigate

the genes involved in zinc efficiency mechanisnbamley. As Tokak-157 plants are
the most efficient cultivar among barley, we useih iour experiments. In our study,
we have tried to investigate the genes by usingptemmentation analysis technique, in
which zinc-transport ability of mutant yeast shoblel restored by the gene coming
from cDNA library. So, our aim was to constructregpresentative, intact cDNA

library. All of the genes expressed (at the tohdarvesting) by barley grown in zinc

(-) conditions should be represented within thifNéDibrary.

The molecular and functional analysis are needebetainderstood the mechanism
underlying the expression of these genes/protéias grovide efficiency. Despite the
fact that zinc deficiency has severe outcomes tleraot enough studies that are

focused on the molecular mechnism behind zinciefiy.
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CHAPTER Il

MATERIALS AN METHODS

2.1 Plant materials

The barley cultivar Tokak-157, which is efficientzinc deficiency, was obtained from

Anatolian Agricultural Research Center, Eskiir, Turkey.

2.2 Growth conditions

Seeds of Tokak-157 were surface sterilized in 20@pobhloric acid solution by
shaking for two minutes, then washing under tapewahd rinsing twice with double
distilled water. Then, the seeds were embeddedauntoclaved perlite moistened with

double distilled water. Containers were coveredwiuminum foil to create a humid
environment for better germination. Seeds wereesdtaat 4°C for 2 days for

vernalization, then they were germinated for figgslat 25°C in dark.

The germinated seedlings were then transferredligplastic vessels in continuously
aerated nutrient solution as in the figure 2.1. e@et of the plants were grown in
medium containing sufficient amount of zinc (@M) for normal plant growthwhile
the other set of plants were grown in zinc defitieredium (no zinc) to stimulate
expression of genes playing role in zinc efficientry order to reduce the possible zinc

contamination from water and other nutrient sohsiodouble distilled water was used.
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The nutrient solutions were changed every threes daiyh freshly prepared ones.

Plants were grown in a growth chambeunder controlled environmental

conditions: 16/8 hours light/dark, 20/1%C day/night temperature, 65% relative
humidity.

Figure 2.1 A representation of the hydroponic system

Macronutrient, micronutrient, ZnS40and Fe-EDTA stock solutions were prepared
separately with dd§D. Macronutrient solution contains, 0.88 ml\48|04, 0.25 mM
KH2P04 1.0 mM Mgsq, 2.0 mM Ca(NCg?)2 ~Micronutrient solution contains M

HSBO3 0.5uM MnSO4, 0.2uM CuSO4. Fe-EDTA concentration was 50 mM.

2.3 Collection of plant samples

th th
Roots and leaves of plant samples were haeste 20 day then 25 day,
th th
30 day, 35 day from plants both growing in zinc(-) and zincéblutions. They

were stored at -88C separately. On the times of harvesting soméeptants grown
in zinc(-) solution had showed Zn deficiency symmpsosuch as chlorosis on young

leaves, reduced leaf size etc.
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2.4 RNA isolations

Roots and leaves of plants, grown in Zn deficieetlimm were harvested at the time

points given in section 2.3, were used for RNAasioh.

2.4.1 Precautions

When working with RNA to keep the RNA intact is yemportant because it is much
more prone to degredation than DNA. Thus, beforkimg with RNA some

precautions should be taken. All of the glassimgants were treated with hypo-
chromic acid solution and washed with active DER@thylpyrocarbonate)- treated
ddH,0 and autoclaved at 121° C for 30 minutes. Oftimr-glass equipments and
plastic materials were treated with active ddtnd autoclaved at 121° C for 1 hour.
Before isolation, micropipettes and bench werarsel with RNase-off (Applichem).

Also DEPC-treated ddio was used for preparation of solutions and bsiffer

2.4.2 Total RNA isolation

Plant tissue sample of 50-100 mg was powdered byamand pestle in thepresence of
liquid nitrogen. Frozen tissue samples were crdsheing the chilled mortar and

pestle. Occasionally liquid nitrogen was addethtotar to keep the sample submerged
and frozen. Tissue sample was grined for 5 minuei$ sample becomes powdery and

transfered into 2 mL microfuge tube.

For each 50-100 mg of sample, 1mL of Trizol Reaggmvitrogen) was added
incubated for 5 minutes at room temperature. Th&mmL of chloroform was added
per 1mL of Trizol Reagent, shaked by hand for 1&ords vigorous and incubated at
room temperature for 2-3 minutes. Then sample& wentrifugated at 12000 rpm for
30 minutes at 4° C. Following the centrifugat step, the mixture separated into a
lower red phase, an interphase, and a colorlessrggueous phase (RNA remains in
this aqueous phase).

The upper aqueous phase was transfered to angipendorf tube. Iso-propanol (500
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mL, half of the Trizol Reagent) was used to preaipi RNA. Samples were incubated
for 10 minutes at room temperature and centrifudjatel2,000 rpm for 30 minutes at
4° C. The supernatant was decanted. (The pelleabottom is the total RNA). The
tube was let stand upside down on clean paper sowehL of cold 75% ethanol (per 1
mL Trizol Reagent) was added. Then samples werkiftegated at 12,000 rpm for 30
minutes at 4° C. Supernatant was decanted ancet pedis kept. The pellet was air
dried horizontally on clean paper towels nearly Tohour. Approximately 4@L of

RNAse-free water was added and the sample wasatedln a 65° C water bath for

10-15 minutes. Then samples were taken on icestamdd at -80° C.

RNA degradation was checked on agarose gel prepeithd 1% phosphate buffer as
described in section 2.5.1. Concentration of isalgotal RNA samples was directly
measured on Nano-Drop D-1000 UV Spectrophotomatte260 nm. Nucleic acids,
DNA and RNA, absorb at 260 nm, proteins absorkB8at@m and phenolic compounds
at 230. A ratio 260nm/280nm of 1.8-1.9 indicatesepDNA. A ratio of 1.9-2.0
indicates pure RNA. The ratio will be low if theiea lot of protein absorbing at 280
nm.

2.4.3 mRNA isolation

All of the total RNA samples, isolated from rootsldeaves of plants grown in zinc(-)

medium and harvested on %day then 24N day, 30thday, 35th day, were mixed.
MRNA isolations was done by using Dynabeads Olid®),( which helps to pick
MRNAs from their poly(A) tail, according to the pedure below (Figure 2.2)
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Figure 2.2 Shematic representation of mMRNA isolation

The volume of ~ 7 g RNA was adjusted to 1Q0 with distilled DEPC-treated water.
Optimal hybridisation conditions was obtained imd@ing Buffer added in a 1:1 ratio
relative to sample volume. Total RNA samples wegated to 65°C for 2 minutes to
disrupt secondary structures forming at 3' end@aded on ice. In the meantime, 200
mL of resuspended Dynabeads Oligo (¢§)were removed from the stock tube
suspension and dispensed into a 1.5 ml eppendmefand the vial was placed on the
Dynal MPC-Dynal Crop.-(Magnetic Particle Concerdrat After 30 seconds the
supernatant was pipetted off and the Dynabeadyo@tT)s were washed once by
removing the tube from the magnet, resuspendingabgadsOligo (dE} in 100 uL
Binding Buffer (20 mM Tris-HCI pH 7.5, 1.0 M LiCR mM EDTA) and placing the
tube back on the magnet. After 30 seconds thersaft was pipetted off and the

tube was removed from the magnet.
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Binding Buffer (100uL) was added to the Dynabeads Oligo @T)The total RNA
was added to the Dynabeads Oligo ¢dTin Binding Buffer, mixed thoroughly and
annealled for 3-5 minutes at room temperature. Timentube was placed on the
magnet for at least 30 seconds or until solutiortlear and the supernatant was
removed. The tube was removed from the magnet aashed twice with 2Q0
Washing Buffer B (10 mM Tris-HCI, pH 7.5, 0.15 Mdal, 1 mM EDTA) using the
magnet. It is important to remove all of the smpéant between each washing step.
MRNA was eluted from beads by usingl5 DEPC-treated water or 10mM Tris-HCI.
The tube was immediately placed on the magnet hactluted mMRNA was quickly
transfered to a new RNase-free tube. MRNA isaiativas done several times in
order to obtain the necessary amount, which iggbfor cDNA synthesis. Their
concentrations were again determined by using Naop D-1000 UV

Spectrophotometer at 260 nm.

2.5 Preparation of agarose gels

2.5.1 Preparation of gels for RNA

All of the electrophoresis apparatus, trays andlsomere washed several times with
DEPC-treated water, then cleaned with RNAse-OFFpliapem) solution to inactivate
contaminating Rnases. To prepare 1 % gel, 0.5Apafose (Applichem) was melted
by boiling in 50 mL, 10 mM Sodium Phosphate buffear 10 X buffer; 1.340 g/L
NaHPO,.7H,O and 0.689 g/L NajPO,.H20, pH 6.8). When cooled down to about
60 °C, 13uL of Ethidium-bromide added and it was pourediofto the gel tray.
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2.5.2 Sample preparation for RNA gels

To 2 puL RNA sample 2uL of loading dye (50% glycerol, 1 mM EDTA (pH:8.0),
0.25% bromophenol blue, 0.25% xylene cyanol FF) added and the volume was

adjusted to 1QL by adding appropriate amount of nuclease freexat

2.5.3 Preparation of DNA gels

To prepare 1 % gel, 0.5 g of Agarose (Applichem3 waelted by boiling in 50 mL, 0.5
X TBE buffer (for 10 X buffer; 107.78 g Tris, 7.4 EDTA-Na, salt and and 55 g

boric acid was dissolved in 1L dj). When cooled down to about 60 °, 3 of

ethidium bromide was added (final concentrationusthde 0.5ug/ml) and it was

poured off in to the gel tray.

2.6 cDNA synthesis

cDNA synthesis was performed by usifAP-cDNA Synthesis Kit according to the

manufacturer's procedure. Figure 2.3 shows thie beeps in cDNA synthesis.

2.6.1 Synthesis of first strand cDNA

The final volume of the first-strand synthesis teactshould be 5QL. The volume of
added reagents and enzymes is 12.5thus the mRNA template and DEPC-treated
water should be added in a combined volume of BZ.5mRNA (36uL )was obtaied
from the mRNA isolation procedure and u5DEPC-treated water added to complete
volume to 37.5uL. In an RNase-free microcentrifuge tube, followireagents were
added in order; L of10 X first-strand buffer, 3iL of first-strand methyl nucleotide
mixture, 2uL of linker—primer (1.4ug/ul), 1.5 ulLof DEPC-treated water andL of
RNase Block Ribonuclease Inhibitor (40ul)/ Poly(A) RNA (36uL) was incubated at
65°C for 10 mins.
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Oligo(dT) linker-primer

““““ TTTTGAGETC 5
Messenger RNA template 5 mRINA AAANAAARAAAA 37
Reverse transcriptase
S-methyl dCTP
dATF, dGTP, dTTP
Crg CHy CHy CHy CHy Xho |
First-strand synthesis e TTTTTTTTTTTRAGCTE b
RMNase H
DMNA polymerase |
dNTPs
CHy CHa CHy GHa CHg Xho |
Second-strand synthesis 5-methyl cDNA TITTTTITTTTITTGAGCTE 67
5 (TN ¢ : : i 4 4 44AAAACTCGAG 3
EcoR | adapters
T4 DNA ligase
EcoR I Q2 Gls CUs “hs Cs wpa | EcoR N
Adapter addition 3 .. S-methyl cDNA TTT TTTRAGCTC. . .CTTAA 5
e YN - T OGAG. LG 3
1 Xho | restriction enzyme
EcoR | Cha Cla Ciy CHy CHy Xho |
Xho | digestion 3~ G.. . S-methyl cDNA TTTTTTITTTTITGAGCT
5° AATTC,, DNA AANBAAAAAMDAC 3

Completed unidirectional cDNA

Figure 2.3 cDNA synthesis flowchart

Approximately 5pg of poly(A) RNA in 36 uL was added to reaction mixture and
mixed gently. The primer was allowed to annedghttemplate for 10 minutes at

room temperature. Then L& of StrataScript RT (50 W) was added to the first-
strand synthesis reaction. The final volume of fin&-strand synthesis reaction was
brought up to 5QiL. The sample was spun down gently in a microckrmge. The first-
strand synthesis reactions was incubated at 4@f@rie hour. After 1 hour, it was

removed from water bath and placed on ice.

2.6.2 Synthesis of second strand cDNA

All nonenzymatic second-strand components wereriteged briefly before placing
the tubes on ice. It is important that all reagenust be kept below 16°C when the
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DNA polymerase | is added. Onto @@ first-strand synthesis reaction the following
components were added; 20 of 10x second-strand buffer, | @& of second-strand
dNTP mixture, 1114l of sterile distilled water, 2L of RNase H (1.5 UYiL), 11 uL of
DNA polymerase | (9.0 WL).

The reaction mixture was spun in a microcentrifagel incubated for 2.5 hours at
16°C. Temperatures above 16°C can cause the fiormat hairpin structures, which
are unclonable and interfere with the efficienemi®n of correctly synthesized cDNA

into the prepared vector. Following 2.5 hoursaisvplaced on ice.

2.6.3 Processing the ends of cDNA

2.6.3.1Blunting the cDNA termini

Blunting dNTP mix (23uL) and 2uL of cloned Pfu DNA polymerase (2.5 W)y was
added to second strand reaction. The mixture was $n a microcentrifuge and
incubated at 72°C for 30 minutes. Then 2a06f phenol-chloroform [1:1 (v/v)] was
added. The reaction was spun in a microcentrifdgeaximum speed for 2 minutes at
room temperature and the upper aqueous layer,inorgahe cDNA, was transferred
to a new tube. An equal volume of chloroform weddead and the mixture was mixed
by vortex then spun in a microcentrifuge at maximspeed for 2 minutes at room
temperature and the upper aqueous layer, contathen@gDNA, was transferred to a

new tube again.

cDNA was precipitated overnight at -20°C by addid@uL of 3 M sodium acetate and
400 pL of 100% (v/v) ethanol, to the saved aqueous laykrwas centrifuged in a
microcentrifuge at maximum speed for 60 minuteg°&. Then the supernatant was
discarded carefully and the pellet was washed 800yl of 70% (v/v) ethanol. It was
spun in a microcentrifuge at maximum speed for But@s at room temperature. The

pellet was air-dried until all of the ethanol coetely remove
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2.6.3.2Ligating the EcoRI adapters

The pellet was resuspended ipl9of EcoRI adapters and incubated at 4°C for at least
30 minutes to allow the cDNA to resuspend. Theoteihg components were added to
the tube containing the blunted cDNA and the Ecoitldpters; JuL of 10X ligase
buffer, 1uL of 10 mM rATP, 1uL of T4 DNA ligase (4 WiL). The reaction was spun
down in a microcentrifuge and incubated at 4°C2Xalays. In the morning, the ligase
was inactivated by placing the tubes in 70°C fon80utes.

2.6.3.3Phosphorylating the EcoRI ends

After the ligase was heat inactivated, the reactias spun in a microcentrifuge for 2
seconds and cooled at room temperature for 5 ednutThe adapter ends was
phosphorylated by adding (L of 10 X ligase buffer, 2L of 10 mM rATP, 5uL of
sterile water and 2L of T4 polynucleotide kinase (5 Ll). The reaction was
incubated for 30 minutes at 37 °C then the kinaae eat inactivated for 30 minutes at
70°C. It was spun in a microcentrifuge for 2 satsoand allowed equilibrate to room
temperature for 5 minutes.

2.6.3.4Digesting with Xhol

Xhol buffer supplement (28L) and 3uL of Xhol (40 UjuL) was added to the reaction
mixture and incubated for 1.5 hours at 37 °C thesh & 10 X STE buffer and 12pL

of 100% (v/v) ethanol was added to the microcemgef tube. The reaction was
precipitated overnight at —20 °C. Following pretipon, the reaction was spun in a
microcentrifuge at maximum speed for 60 minutesAd€. The supernatant was
discarded, the pellet was dried completely andsmsoded in 14l of 1 X STE
buffer. (10 X STE buffer: 200 mM NaCl, 10 mM TrisaHpH:8.0, 1mM EDTA).
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2.6.4 PCR amplification with actin primers

cDNA was tested for the presence of actin genedayguactin gene specific primers.
For PCR reaction following components were comdbiimea 200uL sterile PCR tube;
0.5 uL cDNA template, 4iL 10 X PCR buffer (GeneMark), 214 25mM MgCI2

(GeneMark), 0.5.L dNTP (10mM each —Qiagen), (L forward primer (5 AAT
GGT CAA GGC TGG TTT CGC 3’), LL reverse primer (5 CTG CGC CTC ATC
ACC AAC ATA 3’) 1 uL Taq DNA polymeraséu/ ul) (GeneMark) and the volume
was completed to 40 pL with sterile PCR water.
PCR cycling conditions were; initial denaturatiarn9d °C for 3 minutes, 34 cycles of
three steps as denaturation at 94 °C for 1 miranteealing at 55 °C for 1 minute, and

extension at 72 °C for 1 minute.

PCR product was visualized on 1% agarose gel wiltidiem bromide staining

prepared as in section 2.5.3.

2.6.5 Size fractionation of cDNA

It was done to eliminate cDNA products smallemtd®0 bp as we wanted to obtain
full length cDNA which is probably longer than 4Bp. One of the columns in Qiagen
PCR Purification Kit was used, the cotton in it wasnoved and the column was
packed with 1 mL CL-2B sepharose. The column wasegl into a 1,5 mL microfuge

tube, then 2 eppendorf tubes (1.5 mL) were plaositie 15mL falcon tube and the

eppendorf containing column was placed on the aslsem

The system was centrifuged ( DENLEY BS400) at 1§60 for 2 minutes. The buffer
was poured and than 1mL 1X STE buffer was put eotomn to pack it tightly and the
falcon tube was centrifuged at 1500rpm for 2 miriBefore this the centrifuge was
cooled by pouring liquid nitrogen inside). Thietwas repeated once more. The
falcon tube was centrifuged once more without bufie 1500 rpm for 1 minutes.
cDNA was added onto the column and centrifugeds80Irpm for 5 mins. Microfuge

tube under the column was replaced with a new DEE&ed one and 30uL dgB
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was added to the column for elution. Then centatliggain and cDNA was collected.

Elution was done 3 more times with 30 pL dgdHand cDNA was collected into

seperate tubes. Then concentrations of eluted cB&Aples were measure by using
Nano-Drop D-1000 UV Spectrophotometer at 260 nm.

2.7 Preparation of vector for library construction

2.7.1 Choice of vector for transformation

The vector that will be used in complementation lgsia should be specifically
designed for this purpose. It is a shuttle vethat can multiply both in yeast and
E.coli and also an expression vector contairitegR| (at N-terminus end) an&hd

(at C-terminus) cloning sites.

Grotzet al. (1998) and Pencat al. (2000) used plasmid pFL61 (Minet al,1992) in
their studies for complementation analysis. Bus thector doesn't containXhd
restriction enzyme site so, it is not suitable dmming of our cDNA that have EcoRI
adaptor at 5' end and Xhol site at 3' end. Eckhetrdi. (2001), derived vectors from
pFL61 called pUE1 and pUE2. Among these pUE2 (sacel is provided in Appendix
A) is suitable for our purposes (Figure 2.4). Itswaovided kindly from Dr.Ulrich
Eckhardt from Humboldt-University of Berlin.
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Pstl

pUE2

5360 bp

Figure 2.4 Map of pUE2

2.7.2 E.coli competent cell preparation for transformation

Z- CompetentE.coli Transformation Buffer Sef Zymo Research) was used. fresh
overnight E.coli (DH 501) culture (0.5 mL) was inoculated into 50 mL SO@Bpmared
by dissolving 20 g tryptone, 5 g yeast extrac8@ NaCl , 0.186 g KClI in 1L djO

then autoclaved at 121°C for 30 minutes. Afteoelalving 10 mL 1M MgCj and
MgSO, was added. Shaking vigorously at 20 °C-25 °C biheteria were grown until
Agoo reaches 0.4 to 0.6. It was measured by using ShimaUV-1601

spectrophotometer.

Then the cells were pelleted at 2500g for 6 minate$ °C. Supernatant was removed
and cells were resuspended in 5 mL ice-cold 1 XMW\Bagfer, prepared by adding 2.5
mL of Dilution Buffer to 2.5 mL of 2 X Wash Budf provided by the manufacturer.
Cells were re-pelleted and again supernatant wasved completely. The cells were
gently resuspened in 5 mL ice cold 1 X Competefitebuprepared by adding 2.5 mL
of Dilution Buffer to 2.5 mL of 2 X Competent Ber. (They should be freshly
prepared). Then 0.5 mL aliquots were stored d1 28
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2.7.3 Preparation of growth medium

Ampicilin solution was prepared by dissolving 50@ mmpicilin (AppliChem) in 10
mL dH,O and filter sterilized by using MN Sterilizer (@ 2am CA-Macherey-Nagel)

and stored at - 20 °C. LB was prepared by dissghliOg tryptone, 5 g yeast extract
10g NaCl in 1L d HO and LB-agar by adding 15 g agar to them and cataited at

121 °C for 30 minutes.

2.7.4 Transformation of the competent cells with plasmidoUE2

An aliquot of frozen competent cell was thawn oe, i3 puL of plasmid DNA was
added gently onto 200 uL competent cells. Therk DMSO (Dimethly sulfoxide)
was added and incubated on ice for about 30 minwitss occasional gentil mixing.
After 30 minutes, it was put into 42 °C water b&ih45 seconds for heat shock then
transferred to ice. The SOC medium was prepareddoyng 10 mL of 2 M sterile
glucose onto 1L SOB, was added to complete thenwelto 1 mL and incubated in

shaker for 1 hour.

After 1 hour 100 pL of the cells were spreadetb@mpicilin containing (5@g/mL)

LB agar plates and grown overnight at 37 °C in bater.

One single colony was picked and grown in 20 mL t@htaining ampicilin (50

png/mL ) overnight in the shaker at 37 °C 250 rpm.

2.7.5 Isolation of plasmid

Plasmid isolation from transformeficoli cells was done with QlAprep Spin Miniprep

Kit (Qiagen) according to the procedure below.

The bacterial cells were pelleted in microcentu@LP 3410) at 10.000 rpm for 5
minutes. The pelleted cells were resuspened ing2Buffer P1 (containing RnaseH)
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vortexing or pipetting up and down until no celliwips remain. Buffer P2 (250) was
added and mixed thoroughly by inverting the tube8 #mes Buffer N3 (350ul) was
added and mixed immediately and thoroughly by itingr the tube 4-6
timesCentrifuged for 10 min at 13,000 rpm in microcdotge. The supernatants were
applied to the QIlAprep spin column and centrifuged 30-60 seconds, the flow-
through was discarded. QIAprep spin column was eddly adding 0.5 mL Buffer PB
and centrifuged for 30—60 seconds, the flow-throwgds discared. QIAprep spin
column was washed again by adding 0.75 mL BufferaR# centrifuged for 30—60
seconds, the flow-through was discarded, and degéil for an additional 5 min to
remove residual wash buffer. The QIlAprep columrezeaplaced in clean 1.5 ml
microcentrifuge tube. To elute DNA, %0 Buffer EB (10 mM Tris-Cl, pH 8.5) was
added, standed for 1 min and centrifuged for luteinConcentrations of the plasmids
were measured on NaNo-Drop ND-1000 UV Spectropheter.

2.7.6 Restriction digestion of pUE2

Isolated plasmid pUE2 was double digested fi6ooRI and Xhd restriction sites to
insert cDNA to that sites. R Buffer was chosenréstriction reaction as both enzymes
work in this enzyme. 10 pL of plasmid DNA (400nd/)pwas cut in 2 pL of 1X
Buffer R( Fermentas ), 1.5 pL of EcoRI restrictemzyme (10u / pL-Fermentas), 1.5
pL of Xhol restriction enzyme (10u / pL-Fermentasyl the volume was completed to
20 pL by adding 5 uL dkD. Digestion reaction was hold at 37 °C in dbirs and

80 °C for 10 minutes for inactivation of enzymes.
After the reaction, double digested plasmid wasléal into 0.8 % agarose gel to

visualize cut and uncut plasmids and to sepana¢atized plasmid from the insert

between enzyme sites.
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2.7.7 Purification of linearized pUE2 vector

The large band containing double digested plagimidinearized vector which was
excisized from the gel after and purified from Bglusing Gel Elution Kit (GeneMark)

according to the procedure below.

The gel slice was placed into a 1.5 ml clean gtamicrocentrifuge tube and equal
volume of Binding Solution was added to the gadesliand incubated for 15 minutes at

60°C to dissolve agarose. Spin Column was indent® a collection tube.

After the gel slice was completely melted, the DBigdrose solution was transferred to
spin column and centrifuged for 1 minute at topespgl2-14,000 x g). The filtrate was
discarded and 700 mL of Wash Solution was addedcanttifuged again for 1 min at
top speed. This step was repeated for one moee fhe filtrate was discarded then
centrifuged for 2 min at top speed to remove redithace of ethanol. The spin column
was transferred into a new microcentrifuge tube iagubated at 45-60 °C oven for 5
min to evaporate all of the ethanol. 30 ml of mated (at 60°C) elution solution
(10mM Tris buffer, pH 8.5) was added to elute ti¢ADby centrifugation for 1 minute
and the eluted DNA was stored at —20°C. Concentratof 2 eluted samples were

measured with Nano-Drop ND-1000 UV Spectrophot@emet

2.7.8 Dephosphorylation of 5' ends of the plasmid

Dephposphorylation was done prior to ligation imerto remove the 5 phosphate
group from the ends, to prevent unwanted ligatie@caoise; ligation requires a 5'
phosphate group and a 3' hydroxyl group on the ehttee compatible DNA fragments

for efficient cloning. Figure 2.5 shows a shemagigresentation of dephosphorylation.

If the plasmid vector being used was linearizethva single restriction enzyme
(generating either a blunt or overhanging end)n ttephosphorylation of the vector is
a prerequisite to reduce religated vector backgitotin verify double digestion may be
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diffucult to observe on the agarose gel since DN#c@ between the restricted regions
are very small, also the remaining vector sizeedifice between the single and double
digested forms. However, if the vector was cut witlo different restriction enzymes
that leave incompatible ends (this does not incliwde different enzymes that both
leave blunt ends), then dephosphorylation may bi&®an However, it is still necessary
to dephosphorylate the vector, since we cannotdmmia by inspecting the digested
plasmids on the gel if both enzymes cut the plagmidompletion. The presence of a
small amount of singly cut plasmid vector in thébseguent ligation reaction can
increase background by causing ligation of the rmpldswithout an insert and this
decreases the quality of the library. In pUE2régriction sites for EcoRI and Xhol is
present as shown in Figure 2.6. When both enzyngestd the plasmid, approximately
a 28 bp insert should be seperated from the pthsm&o, it is necessary to

dephosphorylate plasmid prior to ligation.

Before dephosphorylation procedure, the picomofesnal of linear double-stranded
plasmid was calculated according to formula belmwgrder to determine the amount

of enzyme will be used. (0.01 u enzyme is used fomol ends.)
{1g plasmid DNA/ kb size of plasmid DNA) x 3.04 = phof ends
45 puL of plasmid with the concentratidnrgy/ uL (1.575 pug) was used.

(2.575 pg plasmid DNA / 5.36 ) x 3.04 =3B&mol of ends = ~ 0.9 pmol of ends.

So, nearly 0.01 u enzyme was used.
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Plasmid digested withHindI 1

— ) AGCTT—
—TTCGA(P) ® EHA—
alkaline phosphatase
(hacterial, calf intestine)
——Nipn) GIAGCTT—
——TTCGAGH) Gea—

e with cDINA + T4

plasmid can not ligate to iself
J, ligase

vector(—.—_\\ cDNA vector

— 35D GCITGG ARCCAGR) GIAGCTT—
— TTCOAGD) O @IAce TTCETTCCNP) G%—‘-—
l ligation U
nick
—A AGCTTGG ARCCANAGE T T
—TTCGARACC TTGGTTCGA A——
nick ltransformation

nick repaired by bacterial host enzymes after transformation

Figure 2.5 Shematic representation of dephosphorylation. Rfaiage treatment
eliminated phosphate groups at 5' ends and presgeifitigation of plasmid without an

insert.
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EcoRI
ttacaacasatataasaaccagoggocgotetagaactagtggateeccegygetycayyaat togatateaage hase palrs
gargrtgttratattttiggogocygogagatctigatcacctagygygoecyacgtocttaagotaragrey 1126 to 1200

Zhol
ttatcgataccgtogacotogagygyygyoeggoecgecateaattbttiettttetetttoeeecatectttacye hase pairs
aatagetatygoagoctygagotoococoogyeoyycgytagt taasaaagaasagagaaaggygtagyaaatgey 1201 to 1275

EcoRl site ; 1185 - 1190

Xhol site ; 1218 — 1223  The insert between thef80 bp

Restriction sites of EcoRI: 5....G A A T C........ 3
3C.T T A A G.... 5

Restriction sites of Xhol: 5'..... CTCOGGG..... 3
3G .G AGCT C.... 5

Figure 2.6 Restriction sites of enzymes EcoRI and Xhol AEPR

The following components were added directly to digested DNA; 10 pL of 10X
CIAP Reaction Buffer (GeneMark), 0.01 u of Caltdstinal Alkaline Phosphatase
(CIAP-GeneMark) and the volume was completed to 1DQvith nuclease-free water.
Then incubated for 30 minutes at 37 °C after theubation period another 0.01u
CIAP/ pmol of ends was added and incubated an iaddit30 minutes at 37 °C. To
stop the reaction 2 pL of 0.5 M EDTA was added lagalted at 65 °C for 20 minutes.

2.7.9 DNA purification and concentration

CIAP can interfere with the efficiency of subsequdigation and transformation

reactions so it was removed from the plasmid DNAtly help of DNA Clean and
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Concentrator Kit (Zymo Research) according twe procedure provided by the
manufacturer. 2 volumes of DNA binding buffer waslded to mix and the mixture
were loaded to the column then centrifuged at marinspeed for 5-10 seconds, the
filtrate was discarded and 200 pL wash buffer wdded and centrifuged at max speed
for 5-10 second, filtrate was discarded and camgafion was repeated once more. The

column was transfered to a new eppendorf tubeDdl was eluted with 20 pL dZHD
then a second elution was done with 1OuL2(dHThe concentrations of the elutions

were measured on NanoDrop ND-1000 UV Spectrapheter at 260nm.

2.8 Construction and characterization of cDNA library

2.8.1 Ligation of plasmid pUE2 with cDNA

In ligation reaction vector:insert DNA molar ratio3 works well and the following

formula helps to determine the amounts of insedt\attoraccordingly.

ng of vector x kb siz of insert X molar ratio of__insert= ng insert

kb size of vector vector

210 ng of vector was used and average insert sietaken 2 kb and the amount of

insert was calculated according to the formula abov

210x2 x 3 = ~235nginsert
5.36 1

1 pL of cDNA (~290ng/uL) and 7 pL vector (30 ng/)uL10 pL Ligase Buffer (2X),
0.5 pL Ligase (1u) was added and the volume waspteded to 20 pL with d5O and

incubated at 4°C overnight.
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2.8.2 Transformation of the ligation product into E.coli

Transformation was done according to th procedur8ection 2.7.4. 10 pL ligation
product was used to transform 300 pL competeis.cBlansformation product (1 pL)
was diluted to 500 pL with SOC and 100 uL of trokuson was plated onto ampicilin
containing (80 pg/pL) agar plates, grown overnigh87 °C. Then the colonies were

counted.

2.8.3 Determining the cDNA library titer

The titer of cDNA was calculated awling to the formula ;

cfu/ mL = Colonies on plate xutlibn factor
volume gdt(mL)
cfumL = 1600 x 508 8. 106 cfu/ mL

0.1

2.8.4 Determining transformation efficiency

In ligation reaction ~290 ng plasmid DNA was usgdtal volume of ligation reaction
was 20uL so the concentration of DNA become 145g | used 10 uL of this

ligation reaction in transformation which means bgaDNA was used. 0.145 pg DNA
6 8
yield 8.10 colonies so, 1 pg DNA yield was 0.55 . 1@fu / pug (Transformation

8
efficiencies around 1.1@fu / pg is good for cDNA libraries.)

2.8.5 Amplification of the libray

cDNA library must be amplified in order to obtaémough plasmid DNA for yeast
transformation. Growing transformants on solid mediinstead of liquid culture

minimizes uneven amplification of the various clene
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Before starting, large LB- agar plates containg p&@uL ampicilin were prepared. 3
pL of transformed cells were diluted to 100 pL wBWC medium and plated onto
plates. All of the transformed cells were dilutedthis way and plated onto 310 large

plates (R=14 cm). The cells were grown overnigt&7atC then transferred to 4 °C.

2.8.6 Collection of the library from plates

All the plates were inspected if there was a vesibbntamination of mold or other
contaminants. If there is contamination the contemis must be excised using a sterile
razor blade prior to beginning harvest of libragnsformants. 2 mL of LB was poured
on to the plates and shaked with the help of ghessds until all colonies were re-
suspended (1-2 min). Using a sterile pipetteptithe colonies were collected into a

falcon tubes.

2.8.7 Plasmid isolation

Plasmids of the cells were isolated by using Qidgksmid Isolation Kit as described

in Section 2.7.5.

2.8.8 Qualifying cDNA library

It is important to qualify the library to determainits success. To do so, 10 uL of the
plasmid was double digested with the EcoRI and Xust like in the Section 2.7.6 and
then separated on 1% agarose gel to see the inBeeguality of the library was quite

good.
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2.9 Complementation analysis

2.9.1 Preparation of yeast growth media

YPD is rich medium used to grow yeast cells.slpiepared by dissolving 10 g yeast
extract, 20 g peptone and 20 g glucose in 1 kQlBnd autoclaved at 121 ° C for 15

minutes. To prepare solid medium 20 g agar wasdtthe medium.

Synthetic dextrose medium minimal medium (SD) cimist&®.7 g yeast nitrogen base
without amino acids, 20 g glucose, 20 g agar sfiid media - dissolved in 1 L dB
and autoclaved at 121° C for 15 minutes. To pepalective medium for selection of
transformants, various growth supplements have begled to SD medium with the
amount indicated on the table 2.1 ( Resal,1990).

2.9.2 Growing of S. cerevisiae strains

The yeast strains ZHY3VIAT a ade6 canl his3 leu2 trplura3 zrflEU2 zrt2:HIS3)

and its parent strain DY145®MAT a ade6 canl his3 leu2 trplura8)as provided by
Prof. David Eide form University of Wisconsin, Niiobnal Sciences. ZHY3 is a
special mutant strain that can not grow under zieplete conditions while DY1457
can grow both in zinc deplete and replete growddiobm. To amplify both of them
rich media were used. They were inoculated into YR&lium either solid or liquid

media and incubated overnight in incubater or shak80 ° C , respectively.

2.9.3 Transformation of yeast cells with pUE2

A method with high efficiency is needed to transfolibrary into yeast cells. The

following procedure uses lithium acetate (LiOAc)itiarease efficiency. A single yeast

colony was picked and inoculated into 10 mL YPD grmivn overnigth at 38C in the

shaker at top speed. Next da)g,oééwas measured and appropriate dilution was made to

make final Aéoo is 0.2 into 50 ml of media (in a sterile 250 midaincubated at 3T,
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by shaking at 200 rpm, untilég\0 = 1.0 (5-7 hours). The culture was transfereth@is

sterile technique) to sterile 15 mL falcon tubes] apun in clinical centrifuge at 3000
rpm, for 2 min. The media was dumped off carefalty 10 ml sterile water was added.
The cells were resuspended gently and pelletedebyritugation at 3000 rpm for 2
min. The water was poured off and 5 mL of 1 X LIOGRE solution [ made freshly
from 10 X filter sterile stocks; 10X TE ( 0.1 Mis-HCI, 0.01 M EDTA, pH 7.5) and
10X LiOAc (1M LiOAc)] was added to resuspend théscand pelleted at 3000 rpm, 2
minutes. Then LIOAc/TE was poured off and 0.25ahILIOAC/TE solution was
added.

Cells were resuspended again gently and for eadsformation 50 pL aliquot of cells
was prepared to sterile eppendorf tubes. Also the® a control tube that will get no
DNA. 1 ug plasmid DNA, 30 ug singstranded carrier DNA (Salmon
Sperm DNA, Applichem) and DMSO to 10% (~ 6 uL)/50 of cells was added and
mixed gently. 300 pL 40% PEG ( 40% PEG 4000, 1X Tkl iAc, made freshly from

sterile 50% PEG stock, and sterile 10 X TE and 10iAc) was added and mixed by

inverting two or three times. In the presence oGP¥east cells are more fragile and
shouldn't vortex. Then incubated at®80for 30 minutes. After this step it was
incubated at 42C for exactly 15 min. Lastly, 200-300 uL bulk okthells were plated

onto plates containing selective minimal medium grawn at 3PC for 2-3 days.

2.9.4 Growing transformants on selective medium

Selective medium was prepared by adding all ofcthraponents except URA in Table
2.1 into SD as plasmid containing cells can produeeil, so -URA plates were used to
select transformants. The other selection is dorgetermine zinc efficient clones. To
do so, low-zinc medium containing 50 pM ZnSé&hd high-Zn medium containing 1
mM ZnSO4 was used. Both medium contain 1 mM EDiBprovide buffering for the
concentration of free metal ions. ZHY3 can not grow low-Zn medium unless it

contains a gene to restore zinc transport activity.
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Table 2.1 Growth suppliments added to SD medium and theicentmation

Constituent Final concentration in the

medium  (mg/liter)

Adenine 20
Uracil 20
L- Tryptophan 20
L- Histidine 20
L- Arginine 20
L- Methionine 20
L- Tyrosine 30
L- Leucine 100
L- Isoleucine 30
L- Lysine 30
L- Phenylalanine 50
L- Glutamis acid 100
L- Aspartic acid 100
L- Valine 150
L- Threonin 200
L- Serine 400
Casamino acids 1000
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2.9.5 Isolation of plasmids from yeast

The plasmids of the obtained colonies were isoldigdusing USB Yeast Plasmid

Isolation Kit according to the manufacturer’'s prdare. The colonies were grown in

3mL liquid drop-out medium, to maintain selectian the plasmid, at 38C overnigth

in the shaker. The cells were transfered to 2 nidrguentrifuge tubes and centrifuged
at 7,500 rpm for 3 minutes, supernatant was poafeand the cells were washed with
1 mL ddHO (re-suspended and centrifuged at 7,500 rpm f8rr2iautes, supernatant
was removed). Cells were resuspended in g00Spheroplast Buffer, 4l Enzyme
Solution was added and incubated at 37°C for 1/2 hours. Mixture was centrifuged
at 7.500 rpm for 4 minutes and supernatant was vethwery carefully. Lysis Solution
(150 uL) was added to the spheroplast pellet but wasrexsuspended. Using the tip
pellet was grasped and transferred to a fresh OQL5mmcrocentrifuge tube. The
remaining lysis buffer was also transferred andepaVas re-suspended. The mixture
was incubated at 95°C for 10 minutes and chilledcenPrecipitation Solution (560L)
was added and mixed gently by inverting the tub& 3imes. A white fluffy
precipitated and incubated on ice for 10-20 minuiehes were centrifuged at 7,500
rpm for 4 minutes and supernatant was transfeweal fresh 0.5 mL microcentrifuge
tube. Pellet was discarded and the supernatantcestsifuged at 14,000 rpm for 2
minutes to remove residual precipitate. To the swggant, an equal volume of chilled
100% isopropanol was added, mixed by inversioniaogbated at -80 °C for at least 1
hour. Tubes were centrifuged at 14,000 rpm for 2Qutes at 4°C and supernatant was
removed. The pellet was washed once with an eqolddme of 70% ethanol,
centrifuged at 14,000 rpm for 5 minutes, dried esmxduspended in 18 of ddH;O.
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2.9.6 Re-transformation of isolated plasmid intoE.coli

Transformation was done according to procedure @cti® 2.7.4 and then one
transformed colony was picked from each of thegslatnd were grown overnigth (in
shaker at 37 °C) in LB medium, containing ampicilin

2.9.7 Isolation of plasmids

Plasmids were isolated as in the section 2.7.5.

2.9.8 Visualization of the plasmid

Concentrations of the plasmids were measured byngusNano-drop UV
spectrophotometere and they were loaded into 1&b6oag gel as described in the

section 2.5.3.

2.9.9 Double digestion of the plasmid with EcoRI and Xhol

Isolated plasmids were digested as in Section 2.Tlten visualized on 1 % agarose

gel.
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CHAPTER 1lI

RESULTS AND DISCUSSION

3.1 Collection of plant samples

The plant samples were collected at™fay then 25" day, 30" day, 35" day from
both grown in zinc (-) and zinc (+) mediums. Soohehe plants that were grown in
zinc (-) medium showed distinct Zn deficiency syoms like; longer root length
compared to normal one - nearly 25 % longer- (Fg@rl). In all of the zinc
deficienct plants discoloration and necrosis oé tfder leaves were apparent around
20" day (Figure 3.2-A, B, C).

3.2 Total RNA isolations

Total RNA from the roots and leaves of plant sampiere isolated as described in
Section 2.4.2. They were loaded into 1% RNA getheck their integrity (Figure
3.3). RNA samples were intact and they seem veaighb as they are too

concentrated. Their concentrations are listedarle 3.1.
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Zn () Zn(+)

Figure 3.1 An example of comparison of the length of rootsbairley grown in

Zn(-) and Zn(+) mediums.
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Figure 3.2 A, B, C Discoloration and necrosis of the older leavebasfey grown in
Zn(-) medium (25 days old).
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Figure 3.3 Appearances of total RNA isolates from barleywgran zinc deficient
medium, by using trizol methodLane 1, 2:Root samples from 20 days old plant,
Lane 3, 4:Leaf samples of 20 days old plabgne 5: Root sample of 25 days old
plant,Lane 6: Leaf sample of 25 days old plahtne 7: Root sample of 30 days old
plant,Lane 8: Leaf sample of 30 days old plahgne 9, 10:Root samples of 35 days
old plant,Lane 11, 12:Leaf samples of 35 days old plants.

The appearances of the RNA samples on the gelgrityteof the bands and the

concentration values were satisfactory. Then, &lthe samples were mixed and

concentration of the total RNA mixture was meas@@s ng/uL in 100puL.
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Table 3.1 Concentrations of total RNA samples isolated fizamley. Numbers refer

to the samples as indicated in Figure 3.3

Sample Concentration (ng/L)
1 876 ngiuL
2 979 ngluL
3 1003 nghiL
4 1140 nghL
5 1066 nghL
6 2021 ngL
7 775 ngiuL
8 955 ngjuL
9 1572 ngpL
10 1857 ngliL
11 1168 ngliL
12 1221 nglL

3.3 mRNA isolations

For the cDNA synthesis reaction, nearlyu® poly(A) RNA is needed. In order to
obtain this amount, mRNA isolation was done sevenaés from the total RNA. It
was a critical step since, we wanted a cDNA to espnt all the messages. Five
different sets of isolations were performed, eitbesul Tris-HCI (10mM) or PCR
grade HO was used for the elution of MRNA from Dynabeadigd(dT),s. Because
we wanted to increase the efficiency of elutiorheif concentrations were measured
and the results are listed below. The ones inelitam bold were used for cDNA

synthesis reaction as their concentrations wereenigompared to other samples.

50



First mMRNA isolation; 1. elution, concentration = 104 ngpl
2. elution, roeentration = 58 ng/ul
Second mRNA isolation]l. elution, concentration = 53 ngful
&ution, concentration = 42 ngl
Third mRNA isolation; 1. elution, concentration = 73 ngfl
2. ebrtj concentration = 52 ngl
Fourth mRNA isolation; 1. elution, concentration = 596 ngl
2. elni, concentration = 155 ngfu
3. ehuti, concentration = 55 ngful
4. ebutj concentration = 28 ngl
Fifth mRNA isolation; 1. elution, concentration = 99 ngfil
2. ehni, concentration = 61 ngfu
3. ebrtj concentration = 18 ngl
4. eturtj concentration = 12 ngl

PCR grade ddpD was used in the elutions of samples performebdearfourth and fifth

MRNA isolations and it was much more efficient camgpto 10 mM Tris-HCI solution.

Finally, the mRNA samples written in bold were mixegether and concentration was
measured and found as 5,0Q in nearly 36uL (as each of the elutions was p#).

This amount is enough to start cDNA synthesis react

3.4 Visualization of cDNA

cDNA was synthesized using ZAP-cDNA Synthesis Kidl & was dirctly loaded onto
1% agarose gel to assess the longest fragmentsvefse transcribed messages by

comparing with molecular weigth marker (Figure3.4).

51



Figure 3.4 The length of synthesized cDNA. Appearance ok / Pstl markerB. 4

80 volts for 60 minutes.

3.5 Control of cDNA via PCR with actin primers

Actin gene is one of the aboundant and constitlytiepressed gene in wheat, based
on our routine analysis with differentially tredteamples. So, by performing PCR
reaction with actin gene specific primers (sequerare provided in the section 2.6.4)
we can control cDNA. The product of the reactioaswoaded onto the agarose gel.
The size of the product expected to appear in ivike band of 400-500bp ( target
size is 450 bp). The figure 3.5 shows the sudeksspression of actin fragment.
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Actin PCR

<= product
fragment

Figure 3.5 Actin PCR resultA. DNA Mass Ruler,B.Actin PCR of cDNA. M; 4 puL
Marker (MassRuler) P; PCR product 40 pL with 5 pyedvas loaded into % 2

agarose gel.

3.6 Size fractionation of cDNA

Size selection of cDNA was performed to eliminaDNé fragments smaller than 400
bp as we wanted to obtain full length cDNA as mashpossible. The longer cDNA
fragments were selected on CL-2B sepharose coluoiNA was eluted four times
with PCR grade ddyO.

The concentrations of eluted four cDNA samples waeasure and found to be 16
ng/pL, 630 ng/pL, 519 ng/pL, 390 ng/pL in 4 seqis@m@DNA elutes. Then all of the
eluted material was mixed and, concentration waasored again resulting 292 ng/uL
(volume 120 pL).
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3.7 Isolation of plasmid pUE2

PUE2 vector was prepared to be used to constrectEiNA library. The first step in
preparation was isolation of plasmid frdgxcoli cells transformed with this plasmid.
Isolation was done according to the procedure tti@e 2.7.5. at the end of the
procedure there were 4 different microfuge tubestaining different amounts of
plasmid. Their concentrations were measule®5 ng / pL. 2-396 ng / uL3- 400 ng /
puL, 4- 169 ng / uL. Among them, the third one was selbdor the next steps as it

contains more plasmid compare to others.

3.8 Linearization of Plasmid pUE2 with EcoRI and Xhol

For ligation, the plasmid pUE2 was linearized wifie enzyme&cadr|l andXhd as the
cDNA fragments hav&cadR| andXhd adapters on the 5’ to 3’ directions, respectively
Digestion reaction was performed as described icti@e 2.7.6 then cuand uncut
plasmids were loaded onto gel to compare them arzktsure about if the digestion

reaction worked properly (Figure 3.6).

Figure 3.6 Vector preparatioi©: Cut plasmid 3 puL (1 pL cut plasmid ,1 uL of gH
and 1 pL of dye)UJ: Uncut plasmid 3uL (1 pL uncut plasmid ,1 pL of,@Hand 1 pL
of dye),M: MarkerA/ Hindlll 5 puL were loaded on 0.8 % agarose gel.
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The plasmid was cut well so all of them was loadetb the agarose gel to seperate the
cut plasmid from the insert between cut regi@figure 3.7). The size of the removed

multiple cloning site is about 30 bp which was egpected to be observed on the gel.

bp 1

% Cut Plasmid

231307
Ao
L....J‘,,gm B

" , LN

— S T

e g — L 022
— I

Figure 3.7 Appearance of cut plasmid on gak A/ Hindlll marker,B-Appearance of
cut plasmid on 0.8 % agarose gel. 20 pL digestagnpld + 5 pL dye was loaded into

second well, M i\/ Hindlll marker.

3.9 Determining the titer cDNA library

The titer of cDNA was calculated according to tbhenfula below and the number of

colonies were ~1600 colonies

cfu/ mL = Colonies on plate xutlibn factor
volume @ldt(mL)

cfu/mL = 1600 x 508 8.10% cfu/mL
0.1
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3.10 Determining transformation efficiency

In ligation reaction ~290 ng plasmid DNA was us€&dtal volume of ligation reaction
was 20pL so the concentration of DNA become 145uig | used 10 pL of this
ligation reaction in transformation which means bgaDNA was used. 0.145 pg DNA

6 8
yield 8.10 colonies so, 1 pg DNA yield was 0.55 . 1@fu / pg. (Transformation

8
efficiencies around 1.10cfu/ pgis good for cDNA libraries.)

3.11 Qualifying the cDNA Library

It is important to qualify the library to determiifeit is representative or not. After
colonies were collected from plates, their plasmidse isolated and concentration was
found to be 103 ng/pL, 10 pL of it was double digdswith theEcoRI andXhd as in
section 2.7.6. The smear on the figure 3.8 ofldhe next to the marker indicates the

high quality of the library.

M Sample

E

#

Figure 3.8 Appearance of digested plasmid containing cDNA riragts, on 1%
agarose gel. M: markerA / Hindlll 5 pL was loadedSample: 20 uL digestion
product + 5 pL dye was loaded.
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3.12 Yeast cultivation

S. cerevisiaestrains ZHY3 MAT o ade6 canl his3 leu2 trplura3 zrilEU2
zrt2::HIS3) and its parent strain DY145®MAT o ade6 canl his3 leu2 trplura®jas
grown on rich medium for amplification. Howeveg see the differences in their
growth, SD plates containing different amountsioatz22mM, 650uM, 50uM ZnSPO
all contain 1mM EDTA) were used. In the plate @mihg 2mM ZnSQ, both strains
grew well (Figure 3.9-A) as its zinc concentratisemormal for growth of both strains.
In the plate containing 650uM Zna®Y1457 grew well but ZHY3's growth was
detectably regressed (Figure 3.9-B). In this plaiac concentration started to be
limiting for ZHY3 but it is still enough for growthThe plate containing 50uM Zn%0
DH1457 shows the same limit of growth in that watlmM ZnSQ plates (as it has the
high and low affinity zinc transporters). The maclsm works as; firstly, low affinity
zinc transporter (ZRT1) is activated to supply zamel when the zinc limitation became
severe, high affinity zinc transporter (ZRT2) aated to provide more zinc. However,
both of the zinc transporters of ZHY3 are mutated ean not function properly so, it
can not provide zinc from the medium when zinc ewmi@tion is very low. This
makes it very sensitive to zinc limitation andanaot grow efficiently on zinc-limiting
medium (Grotz et al., 1998). Only inoculated célsl survived until the 100mM zinc
stored in their vacuole (Simat al, 2007) are used up. This regressed growth of ZHY3
is obvious in Figure 3.9-C.
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Figure 3.9 2 days growth of ZHY3 (zinc deficient double mujaand DY1457
(ZHY3's parent strain) in medium with different zinconcentrations. Growth of
DY1457 and ZHY3 on SD mediumi-containing 2mM ZnS@ (sufficient zinc
concentration)B- 650uM ZnSQ (allowable concentration for ZHY3 muta@; 50uM

ZnSQ,
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3.13 Results of the transformation

ZHY3 cells transformed with the library were spredanto 90 large plates (R= 14cm)
containing minimal medium with 1mM EDTA, 50uM Zng@nd lacking uracil (-
URA). ZHY3 has mutated uracil synthesizing gengitsogrowth on uracil (-) medium
is dependent on the presence of the vector pUERiting this gene. To prove the
plasmid dependence of cells for growth, ZHY3 cellsre directly spreaded onto
minimal medium lacking uracil, without transforitpem with pUE2 (the medium
contains 2 mM ZnS©and 1mM EDTA which is adequate for efficient growdh
ZHY3). As expected, ZHY3 cells couldn’t grow onstimedium (Figure 3.10) showing
that transformation with pUEZ2 is vital for themgmw on uracil lacking medium under

normal zinc concentration.

To control effectiveness of transformation and glate its efficiency transformed
ZHY3 cells were spreaded onto a plate containingnimal medium (without uracil)
with 2mM ZnSQ and 1mM EDTA. This is a selective medium for thensformants
containing plasmid so, they can effectively growtbis uracil lacking, zinc sufficient
medium (Figure 3.11). There were nearly 2500 calsmin the plate. By extrapolation,
the transformation efficiency is nearly 225.00Gfsere were 90 plates. In the previous
studies, Grotzet al, 1998 and Pencet al, 2000 found 270.000 and 350.000
respectively. The number of colonies is less thi@se numbers but it was still

adequate to proceed further.
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Figure 3.10 Control, untransformed ZHY3 cells were spreadea atiRA minimal
medium (2mM ZnS@and 1mM EDTA), no growth was detected.

Figure 3.11 ZHY3 cells that were transformed with pUE2 and an grow on —URA
minimal medium (2mM ZnSg@and 1mM EDTA)
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3.14 Screening of the library

The transformed ZHY3 cells were grown on minimaldmen (-URA) containing
50uM ZnSQand 1mM EDTA as a chelator. They were grown 2 a@aya0°C. It was

indicated that if the cells were kept at %0 a long time, they started to grow but the
mechanism behind this is unclear (Prof. David ESdpérsonel statement). So, the
plates were screened immediately for growth of tgea#ctually, we investigated the
presence of colonies that grew drastically bettantthe background cells. A sligth
growth was observed on some plates but this wasalaas cells can sustain for some
period by using zinc inside the vacuole for surkivd/e have found 2 large colonies on
separate plates among the 90 plates (Figure 3.B2 AFhey are considered containing
candidate zinc efficiency genes for further evabratThe plasmids were isolated from
these 2 colonies for sequencing. For which, thienies were amplified in liquid
minimal medium and some of the yeast cells werelladed onto plates containing
zinc limiting (50puM ZnS@) minimal medium and their growth were observed (Fegu
3.12 C-D). The plasmids of the cells in liquid med were isolated and re-
transformed again intd&.coli. The transformed cells were grown in LB medium
containing ampicilin and then their plasmids wesslated (concentrations were
measures as 366 ng/uL and 389 ng/uL) and visuatinel®o agarose gel (Figure 3.13).
The smear seen on gel, on top of the plasmid, walaply coming from genomic
DNA.
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A- There is a little growth 3 A large colony
as smear in other cells is detectable

An air bubble seems like a colony but not

There is detectable
growth

Figure 3.12 Screening of the libranj- One colony obtained which can grow on zinc-
deficient minimal medium, marked as #8; The other colony obtained which can
grow on zinc-deficient minimal medium, marked a2,#,D- Growth of the colonies
#1 and #2, respectively, on zinc limiting minimagédium inoculated after amplified in

liquid medium.
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bp

1150
BO77
4749
4507
2438
2556
2459
2443
2140
1966
1700

1159
1093

805
514
468
448

338

264
247

Figure 3.13 Isolated plasmid DNA from putatively positive nks that were amplified
in E.coli. M: A/ Pstl markerLane 1: contains the plasmid isolated form colony, #1

Lane 2: contains the plasmid isolated from colony #2

3.15 Sequance analysis

Sequence analysis of the plasmids were performed®RéiyGen with the primers
specifically designed for the vector pUE2 (sequsenaee provided in Appendix B).
Results of the sequence analysis are listed in AgigeC. Unfortunatelly, it seems that
the plasmids don't contain inserts. To be sure ati@i there is no gene on the vectors,
they were digested witBcoRI and Xhd as describe in the section 2.7.6 and loaded
onto agarose gel (Figure 3.14). However, we coukke any insert on the gel, only

the plasmids were present meaning that our reselts false positive.
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Figure 3.14 Appearance of digested putative recombinant plasmid% agarose gel.
M: A/ Hindlll marker, Lane 1: cut plasmids isolated from colony #lane 2: cut

plasmids isolated from colony #2

Growing of the two colonies may be explained asydahcould be a back mutation in
yeast that one of ZRT1 or ZRT2 (or both of themhege mighed have regained its
function again or the activity of the third transigeal which was mention in Section 1.6
(which is uncharacterized yet) may be increasethab yeast can obtain necessary
amount of zinc for growth. Another possibility tee amount of zinc stored in vacuole
was high so that it can use this stock. More sppadiy, the activity of genes ZRC1 or
COT1, that transport zinc into vacuole, may beeased so, more zinc accumulation
occur in vacuole and the cell used the zinc in gécto sustain.  Alternatively, activity
of ZAP1 gene was increased, and as it's produthasactivator of transcription of
ZRC1 and COT1, they were expressed much more t@neldsmore zinc in vacuole.
Another possibility is that, althought the amouistdow, zinc can be accumulated in
mitochondria (regulated independently of vacuolac storage) (Simret al.,2007) and

the cells may be using zinc in it.
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CHAPTER IV

CONCLUSION

Low levels of zinc in plants is reponsible for thigh incidence of zinc deficiency in
humans, especially in developing countries. Worlitewing population is effected by
zinc deficiency in two ways; decreased grain yeddise less food production to feed
the population and low levels of zinc in plantsed as food source, cause zinc

deficincy in humans which can lead to severe hgaftblems.

In this study zinc efficient Tokak-157 plants wersed to construct cDNA library. We
used both the roots and leaves of the plant grawrzimc deficienct hydroponic
medium. The reason for this is, we don’'t know elyaethere the putative zinc

efficiency genes are located.

Our aim was to construct cDNA library, which is ngiry easy and extensive care
should be taken to obtain an intact, representéibivary to screewia complementation
analysis for finding genes putatively involved iifi@ency mechanism when grown in
the extremely low zinc medium. However, it is notemsy process as you do screening
in living organisms, there may be mutations, inattonof genes that can effect

screening process so, false positive results raise.
We were investigating putative zinc transporterggethat provide zinc efficiency in

barley Tokak-157 cultivar. However, the cloneshaee obtained didn’t contain genes,

in other words they seemed to be false positive.
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Althoug our results did not provide the necessafgrmation about the zinc efficiency
mechanism, it is the first study done on barleyntestigate zinc efficiency genes by
using zinc-transport complementation in mutant feago investigate the genes
function in zinc efficiency mechanism, other teciuds may be used such as
differential display, differential screening etBut the results of them also needed to be
proven by real-time PCR analysis. Also the functwf candidate zinc transporter
genes that were found by using other techniquesn lsa proved by using

complementation analysis.

If we would have found candidate gene/genes far-gificiency mechanism, we had to
check the expression levels with real-time PCRubig total RNAs isolated from

plants grown in zinc (+) conditions as control.
Complementation analysis is done in our lab for tinst time and the necessary

information about the key points of the technigugained that can be useful in further

studies.
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APPENDIX A: Sequence of thtasmid pUE2

323 - 1146: PGK promoter, 1234 - 1487: PGK ternunal748 - 2551: URAS3,
approximately 2900 - 3400: 2um replication origiB00 - 5160: Amp-r

TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGG
AGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTC
AGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGG
CATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGC
ACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGC
TGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCC
AGGGGGATCCTCTAGAGTCGATTAATTTTTTTTTCTTTCCTCTTTTTATTAC
CTTAATTTTTATTTTAGATTCCTGACTTCAACTCAAGACGCACAGATATTAT
AACATCTGCATAATAGGCATTTGCAAGAATTACTCGTGAGTAAGGAAAGAG
TGAGGAACTATCGCATACCTGCATTTAAAGATGCCGATTTGGGCGCGAATC
CTTTATTTTGGCTTCACCCTCATACTATTATCAGGGCCAGAAAAAGGAAGTG
TTTCCCTCCTTCTTGAATTGATGTTACCCTCATAAAGCACGTGGCCTCTTAC
GAGAAAGAAATTACCGTCGCTCGTGATTTGTTTGCAAAAAGAACAAAACTG
AAAAAACCCAGACACGCTCGACTTCCTGTCTTCCTATTGATTGCAGCTTCA
ATTTCGTCACACAACAAGGTCCTAGCGACGGCTCACAGGTTTTGTAACAAG
CAATCGAAGGTTCTGGAATGGCGGGAAAGGGTTTAGTACCACATGCTATGA
TGCCCACTGTGATCTCCAGAGCAAAGTTCGTTCGATCGTACTGTTACTCTC
CTCTTTCAAACAGAATTGTCCGAATCGTGTGACAACAACAGCCTGTTCTCA
ACACTCTTTTCTTCTAACCAAGGGGTGGTTTAGTTTAGTAGAACCTCGTGA
ACTTACATTTACATATATATAAACTTGCATAAATTGGTCAATGCAAGAAAT
AGATATTTGGTCTTTTCTAATTCGTAGTTTTCAAGTTCTTAGATGCTTTCTIT
TTCTCTTTTTTACAGATCATCAAGGAAGTAATTATCTACTTTTTACAACAA A
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TATAAAAACCAGCGGCCGCTCTAGAACTAGTGGATCCCCCGGGCTGCAGGA
ATTCGATATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCGGCCGC
CATCAATTTTTTCTTTTCTCTTTCCCCATCCTTTACGCTAAAATAATAGTTTA
TTTTATTTTTTGAATATTTTTTATTTATATACGTATATATAGACTATTATT TAT
CTTTTAATAGATTATTAAGATTTTTATTAAAAAAAAATTCGCTCCTCTTTT TA
ATGCCTTTATGCAGTTTTTTTTTCCCATTCGATATTTCTATGTTCGGGTTBG
CGTATTTTAAGTTTAATAACTCGAAAATTCTGCGTTCGTTAAAGCTTGGCGI
AATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTC
ACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAAT
GAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGT
GGGAAACCTGTCGTGCCAGCAGATCTGAGCTTTTTCTTTCCAATTTTTTTIT
TTGTGAGTTTAGTATACATGCATTTACTTATAATACAGTTTTTTAGTTTTGCT
GGCCGCATCTTCTCAAATATGCTTCCCAGCCTGCTTTTCTGTAACGTTCAC
CTCTACCTTAGCATCCCTTCCCTTTGCAAATAGTCCTCTTCCAACAATAAR
ATGTCAGATCCTGTAGAGACCACATCATCCACGGTTCTATACTGTTGACCA
ATGCGTCTCCCTTGTCATCTAAACCCACACCGGGTGTCATAATCAACCAAT
GTAACCTTCATCTCTTCCACCCATGTCTCTTTGAGCAATAAAGCCGATAAGR
AAATCTTTGTCGCTCTTCGCAATGTCAACAGTACCCTTATCCTTTGTTACTC
TTCTGCCGCCTGCTTCAAACCGCTAACAATACCTGGGCCCACCACACCGTIG
GCGTATATTCTCCAGTAGATAGGGAGCCCTTGCATGACAATTCTGCTAACA
CAAAAGGCCTCTAGGTATTCGTAATGTCTGCCCATTCTGCTATTCTGTATA
ACCCGCAGAGTACTGCAATTTGACTGTATTACCAATGTCAGCAAATTTTCTG
TCTTCGAAGAGTAAAAAATTGTACTTGGCGGATAATGCCTTTAGCGGCTTA
ACTGTGCCCTCCATGGAAAAATCAGTCAAGATATCCACATGTGTTTTTAGTA
AACAAATTTTGGGACCTAATGCTTCAACTAACTCCAGTAATTCCTTGGTGG
ACGAACATCCAATGAAGCACACAAGTTTGTTTGCTTTTCGTGCATGATATTA
AATAGCTTGGCAGCAACAGGACTAGGATGAGTAGCAGCACGTTCCTTATAT
GTAGCTTTCGACATGATTTATCTTCGTTTCCGGTTTTTGTTCTGTGCAGTGG
GTTAAGAATACTGGGCAATTTCATGTTTCTTCAACACTACATATGCGTATAT
ATACCAATCTAAGTCTGTGCTCCTTCCTTCGTTCTTCCTTCTGTTCGGAGRAT
ACCGAATCAAAAAAATTTCAAAGAAACCGAAATCAAAAAAAAGAATAAAA
AAAAAATGATGAATTGAAAAGCCAGATCTGCTGCATTAATGAATCGGCCAA
CGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCG@ATC
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CTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCATCGA
TGCATACTTTGTGAACAGAAAGTGATAGCGTTGATGATTCTTCATTGGTCAG
AAAATTATGAACGGTTTCTTCTATTTTGTCTCTATATACTACGTATAGGAAA
TGTTTACATTTTCGTATTGTTTTCGATTCACTCTATGAATAGTTCTTACTACA
ATTTTTTTGTCTAAAGAGTAATACTAGAGATAAACATAAAAAATGTAGAGG
TCGAGTTTAGATGCAAGTTCAAGGAGCGAAAGGTGGATGGGTAGGTTATAT
AGGGATATAGCACAGAGATATATAGCAAAGAGATACTTTTGAGCAATGTTT
GTGGAAGCGGTATTCGCAATATTTTAGTAGCTCGTTACAGTCCGGTGCGTIT
TTGGTTTTTTGAAAGTGCGTCTTCAGAGCGCTTTTGGTTTTCAAAAGCGCT
TGAAGTTCCTATACTTTCTAGCTAGAGAATAGGAACTTCGGAATAGGAACT
TCAAAGCGTTTCCGAAAACGAGCGCTTCCGAAAATGCAACGCGAGCTGCCA
TCGATGCTCACTCAAAGGTCGGTAATACGGTTATCCACAGAATCAGGGGAT
AACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACC
GTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACG
AGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGA
CTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTC@Gr
TTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGBA
CGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGET
GTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGC
TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGAC
TATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATG
TAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTA
GAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAA
AAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTG
GTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT
ACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGAT
CCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTA A
ACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCG
ATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATA
CTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGC
GAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGT
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CTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTT
GCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTT
GGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGA
TCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTT
TCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGC
ATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTA
GTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAA
AGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTT
ACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATC
TCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGG
CAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACT
CATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA
TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTC
CGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTA
TCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC
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APPENDIX B: Sequences of tipgimers designed for pUE2

SS5555555555555555555>>
ttcgtagttttcaagttcttagatgetttctttttctcttttttacagat cat caaggaagtaattatctactttbasepairs

aagcat caaaagt t caagaat ct acgaaagaaaaagagaaaaaat gt ct agt agtt cctt cat t aat agat gaaal051t 01125

EcoR
ttacaacaaat at aaaaaccagcggccgct ct agaact agt ggat cccccgggct gcaggaat t cgat at caagcbasepairs
aatgttgtttatatttttggtcgccggcgagat cttgatcacctagggggcccgacgt ccttaagctatagttcgll26t 01200

Xhol
ttatcgat accgt cgacct cgagggggggccggeccgecat caattttttcttttctctttccccatcctttacgchbasepairs

aat agct at ggcagct ggagct cccceccecggecggeggt agt t aaaaaagaaaagagaaaggggt aggaaat gcgl201t 01275
<<<<<<<<

taaaataatagtttattttattttttgaatattttttatttatatacgtatatatagactattatttatcttttabasepairs
attttattatcaaat aaaat aaaaaact t at aaaaaat aaat at at gcat at at at ct gat aat aaat agaaaat 1276t 01350
<<LLLLLLLLLLLLL

atagattattaagatttttattaaaaaaaaattcgctcctctttttaatgectttatgeagtttttttttcccat basepairs

tatctaataattctaaaaataatttttttttaagcgaggagaaaaattacggaaat acgt caaaaaaaaagggtal35it 01425

Sequence of forward primer: 5 AATTCGCTCCTCTTTTTAS 3
Sequence of reverse primer: 5 TAAACTATTATTTTAGTBAAG 3’
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APPENDIX C: Results of multiple sequence alignment

Multiple sequence alignments of the plasmid pUEwhe sequences resulted from

sequence analysis by using Clustal X program.

pUEZ TGCAAGAAATAGATATTTGETCTTTTCTAATTC GTAGTTTTCALGTTCTTARATGCTTTC 1080
E-l e e
pUEZ TTTTTCTCTTTTTTACAGATCATCAAGGARGTAATTATCTACTTTTTACAACARATATAL 1140
-1 e TATACATGATCTG-AACATG---40 21
FEX * * O TEEE *
pUEZ AAACCAGCGGCCGCTCTAGAACTAGTGRATC OO CC GEGCTRCARGALTTE GATATCALGE 1200
£-1 ATATTCTCGGTCGCTCT- GTTTTAGTGEATC CCCC GEGCTECTTEALTTC GATATCTGE 80
T TEFT TRXEREET X e i e e i i e TEFETTREREEEN T
pUEZ TTATCGATACCGTC-GAC CTCBAGGEGEEEC CEGC CECCATCALTTTTIT-CTTTTCTCT 1258
£-1 TTATCGATACCGOCCGAC CTCBABGEGEEEC CG-- -~ CEATCAATTTTTTTCTTTICTCT 136
FTEFEFTEFFIFFTFT & FEFAFIERESEFETISESS FOAFTEFFETETE KA AEAEAES
pUEZ TTCCCCATCCTTTACGCTARAATAATAGTTTATTTTATTTTTTGAATATTTTTTATTTAT 1318
£-1 TTCOCCATCCTTTACGITAMAATAATAGTTTATTTTATTTTTTRAATATTTTTTATTTAT 156

o o o il ol ol e e o e e e e i i e i i el il il e e o e e e

plEZ ATAC GTATATATAGACTATTATTTATCTTTTAATAGATTATTAAGATTTTTATTAALALL 1375
£-1 ATACGTATATATAGACTATTATTTATCTT I TAAT-GATGATTAAGATTTTTATTAALALL 255

e o el i e il i el e e e e e e e i i i e el i O i e i e e e e e e i i i ol

pUEZ AAATTCGCTCCTCTT I TTAATGCCTTTATGCAGTTTTTITTTTCCCATTCGATATTTCTAT 1438

£-1 A TTCGCTCCTCTTIT-A8 TG CTITAT GCAGTCTITITITCCCGTTCTATITITCTAT 314
EETEEEEETHTRELFRGTS FEXEREESTHERLETHS FETHTAEEETT FET FF EEHEREE

plUEZ GITCGGGTTCAGCGTAT T TTAAGTTTAATAACTCGAAAATTCTGCGTTCGTTAALGCTTG 1438
£-1 GTTCGEGCTCAGC GAMATTTAAGTGTAATAACTCGALAATTCTGCGTTCGTTALLGTTTG 374

FEFEFEF FEFFET & FEFATFES FFETFETFIATATFAFTAFTAFSIFAFTATATRSRESEES H&F

plEZ GCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACAC 1558

£-1 G4 TACTCATGGCCATAMCTETTGCCTCAGTGARGTIGTTATCCGCTCCCAATTCCA-AC 4353
TORT FEFTXT FXTT KEXET KTRT LETAT FETTATEETTTLE RATEELNT LX

pUEZ AL CATACGAGCCGGAAGCATAMA GTCTAAAGCCTGGGETGCCTAATGAGTGAGCTALCTC 1618

£-1 ALCATACGLGCCGGAMGCATARAFTETAAGCCTERGEAGCCTAATFAGEGAGCTARCHD 423
EE T E TR AT AR A A ARG RERTREREESHERSASHAEL TS FELFTHRENT FHEETHET K

plUEZ ACATTAATTGCGTTGCGCTCACTGCCCGCTTTC CAGTCGREARACCTGTCGTGCCAGCAG 1678
£-1 ACATTAATTGCGTTGAGCTCACTGCCCGCTTTC GAGTC GHEALACCTGTCCTGTCAGCAG 553

FEFEAFTAFTEAFFTFFTATE AFAFAFAETETELFTEFTSS FFFFTFAFTEAFTFFTATANTS &F FHEHEF

plUE:Z ATCTGAGCTTTTTCTI TCCAATTTTITTTITITGTGAGTTTAGTATACATGCATTTACTT 1735
£-1 ATCTG-GATTTTGCTI TGO TTTTATT T GG~ GTGAGTCTAGTATACATGCATTTACTT 610
TEFTT K TTXTT TXTT KEXETAEEL LA FETTXT EEETTEERTTERERTTEESS
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ATARTACAGTTTTITAGTITIGCTGECCGCATCTTCTCAAATAT CTTCCCAGCCTGCTT
ATABTACAGTATTTGAGT I TIGCTGGCCGEATCTICTCAAATAT GCTTCCCAGCCTGCTT

o O o ol ol o Y il ol ol ol ol ol il i ol o o o o

TTCTCTAACGTTCACCCTCTACCTTAGCATCCCTTCCCTITGCARATAGTCCTCTTCC AL
TTCTGTAACGTTCACCCTCTACCTTACCATCCCTTCCCTITGCARATAGTCCTCT-COTA

FHEEHFFFAAFTFIFTATTFAFASIFTFASTFAEINSS FHATFTFAFSIFFIAAFTIFTATFTHAESISTASSIFSINS &FF &

CAATAATALTETCAGATCCTGTAGAGAC CACAT CATCCACGGTICTATACTGTTGACC CL
CCATAATAATGTCAGATCCTGCAALGACCACATCATCCACGGCTCTATACTGCTGACC CA

FOEFFFAAFTFIFTATTFESIFFASST & FHAFFTFTFTFAFASIFFISIAFTINTS FHEIFASAF SFAFTFHF

ATGCG-TCTCCCTTGTCATCTARACCCACACCGGGTGTCATAAT-CARCCALTCGTARCE

ATGCGGTCTCCATAGTCATCTAL-CCCACACCGGGCGTCATAATTCAACCCATCGTALCT
FHEHT KEHHRE F ANAEEAENS FATEEGTAETAT NEXSGENSG AFAES AEEAAESES

TTCATCTCTTCCACCCATGTCTCTITGAGCAATAAA GCCGATAACALALTCTTTGTCGCT

TTGCACTCTICCACC-ATGT-TCCTTGAGCAATACACCCGATGACARR-TCTTTGACGCT
% FHREXKHERGS FHEF HH AAEFAAFTEL F ORAHEEN AEEAE AREREL NAEN

CTTCGCAATGTCARCAGTACCCTT----— ATCCTTTGTTACTTICTTCTGCCGECTGCTTE

CTTCCACARGACA-CAGTGCCCTTCGTATATTCTCCAGALGATAGGGAGCCCTTGCATGE
THEE T W KW OKEEE AWENN T OwE & ow T + oW

AALCCGCTAACAATACCTFFGCCCACCACACCGTGTGCGTATATTCTCCAGTAGATAGGE

AATTCAGCTAMAATCTARGGGC CCA--AGGTCCTTGGTACATGTTCTGCGGCCTHCTTCG
L & wWE FTEEEREE X LR TH OEEEE T W *

AGCCCTTGCATGACAATTC TGO TARCATCAL AL GGC CTCTAGGTATTCGTALTGTCTGCC
AACGTT------ ACARACCCGGCC--CACCA----- CCCGTGGGCACTCG-GATGCCCGEL
LR EEEE FOEE wE EE FEOF KR K FHE XKL & wEE

CATTCTGCTATTCT G TATACACCCGCAGAGTACTGCAATT TGACTGTATTACCARTGTCL

CATT--GCTATTG---ATA-ACCCATAGCACGCATTAACCTTCCAGTCCARATTCTTTTC
THEK  KEEEEN THE WEEE KW * wW % W %W * EE

GrARATTTTCTGTCTTC GAL GAGTARAL LA TTGTACTTGGCGEATARTGCCTTTAGCGGC

GALALRATG--ACTCGCGEAALGCATA---TCGTTCAGGACCTGAALTCCGATC--CTGT
% wEE W LR T +owE W% W EEE F K & %

TTAACTGTGCCCTCCATGRAALL A TCAGTCAAGATATCCACATGTGT I TTTAGTARACHD

ATARACGGCCATTCCATCGGALC -TGEGCCACCACAGT-————— e
EEE O™ % KWEET F O%E W% FT X W

ATTTTGGEACCTAL TG T TCALCTARCTCCAGTAATTCCTIGGTGETACGALCATCCLLT

79

1795
&70

1358
728

1315
789

1376
48

2038
05

2091
964

2151
1022

2211
1065

2271
1122

2331
1175

2391
1212

2451



TGCALGA A TAGA T TTTGGTCTTTTCTAAT TCGTAGTITICALGTTCTTAGATGCTTTC

[TTTTCTCTTTTTTACAGATCATCAAGGAAGTAL TTATCTACTITTTACALACARATATLL

——————————————————————————————————— TATACATGATCTG-AACATG---AG
TEE * T % TEEE *

AbBCCAGCGGCCGCTCTAGAACTAGTGEATCCCCCGGGCTGCAGGAATTCGATATCAAGE
ATATTCTCGGTCGCTCT-GTTTTAGTGGATCCCCCGGGCTGCTTGAATTCGATATCTGGE

* % ThE FEEFFE X FEEEEEXFFELFTFEEEL LTS TEEEFELEFFTEEE T

TTATCGATACCGTC-GACCTCGAGGGGGGECCFFCCGCCATCALTTTTTT-CTTTTCTCT
TTATCGATACCGCCCGAC CTCGAGGGGLGECCG----CoATCALTTTTTTTCTTTTCTCT

FHHAFFFTHFERT &7 AT HFFEIFTFITASTFAAS HOFHEEFTFTHFEEET FEEAASTEEES

TTCCCCATCCT T TACGC TAAAATARTAGT T TATTITATT T I TIGALTATTTTTTATTTAT
TTCCCCATCCT T TACGC TAAAATARTAGT T TATTITATT T I TIGALTATTTTTTATTTAT

o ol ol ol ol ol ol ol i Ol i ol o ol il ol o ol

ATACGTATATATAGAC TATTATTTATCT T T TAATAGATTATTALGATTTTTATTARALLL
ATACGTATATATAGAC TATTATTTATCTT T TAAT-GATGATTALGATTTTTATTARAALL

b i i e e i il e e i e e i i e i e el i e e e i e e i i i i i e i e i e e i i e e i o i

A TTCGCTCCTCTTTTTAATGCCTTTATGCAGTTTITITITCCCATTCGATATTTCTAT
AR TTCGCTCCTCTTTT-AATGCCTTTATGCAGTCTITITITCCCGTTCTATTTTTCTAT

e o e o o o o o o o o

GTTCGGGTTCAGCGTATTTTAAGTTTAATAACTC GAAATTCTGCGTTCGTTARAGCTT R
GTTCGGGCTCAGC GALATTTAAGTGTAATALCTC GAAATTCTGCGTTCGTTARAGTTT R

FHHFEFET FHEFFTFTT F FHEFFFFTT FHEATFFFAFTTFTAAIIAITAFSISTAFAEIFTAITISSS FFF

GCGTALTCATGGTCATAGCTGT T TCCTGTGTGALLTTGTTATCCGCTCACAATTCCACALD

GAATACTCAT GO CATAL CTGTTGC CTCAGT GAAGTICTTATCCGCTCCCALTTCCA-AC
K OwE KWAREE WELS AWEEE AEEN WEEET AARAEAEAAASLS AAXEAAEE wH

AACATACGAGCCGGALGCATAMLGTGTAMAGCCTGGGGTGCCTALTCAGTGAGCTRAACTC
AACATACGAGCCGGALGCATAMLGTGTAMAGCCTGGGGAGCCTALTCAGGGAGCTRAACGE

FTEEETFTTARATTTATLTTAANEATTAALATNNAATTNANT FTEAETTANNT FTHAXLETTN O+

ACATTAATTGCGTTGCGCTCACTGCCCGLTTTCCAGTCGGGALLCCTGTCGTGCCAGLAG
ACATTAATTGCGTTGAGC TCACTGCCCGLTTTCGAGTCGGGALLCCTGTCCTGTCAGC A

e o e o i

ATCTGAGCTTTTTCTTTCCAATTTTTTT T T T T TGTGAGT T TAGTATACATGCATTTACTT
ATCTG-GATTTTGCTT TG AATTTTATT T G-~ GTGAGTCTAGTATACATGCATTTACTT

FhEHEE F OHFEET FEEE FFEEFETFF AENY FTHEHEERT FHFTFTHFAEIFTAIFIEIASIASS

ATAATACAGTTTTTTAGTTTTGCTGECCGLATCTTCTCAALTATGCTTCCCAGCCTGCTT
ATAATACAGTATTTGAGTTTTGCTGECCGCATCTICTCAALTATGCTTCCCAGCCTGCTT

oo ol o ol i ol il i ol o ol il ol ol

8C

1080

1140
21

1z00
g0

1258
136

1318
136

1378
255

1438
314

14395
374

1558
433

1618
493

1a78
553

1738
G610
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TTCTGTAACGTTCACCCTCTACCTTAGCATCCCTTCCCTTTGCAALTAGTCCTCTTCCAR
TTCTGTAACGTTCACCCTCTACCTTACCATCCCTTCCCTTTGCAALTAGTCCTCT-COTA

Eac o o o o o o R o o o o e

CAATAATALTETCAGATCCTGTAGAGACCACATCATCCACGGTTCTATACTGTTGACC CA
CCATAATAATGTCAGATCCTGCAAAGACCACATCATCCACGGCTCTATACTGCTGACC CA

FTOAERAFTHAFAFATFAFFATIAFTAFTFSS & FFEFTFAFFTATFTFFATFIFTASAS FHFHFASTHHET Svavdd s

ATGCG-TCTCCCTIGTCATCTALACCCACACCGGGTGTCATAAT-CALCCARTCGTARCE
ATGCGGTCTCCATAGTCATCTAL - COCACACCOGGCGTCATAATTCALCCCATCGTARCE

FHFHFALE FHFFEE F FEFFFTFEIEST FEEFFFTHIAEATT FEFFFHIELT FFFEF FAEEFTFAS

TTCATCTCTTCCACCCATGTCTCTTITGAGCAATAAAGCCGATAACAALLTCTTTGTCGET

TTGCACTCTICCACC-ATGT-TCCTTGAGC AL TACACCCGATGACARL-TCTTTGACGCT
T EREEHTETEES THEF K% ELTTETETEEST & FHTEL ELTEET FEELTEL FEEE

CTTCGCAATGTCARCAGTACCCTT----— ATCCTTTGTTACTTCTTCTGCCGCCTGCTTE

CTTCCACAAGACA-CAGTGCCCTTCGTATATICTC CAGAAGATAGGRAGC CCTTCATGE
LR Tk KK KEEE FEEEE TE owE + % T + o

ARACCGCTAACAATACCTGGGCCCACCACACCGTGTFCGTATATTCTCCAGTAGATAGGS
AATTCAGCTALLATCTALGGGCCCA—-AGETCCTTRETACATGTICTGCGGCCTGETTCS

T ® T OEEE THEEEEEN W & W wH FEEFT FOK *

AGCCCTTGCATGACAATTCTGCTAMCATCARRRGGCCTCTAGGTATICGTALTGTCTGEC
AACGTT------ ACAACCCGGCC--CACCA----- CCCGTGGGCACTCG-GATGCCCGLE

T w * TEREY TR TEOEE ww I o TEE W OFTEN

CATTCTGCTATTCTGTATACACCCGCAGAGTACTGCAATTTGACTGTATTACCAATGTCA

CATT--GCTATTG---ATA-ACCCATAGCACGCATTAACCTTCCAGTCCARLTTCTTTTC
TEEE KEEEEE TEE KEEE TE * CE R X X1 * *

GCALATTTTCTGTCTTCGAAGAGTALLLL L TTGTACTTGGCGEATAATGCCTTTAGCGGE
GhLAAAAATE--4CTCGCGFALAGCATA-—-TCGTTCAGGACCTGARATCCGATC--CTGT

T OEEw w E O L T TEE & * T

TTAACTGTGCCCTCCATGGAL AL A TCAGTCARGATATCCACATGTGTITTITAGTALRLCAR
ATARACGGCCATTCCATCGGALC-TGGGCCACCACAGT-—---— -~ -~~~ —————————-

TEF * W FEEEF & O * o * W

ATTTTGGEACCTAATGCTTC AL CTAMCTCCAGTAATTCCTIGGTGGTACGAACATCCART
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