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OZET

DOKTORA TEZi

TERMAL KAYNAKLARDAN IZOLE ELDE EDILEN CESITLI Bacillus
TURLERINDEN 1,4-B-ENDO KSILANAZ ENZIMININ URETILMESI,
SAFLASTIRILMASI VE TiCARI KULLANILABILIRLiGININ ARASTIRILMASI

Orhan ULUCAY
Erzurum Teknik Universitesi
Fen Bilimleri Enstitiisii
Molekiiler Biyoloji ve Genetik Ana Bilim Dal1
Danisman: Dog. Dr. Arzu GORMEZ

Bu calismada; Dogu ve Giineydogu Anadolu bolgesinde bulunan sicak su kaynaklarindan termofilik
bakteriler izole edilmistir. Izole edilen 6rneklerin morfolojik 6zellikleri tespit edilerek total ksilanaz
aktiviteleri belirlenmistir. izole edilen DNA’lardan 16s rDNA bolgeleri PCR ile amplifiye edildikten
sonra klonlanmig ve sekans analizleri gergeklestirilmistir. Yiiksek aktivite gosteren Bacillus subtilis
tiirline ait ksilanaz enzimini kodlayan gen dizileri biyoinformatik analiz yontemleri ile belirlenmistir.
Nikel affinitesi ile 6X-His takisina sahip rekombinant proteinlerin saflagtirilmasi gergeklestirilmistir.
Saflastirilan enzim ANADOLUCA yontemi ile kafeslenmistir. 5 farkli izolat (Bacillus coagulans,
Bacillus licheniformis, Bacillus subtilis, Bacillus thuringiensis ve Geobacillus kaustophilus) tanilanmig
olup bunlardan en yiiksek aktivite gosteren B. subtilis izolatinin ksilanazi saflagtirilarak rekombinant
olarak tiretilmistir. Rekombinant ve rekombinant nano ksilanaz enziminin her ikisinin de optimum
pH’nin 7.0, optimum sicaklik degerinin ise rekombinant enzim i¢in 68 °C, nano enzim i¢in ise 75 °C
olarak belirlenmistir. Optimum enzim aktivitesi rekombinant enzim i¢in 1803 U/mg, nano enzim igin
ise 1898 U/mg oldugu belirlenmistir. izolatlarin Km ve Vmax degerleri rekombinant enzim i¢in sirasiyla
2,298 (mM) ve 5,691 (EU/mL.dk.), Nano enzim igin ise 2,402 (mM) ve 6,195 (EU/mL.dk.) olarak
belirlenmistir. Metal iyonlarinin rekombinant ksilanaz enzimi i¢in MgSQO4 (%80), CuSO4 (%57), CaCl,
(%74), ZnSO4 (%5) ve FeSO4 (%72), rekombinant nano ksilanaz enzimi i¢in ise MgSO4 (%85), CuSO.
(%71), CaCly (%85), ZnSO.4 (%50) ve FeSO4 (%94) farkl: rolatif aktivite gosterdigi belirlenmistir.

Subat 2018, 165 sayfa

Anahtar Kelimeler: Termofilik bakteri, Bacillus subtilis, 1,4-B-Endo Ksilanaz, 16s rDNA,
SDS-PAGE, Anadoluca
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ABSTRACT
Ph.D. THESIS

PURIFICATION, PRODUCTION AND INVESTIGATION OF COMMERCIAL USE
OF 1,4-B-ENDO XYLANASE IN VARIOUS Bacillus SPECIES ISOLATED FROM
THERMAL RESOURCES

Orhan ULUCAY
Erzurum Technical University
Gradute School of Natural and Applied Sciences
Department of Molecular Biology and Genetic
Supervisor: Assoc. Prof. Dr. Arzu GORMEZ

In this study; thermophilic bacteria have been isolated from hot water springs in Eastern and
Southeastern Anatolia. The morphological characteristics of the isolated samples were identified and
total xylanase activities were determined. The 16s rDNA regions from the isolated DNAs were amplified
by PCR and then clonning and sequence analysis was performed. Gene sequences coding for xylanase
enzyme from Bacillus subtilis strain with high activity were determined by bioinformatics analysis
methods. Purification of recombinant proteins with 6X-His tag was performed through nickel affinity
chromatography. The purified enzyme was caged by the ANADOLUCA method. Five different isolates
(Bacillus coagulans, Bacillus licheniformis, Bacillus subtilis, Bacillus thuringiensis and Geobacillus
kaustophilus) were identified and the xylanase from B. subtilis isolate which showed highest activity
was produced as recombinant enzyme. The optimal pH of both the recombinant and recombinant nano-
xylanase enzyme was 7.0, the optimum temperature was 68 °C for the recombinant enzyme and 75 °C
for the nano-enzyme. Optimum enzyme activity was determined to be 1803 U/mg for the recombinant
enzyme and 1898 U / mg for the nano-enzyme. The K, and V... values of the isolates were determined
to be 2,298 (mM) and 5,691 (EU/mL.dk) for the recombinant enzyme, 2,402 (mM) and 6,195
(EU/mL.dk) for the Nano enzyme, respectively. It was found that the recombinant and nano xylanase
showed different relative activity when metal ions were included: recombinant xylanase; MgO4 (80%),
CuSO4 (57%), CaCls (74%), ZnSO4 (5%) and FeSO4(72%), nano xylanase; MgO4 (85%), CuSO4 (71%),
CaClz (85%), ZnSO4 (50%) and FeSO4 (94%).

February 2018, 165 pages

Keywords: Thermophilic bacteria, Bacillus subtilis, 1,4-B-Endo Xylanase, 16s rDNA, SDS-

PAGE, Anadoluca
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SIMGELER VE KISALTMALAR

pL Mikrolitre
ANADOLUCA AminoAcid Decorated and Light Underpining Conjugation Approach
BHI Brain Heart Infusion
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sn Saniye
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Tris 2-Amino-2-(hydroksimetil)-1,3-propanediol
Tris-HCI Tris Hidroklorik asit

X1
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1. GIRIS

Temelde  biyolojik  organizmalardaki  6zel kimyasal reaksiyonlarin
katalizlenmesinde oldukga etkin yetenege sahip enzimlerin geneli protein yapidadir.
Enzim sentezleme yetenegine sahip olan mikroorganizmalarda, enzimler hiicre i¢inde
olusturulur. Bu sentezlenen enzimlerin bir kismi hiicre i¢inde yapim ve yikim olaylarina
etki i¢in hiicre i¢inde kalir (Gangadhar 2013). Enzimler, her ne kadar canli hiicreler
tarafindan olusturulsa da aktivitelerine dogal olmayan ortamlarda da yani ‘in vitro’
kosullarda da devam edebilme yetenegine sahiptir (Temizkan and Arda 1999). Enzimler
hiicre iginde gergeklesen pek ¢ok ¢alismanin 6zgilinliigiinii ve hizin1 diizenledikleri gibi,
In vitro ortamda da pek ¢ok kimyasal reaksiyonlar1 katalizlemede gorev yapmaktadirlar

(Ekinci et al. 2016).

Canli yapisinda 6nemli metabolik gorevleri olan enzimler; insanogluna, giinliik
yasaminin bir parcast olarak ekonomi, gida, tarim ve sanayii gibi bir¢ok alanda, farkl
amaclarda kullanilarak 6nemli katkilarda bulunmaktadir (Wiseman 1983). Giiniimiizde
iretim ve kullanim amaclar1 gittikge artan enzimlerin eldesi bitkisel, hayvansal ve
mikroorganizma kaynaklidir (Akcan 2011). Gelisen ve bilyliyen diinya pazar sektdriinde
enzimlerin olduk¢a genis ve yaygin kullanimi mevcuttur (Turker 2004), bu dagilim
oranlarinin sanayide deterjan iriinlerinde %29, kagit endiistrisinde % 11, deri, tekstil
tirtinlerinde % 17 ve tarim ve gida sektoriinde ise yaklasik olarak % 34’liik bir oranda
oldugu bilinmektedir (Outtrup and Jorgensen 2002). Daha hizli ¢ogalabilme, iiretiminin
kolay olmasi, ekstrem kosullarda iireyebilmesi ve hiicre yapilarindan dolay1
mikroorganizmalardan ticari enzim tiretimi bilim adamlar tarafindan oldukga popiiler bir
calisma alan1 haline gelmistir (Aehle 2007). Mikroorganizmalarin yasam sartlar1 oldukca
degiskenlik gostermektedir. Jeotermal bolgeler ile volkanik alanlardaki yiiksek
sicakliklara sahip bolgelerde yasayan mikroorganizmalara ek olarak, derin denizlerde,
kutuplarda, ¢cok yiiksek ya da ¢ok diisiik basing altindaki bolgelerde ve degisken olan asir1
asidik veya bazik pH sartlarina adapte olan ekstremofilik mikroorganizmalar da
bulunmaktadir. Bu ekstrem kosullardaki yasayan organizmalar ve onlarin sahip olduklari
enzimler izole edilerek karakterize edilmislerdir (Petti and Carroll 2011). Ekstremofil
organizmalardan elde edilen enzimler standart enzimlerin aktif olarak calisamadigi

ekstrem sartlarda c¢alisabilmektedirler (Kulkarni et al. 1999). Mikroorganizmalar



bulundugu dis ortam sartlarina gore; asidofilik, barofilik, halofilik, alkafilik ve termofilik

olarak siniflandirilmaktadir.

Uchino and Nakane (1981) tarafindan yapilan bir ¢aligmada; termofilik asidofilik
bakteri tiirii olan Bacillus sp. 11-1S’1n, ksilan igeren ortamda hiicre disina ksilanaz enzimi

tirettigi bildirilmistir.

Bernier et al. (1983) tarafindan yapilan bir ¢alismada; B. subtilis'ten kromatografi
ile izole edilen bir hiicre dis1 ksilanazin kismi karakterizasyonu neticesinde molekiil
agirhiginin 32.000, optimum pH’sinin 5.0, optimum sicakliginin ise 50 ° C oldugu tespit

edilmistir.

Fukusaki et al. (1984) tarafindan yapilan bir ¢alismada; ksilanaz (EC 3.2.1.8)
geninin (xywl) ve ksilanazin hiper iireticisi olan Bacillus pumilus IPO'nun tam niikleotid
dizisi belirlenmistir. Calismada ksilanaz geni i¢cin 684 bp okuma cergevesi

gbzlemlemislerdir.

Honda et al. (1985) tarafindan yapilan bir ¢alismada; alkalofilik Bacillus sp. C-

125 susundan Ksilanaz A geni saflastirilarak klonlanmistir.

Paul and Varma (1992) tarafindan yapilan bir calismada; mezofilik Bacillus sp.
izolatinin biiylimesi sirasinda karbon kaynagi olarak piring kabugunun kullanilmasi
neticesinde, substratin seliillozik ve hemiseliillozik bilesenlerinin par¢calanmasindan
sorumlu bir dizi hiicre dis1 enzimin salgilandig1 bildirilmistir. Calismada sirasiyla % 1
CMC'ye ve % 0.5 ksilan'a kars1 aktif olan 30 kd ve 15.7 kd'lik molekiil agirliklarina sahip
iki dnemli glikoprotein kiiltiir siipernatantindan tespit edilmis ve afinite kromatografisi
kullanilarak kismen saflastirilmistir. Her iki proteinin de Km degerlerinde, karbonhidrat
iceriginde, pH ve sicaklik kararliliklarinda farklilik gosterdigi belirtilmistir. Baglanmis
fraksiyon tizerinde gerceklestirilen IEF jel elektroforezi, her iki protein i¢in de asidik pl
(Izoelektrik nokta) saptamistir. Boylelikle calismada bu proteinlerin katalitik dzellikleri

arastirilmig ve parcalanma siirecinde olasi rolleri tartigilmistir.



Jung and Pack (1993) tarafindan yapilan bir calismada; Clostridium
thermocellum'dan izole edilen bir ksilanaz geninin C-terminal bdlgesinin ksilanaz
etkinligi ile ilgili olmayan bir kismi ¢ikarilmistir. Modifiye ksilanaz geni, B. subtilis’e
transforme edilmistir. Ksilanaz geni B. subtilis'de iyi ifade edilmis ve biiyiime ODgoo'line

ulastiginda hiicre dis1 ksilanaz, ml basina 30 tiniteye kadar iiretilmistir.

Wolf et al. (1995) tarafindan yapilan bir ¢alismada; ekstraseliiler ksilanaz (~
rynA) enzimini kodlayan gen, B. subtilis 168 DNA'sindan 770 bp'lik bir DNA parcasi
olarak amplifiye edilmistir. Endo- B-1,4 - glukanaz ve endo- B, 1,3 - 1,4 - glukanazi
kodlayan genler B. subtilis 168'in genomik kiitiiphanesinden izole edilmistir. Calismada
XynA ve eglS dizilerinin B. subtilis PAP115'de bulunan ksilanaz ve seliilaz genleriyle

ayni oldugunu gézlemlenmistir.

Davoodi et al. (1998) tarafindan yapilan bir calismada; Bacillus circulans ksilanaz
ve bir disiilfid koprii iceren mutantin (SIOOC / N148C) stabilitesi, diferansiyel tarama
kalorimetresi (DSC) ve termal inaktivasyon kinetigi ile incelenmistir. Her iki proteinin
termal denatlirasyonunun geri dondiiriilemez oldugu ve goriiniir ge¢is sicakliginin tarama

hizi1 iizerinde 6nemli bir bagimlilik gosterdigi bulunmustur.

Lin et al. (1998) tarafindan yapilan bir ¢alismada; endiistri ve biyoteknoloji
alaninda yaygin olarak kullanilan Bacillus smifinda yer alan birgok enzim tespit
edilmistir. Sanayi ve ticari sektorde siklikla tercih edilen amilaz ve ksilanaz enzimlerinin
ticari olarak iiretilmelerinde en ¢ok tercih edilen tiirlerin; B. amyloliquefaciens, B. subtilis

ve B. licheniformis tiirleri oldugu bildirilmistir.

Cordeiro et al. (2002) tarafindan yapilan bir ¢alismada; termal ortamlardan elde
edilen bakterilerin 16s rRNA sekans analizleri ¢ikarilmis ve izolatlarin ribozomal DNA
sekanslariin % 94 oraninda Bacillus coldoxylolyticus ve Bacillus sp AK1 susu ile benzer

oldugu bildirilmistir.

Damiano et al. (2003) tarafindan yapilan bir ¢alismada; alkalofilik B.
licheniformis 77-2’den, misir samanini igeren ortamda seliilaz aktivitesine sahip ve hiicre

dis1 alkaliye dayanikli bir ksilanaz enzimi iretilmistir. Okaliptiis Kraft kiispesinin



islenmesine yonelik ham ksilanazin etkinligi degerlendirilmis, klor tasarrufu ile enzim
tarafindan islenmis ve islenmemis pulpa karsilastirmak i¢in bir biyolojik agartma deneyi
gerceklestirilmistir. ki asamali agartmada ClO, ve NaOH ekstraksiyonu (DE serisi)
kullanilarak yapilmistir. Enzimatik muamele ile ayn1 Kappa sayis1 ve parlaklik degerini
elde etmek i¢in enzimatik olarak muamele edilmemis numunelere kiyasla sirastyla % 28.5

ve % 30 daha az ClO; gerektigi bildirilmistir.

Tolan and Collins (2004) tarafindan yapilan bir ¢alismada; termofil bakterilerden
elde edilen ksilanazlarin yiiksek sicakliklarda yapilarinin tamamen bozulmadigi, sadece

ileri derecede olmayan yiizeysel modifikasyonlarin olustugu tespit edilmistir.

Yapilan bir¢ok arastirmada Bacillus sp. suslarinin optimum aktivite gosterdikleri
pH araliklarinin farkli degerlerde pH (5.5, 5.6, 6.0, 6.5 ve 7.0) oldugu belirtilmistir
(Blanco et al. 1995; Pham et al. 1998b; Dhillon and Khanna 2000; Lama et al. 2004,
Avcioglu et al. 2005).

Sapre et al. (2005) tarafindan yapilan bir ¢alismada; ksilanaz enziminin ksilan
substratinin  hidrolizi haricinde bagka hicbir gsekilde aktivitesini gostermedigi
anlagilmistir. Enzim aktivitelerinde optimal sicakligin 50 °C oldugu goriilmiistiir.
Ksilanaz aktivitesi i¢in optimum pH’nin sirasiyla, 6.5, 8.5 ve 10.5 seviyelerinde oldugu
ve enzimin pH degerinin 6.0'dan 10.5'e kadar genis bir pH araliginda kararli yapi

gosterdigi tespit edilmistir.

Choudhury et al. (2006) tarafindan yapilan bir ¢alismada; B. coagulans
izolatindan ksilanaz iiretimi; ¢cevresel parametrelere, karbon kaynagina ve sallama diizeyi
seviyesindeki karbon kaynaginin konsantrasyonuna gore incelenmistir. Kullanilan gesitli
karbon kaynaklar1 arasinda bugday tozu yliksek enzim iiretimi gostermistir. Bugday
tozundan izole edilen ksilanin, birchwood ksilana kiyasla daha yiiksek enzim iiretimi
sagladig belirtilmistir. Caligmada % 2 bugday tozu ile maksimum 165 IU / ml enzim

aktivitesi elde edilmistir.

Ayyachamy and Vatsala (2007) tarafindan yapilan bir ¢alismada; tarimsal bitki

atiklarindan ksilanaz iiretimi igin kat1 ekimler optimize edilmis ve ksilanazin odunsu



olmayan bitki materyalleri lizerindeki biyolojik etkinligi test edilmistir. Enzim yardiml
biyolojik agartma sonuglari; ksilanazin odunsu olmayan bitki hamuru posasinin

parlakligini arttirmada potansiyel uygulama alani oldugunu géstermistir.

Bocchini et al. (2008) tarafindan yapilan bir calismada; B. circulans D1 izolatinin,
hiicre dis1 termostabil ksilanazin iyi bir iireticisi oldugu belirtilmistir. Farkli karbon
kaynakli ksilanaz {iretimi degerlendirilmis ve enzim sentezi ¢esitli karbon kaynaklari ile
indiiklenmigstir. D-glikoz ve D-arabinoz, bazal ksilanaz diizeylerine yol acarken, D-

maltozun enzim sentezinde indiikleyici oldugu gozlemlenmistir.

Yasinok et al. (2010) tarafindan yapilan bir ¢alismada; topraktan izole edilen B.
pumilus SBM13 susundan izole edilen ksilanaz geni dizisinin diger B. pumilus

suslarindan elde edilen ksilanaz genlerine % 89-94 benzerlik gosterdigi belirtilmistir.

Garg et al. (2011) tarafindan yapilan bir ¢alismada; kat1 hal fermantasyonu altinda
B. pumilus ASH'dan ksilanaz iiretimini optimize etmek icin iki asamali istatistiksel
tasarim kullanilmustir. Uretim parametrelerinin se¢imi i¢in Plackett-Burman tasarimi
(PB) kullanilmistir. Caligmanin sonucunda pepton, maya 6ziitii, inkiibasyon siiresi, nem

seviyesi ve pH, ksilanaz {iretimi icin kritik faktorler olarak gézlemlenmistir.

Battan et al. (2012) tarafindan yapilan bir ¢alismada; pamuklu ve mikro-poli
kumaglarin desikasyonu, B. pumilus ASH'den izole edilen termostabil ksilanaz
kullanilarak yapilmistir. Enzim varliginda mikropoli kumaglarin ayni kosullar altinda

pamuktan daha iyi desizasyon gosterdigi saptanmaistir.

Banka et al. (2014) tarafindan yapilan bir ¢alismada; Escherichia coli'de, B.
subtilis M015'den izole edilen ksilanaz ve B-ksilosidaz'in enzimlerinin klonlanmasi,
ekspresyonu ve karakterizasyonu yapilmistir. Genlerin ksilanaz geninin (glikozid
hidrolaz (GH) ailesi 11) 213 amino asit ile B-ksilosidazin ise 533 amino asit tarafindan

(GH ailesi 43) kodlandig1 saptanmugtir.

Chutani and Sharma (2016) tarafindan yapilan bir ¢alismada; Hindistan'in farkl

bolgelerinden; tarim topraklari ve endiistriyel kullanima agik topraklardan, toplam altmis



mantar kiiltiirii izole edilmistir. On bes mantar kiiltiirii ksilanaz ve seliilaz iiretimi i¢in
secilmis ve cesitli primerler (ITS, NS ve MNS) kullanilarak belirlenmistir. Calismanin
sonucunda 3811 IU/g ksilanaz ve 9.9 IU/g selilazdan olusan Trichoderma
longibrachiatum MDU-6'dan elde edilen enzim kokteyli, ¢esitli kagit atiklarinin

dejenerasyonu i¢in nicel olarak uygun oldugu tespit edilmistir.

Gong et al. (2016) tarafindan yapilan bir ¢alismada; iyon degisim kromatografisi
kullanilarak, ii¢ farkli endo1,4- B -ksilanaz (An_xynl, An_xyn2 ve An_xyn3) enziminin,

SDS-PAGE ile ayrimis oldugunu tespit etmislerdir.

Kim et al (2016) tarafindan yapilan bir c¢alismada; Acidothermus

cellulolyticus'tan izole edilen ksilanazin heterolog ekspresyonu saglanmaistir.

Anbarasan et al. (2017) tarafindan yapilan bir calismada; termofilik
Termoplastikpora flexuosa GH10 ksilanazi (TfXYN10A), biyofaz ¢oziicii hidrofilik
iyonik sivilar ile (IL) [EMIM] OAc (Asetat), [EMIM] DMP (2,2-dimetoksipropan) ve
[DBNH] OAc'min varliginda calisilmistir. 65-70 °C'de ve TfXYNI10A'nin optimum
sicaklik degerinde seliiloz igerikli ¢oziilmeyen ksilan, 70-75 °C'de % 1 ksilan ve 75-80
°C'de % 3 ksilan ile ¢Oziindiiriilmiistiir. Bu nedenle, ¢oziiniir substrat miktarinin

seviyesinin, yliksek sicakliklarda enzim aktivitesini etkiledigi belirtilmistir.

Walia et al. (2017) tarafindan yapilan bir ¢alismada; ksilanaz enzimi ile kagit
hamuru parlakliginin arttirilmasi, ¢evre kirliliginin azaltilmasi ve bununla ilgili biyolojik

arindirma islemlerinin gerceklestirildigi potansiyel endiistriyel uygulamalari ¢aligilmistir.

Zheng (2017) yaptig1 bir calismada; Pichia pastoris GS115'de B. pumilus G1-
3'den elde edilen rekombinant alkalin ksilanazin (xynG1-3-opt) ekspresyon seviyesini
tyilestirmek icin P. pastoris'da heterojen ekpresyonu icin kodon optimizasyonu
gerceklestirilmistir. Optimize edilmis gen (xynG1-3-opt) tarafindan kodlanan ksilanazin
aktivitesinin, 33641 U / mL'ye kadar oldugu belirlenmis ve bu yabani tiiriin, xynG1-3
geninden % 37 daha yiiksek oldugu belirlenmistir. Calismanin sonucunda, P. pastoris'teki
rekombinant proteinlerin lretiminin arttirlmasina ve alkalin ksilanazin endiistriyel

iretiminin gelistirilmesine etkisinin biiylik dl¢lide katkida bulunacagi dngoriilmiistiir.



Zhan et al. (2017) tarafindan yapilan bir ¢alismada; piringte tanimlanan bir XIP-
Tipi ksilanaz inhibitorii geni olan riceXIP, E. coli'de klonlanmis ve eksprese edilmistir.
Rekombinant protein riceXIP’in, Aspergillus niger'den izole edilen ksilanaza kars1 aktif
olarak, dogru bir sekilde eksprese oldugu belirtilmistir. Calismada transgenik teknikler
kullanilarak, riceXIP geninin asir1 ekspresyonu gerceklestirilmis ve bitkilerde gen nakavt

ve diger metotlarla otoburlara kars1 bitki savunmasina katki saglayacagi agiklanmaistir.

Cano et al. (2017) yapmis olduklari calismada; % 1 poliakrilamid jel elektroforezi
ile farkli kaynaklardan elde edilmis bakteri ve mantarlarin, seliilaz ve ksilanaz
aktivitelerini % 1 (w/v) poliakrilamid jeller kullanarak ayirmislardir. Bu yontemin,
selilaz ve ksilanaz ireticilerinin taranmasi, bu aktiviteleri gosteren polipeptidlerin
tanimlanmasi ve molekiiler agirliklarinin belirlenmesi i¢in uygun bir metot oldugunu

bildirmislerdir.



2. KURAMSAL TEMELLER

2.1. Enzimler ve Biyoteknolojide Kullanim

Enzimler, organizmalarda substratlarin biyolojik ve kimyasal olaylarini katalizleyen
molekiillerdir. D1g ortamda da aktivite gosterebilen enzimler, ¢esitli canli gruplarindan
biyoteknolojik yontemlerle izole edilerek farkli endiistriyel alanlarda kullanilabilirler.
Biyoteknolojinin gelismesi ve ilerlemesi ile birlikte, canli hiicrelerden elde edilen
enzimler; bira tretiminde, siitciiliikte, etlerin islenmesinde, meyve suruplarinin
berraklastirilmasinda, gida alaninda, yag atiklarinin pargalanmasi i¢in deterjan
sektoriinde, deri ve dokuma sanayide, tipta tani ve teshislerde, tibbi tedavi yontemlerinde,
deterjan ve diger kimyasal temizleyicilerin agartma islemlerinde de biylik katki
saglamaktadir (Voget et al. 2006). Giderek gelisen ve biiyiiyen enzim teknolojisi, liretilen
iriinlerin ¢esitlilik gosteren kullanim alanlar1 ve yiliksek ekonomik degere sahip olmasi
nedeniyle son yillarda biyoteknolojik alanlarda endiistriyel enzimlere olan ilgi artmis ve
bu alanda ¢alismalar ve arastirmalar yapilmasi oldukga biiyiik bir 6nem kazanmistir. Yine
rekombinant DNA teknolojisi ile de enzim iiretim calismalar1 oldukca biiyiik 6nem
kazanmistir (Hols et al. 1994). Biyoteknolojik geligsmeler ile birlikte mikroorganizma
kaynakl1 spesifik enzimler ¢esitli alanlarda ticari olarak kullanilmaktadirlar. Mikrobiyal
kaynakli enzimler ve bunlarin kullanim alanlar1 Cizelge 2.1° de belirtilmistir (Kennedy

and Rehm 1987).



Cizelge 2.1 Mikrobiyal Kaynakli Enzimler ve Kullanim Alanlar

Enzim Sinifi

Kullamldig1 Alanlar

Mikroorganizma Ornekleri

o-amilaz

B-glucanaz

Katalaz

Seliilaz

Glukoz izomeraz
Glukoz oksidaz

Laktaz

Lipaz

Renin

Sukraz (invertaz)

Ksilanaz

Bacterial a-amilaz

Hemiselulaz

Pullulanaz

Pektinaz

Dekstrin ve Maltoz reaksiyonunda
Ekmek yapimi
Glikoz yapimi1

Bira berraklastirilmasi

Icecek korunmast

Deterjan yapimi

Atik yikiminda

Glukoz, Fruktoz doniistimii
Biyosensor

Peynir alt1 suyu

Laktozsuz gida {iretimi
Deterjan yapimi

Deri Endiistrisi,

Sindirime yardimet1

Peynir Endiistrisi

Sekerleme yapimi

Kagit hamuru sanayisi,
Hayvan yemleri
Meyve ve sira
berraklastirilmasi
Gida endiistrisi

suyu yapimi ve

Maltoz ve dekstrinin yikilmasi
Leke ¢ikarict
Glikoz surubu

Deterjan katki maddesi
Atiklarin degerlendirilmesi

Biyo-yakit {iretimi

Meyve suyu yapiminda
Sarap ve diger igeceklerin
berraklagtirilmasi

B. subtilis
Aspergillus oryzae
B. licheniformis

A. oryzae
B.subtilis

A. niger
Micrococcus lysodelcticits

Penicillum spp.

Aspergillus spp.
A.niger

Kluyveromyces lactis

A. oryzae

Kluyveromyces lactis
Mucor spp.
Saccharomyces spp.
Bacillus sp.

B. circulans
B.licheniformis

Bacillus ginsengihumi
Cellulumonas fimi
Micrococcus sp AR-135,
Trichoderma longibrachiatum
Thermoascus aurantiacus
Rahnella aquatilis
Pseudumonas monteilii

Bacillus amyloliquefaciens,

B.subtilis,
Aspergillus niger

Bacillus sp.
Clostridium pasteurianum,

Erwinia spp




2.2. Ksilanaz Enzimi

Bitkilerde bulunan hiicre duvari, mikroorganizmalarin hiicreye girisini engellemek
icin 6nemli bir bariyer konumundadir. Bitkilerde dogal olarak var olan ve yaklasik olarak
biyokiitlenin % 20-30’luk kismini heteropolisakkarit yapida olan hemiseliilozik tabaka
olusturur (Gamerith, G 1992). Bu biyokiitle diinyanin yakit ihtiyacin1 kargilamada da
onemli bir konumdadir (Alvarez-Cervantes et al. 2016). Ksilan, ¢ogu bitki hiicre
duvariin hemiseliilozik olan temel yapisidir (Anbarasan et al. 2017). Kullanigli ve son
iriine parcalanabilen bir yapidadir (Yang et al. 1995). Biiyliyen ve gelisen diinyamizda
kat1 ve s1v1 atiklarin biiyiik bir kisminin da yine bu hemiseliiloz yapisindan kaynaklandigi
bilinmektedir (Lee et al. 2015). Mantarlarin ve bakterilerin biiyilk cogunlugu ksilan’1
pargalayabilmek i¢in ksilanaz enzimine mutlak olarak sahip olmalar1 gerekmektedir. Bu
sebepten Otlirii patojen ve saprofit tiirler hiicre duvarinin temel bileseni ve ayni zamanda
bitki hiicrelerinin orta lamelinde bulunan ksilani par¢alamak i¢in ksilanaz enzimini {liretir
(Salles et al. 2000). Ksilanaz enzimi, ksilan yapisinda bulunan [-1,4-D-ksilozidik
baglarini hidrolizle parcalamaktadir. Bu nedenle ksilanaz enzimi dogada yaygin sekilde
goriilen ve bitki patojenlerince bitki hiicresinin enfeksiyonunda gerekli olan bir enzim

c¢esiti olarak bilinmektedir (Collins et al. 2005).

Ksilan igeriginin tamamen hidrolizi genis bir grup mikrobiyal enzim isbirligi ile
saglanabilmektedir (Amerah et al. 2017). Bu enzimlerin en dnemlisi ksilan yapisindaki
glikozid bagini kiran B-1,4-endoksilanaz grubu olan ksilanohidrolazlardir (Gilbert and
Hazlewood 1993). Endoksilanazlar, ksilan iskeletindeki i¢ glikozit baglarini hidrolize
ederken, ekzoksilanazlar ise endoksilanazlarin aktivitesi neticesinde meydana gelen
ksilooligosakkaritleri hidroliz etmektedirler (Wong et al. 1988). Sekil 2.1 ve Sekil 2.2°de
ksilanaz enzimlerinin kristal yapist ve ksilan iskeletindeki yapisal bolgeler

gosterilmektedir.
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Sekil 2.1 Ksilanazlarin Ksilan Omurgasina Etki Noktalar1 (Collins et al. 2005).

Sekil 2.2 Ksilanaz Enziminin Kristal Yapis1 (St John, Franz J., et al. 2009)
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2.2.1. Ksilanaz Enziminin Genel Ozellikleri

Genel olarak mikrobiyal kaynakli ksilanazlar asidik veya notral pH’larda
optimum aktivite gosterirler. Bakteri kaynakli ksilanazlar ise genellikle pH 5-9 arasinda,
biiylik bir alanda etkin olmasina ragmen c¢ogu nétral pH’larda da optimum aktiviteye
sahiptirler (Beg ef al. 2001). Endoksilanazlarin izoelektrik noktalar1 PT 3-10 araligindadir.
Ksilanazlar, katalitik, hidrolitik ve termal kararliliktan sorumludurlar. Sicaklik
degerlerinin optimum 34 ile 75 °C araliginda degisebildigi ancak 75-90 °C sicakliklar
arasinda aktivite gosteren ksilanazlarin bulundugu bilinmektedir. Ksilanaz aktivitelerinin,
diisitk amonyum siilfat konsantrasyonunda bile sicaklikla artig gosterdigi bilinmektedir.
Fungal ksilanazlar genelde bakteriyel ksilanazlara gore daha diisiik sicaklik direncine
sahiptirler (Abdulla et al. 2017). Ksilanaz cesitlerinde molekiil agirlig1 ve pH degeri
arasinda belli sabit bir iliski vardir; diisitk molekiil agirliklarinda bazik iken, yiiksek
molekiil agirliginda ise asidik yap1 gozlemlenmistir (Wong et al. 1988).

2.2.2. Ksilanaz Enziminin Kullanim Alanlari

Ksilan, yiiksek bitkilerin hiicre duvarinin hemiseliilozik tabakasinin temel
bilesenidir ve endiistride dogaya zarar1 en aza indirgeyerek kullanilabilirligi bakimindan
oldukca 6nemli bir yere sahiptir (Gessesse 1998). Diinyada ksilandan en ¢ok gida ve yem
alaninda faydalanilmakta ayn1 zamanda, kagit sanayisinde ve atiklarin aritim iglemlerinde
degerlendirme prosesleri olarak da ksilana yonelik uygulamalar bulunmaktadir. Ksilanin
ve ksilanaz enziminin en dnemli 6zelliklerinin baginda sanayi endiistrisinde kullanilan
bitkisel veya bitkisel kaynakli olmayan atiklarin enzimatik olarak hidrolizi gelmektedir.
Ksilanin enzimatik hidrolozindeki en 6nemli enzim ise B-1,4 baglar1 ile baglanan ve

ksiloz birimlerinden olusan iskeleti hidrolizleyen B-1,4 ksilanazlardir (Sargin ez al. 2003).

Doga kirliligini 6nlemek ve ¢evresel diizenlemeler ¢ergevesinde kagit hamuru ve
kagit endiistrisinde beyazlatma ve agartma islemleri genellikle yiiksek yogunluktaki klor
ile yapilmaktaydi. Ancak klor kullaniminin sinirlandirilmasi, agartma islemlerinde enzim
kullanilmasina, akabinde arastirmacilarin mikrobiyal enzimlere yonelmesine neden
olmustur (Eren-Kiran O. 2006). Kagit endiistrisindeki kirliligi azaltmak igin mikrobiyal

enzimlerin uygulanmasi ile birlikte agartma iglemlerinde klorun kullanimi azaltilmis ve
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boylelikle cevreye vermis oldugu zararin indirgenmesi saglanmistir. Kuzey Amerika’da
ve Bati Avrupa iilkelerinde ksilanazlar, aga¢ mantar dokulu kabuk ekstraktinda, geri
doniisiim iirtinlerinin agartilmasinda ve kullanilmis olan kagit hamurunun beyazlatilmasi
isleminde seliilozun hidroliz edilmesiyle tekrar kullanilmaktadir (Yang et al. 1995). Gida
sanayisinde ise ksilanazlar, ekmek yapiminda hamurun yogrulmasi esnasinda
kullanilmakta ve bdylelikle hamurun kabarik, yamusak ve kivamli bir hal almasina neden
olmaktadir (Glineri vd. 2008). Bunun temel nedeni bugday unundaki ksilanaz ig¢in
substrat olan ve su igerisinde ¢ozlilemeyen arabinoxylan (AX)’in ¢oziinmesi oldugu
bilinmektedir. Ksilanaz, meyve ve sira sularinin aritilmasi, sebze ve meyve sularinin
eldesi i¢in de yogun olarak kullanilmaktadir. Ksilanazin diger 6nemli kullanim alani ise
yem ve hayvancilikta piliclerin besinleri olan ¢avdar tabanli diyetlerin igerisine dahil
edilmek suretiyle yemlerde viskozitenin azaltilmasidir. Bunun sonucunda ise hem
yemlerin agirliklart artmakta hem de piliglerin agirliklart artmaktadir. Gida
endustrisindeki atiklarda ksilan miktar1 oldukga yiiksektir. Bu sonugla birlikte ksilanin
kullanim alanlar1 ksilanazlar sularda bulunan ksilan’1 iskeletini ksiloz’a doniistiirmek
icinde kullanilir. Cizelge 2.2°de ksilanaz enziminin diinya ¢apindaki kullanilabilirligi ve

islemlerdeki dnceligi islevsel ve ayrintili olarak verilmektedir (Collins et al. 2005).
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Cizelge 2.2 Ksilanaz enziminin kullanim alanlar1

Sanayi Katkisi Kullanim Alam Ozelligi
Sanayii Yag, meyve suyu, sarap Yag, meyve suyu, sarap ve diger
kuruluslarindaki ve diger meyve ve meyve sularinin kalitesinin

meyve, sebze ve
sarap Uretim ve
isleme alanlarinda

Ekmek ve unlu
mamiul dretim
tesislerinde

Hayvancilik

Kagit endiistrisinde

Glukoz ve Nisasta

Giyim ve tekstil
sanayisinde

Biyoyakit tiretim

tesislerinde doniisiim

sebzelerin atik ve
islemlerinde kullanilir

Ekmek yapiminda ve
diger hamur {irtinlerinin
iiretiminde

Yem trinlerinin
uretilmesinde ve
gelistirilmesinde

Kagit iiretiminde kagit
renginin kalitesinin
artmasina ve agartma
isleminin daha net
olmasinda

Nisastanin diger
iriinlerden ayrimina

Giyim sanayide kullanilan

kot, keten ve kendir gibi
tirlinlerin islenmesinde

Elde edilen atiklarin
zararinin en aza
indirgenmesinde ve
uzaklastirilmasinda

arttirilmasinda ve
berraklastirilmasinda kullanilir

Hamurun daha siskin, yumusak
ve kivamli bir hal almasini
saglar.

Hayvanlarimin aldiklari
yemlerden icerik yogunlugunu
azaltarak proteinlerden ve diger
bilesiklerden en iist diizeyde
faydalanmasini saglar.

Kagit endiistrisinden kullanilan
zararli kimyasallarin sayisinin
azaltilmasi saglar.

Hanur islerindeki yogunlugu
azaltir ve daha kivamli bir hal
Verir.

Enzimatik ylizeye etki eder.

Fabrika ve diger sanayi
kuruluslarindaki atiklarin
aritimini saglar.
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2.3. Bacillus Tiirleri ve Genel Ozellikleri

[lk olarak 1872°de Ferdinand Cohn tarafindan adlandirilan Bacillus’lar gram pozitif,
krem ya da beyaz renkli farkli koloni tiplerine sahip, olumsuz kosullara oldukca dayanikli
endospor olusturan peritrik kamgil1 aerobik veya fakiiltatif aneorobik bir bakteri cinsidir
(Lin et al. 1998). Vejetatif hiicre yapilar1 0.5x1.2 pm ile 2.5x10 pm ¢ap1 arasinda
degiskenlik gostermektedir (Buchanan 1994). Bilinen yaklasik elliye yakin Bacillus tiirii
bulunmaktadir. Bu tiirlerin bazilarinda endosporun hiicre i¢indeki konumunda farkliliklar
gozlemlenmektedir. Endosporlarinin konumuna gore sentral, terminal ya da subterminal
olarak ayrilabilirler. Yine Turnbell and Kramer’in yapmis oldugu calismada Bacillus
tiirlerinin teshisinde spor morfolojilerinin temel alindig1 ve buna gore Bacillus’larin 3
gruba ayrildig: bildirilmistir. Ik grup Bacillus' lar kendi iglerinde A ve B olmak iizere
ayrilmaktadirlar. Bu gruplarin ikisinde de sporangia sis degildir. Sporlar merkezi veya
terminal konumlu ve elips veya silindirik sekilli yapidadir ve gram pozitiftirler. Bu
gruplardan A grubunda hiicreler 1pum’den kiiciiktiir. B grubunda ise hiicreler 1pum’den
biiyiiktiir. A grubunda; B. megaterium ve B. cereus gibi tiirler var iken; B grubunda ise
B. pumilus, B. firmus, B. licheniformis, B. subtilis ve B. coagulans gibi tiirler vardir. Diger
grupta ise Bacillus tiirlerinde sporangia sis durumdadir. Elips, sentral veya terminal
seklinde sporlar vardir. B. circulans, B. stearothermophilus, B. polymyxa, B. macerans,
B. alvei, B laterosporus ve B. brevis gibi tiirler bunlara érnektir. Ugiincii grup Bacillus
tiirlerinde de sporangia sis konumdadir. Kiiresel, subterminal veya terminal konumlu
sporlar vardir. B. sphaericus bu gruba 6rnek olarak verilebilir (Turnbell ez al. 1991). Bazi
Bacillus tiirleri polipeptit yapida kapsiil gelistirmislerdir (B. subtilis, B. anthracis, B.
megaterium ve B. licheniformis). DNA’larindaki G + C oran1 yaklagik olarak % 32 ile %
62 arasinda degismektedir (Con et al. 1997). Birgok Bacillus tiiriinde hiicre duvart mezo-
diamino pimelik asitten meydana gelir (Ozgelik 1995). Tiim Bacillus tiirleri kanl agar,
nutrient agar, trypticase soy agar ve brain heart infusion besi ortamlarinda rahatlikla
iireyebilmektedirler. Sentetik ortam biiyiime kosullarinda ise en iyi ortam nitrojen
kaynagi olan amonyum bulunduran ortamlar iken, karbon igeren organik asit, seker ve
alkol de ¢ok iyi bir biiylime ortamidir (Kaynar and Beyatli 2008). Genel olarak sekerleri
fermente ederek asit iiretebilirken, proteinleri de kullanarak amonyak olusturacak sekilde
parcalamakta ve boylelikle kokusmaya neden olabilmektedirler. Bacillus tiirleri
genellikle saprofit olup toprakta, su, bitki, bitki atiklar1 ve hayvanlarda yaygin olarak

bulunmaktadirlar. Bacillus tiirlerinin genel olarak calisilmasinin nedenlerinden biri, bazi
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biyolojik kaynakli metabolitlerin tiretimi ve sicaklik direngli spor olusturma

yetenekleridir (Silo-Suh et al. 1998).

2.3.1. Bacillus Tiirleri ve Biyoteknolojide Kullanim

Biyoteknoloji; biyoloji, molekiiler biyoloji ve genetik alanlarindaki gelismelere
paralel olarak gelisen ve siirekli olarak giincellenen yeni, giivenilir ve gelecek vadeden
bir ¢alisma alanidir. Enzim teknolojisinin gelismesi ve ekonomik degeri yiiksek olan
trtinlerin kullanim alaninin ¢esitliligi nedeniyle, biyoteknolojik alanda endiistriyel
enzimlerin énemi de giderek artmustir. Ozellikle mikroorganizmalar hizli iiremeleri
yaninda gelisimlerinin kolay ve ekonomik olmasi gibi nedenlerden dolay1 enzim kaynagi
olarak tercih edilmislerdir. Ekstrem kosullarda yasayan mikroorganizmalar ve onlarin
tiretmis oldugu enzimler bu anlamda biiylik 6nem kazanmustir. Bacillus tiirleri ekstra
selliiler enzimler {iretme yetenekleri ve diger enzim kaynaklarina gére daha az iiriin

olusturmalar1 nedeni ile en ¢ok tercih edilen bakteri gruplart arasindadir.

Bacillus’lar genel olarak mezofiliktirler, termofilik ve psikrofilik tiirleri de
bulunmaktadir (Ayhan 2000.). Termofilik agidan degerlendirildiginde Bacillus cinsine ait
sicakliga en direngli tiirlin B. subtilis, en hassas tiirlin ise B. coagulans oldugu; pH
acisindan  degerlendirildiginde, B. coagulans (B. thermoacidurans) ve B.
stearothermophilus gibi bazi tiirlerin 4,2 gibi oldukga diisiik pH’larda gelisim siireclerini
devam ettirebildigi bilinmektedir. Ekstrem tiirler disinda Bacillus tiirleri genellikle

camur, su, toprak ve cesitli besinlerde kolaylikla bulunabilmektedirler.

Bacillus tiirlerinden amilaz, proteaz, lipaz, azorediiktaz, katalaz-peroksidaz ve pektat
liyaz gibi pek ¢ok enzim ¢aligmasi yapilmistir (Gomes ve Steiner 2004). Bunun yaninda
Bacillus tiirlerinin ekstradan iiretmis oldugu ¢esitli bilesiklerinde biyoteknolojik agidan
Onem arz ettigi ve pek cok calismada kullanildig bilinmektedir. B. subtilis’den subtilin,
B. licheniformis’den basitrasin, B. polymyxa’dan ise polimiksin antibiyotiklerinin {iretimi

bunlara 6rnek olarak verilebilir (Ayhan 2000).
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2.4. Amacg

Calismanin amact Dogu ve Gilineydogu Anadolu bolgesinde bulunan sicak su
kaynaklarindan toplanan su ve ¢camur 6rneklerinden termofilik bakterilerin izole edilerek
tanilanmasidir. Bunun yani sira izole edilen bakterilerden ksilanaz enzim aktivitelerinin
tespit edilmesi ve ksilanaz enzim aktivitesi yliksek olan tiirlin secilerek enzimin
saflastirilmasi, saflastirilan enzimin rekombinant ve nano kapstillenmis formunun aktivite

sonuglarmin kiyaslanip ticari olarak kullanilabilirliginin arastirilmasidir.
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3. MATERYAL ve YONTEM

3.1. Materyal

3.1.1. Biyolojik Materyal

Pasinler (Erzurum), Hasanabdal (Van), Histagermigi (Siirt), Diyadin; Davut ve
Koprii germigi (Agr1), Dargecit (Mardin) ve Giigliikonak (Sirnak) termal kaynaklardan
alman su ve camur Orneklerinden izole edilen bakteriler g¢alismanin materyalini

olusturmaktadir.

3.1.2. Kullanilan Cihazlar
Calkamah inkiibatér: LABWIT ZWYR-200D Orbital
Distile su cihazi: Niive ND 4L
Elektroforez: WEALTEC ELITE 300 PLUS
Etiiv: Niive FN500
Hassas terazi: Vibra AJ3200H Shinko
Isiticilh magnetik karistiricr: Are VELP Scientifica
Jel goriintiileme: Dnr Bio-imaging Systems MiniLumi
Nanodrop spektrometre: ACTG Gene UVS-99
Otoklav: Niive OT 40 Otoklav
PCR cihazi: BIOER GenePro
pH metre: AZ 8685
Pipetler: Eppendorf

Santrifiij: ScanSpeed mini
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Sicak su banyosu: Labo BMS 5200
Vortex: PV-1 Grant-bio Vortex Mixer

Western blot: WEALTEC

3.1.3. Kullanilan Kitler

pGEMTeasy vektorii: 1.2ug pGEM®-T Vektor (50ng/uL) « 12uL Kontrol Insert
DNA (4ng/uL) » 100u T4 DNA Ligaz « 200uL 2X Rapid Ligasyon Soliisyonu, T4 DNA
Ligaz (Promega)

pET16b vektor: Novagen pET-16b vektor (Kat. No. 69662-3)

Proteo qwest Kkiti: Sigma (LC6070)

QIAGEN plazmid kiti: Plasmid Midi Kit (Kat. No. 12143)

Quick Gel Extraction Kit: Invitrogen (K210012)

3.1.4. Kullanilan Besiyerleri

Kanh Agar: Toplamda 40 gr; (Oxoid) Blood Agar Base ¢ozeltisinden, (2.5 gr
Liver digest, 15 gr proteose peptone, , 5 gr sodium chloride, 5 gr yeast extract) ve 12 gr
agar almip 1000 ml su ile ¢oziindiiriilmiistiir. Hazirlanan ¢6zelti 121 °C’de yiiksek basing

altinda 15 dk otoklanmistir.

Luria Bertani (LB): Toplamda; 10 gr tripton (Sigma), 5 gr Yeast infusion
(Merck) ve 5 gr NaCl (Merck) karisimi 600 ml H>O ile ¢oziilerek pH 7.4’e ayarlanir ve
toplam hacim 1000 ml olacak sekilde H>O ile tamamlanir. Hazirlanan besi ortami 121

°C’de 1,5 atm basingta 15 dk otoklavlanir.
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Nutrient Broth (NB): Toplamda 13 gr; (Oxoid) NB ¢dzeltisinden, (1 gr "Lab-
Lemco’ powder, 5 gr peptone, 5 gr sodium chloride, 2 gr yeast extract) alinip 1000 ml su
ile ¢oziindiiriilmiistir. Hazirlanan besi ortami 121 °C’de 1,5 atm basingta 15 dk

otoklavlanir.

3.1.5. Kullanillan Kimyasallar ve Cozeltiler

10x TAE: Tris Acetate-EDTA buffer BioReagent, 50x suitable for electrophoresis

Ampisilin: Sigma A 6140 Soliisyon, 1000x ampisilin stok soliisyonu

Brain Heart infusion (BHI): Toplamda 37 gr; (Oxoid) 12.5 gr Brain heart infusion, 5
gr Beef Heart infusion, 10 gr Proteose peptone, 2 gr Glukoz, 5 gr Sodyum klorid, 2.5 gr
Disodium phosphate tizerine 1000 ml distile su icinde ¢oziilerek pH 7.4’e ayarlanir.

Hazirlanan besi ortami1 121 °C’de 1,5 atm basingta 15 dk otoklavlanir.

DNS: Enzim aktivitesinin belirlenmesinde reaksiyonu durdurmak ve aktivite sonucu
aciga c¢ikan indirgen seker miktarini belirlemek i¢in kullanilir. 1g DNS 50 mL dH>O
igerisinde ¢oziiliir ve daha sonra son hacim 30g K-Na-Tartarat ve 20 mL 2N NaOH ile

100 mL’ye tamamlanur.

EDTA: Fluka Kat no: 03620

Etanol: Merck 100983 Ethanol absolute for analysis ACS, ISO, Reag. Ph Eur 2.5 L

Etidyum bromiir: 10 mg/ml stok ¢ozelti Ethidium bromide hazirland1 [EB], (Kod:
802511)

Fenol Kloroform izoamilalkol: Sigma

Gliserol: Emsure® ACS,Reag. Ph Eur. CAS 56-81-5, EC Number 200-289-5 % 80’lik
gliserol kullanildi
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Izopropanol: Sigma EC no: 200-661-7

Kalsiyum Kloriir: 25:24:1, Saturated with 10mM Tris, pH 8.0, ImM EDTA, 7.34 gr
CaCl2 tuizerine 11t H>O eklenir.

Kloroform: Sigma Anhydrous, > % 99 contains % 0.5-1.0 ethanol as stabilizer

TE: Sigma Tris EDTA pH:8.0

Tris: Sigma EC No: 201-064-4

X-gal: (Bio Basic Katalog no: 12872) 50 mg/ml hazirlandi (N-N dimetilformamide
Sigma Katalog no:38H0812)

3.2. Yontem

3.2.1. Biyolojik Materyalin Toplanma Yontemi

Izolasyon yapilan alanlardan alian su ve gamur drnekleri 2 1t’lik cam kavanozlara
konularak etrafi glines 15181 almayacak sekilde aliiminyum folyo ile tamamen kapatildi ve
aliman bolgenin bilgileri ve koordinatlar1 kaydedildi (Wulf 1989). Calismada; Agrn
(Diyadin; Davut ve Koprii cermigi) Lat. :39,493548, Lng. : 43,649362 kaynak suyu
sicakligi 70 °C (Sekil 3.1), Davut sicak su kaynaklarinin genel dogal goriiniimii (Sekil
3.2), Pasinler (Erzurum) Lat. : 39,978194 Lng. : 41,664286, kaynak suyu sicakligi 38 °C,
Hasanabdal (Van) Lat: 39,225049, Lng. : 43,388236 kaynak suyu sicakligit 70 °C,
Histagermigi (Siirt) Lat.: 37,707582, Lng. :42,002020 kaynak suyu sicakligi 60 °C,
Dargecit (Mardin) Lat. : 37,546184, Lng. : 41,720381 kaynak su sicakligr 60 °C ve
Gigliikonak (Sirnak) Lat. : 37,476818, Lng. :41,939351 kaynak suyu sicakligi 60 °C,

olarak tespit edildi ve alinan 6rneklerden izolasyon gerceklestirildi.
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Sekil 3.1 A: Koprii sicak su kaynagi, B: Davut sicak su kaynagi

Sekil 3.2 Davut sicak su kaynaklarinin genel dogal goriintimii
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3.2.2. Sicak Su Kaynaklarimnin Kimyasal Analizi

Toplanan su drneklerinin kimyasal analizleri Kars Halk Saghg 11 Miidiirliigii su
analiz laboratuvarinda yapilmistir. Orneklerde pH, iletkenlik, NOs™! (Nitrat), NH4*!
(Amonyum), NO,™! (Nitrit), Fe (Demir), Al** (Aliiminyum), Cu (Bakir), Pb (Kursun) ve

suyun kaynak sicakliklar1 rapor edilmistir.

3.2.3. Bakterilerin izolosyonu

Termal kaynaklarindan alinan su ve gamur numuneleri distile su i¢eren tiiplere (1
mL &rnek 9 mL distile su olacak sekilde aktarilmig) alinarak 107! ve 10°®’lik diliisyonlar
yapilmistir. Her bir diliisyondan 25 pL alinarak sivi besi ortamlarinda gelistirilmis (Sekil
3.3) ve gelisen her bir besi ortamindan da 100 uL inokulum alinarak kati besi ortamlarina
ekilmis ve 55-58 °C' de 24 saat inkiibe edilmistir. inkiibasyon siireci sonunda gelisen
kolonilerden 6ze ile alinan bakteri izolatlar1 ayr1 besi ortamlarina ¢izgi ekim yontemi ile

ekilerek saf kiiltiirleri elde edilmistir.

Mikroorganizmalarin stoklanmasi amaciyla 2 mL’lik ependorf tiiplerine 500 pl
(% 30’luk gliserol) ile 500 pl LB eklendi. Calisma sonucunda saflastirilan her bir izolattan
bir 6ze dolumu bakteri tiiplere alinarak vortekslendi. Izolat numaralar1 kaydedilen her bir

tiip -80 °C’de stokland.

3.2.4. Bakteri Orneklerinin Gelisim Gosterdigi Sicakliklarin Tespiti

Izolatlara ait ornekler farkli sicaklik (40 °C, 55 °C, 65 °C, 70 °C, 75 °C, 85 °C ve

90 °C) degerlerine sahip parametler baz alinarak ol¢iilerek sonuglar rapor edilmistir.
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3.2.5. Bakteri izolatlarimin Tanilanmasi

3.2.5.1. Morfolojik Tanilama

Tiim bakteriler mikroskop altinda incelenerek morfolojik yapilar1 gézlenmis olup

ayn1 zamanda endospor ve gram boyama testleri yapilmistir.

Sekil 3.3 Sivi besiyerine ekim yapilan 6rnekler

Hiicre Morfolojileri

Izole edilen bakteriler LB agar besi ortaminda 70 °C’de 48 saat siire ile inkiibe
edilmislerdir. Bu siire sonunda izolatlarin olusturdugu hiicreler mikroskop altinda

incelenerek hiicre morfolojileri tespit edilmistir. (Jampaphaeng et al. 2017).

Endospor Olusumlari

Endospor elverissiz yasam sartlarinda bakterilerin yasamda kalmalarini1 saglamak amacl
olusturduklart bir yapidir. Bir gece LB besiyerindeki kiiltiirden saf koloni alinarak lam
lizerine yayilarak alevden gegirilerek fikse edildi. Hazirlanan preperat 5 dk boyunca

karbon fuksin ile boyandi. Daha sonra yikanan preperatlar 10 sn boyunca %10’luk nitrik

24



asitle muamele edildikten sonra 2 dk boyunca metilen mavisi ile boyandi ve mikroskop

ile incelendi.

Gram Boyama

izole edilen bakterilerin gram 6zelliklerini tespit etmek amaciyla izolatlar LB besi
ortaminda gelistirilmis ve lam iizerine alinarak fikse edilmistir (Yang et al. 1995). Fikse
edilen ornek ilk asamada kristal viyole boyasinda 1 dk boyunca muamele edilmis ve bu
stirenin ardindan distile su ile yikanmistir. Boylelikle kristal viyole, ortamda bulunan tiim
hiicrelerin mor renge boyanmasini saglamistir. Akabinde liigol ¢ozeltisi ile 6rnekler 1 dk
kadar muamele edilerek, % 96’lik etil alkol ile yikanmistir. Bu asamalardan sonra hiicre
duvarlar1 yapilarindan dolayr lam iizerinde bulunan ve gram negatif 6zellige sahip
bakteriler rengini kaybederken, gram pozitif bakteriler ise mor renkte goriilmiislerdir. Son
olarak distile su ile yikanan 6rnekler yaklasik 15 sn. kadar safranin boyasiyla muamele
edilip, distile su ile tekrar yikanarak preperatlar kurumaya birakilmistir. immersiyon yagi
yardimi ile preperatlar mikroskopta incelenmis, inceleme sonucunda gram pozitif
bakterilerin mor renkte, gram negatif bakterilerin ise pembe renkte oldugu gézlenmistir

(Bernard et al. 2017).

3.2.5.2. Molekiiler Tanilama

Bakterilerden DNA izolasyonu

Bakterilerden genomik DNA izolasyonu i¢in izlenen protokol asagida verilmistir.

1) Bakteri izolatlar1 5 mL NB besi yeri igeren ortama alinarak 37 °C’de 24 saat boyunca
inkiibe edilmistir. Daha sonra besiyerinden ependorflara 1.5 mL kadar alinmig ve 7000
rpm’de 5 dk. boyunca santrifiij edilmistir. Ust kistm sivis1 atilmis ve hiicre peletinin
tizerine; 200ul dH20, 50ul 0,5M EDTA, 10ul % 20 sarkosyl, 10ul proteinaz K (10mg/ml),
10pul 1M Tris- HCl (pH:8) ve 5ul 5M NaCl eklenerek karigim 5 dk. boyunca

vortekslenmistir.
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2) Ornekler 30 dk. boyunca 65°C’ye ayarlanmis su banyosunda bekletilmistir. Siirec

boyunca 6rnekler her 10 dakikada bir vortekslenmistir.

3) Orneklerle ayn1 hacimde olacak sekilde fenol: kloroform: izoamilalkol (25: 24: 1)

eklenmis ve hafifce ters/diiz edilmistir.

4) 13000 rpm’de 5 dk. boyunca santrifiij yapilmis ve siipernatant kisim pipet yardimi ile

aliarak yeni ependorf tiipline aktarilmistir.

5) Fenol: kloroform: izoamilalkol (25: 24: 1) islemi 3 defa yukarida belirtildigi sekilde
yapilmistir. Her basamakta santrifiij sonunda elde edilen {irlinlerden siipernatant kismi

alinmis ve yeni ependorf tlipline aktarilmigtir.

6) Yeni ependorfa alinan siipernatant hacminin 1/10’u kadar 3M NaOAc ve hacminin 2

kat1 kadar absoliit etanol eklenip -20°C’de 1 gece inkiibasyona birakilmistir.

7) Siire bitiminde 6rneklere 13000 rpm’de 10 dk. boyunca santrifiij yapilarak siipernatant
uzaklagtirilmis ve pelet kurutulmustur. Kurutulan pelet 200ul dH>O eklenip pelet
¢oziindiiriilerek, ¢oziilmiis olan peletin iistiine 1/10 hacminde 0,3M NaOAc ve 440ul

etanol eklenmis ve drnekler -20°C’de 1 gece inkiibe edilmistir.

8) Siire bitiminde ornekler 13000 rpm’de 10 dk. boyunca santrifiij edilerek siipernatant

kismu tlipten uzaklastirilmis ve pelet kurumaya birakilmistir.

9) Kurutulan pelet 100 pL. dH>O ile ¢oziindiiriilerek % 0.8’lik agaroz jelde yuriitiildi.
Ayn1 zamanda DNA’nin kalitesi ve safligini tespit amaciyla spektrofotometrik 6lgiimler
dalga boyu 260 ve 280 nm olacak sekilde nanodrop’ta gergeklestirildi. Olgiimlerde kor
olarak peletlerin ¢oziindiiriildiigii tampon kullanilarak bakteri izolatlarinin nanodrop

sonuglar1 kayit altina alindi (Ozic 2012).

26



16S rRNA PCR (Polimeraz Zincir Reaksiyonu) Reaksiyon Kosullar1 ve
Amplifikasyonu

Bakteri izolatlarinin 16S rRNA bolgelerinin amplifikasyonu i¢in gerekli olan tiim
PCR temel bilesenleri Cizelge 3.1°de verilmistir. Calisilacak 6rnek sayisi kadar
bilesenlerin yogunlugu ve miktarlart hazirlanarak hazirlanan bu karisimlar PCR tiiplerine
aktarilmis ve Cizelge 3.2° de verilen reaksiyon kosullar1 dikkate alinarak Ornekler
amplifiye edilmistir. PCR sonrasi elde edilen tiriinlerin DNA konsantrasyonlar1 6lgtilerek

kayit altina alinmistir. (Baltaci vd 2016).

Cizelge 3.1 PCR Temel Bilesenleri

Bilesenler Bilesen Miktarlar:
Taq Polimeraz (5U/uL) 0,25 puL
10x Buffer PCR 2,5 uL
MgCl (25 mM) 2 uL
Primer 27 F (25pmol/ pL) 2,5 uL
Primer 1385 R (25pmol/ pL) 2,5 uL
DNA (Genomik) 1 uL
dNTP (25mM) 1,5 uL
Distile Su 12,75 uLL

Cizelge 3.2 PCR Reaksiyon Kosullari

Sicakhik  Siire Dongii

94 °C 5 dakika
94 °C  ldakika
55°C  ldakika
72 °C  1dakika
72 °C 5 dakika
4°C o0

40 Dongii
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16S rRNA PCR iiriinlerinin Klonlanmasi

Kompetent Hiicre

PCR amplikonlar1 tasiyict vektorlere ve ardindan E. coli’ye aktarilmistir.
Calismamizda daha onceden stoklanmis hazir E.coli DH5-a kompetent hiicre stoklari

kullanilmistir.

PCR iiriiniiniin plazmite ligasyonu

PCR iirliniiniin tastyici plazmite eklemesi T-A klonlanmasi (plazmitdeki T
niikleotid ile Taq polimeraz tarafindan PCR {iriiniiniin uglarina eklenen A niikleotidin

birlestirilmesi) temeline dayandirilmistir.

PCR iiriinlerine A ekleme reaksiyonu: 1 pl 10X tampon, 1 ul 25 mM MgCl,, 0,5 pl
2.5 uM dATP, 6.5 pl PCR iiriinii, 1 pl Taqg DNA Polimeraz ile hazirlanan karigim 70°C

‘de 30 dk. bekletilmis ve sonra PCR {iriinii ligasyona alinmustir.

Ligasyon: Klonlama reaksiyonlarinda genel olarak pGEMTEasy (Promega) vektori
kullanilmistir. Vektorler ilgili firmadan temin edilmistir. Ligasyon, plazmit igeriginde
bulunan T niikleotitleri ile PCR ile iiriin amplifikasyonu yapildiginda Taq polimeraz
enziminin {irlinlin uglarina ekledigi A niikleotidinin bir araya gelmesi ile T-A klonlanmas1
olayr temeline dayanmaktadir. Hazirlanan karisim 70°C ‘de 30 dk. inkiibe edildikten

sonra PCR iiriinii ligasyon i¢in hazirlanmastir.

Transformasyon: Daha onceden stoklanmig ve -80°C’ de muhafaza edilen kompetent
hiicreler ¢ikarilmis ve buz tlizerinde yaklasik 5 dk. bekletilmistir. Ligasyon asamasinda
elde edilen {iriin daha dnceden temin edilmis olan kompetent hiicrenin tizerine aktarilmig
ve buz lizerinde yaklasik 30 dk. boyunca bekletilmistir. Bu siire zarfi sonucunda buz
tizerinden alinan 6rnekler 42 °C’ye ayarlanan 1s1 bloguna 1 dk. 1s1 sokuna birakilmistir.
Siire sonunda 1s1 blogu {izerinden alinan 6rnekler tekrar buz iizerine alinmis ve buzda 3
dk. bekletilmistir. Siire sonunda tizerine 500 pL LB eklenmis ve 37 °C’de 35 dk. inkiibe
edilmistir. Inkiibe edilen 6rnekler 10000 rpm’de 2 dk. boyunca santrifiij edilmistir.

Besiyerlerinin ekimi yapilacagr petriler 40’ar pL X-Gal ile muamele edilmistir. Tiip
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icerisinde siipernatanttan 50 pL kalacak sekilde siipernatant uzaklastirilmistir. Pelet 50
uL icerisinde ¢oziilmiis, sonra LB-agar-ampisilin - XGal plate yiizeyine dagitilmig ve bir
gece 37 °C’de inkiibe edilmistir. Yapilan bu transformasyon basamagindan sonra
olusacak olan mavi-beyaz kolonilerden beyaz renkli olan koloniler segilerek alinmistir.
Aseptik kosullar altinda 6ze yardimiyla alinarak, dnceden hazirlanmis olan 40 uL X-Gal
iceren LB Agar Amfisilin (100 ug/uL) petrilerine ¢izgi ekimleri yapilmustir. islemde arta
kalan 6ze uglarindaki amfisilinli kisim 100 ml s1v1 besiyeri igeren erlenlere alinmistir. X-
Gal iceren LB Agar amfisilin petrileri ve LB besiyerleri 37 °C’de bir gece inkiibe

edilmistir.

Plazmid Izolasyonu: Plazmid izolasyonu i¢in izole edilen beyaz kolonilerden plazmid
izolasyonu yapmadan 6nce koloniler 1 gece boyunca 120 rpm’de 37°C’de ampisilin (100
png/ul) iceren LB agar besi yerinde biiyiitiilmiistiir. Daha sonra besiyerleri falkon
tiiplerine transfer edilmis ve 8000 rpm’de 5 dk. santrifiije tabi tutulmustur. Elde edilen
siipernatant uzaklagtirilarak iizerlerine pH’1 8.0 olan 1000 uL 50 mM Tris-HCI ilave
edilmistir. Vorteks yardimui ile elde edilen peletler ¢oziindiiriilmiis ve ependorf tiiplerine
transfer edilmislerdir ve bu asamadan sonra 1 dk. boyunca 8000 rpm’de santrifiij
edilmistir. Bakteri peletinin par¢alanmasinda ise 150 uL Lizozim-Tris ve pH’1 8.0 olan
20 puL 0.5 M EDTA kanstirilarak pelet iizerine aktarilmis ve pelet sollisyon
¢oziindiiriilmiistiir. Coziindiiriilen pelet 30 dk. boyunca buz iizerinde inkiibe edilmistir.
Plazmit DNA’sinin ¢oktiiriilmesi asamasinda ise her bir tiipe 400 uL 0.2 M NaOH ve 1:1
oraninda % 1’lik SDS eklenmis ve 5 dk. buzda inkiibe edilmistir. Bu siire¢ zarfi sonunda
pelete 300 uL 7.5 M amonyum asetat eklenmistir. Tiipler nazikge ters diiz edilmistir ve
10 dk. boyunca buzda inkiibe edilmistir. Bu asamadan sonra ¢dken plazmitin
saflagtirilmasi i¢in siire sonunda tiipler buzdan alinarak 8000 rpm’de 15 dakika boyunca
santrifiij edilmis ve siipernatant kism1 yeni ependorflara aktarilmistir. Fenol-kloroform
uygulama asamasinda slipernatantin iizerine 800 pL fenol: kloroform: izoamilalkol (25:
24: 1) eklenmistir. Calkalamali tabla iizerinde 5 dakika karistirilmis ve tiipler 8000
rpm’de 2 dk santrifiij yapilmistir. Olusan {i¢ fazdan plazmit iceren en {iist faz yeni bir
ependorfa alinmis ve iizerine hacminin 0.6 kat1 kadar 2-Propanol ilave edilmistir. Nazikce
karigtirilmis ve 15 dk. oda sicakliginda inkiibe edilmistir. Daha sonra 8000 rpm’de 10 dk
santrifiij yapilmistir. Silipernatant uzaklastirilmis ve pelette kalan sivinin kurumasi
saglanmistir. Kurutulan pelet iizerine 200 pL 03 M NaOAc eklenmis ve

coziindiiriilmiistiir. Tiipe 400 uL absolut etanol ilave edilmis ve -20 °C’de gece boyunca
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inkiibasyonu saglanmigtir. Daha sonra 8000 rpm’de 10 dakika santrifiij edilmis,
slipernatant uzaklastirilmis ve pelet kurumaya birakilmistir. Pelet {izerine 30 pL TE ilave

edilmis ve -20 °C’de muhafaza edilmistir.

Calismada bakteriler icin spesifik olan ve evrensel olarak kabul edilen primerler
[Primer 1: 27 F ( 5°>-GAG TTT GAT CCT GGC TCA-3’) ve Primer 2: (1385R) (5°-
CGGTGTGT[A/G]JCAAGGCCC-3")] kullanilmigtir. Primerler kullanilarak amplifiye
edilen PCR iirlinlerinin Spl.’ si % 1’lik agaroz jelde yiiriitiilerek 16s rRNA bdlgelerinin
elde edilip edilmedigi yani istenilen bolgenin ¢ogaltilip ¢cogaltilamadigl dogrulanmaistir.
(Yanmis ve Adiguzel 2014).

% 1’lik agaroz jel hazirlamak i¢in 22 gram agaroz 220 ml 1xTAE soliisyona
eklenerek mikrodalga firinda homojen bir sekilde ¢6ziilmesi saglanmis, homojen karisim
yaklasik olarak 45 °C ile 50 °C arasina kadar sogumaya birakilip ve son konsantrasyonu
0,3 uL/mL olacak sekilde 8 uL Etidyum Bromiir eklenmis, daha sonra agaroz jel kasete
yiiklenerek 35- 60 dakika boyunca donmasi i¢in bekletilmis daha sonra taraklar ¢ikarilmis

ve jel, 1x TAE buffer bulunan elektroforez tankina yerlestirilmistir.

Bakteri izolatlarimin Dizi Analizi

Klonlamasi yapilan 6rneklerin PCR iirlinleri hizmet alimi ile sekans analizine
gonderilmis, buradan elde edilen veriler (sekans dizi sonuglar1) National Center for
Biotechnology Information (NCBI) iizerinden BLAST edilerek hangi tiire veya tiirlere
yakinlik gosterdigi belirlenmistir. Sekans analiz sonuglart EMBL, GenBank, DDBJ Basic
Local Alignment Search Tools (BLAST) programi ile karsilastirmali olarak analiz
edilmistir (Altschul et al. 1990).

3.2.6. izolatlarinTotal Ksilanaz AKktivitesinin Belirlenmesi

Bakteri izolatlarinin enzim aktivitelerinin belirlenmesi amaci ile sivi besi yerinde
gelistirilen kiiltiirlerden 1,5 mL ependorf tiiplerine alinarak 12000 rpm’de 5 dk. boyunca
santrifiij edilmislerdir. Santrifiij sonunda ependorf tiiplerinin siipernatant kismindan 0.5

ml’lik kismi alinarak, ayni oranda % 1’lik ksilan ¢06zeltisiyle Hungate tiipiinde
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karistirilmistir. Daha sonra 1 saat boyunca 65 °C’de bekletilmistir. Siirenin bitiminde
Hungate tiipliniin tizerine 1’er ml DNS ¢ozeltisi eklenerek reaksiyon isleminin
durdurulmasi saglanmistir. Daha sonra 5 dk. boyunca sicak su banyosunda tutulmus ve
tizerlerine 5 ml kadar dH»O ilave edilmistir. Distile su ilave edilen tiipler ters diiz edilerek
karistirilmis ve akabinde spektrofotometrik 6l¢iim yapan nanodrop cihazi ile 540 nm
dalga boyunda O.D. yogunluklar1 Sl¢iilmiistiir. Aktivitesi yliksek olan bakterilerden

ksilanaz enzimi rekombinant olarak tiretilmistir.

3.2.7. Rekombinant Ksilanaz Uretilmesi

3.2.7.1. Biyoinformatik Analizler

Calisma kapsaminda klonlanarak rekombinant protein olarak tiretilecek 1,4-B-
endo ksilanaz geninin ¢esitli Bacillus tiirlerinin genomunda belirlenmesi, belirlenen aday
genin diger organizmalardaki genler ile benzerliklerinin ortaya konmasi, E. coli’de
heterolog protein ekspresyonunun gergeklestirilmesi amaciyla yapilan klonlama
calismalarinda kullanilacak primer DNA dizilerinin belirlenebilmesi i¢in NCBI Genbank
gibi veri tabanlar1 ile BLAST, ClustalW, WebCutter gibi ¢esitli temel biyoinformatik

araglardan yararlanilmistir.

Aday genlerin tayini i¢in 1,4-B-endo ksilanaz enziminin rekombinant olarak
iiretilebilmesi amaclandigindan, Bacillus tiirleri se¢ilmistir. Organizmanin genomunda
yer alan 1,4-B-endo ksilanaz enzimini kodlayan protein ve DNA dizilerine NCBI veri

tabanindan ulasilmistir.

Primer dizilerin tasarimi; belirlenen aday genin PCR ile ¢ogaltilmasi amaciyla

kullanilan primer DNA’larin tasarimi i¢in;

1) [lk olarak aday gen dizileri Webcutter ile restriksiyon kesim analizine alinmis ve

gen bolgesini kesmeyen restriksiyon enzimleri belirlenmistir.

1i) Sonrasinda bu enzimlerden pET 16b vektoriiniin ¢oklu klonlama bdlgesinde

bulunanlar primer dizilere eklenerek primer dizilerin tasarimi gerceklestirilmistir.
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Tasarlanan primerler BLAST ile analiz edilmislerdir. PCR reaksiyonlarinda

kullanilan primer DNA dizileri Cizelge 3.3.’de gosterilmistir.

Cizelge 3.3 Aday genlerin PCR amplifikasyonunda kullanilan primer DNA dizileri

Gen Primer Primer DNA dizisi  Restriksiyon Be. Tm
Adi Enzimi Uzunlugu
F- GTCGAGATGAAA Sall 27 57°C
Ksilanaz ~ AAATTACTTGTT

1,4-p- GTCTTA

endo

ksilana

z R- AAGCTTTCAAAC Hindlll 28 61°C
Ksilanaz ~ AAGGAAAATATC

TCCAAA

* sar1 ile gosterilen kisimlar restriksiyon tanima bolgelerini gostermektedir.

3.2.7.2. 1,4-B-endo Ksilanaz Proteinlerine Ait Genlerin Klonlanmasi

Cizelge 3.3.°de belirlenmis olan genler PCR ile amplifiye edilerek PCR
amplikonlari tasiyici vektorlere ve ardindan E. coli’ye aktarilmistir. Bu amagla ilk olarak
genomik DNA izolasyonu Chong (2001)’dan alinan metoda gore gergeklestirilmistir.
Elde edilen gDNA kalip olarak kullanilarak aday genlerin amplifikasyonu yukarida
belirtilen primerler kullanilarak gerceklestirilmistir. PCR {irlinleri % 1’lik agaroz jelde
analiz edilmis ve ilgili genlere ait istenen biiytliklilkteki DNA bantlar1 jelden kesilip
saflagtirilmistir. Elde edilen amplikonlar TA klonlama ile pGEMT-Easy vektoriine ve
ardindan E.coli DH5-a konakg¢isina 1s1 soku ile aktarilmistir. Belirlenen pozitif klonlardan
saflagtirilan plazmit DNA’lar Xbal ve Kpnl enzimleri ve primer DNA’lar {izerinde tanima
dizileri bulunan uygun restriksiyon enzimleri ile kesim reaksiyonuna alinmis ve
saflagtirilmistir. Restriksiyon analizi sonucunda belirlenen plazmit DNA’lar dizi analizi
ile kontrol edilmis ve pozitif klonlar belirlenmistir. Dizi analizi islemi hizmet alimi

seklinde gerceklestirilmistir.
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Kullanilan Vektorler

Bacillus tiirlerinden 1,4-B-endo ksilanaz geninin klonlanmasi amaci ile pGEMT-
Easy vektorli (Promega), rekombinant protein ifadesi i¢in ise pET 16b vektorii (Qiagen)
kullanilmistir (Sekil 3.3). pGEMT-Easy vektoriintin klonlama bdlgesine sarkik timin
bazlar1 oturtulmus ve plazmitde bulunan 3’ uglarindaki fosfatlar ¢ikartilmistir. Buradaki
ama¢ plazmitin ligasyon asamasinda halkasal yapi almasi engellenerek klonlama
olasiliginin arttirilmasidir. Klonlama bdlgesi plazmit iizerinde B-galaktosidaz enzimini
iireten lac-Z geni igerisine yerlestirilmistir. Bu sonugla pozitif klonlarin segilmesi ve

kolonilerdeki mavi-beyaz seleksiyon se¢imi bu farkliliga gore yapilmistir (Ozic 2012).
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Sekil 3.3 Calismada kullanilan vektorler, A: pPGEMT-Easy Vektorii (Promega); B: pET
16b Vektorii (Novagen)

PCR Reaksiyonu Sonucu Olusan Uriiniin Ligasyonu

Ligasyon, plazmit iceriginde bulunan Timin (T) niikleotitleri ile PCR ile iiriin
amplifikasyonu yapildiginda Taq polimeraz enziminin iiriiniin uglarma ekledigi Adenin
(A) niikleotidinin bir araya gelmesi ile T-A klonlanmasi olay1 temeline dayanmaktadir.
PCR iiriinlerine A ekleme reaksiyonu: 1 pL. 10x tampon, 1 pL 25 mM MgCl,, 0,5 uL 2.5
uM dATP, 6.5 uL PCR iiriinii, 1 pL Taq DNA Polimeraz ile hazirlanan karisim 70°C ‘de
30 dk. inkiibe edildikten sonra PCR f{iriinii ligasyon i¢in hazirlanmistir. Ligasyon
asamasinda belirtildigi gibi pGEMT Easy vektorii kullanilmistir (Sekil 3.4). Bu vektorler

projeler ile hizmet alim1 seklinde elde edilmislerdir. Ligasyon i¢in gerekli olan bilesenler,
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miktarlar1 ve insert orani firma tarafindan gonderilen uygun protokole gore

uygulanmigtir.

Reaksiyonda; 2x Rapid Ligation Bufer 5 pL, pGEM-T Easy Vektor 1 uL, insert
X uL, T4 DNA Ligaz (Su/uL) 1 pL, Deiyonize su 10puL’ye tamamlanmistir. Reaksiyonun

tamamlanma siiresi ve ortam sicakligi, 16 °C’de 24 saattir (Ozic 2012).

pGEM“-T Easy
Vector

(3015bp)

IS NATAT TS

SWOOEONN~T

—JODTNOWNNCE CWWN

Sekil 3.4 pGEM-T Easy Vektor Sistemi

E. coli (Kompetent) Suslarimin Tranformasyonu

-80°C’ de muhafaza edilen kompetent hiicreler ¢ikarilmis ve buz iizerinde yaklasik
5 dk. bekletilmistir. Ligasyon asamasinda elde edilen {iriin daha 6nceden temin edilmis
olan kompetent hiicrenin lizerine aktarilmis ve buz iizerinde yaklasik 30 dk. boyunca
bekletilmistir. Bu siire zarfi sonucunda buz {izerinden alinan 6rnekler 42 °C’ye ayarlanan
1s1 bloguna 1 dk.1s1 sokuna birakilmistir. Siire sonunda 1s1 bloguna alinan 6rnekler tekrar
buz lizerine alinmis ve buzda 3 dk. bekletilmistir. Siire sonunda iizerine 500 pL LB
eklenmis ve 37 °C’de 35 dk. inkiibe edilmistir. Siire sonunda 10000 rpm’de 2 dk. boyunca
santrifiij edilmistir. Besiyerlerinin ekimi yapilacag petriler 40’ar uL. X-Gal ile muamele
edilmistir. Tiip igerisinde silipernatanttan 50 pL kalacak sekilde silipernatant
uzaklastirilmistir. Pelet 50 pL igerisinde ¢oziilmiis, sonra LB-agar-ampisilin - XGal
iceren besi ortamina alinmig ve bir gece 37 °C’de inkiibe edilmistir. Yapilan bu
transformasyon basamagindan sonra olusacak olan mavi-beyaz kolonilerden beyaz renkli
olan koloniler segilerek alimmuistir. Aseptik kosullar altinda 6ze yardimiyla alinarak,

onceden hazirlanmis olan 40 pL X-Gal iceren LB Agar Amfisilin (100 pg/uL) petrilerine
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cizgi ekimleri yapilmistir. Islemde arta kalan 6ze uclarindaki amfisilinli 100 ml siv1
besiyeri igeren erlenlere alinmistir. X-Gal igeren LB Agar amfisilin petrileri ve LB

besiyerleri 37 °C’de bir gece inkiibe edilmistir (Ozic 2012).

Plazmid izolasyonu

Elde edilen beyaz kolonilerden plazmit izolasyonu yapmadan 6nce koloniler 1
gece boyunca 120 rpm’de 37°C’de ampisilin (100 pg/uL) iceren LB agar besi yerinde
bliyiitiilmiistiir. Daha sonra besiyerleri falkon tiiplerine transfer edilmis ve 8000 rpm’de
5 dk. santrifiije tabi tutulmustur. Elde edilen siipernatant uzaklastirilmistir tizerlerine pH’1
8.0 olan 1000 puL 50 mM Tris-HCI ilave edilmistir. Vorteks yardimi ile elde edilen
peletler ¢oziindiiriilmiis ve ependorf tiiplerine transfer edilerek 1 dk. boyunca 8000
rpm’de santrifiij edilmistir. Bakteri peletinin par¢alanmasinda ise 150 pL Lizozim-Tris
ve pH’1 8.0 olan 20 pL 0.5 M EDTA karistirillarak pelet iizerine aktarilmis ve pelet
sollisyonda ¢oziindiiriilmiistiir. Coziindiiriilen pelet 30 dk. boyunca buz iizerinde inkiibe
edilmistir. Plazmit DNA’sinin ¢oktiiriilmesi asamasinda ise her bir tiipe 400 uL 0.2 M
NaOH ve 1:1 oraninda % 1’°lik SDS eklenmis ve 5 dk. buzda inkiibe edilmistir. Bu siire¢
zarfi sonunda pelete 300 pL 7.5 M amonyum asetat eklenmistir. Tiipler nazikge ters diiz
edilerek 10 dk. boyunca buzda inkiibe edilmistir. Bu asamadan sonra ¢oken plazmitin
saflastirilmasi i¢in siire sonunda tiipler buzdan alinarak 8000 rpm’de 15 dakika boyunca
santrifiij edilmis ve siipernatant kism1 yeni ependorflara aktarilmistir. Fenol-kloroform
uygulama asamasinda siipernatantin tizerine 800 uL fenol: kloroform: izoamilalkol (25:
24: 1) eklenmistir. Calkalamal1 tabla {izerinde 5 dakika karistirilan tiipler 8000 rpm’de 2
dk santrifiij yapilmistir. Olusan ii¢ fazdan plazmit igeren en iist faz yeni bir ependorfa
alimmig ve Tlizerine hacminin 0.6 kati kadar 2-Propanol ilave edilmistir. Nazikce
karistirilan tiipler 15 dk. oda sicakliginda inkiibe edilerek 8000 rpm’de 10 dk santrifiij
yapilmustir. Slipernatant uzaklastirilarak kurutulan pelet tizerine 200 pL 0.3 M NaOAc
eklenmis ve ¢oziindiiriilmiistiir. Tiipe 400 pL absolut etanol ilave edilmis ve -20 °C’de
gece boyunca inkiibasyonu saglanmistir. Daha sonra 8000 rpm’de 10 dakika santrifiij
edilmis, slipernatant uzaklastirilmis ve pelet kurumaya birakilmistir. Pelet tizerine 30 pLL

TE ilave edilmis ve -20 °C’de muhafaza edilmistir (Ozic 2012).
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Plazmitin Restriksiyon Enzimleriyle Kesimi

Plazmitlerin istenilen DNA boélgesini icerip igermediginin kontrolii i¢in bu
bolgeye 0zel restriksiyon enzimleriyle (Xbal ve Kpnl) kesimi saglanmistir. Kullanilan
kesim reaksiyonu; 1 uL (Fermentas Xbal ve Kpnl 10,000 u/ml) enzimi,1 pL 10X enzim
tamponu, 1 pL Plazmit (1.380 ng/uL) ve 7 uLL HoO’dan meydana gelmektedir. Karigimi1
hazirlanan reaksiyon tiipii 37 °C’de 16 saat inkiibasyona birakilmistir. Kesime ugrayan
ve i¢inde klonlanmis DNA pargasi icerenler “pozitif koloni” olarak tanimlanmistir (Ozic

2012).

PCR Uriinlerinin Jelden Saflastirillmasi

Jelde yiiriitillen 6rnege ait {irlinlin olusturdugu bant biiyiikliigii uygun marker
yardimu ile tespit edilmistir. Beklenen marker biiyiikliigiindeki bant, UV 151k altinda
jelden dikkatlice kesilerek alinmis ve Invitrogen PureLink Quick Gel Extraction Kit

protokolil uygulanarak saflastirma islemi yapilmistir.

3.2.7.3. 1,4-p-endo Ksilanaz Enzimine Ait Proteininin E. coli’de Heterolog Protein

Olarak Uretilmesi, Saflastirllmasi ve Karakterizasyonu

(Calismada elde edilen pozitif klonlarda enzimlerin iiretilmesi, saflastirilmalar1 ve
enzimatik karakterizasyonlar1 yapilmistir. Molekiiler klonlama islemleri sonucunda elde
edilen pozitif klonlardan enzimlerin saflastirilmasi i¢in klonlar amfisilin (0,1 mg/ml)
iceren LB ortaminda 37 °C’de ODsoo degeri 0,6-0,8 degerine gelinceye kadar inkiibe
edilmis ve ardindan IPTG ile indiiklenerek (yaklagik 3 saat) proteinin asir1 sekilde ifade
edilmesi saglanmistir. Inkiibasyon sonrasinda hiicrelerden toplam protein izolasyonu ve
bunu takiben de Nikel afinitesi ile 6X-His takisina sahip rekombinant proteinlerin
saflagtirllmas1 gerceklestirilmistir. Histidin takisina sahip rekombinant proteinlerin
saflagtirlmasinda yiliksek miktarda ve yiiksek saflikta iiriin elde edilebildigi i¢in Nikel
afinitesi ile saflastirma tercih edilmistir (Steinert ez al. 1997). Saflastirma sonrasinda elde
edilen proteinlerin basarili bir sekilde ifade edilip edilmedikleri ve saflastirilan proteinin

molekiiler agirligt SDS-PAGE ile analiz edilmistir. Ayrica Western blot teknigi
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kullanilarak saflagtirilan proteinin histidin takisina sahip olup olmadig1 Anti-His antikoru

ile teyit edilmistir.

Ksilanazin E. coli’de Rekombinant Olarak Uretilmesi ve Saflastiriimasi

Rekombinant proteinin iiretilmesi asamasi ksilanazin ekspresyon plazmitine
aktarilmasi, proteinin izolasyonu, saflastirma ve SDS Page asamalarindan olugsmaktadir.
Rekombinant proteinlerin ifadesi amaciyla kullanilan pET 16b vektorii E. coli’de yiiksek
miktarda protein ifadesi i¢in olusturulmus bir vektordiir. Vektor yapisinda yiiksek
translasyon i¢in sentetik bir ribozom baglanma bdlgesi yer almaktadir. Ayrica vektor
tiretilen rekombinant proteinlerin saflagtiritlmasi amaciyla N terminalde alt1 adet histidin
artigina, bir¢ok restriksiyon enziminin tanima dizilerinin yer aldigi ¢oklu klonlama

bolgesine ve amfisilin direng bolgesine sahiptir.

Protein izolasyonu Asamasi

Elde edilen beyaz kolonilerden yani pozitif kolonilerden 10 ml’lik kiltiir
amfisilinli LB besi yerine aktarilmisg ve 16 saat boyunca inkiibe edilmistir, bu siirenin
sonunda 0.1 M IPTG (izopropil- beta- D- thiogalaktopiranosit) 100 pL eklenmis ve 3
saatlik silire¢ boyunca saat bas1 hiicreler alinmistir. Alinan hiicreler 6000 rpm’de 15 dk.
boyunca santrifiij edilmis ve 1 ml TES (100 mM Tris HCL pH: 7.5, 100 mM EDTA ve
100 mM NacCl ile 50 ml) ile yikanmislardir. Daha sonra ayni santrifiij kosullarinda tekrar
peletlenmis ve 180 puL TES ile ¢oziindiiriilmiistiir. Bu 6rneklere 10 mg/ml lizozimden
0.02 gr lizozim ve 50 mM TrisHCL ve pH:8 ile ¢oziindiiriiliip distile su eklenerek 2 ml’ye
tamamlanmistir. Daha sonra 2 pLL ve 10 pL deterjan kokteyli 150 pLL Tween 20 ile 150
pL Triton x100 eklenmis ve 20 dk. buz iizerinde inkiibe olmas1 saglanmistir. inkiibasyon
sonras1 50 uL 50 mM Tris HCL, 0.8 pL Endoniikleaz ve 1.5 uL 1 M MgCl> eklenip 20
dk. oda kosullarinda bekletilmistir. Bu asgamadan sonra iki kez tekrarli olmak kaydiyla, -
80°C’de 20 dk. tutulan karisim oda kosullarinda bekletilmistir. Elde edilen karigim
sogutmal1 santrifiijde +4 "C’de yaklasik 12000 rpm’de 15 dk. boyunca santrifiij edilip

stipernatant kismi farkli bir ependorfa alinip saflastirma islemine gegilmistir.
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Saflagtirma Asamasi

Saflagtirma asamasinda ksilanaz1 taniyan ve tutan saflagtirma boncugu
kullanilmistir. Bu boncuk Ni-NTA agarose (QIAGEN Kat. no: 30230) Histidin
affinitesine yatkinlik gdstererek bunlari tutan boncuklardir (Sekil 3.6). Bu boncuklar
pET16b icinde 6X His’lere affinite duymaktadir. Ni-NTA agarose’dan 120 pL alinip
sogutmal1 santrifiijjde +4°C’de 3,000 rpm’de 5 dk. boyunca santrifiije tabi tutulmustur.
Ni-NTA agarozlar kitte belirtildigi gibi Buffer C; 8 M urea, 100 mM NaH>PO4 ve 10 mM
Tris HCI ile pH:6.3 olacak sekilde 1.000 ml tamamlanir. Daha sonra 3 dk. boyunca
karistirict tabla iizerinde karistirildiktan sonra 3,000 rpm’de 5 dk. santrifiij edilmistir. Bu
islem 3 defa tekrarlanmistir. Protein siipernatantlar1 Ni-NTA agarose boncuklari ile
karistirildiktan sonra gece boyunca +4 °C’de karistirici tabla iizerinde bekletilmistir. Bu
stirecin ardindan 6rnekler +4 “C’de 3,000 rpm’de 5 dk. boyunca santrifiij edilmistir.
Santrifiij sonras1 elde edilen pelet 500 pL Buffer C (Ni-NTA igin) ve 1X PBS ile
yikanmig, 3 dk. boyunca karistiric1 iizerinde c¢alkalandiktan sonra 3,000 rpm’de 5 dk.
boyunca santrifllj edilmistir. Bu islem 5 defa tekrarlanmistir. Son santrifiij ile birlikte
stipernatant atildiktan sonra 100 pL Leamli buffer (250 pL 0.5 M Tris HCI (pH:6.8), 200
uL % 20 SDS, 200 pL Gliserol, 100 pL B-merkaptoetanol, az miktarda Bromfenol blue
eklenmis ve dH>O ile 1 ml’ye tamamlanir) eklenmis ve 10 dk. boyunca kaynatilmistir.
Bu asamadan sonra drneklerden 10 pL SDS-Page jeline yiliklenmistir (Ozic 2012).

LN
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Lizis tamponu % Hiicre Lizat: Yikama Tamponu Eliisyon
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Sekil 3.4 Ni-NTA Agarose Boncuk Sistemi (Chao et al. 2017), Anonim 2017
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SDS Page Asamasi

SDS Page de kullanilan jel sistemi Bio-RAD firmasi tarafindan temin edilmistir.
Biyoteknolojik c¢aligmalarda siklikla kullanilan SDS-PAGE proteinlerin  molekiil
agirliklarim1 belirlemek amaci ile kullanilan jel elektroforezidir. Deterjan tiirevi olan
sodyum dodesil siilfat (SDS) proteinlerin yapisinin bozulmasini saglar. Yiiriitme tamponu
(Running buffer) ve ayirma tamponu olmak iizere iki farkli tampon kullanilmistir.
Yiirlitme tamponu; Hazirlanis itibari ile % 10°‘luk hazirlanacak sekilde, 3.3 ml % 30 Bis-
akrilamid, 2.5 ml 1.5 M Tris HCI (pH:6,8), 0.1 ml % 10 SDS, 4.1 ml dH>O, 5 uL TEMED
ve 50 uL. amonyom persiilfat ile hazirlanmistir. Ayirma tamponu (Stacking buffer) ise;
yine % 10°luk hazirlanacak sekilde 1.7 ml % 30 Bis-akrilamid, 2.5 ml 0.5 M Tris HCI
(pH:6,8), 0.1 ml % 10 SDS, 57 ml dH.O, 10 pL TEMED (N,N,N’,N’-
tetrametiletilendiamin) ve 50 pL amonyom persiilfat ile siispanse edilmistir. Bu
tamponlar aracilig1 ile hazirlanan jele 6rnekten 10 pL yiiklenmis ve 80 V’da 2 saat
yiirlitiilmistiir ve renkli 6zellige sahip olan Kaleidoscope prestained standards (Bio-RAD,

Kat. n0:161-0324) markir1 kullanilmastir.

Rekombinant Olarak Uretilen Ksilanazin Western Blot Analizi

Western blot; spesifik antikorlar ile jel elektroforezinin rezoliisyonunu bir araya
getirerek kullanan analiz metodudur. Calismada iiretilen proteinin dogru protein olup

olmadigini ve miktari tespit etmek amaciyla bu yontem kullanilmistir.

SDS-Page’e yiiklenen jeller dncelikle yikama tamponu (3 gr TrisHCL, 14.4 gr
glisin, 200 ml methanol, dH,O ile 1,000 ml tamamlanmistir) i¢inde 30 dk. boyunca
karigtiric1 lizerinde tutulmustur. mA degerinin hesaplanmasinda ise Alan x 0,8 = 7mA
formiiline 24 mA’lik bir deger bulunmustur. Caligmada Sigma Proteo qwest Kkiti
kullanilmistir. Blotma isleminin ardindan ise membranlar kit iceriginde toz halinde olan
ve 500 ml distile su ile hazirlanan TBST ile 1 dk. boyunca yikanmis ve siire sonunda
TBST siiziilerek atilmistir. Siiziilen membran iizerine kit igerisinde bulunan bloker
cozeltisi aktarilmis ve 30 dk. boyunca karistirict lizerinde etkin temas olmasi igin
karistirllmistir. Ni-NTA kullanilarak saflastirilan membran i¢in anti-Histidin antikoru

(Mouse monoklonal antibody Anti-His6 (Roche, Kat. no: 135508)) ve 30 dk. boyunca
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karistiric1 iizerinde etkin temas olmasi i¢in karistirilmistir. Siire sonunda TBST ile
membranlar 1 dk. boyunca karistirict lizerinde yikanmig ve TBST siiziilerek atilmig ve
ikinci bloklama asamasina gecilmistir. Tekrar western bloker ¢6zeltisi eklenmis ve 30 dk
boyunca karistiricida bekletilmeden ikincil antikor (Anti-mouse IgG (Sigma, Kat.no:
AS5225) 1:1000 ile muamele edilmistir. Bu membranlar siire sonunda 5’er dk. boyunca
5’er kez TBST tamponu ile yikanmigtir. Uzaklastirilan TBST’den sonra membranlar
ikinci bir plastik boyama tankina aktarilmis ve iizerlerine 4-kloro-1-naftol eklenerek 15
dk boyunca bekletilmistir. Bantlasmalar belirginlesince tampondan alinmis, dH»O ile
yikanarak, kurutulmustur. Kurutulan membranlar UV fotometrede beyaz 1sikta

goriintiilenmistir.

3.2.7.4. ANADOLUCA Yontemi ile Enzimin Kafeslenmesi

Say et al. (2015) tarafindan patentlenen ANADOLUCA yontemi; biyoteknoloji,
genetik ve molekiiler biyoloji gibi alanlarda elde edilen tiriinlerin kararlilik ve etkinligini
gelistiren bir yontem olup, oligomerlerin, enzimlerin, aminoasitlerin ve bunun gibi
biyoteknolojik iriinlerin; rutenyum tabanli, 1518a duyarli, konjugasyonunu ve capraz
baglanmasini kurgulayan bir yontemdir. Bu yontemde ¢esitli yapilarin etrafi rutenyum
tabanli aminoasit monomerleri ile kusatarak capraz bagli yapilar sayesinde molekiillerin;
aktiviteleri, kararliliklari, duyarliliklar1 ve yeniden kullanilabilirliklerinin arttirilmasi
saglanmaktadir. Bu yontem ile enzimin kusaklanmasindan sonra enzimin genis pH,
sicaklik ve tekrar tekrar kullaniminda aktivitesinin daha genis ve etkin bir bi¢imde uzun
soluklu kalmas1 saglanmaktadir (Say et al. 2015). Calismada 45 mL distile suda ¢6zlinen
0.5 gr PVA (Poly vinil alkol), mikro emiilsiyon sistem ile hazirlanmistir. 20 pL ksilanaz
enzimi 10 pL MATry-Ru (biyr) — MATyr (Methacroyl Tyrosine- Metracroyl Tyrosine
ruthenium (II) ile 20 dk. boyunca karistirilarak iizerine hazirlanmis PVA (Poly Vinil
Alkol) c¢ozeltisinden 15 mL eklenmistir. Baslatma soliisyon 0.02 gr APS (Amonyun
Persulfate) ve 45 mL distile su ile ¢oziindiiriilmiis ve reaksiyon karigimindan 5 mL
eklenerek gilin 1s181nda Nitrojenli azot atmosferi altinda 48 saat boyunca karistirilmistir.
Ksilanaz nanopartikiilleri tepkime ¢ozeltisinden 6000 rpm’de 10 dk. santrifiijlenerek

ayrilmis ve reaksiyona girmeyen maddeler distile su ile yikanarak uzaklagtirilmistir.
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3.2.7.5. Ksilanaz Enziminin Aktivitesinin Tayini

Enzim Aktivite Tayinini Etkileyen Faktorlerin Ol¢iimii

a. pH Degerinin Aktiviteye Etkisi

Farkli pH araliklarinda ksilanaz enziminin aktivite testlerinin yapilmasi amaci ile
cesitli tamponlar kullanilmistir. Enzimin pH 4.0 ile 5.5 arasindaki aktivitesinin tespiti igin
sitrat tamponu (0.2 M sitrik asit ve 0.2M Na;HPO4.7H20 ve distile su), pH 6.0 ile 8.0
arasindaki aktivitesinin tespiti i¢cin Sodyum-Fosfat tamponu (0.2M NaH;POy4 ile 0.2M
Na;HPO4.7H>0 ve distile su) kullanilmistir. pH 8.5-10.0 arasindaki aktivitenin tespiti i¢in
de Glisin-NaOH tamponu (0.2M Glisin ile 0.2M NaOH ve distile su) kullanilmistir.
Hazirlanan her bir tampon igerisinde farkli pH degerlerinde enzimlerin aktivite dlglimleri

hesaplanmistir (Temizkan ve Arda, 2004).

b. Sicaklik Seviyesinin Aktiviteye Etkisi

Elde edilen enzimin aktivitesi i¢in uygun sicaklik araliklarinin belirlenmesi amaciyla
farkli sicaklik degerlerinde (37 °C, 40 °C, 45 °C, 50 °C, 60 °C, 70 °C, 80 °C, ve 90 °C’lik
araliklarda) aktivite testleri yapilmistir. 0.5 ml enzim ve ayn1 hacimde substrat karigimi
enzim aktivite test metodu ile belirtilen sicakliklarda 1 saat inkiibe edildikten sonra
karigima 1.5 ml DNS eklenip 5 dk. boyunca kaynar su banyosunda bekletilmistir. Daha
sonra 550 nm dalga boyunda O.D. degerleri belirlenmistir.

c. Substrat Miktarinin Aktiviteye Etkisi

Elde edilen enzimin substrat miktarina dayali olarak aktivitesini tespit etmek icin
farkli yogunluklarda hazirlanan ksilan (% 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0) ependorflara
aktarilmis, uygun pH ve sicaklik degerlerinde 1 saatlik araliklarla enzim aktivitesi

Olclilmiistiir.
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d. Metal iyonlarinin Aktiviteye Etkisi

Metal iyonlarinin aktiviteye etkisinin belirlenmesi amaci ile MgSQO4, CuSQOy4, CaCly,
ZnSO4, ve FeSO4? iceren ¢ozeltiler kullanilmistir. Uygun pH ve sicaklik degerlerinde 5
mM, 0,01 mL metal iyonu ¢ozeltisi 0.5 ml 6rnek ile muamele edilmistir. 15 dk boyunca
On inkiibasyona birakilarak 6rneklere uygun substrat ilave edilmis ve optimum sicaklikta
60 dk.inkiibe edilmistir. inkiibasyon sonunda 550 nm dalga boyunda absorbans degerleri
belirlenmistir. (Aygan ve Arikan, 2009).

Vinax ve K Degerinin Hesaplanmasi

B. subtilis’ten elde edilen ve saflastirilan rekombinant ve rekombinant nano
ksilanaz enzimlerinin Vyuax ve K, degerleri 5 farkli substrat yogunluguna karsi
Olciilmiistiir. Substratin farkli konsantrasyonlarinda (% 0,5, % 1, % 1,5, % 2, % 2.5, % 3,
% 3.5 ve % 4 ksilan) hazirlanan enzimler optimum pH ve sicaklikta (75 °C ve pH=7"de)
inkiibe edilerek 540 nm’de spektrofotometrik absorbans degerleri oOlgiilmiistiir.
Lineveawer-Burk grafikleri belirlenerek elde edilen veriler neticesinde Kn ve Viax

degerleri hesaplanmistir.
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4. ARASTIRMA BULGULARI

4.1. Sicak Su Kaynaklarimin Kimyasal Analiz Sonuc¢lar:

Toplanan su 6rneklerinin kimyasal analizleri, pH, iletkenlik, NO3z, NH4, NO», Fe, Al,
Cu, Pb ve S rapor edilmistir. Analiz sonuglar1 igilebilir su kaynaklar1 ve genel

kaplicalardaki referans araliklari ile karsilastirmali olarak verilmistir (Cizelge 4.1).

Cizelge 4.1 Su &rneklerinin kimyasal analizi (Aksoy et al. 2009) (ISKI, Su Kalite
Raporlar1)

Sicak Su pH  iletkenlik NO, NH, NO; Fe Al Cu Pb S

Kaynaklari (mS/cm) (mg/1t) (mg/1t) (mg/1t) (mg/1t) (mg/1t) (mg/1t) (mg/1t) (mg/1t)
icilebilir Su  6,5- <2500 <0,5 <0,5 45-50 <0,2 <0,2 <0,05 <0,01 <0,01
Deger 9,5
Sinirlart
Genel 7,79 1,899 0,007 2,15 38,5 0,377 0,09 0,5 1,69 0,02
Kaphcalar
Pasinler 6,94 3,177 0,378 1,06 0 0,749 0 0 0,860 0,03
Dargegit 6,90 1,782 0,613 2,39 2,5 >1,000 0,134 8,26 >1,000 0,039
Giigliikonak 7,90 1,146 0,375 >2,58 0 0,925 0,50 3,19 >1,000 0,027
Hista 9,1 9429 0,390 >2,58 0 1,099 04 1,81 >1,000 0,029
Hasanabdal 6,2 5,158 0,395 0,008 0 0,389 0,181 0 0,666 0,021
Davut 8,5 1,551 0,254 2,01 0 0,611 0,17 0 0,728 0,019
Koprii 7.4 2,254 0,273 0,79 0 0,817 0,23 0 0,454 0,017

4.2. Bakteri izolatlarmin Gelisim Sicakhiklar

Izolatlar farkli sicaklik (40 °C, 55 °C, 65 °C, 70 °C, 75 °C, 85 °C ve 90 °C) degerlerinde
inkiibe edilerek sonuglar degerlendirilmistir (Cizelge 4.2). Calisma kapsaminda yliksek
sicakliga adapte olan bakteri izolatlar1 tercih nedeni oldugundan, bundan sonraki
asamalarda ytiksek sicaklik degerlerinde iireyebilme yetenegine sahip izolatlar lizerinden

caligmalar devam ettirilmistir.
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Cizelge 4.2 Bakteri izolatlarinin gelisim sicaklik degerleri

Sicaklik Degerleri (°C)

Izolatlarin Kodu 40 55 65 70 75 85 90

BTX1,BTX2,BTX3 ,BTX4 ,BTXS,
BTX6 ,BTX7,BTX8, BTX9, BTX10,
BTX11, BTX12,BTX13, BTX14, BTX15,
BTX16, BTX17,BTX18, BTX19, BTX20,
BTX21, BTX22,BTX23, BTX24, BTX25,
BTX26, BTX27,BTX28, BTX29, BTX30, + + + + + + -

BTX31, BTX32, BTX33, BTX34, BTX35,
BTX36,BTX51, BTX52, BTX53, BTX54,
BTX55, BTX60, BTX61, BTX62, BTX63,
BTX64, BTX65, BTX66, BTX67, BTX79,
BTX80, BTX81, BTX82, BTX83

BTX37, BTX38, BTX39, BTX40,BTX41,
BTX42,BTX43,BTX44,BTX45,BTX46,
BTX47,BTX47,BTX49,BTX50,BTXS58S,
BTX59,BTX68,BTX69,BTX70,BTX71,
BTX72,BTX73,BTX74,BTX75,BTX76,

BTX77,BTX78

BTX56,BTX57 + +  + + - - -
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4.3. Bakterileri izolatlariin Tams1

4.3.1. Morfolojik Tanilama

Izole edilen bakteri izolatlar: saf kiiltiir olarak gelistirildikten sonra mikroskobik
olarak incelenerek hiicre morfolojileri tespit edildi. izole edilen bakterilerin biiyiik bir
¢ogunlugu basil, tek bir tiiriin ise (BTX16 izolatinin) cocobasil oldugu tespit edilmistir.
Yapilan morfolojik incelemelerde hiicrelerin bazilarmin zincir formunda oldugu

belirlenmistir (Cizelge 4. 3).

Bakteri izolatlarinin gram boyama sonucunda elde edilen mikroskop goriintiileri
Sekil 4.1°de gosterilmistir. Gram boyama testleri sonucunda izole edilen toplam 83
bakteriden 14 tiirlin Gram (-), digerlerinin Gram (+) oldugu tespit edilmistir. Yine 26
izolatin endospor olusturmadigi, 57 izolatin tamaminin ise endospor olusturdugu

belirlenmistir. Izolatlarin morfolojik test sonuclar1 Cizelge 4.3’de 6zetlenmistir.

Sekil 4.1 Gram Boyama; A: Davut ¢amur kaynagi, B: Pasinler su kaynagi
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Cizelge 4.3 Bakteri izolatlarinin morfolojik test sonuglari

Ilzgzlalf Lokasyon Hiicre morfolojisi ~ Zincir Olusumu  Endospor Gram Testi
BTX1 Agri/Davut Basil + + +
BTX2 Agri/Davut Basil + + +
BTX3 Agri/Davut Basil - + +
BTX4 Agri/Davut Basil - + +
BTXS Agri/Davut Basil - + +
BTX6 Agri/Davut Basil + + +
BTX7 Agri/Davut Ince Basil + + +
BTXS Agri/Davut Basil + + +
BTX9 Agri/Davut Basil - + +
BTX10 Agri/Davut Basil + + +
BTXI11 Agri/Davut Basil - + +
BTX12 Agri/Davut Basil -+ + +
BTX13 Agri/Davut Basil + + +
BTX14 Agri/Davut Basil * + +
BTX15 Agri/Davut Basil - + +
BTX16 Agri/Davut Coco Basil - + +
BTX17 Davut Basil . + +
BTX18 Davut Basil - - -
BTX19 Davut Basil + + +
BTX20 Davut Basil + + +
BTX21 Davut Basil + + +
BTX22 Davut Basil - + +
BTX23 Davut Basil + + +
BTX24 Davut Basil _ + +
BTX25 Davut Basil - - -
BTX26 Davut Basil + + "
BTX27 Davut Basil + + "
BTX28 Davut Basil - + +
BTX29 Davut Basil + + +
BTX30 Davut Basil + + +
BTX31 Davut Basil - + +
BTX32 Davut Basil + + "
BTX33 Davut Basil + + +
BTX34 Davut Basil + + "
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Cizelge 4.3 (Devam) Bakteri izolatlarinin morfolojik test sonuglari

izolat Lokasyon Hiicre Morfolojisi ~ Zincir Olusumu Endospor Gram Testi
Kodu
BTX35 Davut Basil + + +
BTX36 Davut Basil - + +
BTX37 Pasinler Basil - + +
BTX38 Pasinler Basil - + +
BTX39 Pasinler Basil + + +
BTX40 Pasinler Ince Basil + + +
BTX41 Pasinler Basil + + +
BTX42 Pasinler Basil - + +
BTX43 Pasinler Basil + + +
BTX44 Pasinler Basil - + +
BTX45 Pasinler Basil + + +
BTX46 Pasinler Basil + + +
BTX47 Pasinler Basil + + +
BTX438 Pasinler Basil - - -
BTX49 Pasinler Basil 5 + +
BTX50 Pasinler Basil - - -
BTX51 Hista Basil - + +
BTX52 Hista Basil + + +
BTX53 Hista Basil + + +
BTX54 Hista Basil + + +
BTX55 Hista Basil - + +
BTX56  Giglitkonak Basil + + +
BTX57  Gigliikkonak Basil - + +
BTX58 Dargecit Basil - - -
BTX59 Dargecit Basil + + +
BTX60 Hista Basil + + +
BTX61 Hista Basil - - -
BTX62 Davut Basil + + +
BTX63 Koprii Basil + + +
BTX64 Koprii Basil - + +
BTX65 Koprii Basil + + +
BTX67 Kopri Basil + + +
BTX68 Pasinler Basil + + +
BTX69 Pasinler Basil - + +
BTX70 Pasinler Basil + + +
BTX71 Pasinler Basil - + +
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Cizelge 4.3 (Devam) Bakteri izolatlarinin morfolojik test sonuglari

Ilz::: Lokasyon Hiicre Morfolojisi  Zincir Olusumu Endospor Gram Testi
BTX72  Pasinler Basil + + +
BTX73  Pasinler Basil + + +
BTX74  Pasinler Basil + + +
BTX75  Pasinler Basil - + +
BTX76  Pasinler Basil - + +
BTX77  Pasinler Basil - - -
BTX78  Pasinler Basil - - -
BTX79 Koprii Basil + + +
BTXS80 Koprii Basil + + +
BTX81 Koprii Basil + + +
BTX82 Kopri Basil + + +
BTX83 Koprii Basil T + +
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4.3.2. Molekiiler Tanillama

Bakterilerin molekiiler tanilamasi i¢in 16S rRNA gen bolgesi amplifiye edilerek
baz dizisi ¢ikarilmistir. Bu amacla 6ncelikle genomik DNA izolasyonu, 16S rRNA PCR,

klonlama, sekanslama ve sekans verilerinin karsilagtirimasi yapilarak tiirler tanilanmistir.

Genomik DNA’ nin Elde Edilmesi

Calismada izole edilen bakterilerin tamaminin genomik DNA’lar1 izole edilerek
DNA’larin konsantrasyonlar1 spektrofotometrik olarak tespit edilmis ve c¢alisma
konsantrasyonu ayarlanmistir (Ek 20). Genomik DNA izolasyonlar1 sonucunda elde
edilen DNA’lar 16S rRNA gen bolgelerine spesifik primerler ile ¢ogaltilarak PCR sonucu
olusan irlinler jel elektroforez ile goriintiillenmistir. PCR sonucu olusan fiiriinler jel
elektroforezinde yliriitiildiigiinde beklenen biiyilikliikk olan 1300 baz cifti {riinlerin
olustugu goriilmiistiir (Sekil 4.2).

D o P

& y
& & & efp Q‘.p%

3000 bp
2000 bp.\
1500 bp —
1200 bp =~ e

Sekil 4.2 izolatlarin PCR iiriinlerinin elektroforez jel sonucu
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16S rRNA PCR iiriinlerinin Klonlanmasi

Elde edilen izolatlarin tanilanmasinda evrensel olarak kabul goren ve kullanilan
16S rRNA gen bolgelerinin baz diziliminde 6ncelikle daha net ve kayiplarin engellenmesi
icin klonlama islemi yapilmasi énem arz etmektedir. Bu amagla ¢alismada izolatlarin
kompetent E. coli’ye klonlama islemi gerceklestirilmistir. izolatlar daha sonra ligasyon
ve transformasyon iglemlerine tabii tutularak, IPTG ve X-gal igeren besi ortamindan mavi
beyaz seleksiyon sec¢imi ile beyaz koloniler se¢ilmistir. Daha sonra DNA markirinda
yaklasik olarak 1300 bg¢ biiyiikliigiindeki bandi1 veren en parlak koloni segilerek
antibiyotikli besi yerine ekimi yapilarak jelden ekstrakte edilmistir. Ekimi yapilan
kiiltiirlerden plazmit izolasyonlar1 yapilarak elde edilen iirlinlerin hizmet alimi ile sekans

analizleri gergeklestirilmistir.

Orneklerin Dizi Analiz Sonuclar:

PCR sonucu elde edilen iiriinler klonlanarak sekans analizleri gergeklestirilmis ve
sekans analizleri sonucunda 5 farkli Bacillus tiirii tanilanmistir. Tanilanan tiirlerin sekans

analiz sonuglar1 Cizelge 4.4’de gosterilmektedir.
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Cizelge 4.4 izolatlarin sekans analiz sonuglar1

izolatin Tam Sonucu Genbank Benzerlik Baz
Kodu Numarasi Oram Uzunlugu
BTX1 Bacillus subtilis MH101281 %99 1397 (bg)
BTX2 Bacillus subtilis MH101282 %99 1387 (bg)
BTX3 Bacillus subtilis MH101283 %99 1385 (bg)
BTX4 Bacillus subtilis MH101284 %99 1389 (bg)
BTXS5 Bacillus subtilis MH101285 %99 1386 (bg)
BTX6 Bacillus subtilis MH101286 %99 1384 (bg)
BTX7 Bacillus subtilis MH101287 %99 1382 (bg)
BTXS Bacillus subtilis MH101288 %99 1381 (bg)
BTX9 Bacillus subtilis MH101289 %99 1386 (bg)
BTX10 Bacillus subtilis MH101290 %99 1386 (bg)
BTX11 Bacillus subtilis MH101291 %99 1380 (bg)
BTX12 Bacillus subtilis MH101292 %99 1386 (bg)
BTX13 Bacillus subtilis MH101293 %99 1385 (bg)
BTX14 Bacillus subtilis MH101294 %99 1383 (bg)
BTX15 Bacillus subtilis MH101295 %99 1387 (bg)
BTX22 Bacillus subtilis MH101296 %99 1388 (bg)
BTX23 Bacillus subtilis MH101297 %99 1384 (bg)
BTX24 Bacillus subtilis MH101298 %99 1384 (bg)
BTX25 Bacillus subtilis MH101299 %99 1387 (bg)
BTX26 Bacillus subtilis MH101300 %99 1384 (bg)
BTX27 Bacillus subtilis MH101301 %99 1383 (bg)
BTX28 Bacillus subtilis MH101302 %99 1386 (bg)
BTX30 Bacillus subtilis MH101303 %99 1384 (bg)
BTX31 Bacillus subtilis MH101304 %99 1384 (bg)
BTX32 Bacillus subtilis MH101305 %99 1384 (bg)
BTX33 Bacillus subtilis MH101306 %99 1391 (bg)
BTX34 Bacillus subtilis MH101307 %99 1380 (bg)
BTX35 Bacillus subtilis MH101308 %99 1387 (bg)
BTX48 Bacillus subtilis MH101309 %99 1384 (bg)
BTX60 Bacillus subtilis MH101310 %99 1384 (bg)
BTX61 Bacillus subtilis MH101311 %99 1384 (bg)
BTX78 Bacillus subtilis MHI101312 %99 1394 (bg)
BTX81 Bacillus subtilis MH101313 %99 1387 (bg)
BTX16 Bacillus licheniformis MH101314 %98 1417 (bg)
BTX17 Bacillus licheniformis MH101315 %98 1410 (bg)
BTX18 Bacillus licheniformis MH101316 %98 1411 (bg)
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Cizelge 4.5 (Devam) izolatlarin sekans analiz sonuglar1

izolatin Tan1 Sonucu Genbank Benzerlik Oramm1  Baz Uzunlugu
Kodu Numarasi
BTX19 Bacillus licheniformis MH101317 %98 1414 (bg)
BTX20 Bacillus licheniformis MH101318 %98 1413 (bg)
BTX21 Bacillus licheniformis MH101319 %98 1416 (bg)
BTX29 Bacillus licheniformis MH101320 %98 1410 (bg)
BTX36 Bacillus licheniformis MH101321 %98 1410 (bg)
BTX37 Bacillus licheniformis MH101322 %98 1413 (bg)
BTX38 Bacillus licheniformis MH101323 %98 1419 (bg)
BTX39 Bacillus licheniformis MH101324 %98 1415 (bg)
BTX40 Bacillus licheniformis MH101325 %98 1418 (bg)
BTX41 Bacillus licheniformis MH101326 %98 1411 (bg)
BTXS82 Bacillus licheniformis MH101327 %98 1409 (bg)
BTX53 Bacillus thuringiensis MH101328 %100 873 (bg)
BTX54 Bacillus thuringiensis MH101329 %100 868 (bg)
BTX55 Bacillus thuringiensis MH101330 %100 866 (bg)
BTX56 Bacillus thuringiensis MH101331 %100 866 (bg)
BTX57 Bacillus thuringiensis MH101332 %100 866 (bg)
BTX58 Bacillus thuringiensis MH101333 %100 878 (bg)
BTX59 Bacillus thuringiensis MH101334 %100 864 (bg)
BTX72 Bacillus thuringiensis MH101335 %100 867 (bg)
BTX73 Bacillus thuringiensis MH101336 %100 862 (bg)
BTX79 Bacillus thuringiensis MH101337 %100 867 (bg)
BTX42  Geobacillus kaustophilus MH101338 %98 1415 (bg)
BTX43  Geobacillus kaustophilus MH101339 %98 1411 (bg)
BTX44  Geobacillus kaustophilus MH101340 %98 1410 (bg)
BTX45  Geobacillus kaustophilus MH101341 %98 1409 (bg)
BTX46  Geobacillus kaustophilus MH101342 %98 1418 (bg)
BTX47  Geobacillus kaustophilus MH101343 %98 1410 (bg)
BTX49  Geobacillus kaustophilus MH101344 %98 1410 (bg)
BTX50  Geobacillus kaustophilus MH101345 %98 1414 (bg)
BTX51 Geobacillus kaustophilus MH101346 %98 1412 (bg)
BTX52  Geobacillus kaustophilus MH101347 %98 1410 (bg)
BTX69  Geobacillus kaustophilus MH101348 %98 1408 (bg)
BTX70  Geobacillus kaustophilus MH101349 %98 1410 (bg)
BTX71 Geobacillus kaustophilus MH101350 %98 1413 (bg)
BTX77  Geobacillus kaustophilus MH101351 %98 1410 (bg)
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Cizelge 4.6 (Devam) izolatlarin sekans analiz sonuglar

izolatin Tan1 Sonucu Genbank Benzerlik Oramm1  Baz Uzunlugu
Kodu Numarasi
BTX80  Geobacillus kaustophilus MH101352 %98 1408 (bg)
BTX62 Bacillus coagulans MH101353 %98 1339 (bg)
BTX63 Bacillus coagulans MH101354 %98 1352 (bg)
BTX64 Bacillus coagulans MH101355 %98 1343 (bg)
BTX65 Bacillus coagulans MH101356 %98 1346 (bg)
BTX66 Bacillus coagulans MH101357 %98 1347 (bg)
BTX67 Bacillus coagulans MH101358 %98 1343 (bg)
BTX68 Bacillus coagulans MH101359 %98 1343 (bg)
BTX74 Bacillus coagulans MH101360 %98 1355 (bg)
BTX75 Bacillus coagulans MH101361 %98 1341 (bg)
BTX76 Bacillus coagulans MH101362 %98 1350 (bg)
BTX83 Bacillus coagulans MH101363 %98 1343 (bg)
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Sekans analiz sonuglarma gére BTX1, BTX2, BTX3, BTX4, BTX5, BTX6,
BTX7, BTXS8, BTX9, BTX10, BTX11, BTX12, BTX13, BTX14, BTX15, BTX22,
BTX23, BTX24, BTX25, BTX26, BTX27, BTX28, BTX30, BTX31, BTX32, BTX33,
BTX34, BTX35, BTX48, BTX60, BTX61, BTX78, BTX81 kodlu izolatlarin yapilan
BLAST analizi sonucunda B. subtilis tiiriine benzerlik gosterdigi anlasilmistir (Ek 1, Ek
2, Ek 3). B. subtilis 16S rRNA geninin dizisi EK 21’de gosterilmistir. BTX16, BTX17,
BTX18, BTX19, BTX20, BTX21, BTX29, BTX36, BTX37, BTX38, BTX39, BTX40,
BTX41 ve BTX82 kodlu izolatlarin yapilan BLAST analizi sonucunda B. licheniformis
tiiriine benzerlik gosterdigi anlasilmistir (Ek 4, Ek 5, Ek 6). B. licheniformis 16S rRNA
geninin dizisi EK 22’de gosterilmigtir. BTX53, BTX54, BTX55, BTX56, BTX57,
BTX58, BTX59, BTX72, BTX73 ve BTX79 kodlu izolatlarin yapilan BLAST analizi
sonucunda B. thuringiensis tiiriine benzerlik gosterdigi anlasilmistir (Ek 7, Ek 8, Ek 9).
B. thuringiensis 16S rRNA geninin dizisi EK 23’de gosterilmistir. BTX42, BTX43,
BTX44, BTX45, BTX46, BTX47, BTX49, BTX50, BTX51, BTX52, BTX69, BTX70,
BTX71, BTX77 ve BTX80 kodlu izolatlarin yapilan BLAST analizi sonucunda G.
kaustophilus tiiriine benzerlik gosterdigi anlasilmistir (Ek 10, Ek 11, Ek 12). G.
kaustophilus 16S rRNA geninin dizisi EK 24’de gosterilmistir. BTX62, BTX63, BTX64,
BTX65, BTX66, BTX67, BTX68, BTX74, BTX75, BTX76 ve BTX83 kodlu izolatlarin
yapilan BLAST analizi sonucunda B. coagulans tiiriine benzerlik gosterdigi anlagilmistir

(Ek 13, Ek 14, Ek 15). B. coagulans 16S rRNA geninin dizisi EK 25’de gosterilmistir.

4.4. izolatlarin Total Ksilanaz AKktivitesi

Elde ettigimiz izolatlarin ksilanaz aktivitelerinin belirlenmesi amaci ile yapilan
spektrofotometrik 6l¢lim sonuglar1 Cizelge 4.5’de (Ek 16°’da izolat kodlar ile birlikte)
verilmistir. izolatlara ait aktivite tablosu ise EK 16’da gdsterilmistir. Total ksilanaz
aktiviteleri incelendiginde B. subtilis BTX6 6rneginin ksilanaz aktivitesinin diger tiirlere
gore daha fazla oldugu goriilmiistiir. Elde edilen bu sonuglardan sonra caligmada
rekombinant enzim tiretmek amaciyla B. subtilis BTX6 kodlu izolatin ksilanazi

secilmistir.
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Cizelge 4.7 Farkli saatlerde tiirlere ait total ksilanaz aktivitesinin dl¢limii
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4.5. B. subtilis’ten Rekombinant Ksilanaz Uretilmesi

B. subtilis’ten Ksilanaz Geninin Klonlanmasi

B. subtilis’ten ksilanaz geninin tiiretilmesi i¢in sirasiyla; gDNA’ lardan ksilanaz
genine ait bolgenin PCR ile amplifikasyonu, insertiin ligasyonu, transformasyonu,
plazmit izolasyonu, restriksiyon enzimleri ile insertii tasiyip tasimadiginin belirlenmesi
ve insertiin dizi analizi yapilarak klonlamanin tamamlanmasi islemleri yapilmistir. Bu
kapsamda oncelikli olarak gDNA’lardan biyoinformatik analizler ile gene ait tasarlanan
ksilanaz geni primerleri kullanilarak ksilanaz gen bolgeleri PCR ile ¢ogaltilmistir (Sekil

4.3).

M Btx6 Btx6 Btx6 Btx6

3000bc¢

2000b¢

1000bg 1300bg

Sekil 4.3 Ksilanaz geninin PCR ampllifikasyon sonucunun agaroz jel goriintiisii
(M:Marker)

Yapilan PCR c¢aligmas1 sonucunda ¢ogaltilan gen bolgelerinin saf olarak eldesi
i¢in elektroforez iizerinden bantlar Invitrogen (K210012) Quick Gel Extraction jel
saflagtirma kiti kullanilarak saflastirilmistir. Saflastirma islemindeki temel hedef PCR
isleminde kullanilan diger kimyasallarin ve atiklarin saflagtirilmis olan jelde
bulunmamasidir. Bu amacgla beklenen bant tamamen diger bantlardan arindirilmis
olmaktadir. Bu asamada oOncelikle bos ependorfun hassas terazide darasi alinmis olup
daha sonra kesilen jelin ependorfa eklenmesiyle jelin agirlig1 belirlenmistir. Bu islemde

bos ependorf tiipliniin agirlig1 1.04 gr gelirken, eklenen jel ile birlikte ependorf tiipiliniin
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total agirlig1 1.54 gr gelmistir. Buradan jelin agirhiginin 0.5 gr geldigi belirlenmistir. Jel

saflastirma protokolii uygulanarak saflastirilan bant Sekil 4.4” de gosterilmistir.

M BTX6 BTX6

3000bg —»
2000b¢ —»

1000bg —» <— 1300bc

Sekil 4.4 Ksilanaz geninin (Btx6 izolati) jel saflagtirma sonucu. M: Marker (Mass Ruler
100bp.)

Agaroz jelden saflastirilmis olan {iriiniin A ekleme reaksiyonu; Taq polimeraz
enziminin Urilinlin uclarma ekledigi A reaksiyonuyla yapilmigtir. Daha sonra ligasyon
asamasinda gerekli olan tiriinden 3 pL eklenmis ve ligasyon islemi gergeklestirilmistir.
Transformasyon asamasinda olusan mavi-beyaz kolonilerden ilgilenilen geni tasiyan

beyaz koloniler segilerek bunlardan plazmit izolasyonu yapilmistir.

Izolasyonda PGEMTeasy vektoriiniin istedigimiz ksilanaz genini tasiyip
tasimadigint gozlemlemek amaci ile Xbal ve Kpnl restriksiyon enzimleri ile kesim
yapilmistir. Restriksiyon enzimi ile kesim yapilan iirlinlerden yaklasik 3000 bg.
biiyiikliigiindeki bandin PGEMTeasy vektoriine 1300 bg. biiyiikliigiindeki bandin
ksilanaz genine ait oldugu gorilmiistiir (Sekil 4.5). Bu sonuglar ksilanaz geninin basarili

bir sekilde klonlanmis oldugunu géstermektedir.
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A | 3000bc—»

B | 1300b¢—> K

Sekil 4.5 Ksilanaz genini tastyan PGEMTeasy plazmidinin kesim sonucu elde edilen
agaroz jel goriintiisii. M: Lambda DNA/EcoRI /Hind III Marker, Uriinler; A: PGEMeasy
plazmit bant biiylikliigii B: Ksilanaz geni bant biiytlikligii

Elde edilen iiriin NCBI iizerinden degerlendirilmis ve olusan {iriiniin ksilanaz
genine ait diziler oldugu sekans sonuglari ile belirlenmistir. Elde edilen sekans verileri ve

pikleri EK 26’ da gosterilmistir.

Ksilanazin Rekombinant Proteininin Ekspresyonu

His takis1 (6x His) bulunan pET16b vektorii protein ekspresyonunda, ekspresyon
vektorli olarak kullanilmigtir. Ksilanaz genini tasiyan insortiimiiz pET16b vektoriine
yerlestirilmis, daha sonra E. coli Rosetta’ya aktarilmis ardindan protein izolasyonu
yapilmistir. Elde edilen protein izolatlar1 His affinitesi gosteren Nikel NTA bocuklar
bulunan agaroz ile 6x His histidin takilarini tutan Ni-NTA boncuklar1 yardimi ile 6nce
filtrede tutulmus daha sonra kit soliisyonlar1 ile enzim saflastirilmistir. Ni-NTA
boncuklar1 ile saflastirilan enzimler belirlenmistir. Sekil 4.6’da goriildigi {izere
saflastirilan 6rnekler IPTG ile indiiklenmelerine gore 1., 2. ve 3. saatler sonrasinda sirasi
ile jele yiiklenmistir. 1. ve 2. saatlerde jele yiiklenen proteinde bantlasma ¢ok az olarak

goriiliirken, 3. saatte ise jelde protein bantlagmasi net bir sekilde gbézlenmistir (Sekil 4.6
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[1, 2 ve 3] ve Sekil 4.7 [1, 2 ve 3]). Bu sonuclar bize 3. saat sonunda proteinin
ekspresyonun basarilt bir sekilde oldugunu gdstermistir. Anti-His antikoru ile yapilan
Western blot analizi ile SDS-PAGE sonucunu dogrulanmis ve saflastirilan proteinin B.

subtilis’e ait ksilanaz oldugu belirlenmistir. Boylece ekspresyonun basarili bir sekilde

gerceklestigi gortilmiistiir.
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92 kDa
71 kDa

52 kba —»

Sekil 4.6 Ni-NTA saflastirilmasi sonucu olusan SDS jelin goriintiisii. M: Marker (SDS-
PAGE Molekiilar Agirlik Standartlar1 Broad Range (Bio-RAD, Kat. no:161-0317)), 1: 1
Saat Indiiklenmis, 2: 2 Saat Indiiklenmis, 3: 3 Saat Indiiklenmis ve 4: Total Proteinin
SDS Jel Goriintiisii.

75 kDa
63 kDa

\ 71 kDa

Sekil 4.7 Rekombinant ksilanaz proteininin Western Blot Analizi ile goriintiilenmesi. M:
Marker (Kaleidoscope Pretained Standarts BIORAD), 1: 1 Saat Indiiklenmis, 2: 2 Saat
Indiiklenmis, 3: 3 Saat Indiiklenmis ve 4: Total Protein Antihistidin ve Ikincil Antikor ile
yapilan Western Blot goriintiileri
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4.6. Anadoluca Metoduyla Enzimin Kafeslenmesi

Zeta Boyut Analizi

1000 ppm olarak hazirlanan rekombinant ksilanaz enzimi (Sekil 4.8) ve
rekombinant nano ksilanaz (Sekil 4.9) ultrasonik su banyosunda dagitildiktan sonra zeta
cihazinda boyut analizi yapilmistir. Sekil 4.8’de ve Sekil 4.9’da goriildiigii gibi enzimin

boyutlar1 sirasi ile ortalama 400,3 nm ve 422,6 nm olarak ol¢tilmiistiir.

Results
Size (d.n % Intensity: St Dev (d...
Z-Average (d.nm): 2745 Peak 1: 400.2 100.0 1M1
Pdi: 0.191 Peak 2: 0.000 0.0 0.000
Intercept: 0,893 Peak 3: 0.000 0.0 0.000
Result
Size Distridution Dy ntensly
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0 100 10000
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Sekil 4.8 Rekombinant Ksilanaz Zeta Boyut Analizi
Results
Size (d.n... % Intensity: St Dev (d
Z-Average (d.nm): 4242 Peak 1: 42286 1000 109.7
Pdi: 0,154 Peak 2: 0.000 0.0 0.000
Intercept: 0,92€ Peak 3: 0.000 0.0 0.000
Result
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Sekil 4.9 Rekombinant Nano Ksilanaz Zeta Boyut Analizi
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CD Spektroskopisi

Rekombinant Ksilanaz ve Rekombinant Nano Ksilanaz’nin CD spektroskopileri
Sekil 4.10 ve Sekil 4.11°de belirtilmistir. Sekil 4.10°de goriildiigii {izere, rekombinant
ksilanazin yapist CD analiziyle degerlendirildiginde, spektrumdaki 190-200 nm de gelen
pozitif pik ve 200-205 nm’de gelen negatif pik yapidaki a heliks katlanmalarini, 210-220
nm’deki pik B katlanmasini ifade etmektedir. Ayrica; 230-240 nm arasindaki bolgede
rastgele katlanmalarin oldugu gériilmektedir. 350 nm’de gelen pozitif bant ise yapidaki
aromatik aminoasitlerin varligin1 gostermektedir. Ksilanazin sekonder yapi1 analizi i¢in
karakteristik piklerin belirli bolgelerde gelmis olmasi CD spektrumunun yap1 analizinde

kullanilabilirligini géstermektedir.

Sekil 4.11°de goriilen rekombinant Nano Ksilanazin yapisinin CD spektrumuna
bakildiginda, 190-210 nm arasindaki pozitif pik ve 210-221 nm arasindaki negatif pik a-
heliks yapisint ve 220-230 nm arasindaki negatif bant B-katlanmasini gostermektedir.
Bunun yaninda, 232 nm’deki bant yapidaki rastgele katlanmalar1 ifade etmektedir. Nano
yapmin CD spektrumunda goriilen 320-340 nm arasindaki yayvan bant protein
yapisindaki aromatik proteinleri isaret etmektedir. Belirtilen araliklarda karakteristik

piklerin gelmesi nano yapida da protein yapisinin bozunmadigin1 gostermektedir.
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Sekil 4.10 Rekombinant Ksilanaz’in CD Spektroskopisi
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Sekil 4.11 Rekombinant Nano Ksilanaz’in CD Spektroskopisi
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4.7. Rekombinant Ksilanaz ve Nano Ksilanaz Enzimlerinin Aktivitesinin

Belirlenmesi
a) Degisen pH diizeyinin Ksilanaz aktivitesine etkisi

Enzim aktivitesi sonucunda yiiksek aktivite gdsteren B. subtilis tiirli izolatindan
saflagtirilan ksilanaz enzimi rekombinant olarak ve ayni enzim rekombinant nano enzim
olarak tiiretilmistir. Her iki enzim aktivitesi farkli pH araliklarinda degerlendirilmis ve

optimum pH’larinin 7.0 oldugu tespit edilmistir (Sekil 4.12).

3500

3000 o,
" N\

2500 — *

2000 o/ e

1500

1000

Spesifik Aktivite U/mg

500

0
4 4,5 5 5,5 6 6,5 7 7,5 8 8,5 9 95 10

pH

Sekil 4.12 Rekombinant Ksilanaz ve Rekombinant Nano Ksilanaz enziminin optimum
aktivite gosterdigi pH

b) Sicakhik Seviyesinin Aktiviteye Etkisi

Rekombinant ve rekombinant nano ksilanaz olarak B. subtilis’den liretilen enzimin
yapilan farkli sicaklik (37 °C, 40 °C, 45 °C, 50 °C, 60 °C, 70 °C, 80 °C ve 90 °C)
araliklarindaki ve optimum pH’da (pH 7.0) aktivite testi sonucunda, optimum enzim
aktivitesinin rekombinant ksilanaz enzimi i¢in 68 °C (Sekil 4.13), rekombinant nano

ksilanaz i¢in ise 75 °C oldugu tespit edilmistir (Sekil 4.14).
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Sekil 4.13 Rekombinant Ksilanaz enziminin optimum aktivite gosterdigi sicaklik
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Sekil 4.14 Rekombinant Nano Ksilanaz enziminin optimum aktivite gosterdigi sicaklik

¢) Substrat Miktarinin Aktiviteye EtKkisi

Rekombinant ve rekombinant nano ksilanaz olarak B. subtilis’den iiretilen enzimin
yapilan farkli substrat yogunluklarindaki aktivite testleri sonucunda, optimum enzim
aktivitesi rekombinant enzim i¢in % 3 konsantrasyonda 1802 U/mg, rekombinant nano
enzim i¢in ise optimum konsantrasyon yogunlugu % 3.5’da 1898 U/mg olarak
Ol¢iilmiistiir. Calisma sonucunda enzim {iretimi i¢in en uygun yogunluk
konsantrasyonunun rekombinant enzim i¢in % 3, rekombinant nano enzim i¢in ise % 3,5

oldugu tespit edilmistir (Sekil 4.15, Sekil 4.16).
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Sekil 4.15 Rekombinant Ksilanaz enziminin optimum aktivite gosterdigi substrat
konsantrasyonu
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Sekil 4.16 Rekombinant Nano Ksilanaz enziminin optimum aktivite gosterdigi substrat
konsantrasyonu

d) Metal Iyonlarinin Aktiviteye Etkisi

Calismada rekombinant ksilanaz ve rekombinant Nano ksilanaz enzim aktivitesine
etki eden metal iyonlarmin, 0,01 mL’lik konsantrasyonlarinda rekombinant ksilanaz i¢in
MgSOsm % 80, CuSOs1n % 57, CaClam % 74, ZnSOs1n % 5 ve FeSO4>m % 72
oraninda aktivitede artisa neden oldugu belirlenmistir (Sekil 4.17). Rekombinant Nano
ksilanaz enzimi i¢in ise MgSO4’1n % 85, CuSO41m % 71, CaCly'in % 85, ZnSO4'1n % 50
ve FeSO42>'m % 94 oranlarinda aktivitede artisa neden oldugu tespit edilmistir (Sekil
4.18).
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Sekil 4.17 Metal iyonlarinin rekombinant Ksilanaz enzimine etki grafigi
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Sekil 4.18 Metal iyonlarinin rekombinant Nano Ksilanaz enzimine etki grafigi

Vinax ve K Degerinin Hesaplanmasi

Ksilanaz enziminin Vi ve K degerleri % 1°lik ksilan substrati kullanilarak
belirlenmigtir. 5 farkli konsantrasyondaki oOl¢limler sonucunda grafik degerleri
belirlenmis ve aktivitenin substrat mikratindaki degisimleri gozlemlenmistir. Grafikten
elde edilen verilerden yararlanilarak Lineweaver Burke denklemi ile rekombinant enzim
ve rekombinant nano enzimler i¢in Vi ve K, degerleri olgiilmiistiir (Sekil 4.19, Sekil
4.20). Rekombinant enzim i¢in Vi degeri 5,691 (EU/mL. dk.), K., degeri ise 2,298
(mM), Rekombinant nano enzim i¢in ise Vi degeri 6,195 (EU/mL. dk.), K,, degeri ise
2,402 (mM) olarak belirlenmistir.
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Sekil 4.19 B. subtilis’den elde edilen rekombinant Ksilanazin Lineweaver Burke
denklemi ile Kn ve Viax degerinin dlgiilmesi

Rekombinant Nano Enzim
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Sekil 4.20 B. subtilis’den elde edilen rekombinant Nano Ksilanazin Lineweaver Burke
denklemi ile Kin ve Viuax degerinin dl¢lilmesi
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5. TARTISMA ve SONUC

Bu c¢alismada Dogu ve Giineydogu Anadolu bolgesindeki sicak su kaynaklar ile
bu kaynaklarin yakinindaki ¢amur 6rneklerinden izole edilen bakterilerin, morfolojik ve
molekiiler yontemlerle tanilanmasi, optimum gelisme kosullarinin tespit edilmesi,
ozellikle termofilik 6zellik gosteren izolatlarin segilerek ksilanaz enzim aktivitesinin
belirlenmesi, aktivitesi yiiksek izolatlardan enzimin rekombinant olarak iiretilmesi
amagclanmistir. Enzimin rekombinant olarak iiretilmesi i¢in Oncelikle izolatlarin enzim
aktivitesi ol¢iilmiis, yiiksek aktivite gosteren izolat bu amagla tercih edilmistir. Ksilanaz
enzimini kodlayan genler biyoinformatik araclarla tespit edildikten sonra vektorler
vasitasiyla konakgilara aktarilip, konakgida proteinin ekspresyonu ve bdylelikle enzimin
iretimi gerceklestirilmistir. Say ve arkadaslari (2015) tarafindan patentlenen
ANADOLUCA yontemi ile enzim kafeslenerek daha aktif, kararli, genis pH araliklarina
sahip, yiiksek sicaklik degerlerinde bile tekrar tekrar kullanim1 miimkiin olacak sekilde
enzimin ticari olarak kullanilabilirligi belirlenmistir. Boylelikle bugiin piyasada olan ve
yiiksek sicakliklara uyum saglayamayan bir¢cok enzim yerine, sanayi ve biyoteknolojik
calismalarda daha c¢ok tercih edilerek kullanilacak bir nano enzimin ticari olarak

tiretimiinin 6ni agilmastir.

Calisma kapsaminda alinan su Orneklerinin kimyasal analiz degerleri
incelendiginde; Aksoy et al. (2009) yapmis olduklar1 ¢caligmada; Balgova bolgesindeki
termal su kaynaklarini incelemis yapilan inceleme sonucunda alinan tiim orneklerin
iletkenlik degerlerinin 1000 (mS/cm)’ nin iizerinde oldugu ve pH ve kimyasal
igceriklerinin ortalamasinin ise pH i¢in 7.89, Bakir (Cu) da 17.14, Demir (Fe) de 0.377,
Kursun (Pb) da 1.69, Nitrat (NO;!) da 38.5, Amonyum (NH4*™") da 2.15 ve Nitrit (NO>™")
de ise 0.007 oldugunu bildirmislerdir. Negri et al. (2018) yaptiklar1 bir calismada Coastal
ve Aysen termal su kaynaklarindan elde ettikleri sularin kimyasal testleri sonucunda
iletkenlik degerinin bolgelere gore farklilik gosterdigini Coastal termal kaynaklardan elde
ettikleri sularda iletkenligin 1000 (mS/cm)’in iizerinde oldugunu ve pH degerinin ise 6,4
ile 8,4 arasinda degistigini, Aysen termal kaynaklarindan elde ettikleri sularin ise
iletkenlik degerinin 1000 (mS/cm)’ nin altinda oldugunu, pH’nin ise 7,9 ile 9,6 arasinda
degistigini tespit etmislerdir. Calismamizda ise sadece Hista termal kaynagindan alinan
numunelerde iletkenligin 942,9 (mS/cm) ve pH degerinin 9,1 oldugu, diger kaynaklarin

PR

tiimiinde iletkenligin 1000 (mS/cm)’nin {izerinde, pH nin ise 6,9 ile 8,5 arasinda degistigi
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belirlenmistir. Almman kaynaklarin pH ortalamasmin 7.3, kimyasal igeriklerinin
ortalamasinin ise, Bakir (Cu) da 2.02, Demir (Fe) de 0.931, Kursun (Pb) da 1.12, Nitrat
(NO3') da 0.41, Amonyum (NH4*!) da 2.043 ve Nitrit (NO,™!) de ise 0.381 oldugu tespit
edilmistir. Bu sonuglara gore bolgesel olarak sularda kimyasal verilerin degiskenlik
gosterdigi ve calismamizda diger literatiire paralel olarak termal su kaynaklarinin
iletkenlik ve pH degerinin i¢ilebilir su kaynaklarina gore daha yiiksek oldugunu sdylemek

mumkuindiir.

Gelisen ve siirekli biiyliyen diinyada biyoteknolojik yatirimlarin ve ihtiyaglarin
giderek artmasi, endiistriyel enzimlerin gerekliligini arttirmigtir. Diinyada enzim tiretimi
konusunda ¢ok az iilkenin kendi iiretim ¢emberi bulunmakta ve bu trettikleri tirtinleri
diinya pazarinda satmaktadir. Bu sebeple bir enzimin sanayi ve endiistride kullanimi
maliyetinin diisiik olmasi, tekrar tekrar kullanilabilirligi, aktivitesinin yiiksekligi, ekstrem
kosullara dayanabilirligi biiyiik dnem arz etmektedir (Sarikaya, 1995). Ozellikle endiistri
ve sanayi alaninda kullanilan, genis bir alana sahip olan enzimlerin birgogu bakterilerden
temel almaktadir. Bitkisel veya hayvansal kaynakli enzimlere gére daha ucuz ve daha
verimli olan mikroorganizma kokenli enzimlerin elde edilme asamalar1 da ¢ok daha kolay
ve uygun olabilmektedir. Bunun yaninda endiistri alaninda enzimlerin kullanilabilmesi
icin bu mikrobiyal kaynakli enzimlerin zararli etkilerinin de olmamasi gerekmektedir
(Wiseman and Dalton 1987). Mikrobiyal kaynakli enzimler, 6zellikle de ekstremofil
organizmalardan elde edilen enzimler bugiin pek ¢ok alanda yaygin bir sekilde
kullanilmaktadir. Ekstremofil organizmalar ortamin pH, sicaklik ve diger olumsuz
faktorlerinden etkilenmeyeceginden bunlarin iiretmis oldugu enzimlerin kararliliklar1 ve
aktiviteleri de oldukga yliksek olmaktadir. Termofilik organizmalar da ekstrem sartlara
uyum saglamis mikroorganizmalar oldugundan elverissiz kosullarda bile kullanilabilir
cesitlilikte iirlinler olusturabilmektedirler. Termofil organizmalardan seliilaz, ksilanaz,
katalaz, laktaz, lipaz, siikraz, pullunaz, pektinaz, amilaz, proteaz ve bunun gibi bir¢ok
enzim saflastirilarak ticari olarak iiretilmektedir. Bu enzimler tekstil, gida, deterjan,
sanayi, icecek sektorii ve en onemlisi saglik alani gibi birgok alanda yaygin olarak da
kulllanilmaktadir (Niehaus ez al. 1999). Bu ¢alismada izole edilen bakteriler de termofilik
Ozelliklerinden dolay1 oldukca kararli yapida, yiiksek sicaklik ve ekstrem kosullarda
caligabilen enzimler olmasi nedeniyle avantajli konumda degerlendirilmistir. Bu nedenle

calismada; endiistri alaninda siklikla kullanilan ve aranan enzim olan ksilanaz enzimi
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tizerine odaklanilmis ve piyasada ticari olarak kullanilabilecek daha yiiksek verimli

ksilanazlarin elde edilmesi saglanmaistir.

Sicak su kaynaklar1 yaninda pek ¢ok ortamdan da izole edilebilen Bacillus tiirleri
enzim iiretimi agisindan biiylik 6nem arz etmektedir. Bacillus tiirleri proteolitik ve
karbohidratazlarin etkin kaynaklarinin basinda yer almakta ve 6zellikle nigasta, ekmek,
meyve suyu, kagit agartma ve bira yapimi gibi bir¢ok alanda enzim ihtiyacini
karsilamaktadir. Bu nedenle Bacillus tiirlerinin sentezledikleri bir¢ok enzim sanayide
oldukga farkli pek ¢ok alanda kullanilmaktadir (Niehaus et al. 1999). Endiistride yaygin
sekilde kullanilan enzimlerin en dnemlilerinden biri olan ksilanazin iiretiminde her ne
kadar baz1 funguslar kullanilsa da bakterilerin 6zellikle de Bacillus tiirlerinin biiyiik 6nem
arz ettigi bilinmektedir (Gomes et al. 2017). B. cereus (Roy ve Rowshanul, 2009),
Bacillus sp. (Hiremath vd. Patil, 2011), B. subtilis, B. licheniformis ve Geobacillus
thermodenitrificans gibi pek cok Bacillus tiiriiniin ksilanaz tirettigi bilinmektedir (Guo et
al. 2012). B. subtilis ticari olarak iiretilen ksilanaz enzimi i¢in en ¢ok tercih edilen
termofilik Bacillus tiriidiir (Banka et al. 2014). Literatiirde verilen bu bilgilerle paralel
olacak sekilde bizim ¢alismamizda da B. subtilis izolat1 en yliksek aktivite gdsteren tiir

olarak tespit edilmis olup ¢alismalar bu tiir lizerinden yiiriitilmiistiir.

Calismada termal su kaynaklarindan alinan 6rneklerden bakteriyel izolasyonlar
yapilarak tanilanmistir. Bakterilerin tanilanmasinda morfolojik 6zellikler yaninda
organizmalar arasinda ki filogenetik iliskileri agiga ¢ikaran 16S rDNA bilgilerine
dayanilarak da filogenetik tanilama yapilmistir. Bakterilerin genomlarinda bazi bolgeler
0zel olarak korunmus bdlgeler olarak bilinmektedir. Bu bolgeler ribozomun kiiciik alt
birimini olusturan 16s rRNA, 23s rRNA ve 5s rRNA boélgeleridir. Bakterilerde 6zellikle
bu bolgelerden 16s rRNA bdlgesi bakteriler arasindaki ¢esitliligin belirlenmesinde kilit
rol oynamaktadir. Ayn1 zamanda filogenetik siniflandirmaninda temelinde bu korunmus
bolgelerdeki dizilis farkliliklart model olarak kullanilmaktadir (Tortoli 2003). Bu nedenle
16s TRNA geni, bakteriler arasindaki cesitlilik ve evrimsel baglantinin ¢éziimlenmesi
asamasinda bir¢ok calismada arastirmacilar tarafindan kullanilmaktadir (Harmsen and
Karch 2004). Bu dizilerin tanilama ve filogenetik siiflandirmada dnemli yer almasinin
sebebi, bu korunmus bolgelerin mutasyonlara kapali olmasi ve ender durumlarda
meydana gelebilecek olasi mutasyonlarin ise ¢ogunlukla hizli bir sekilde diizeltilmesi

temeline dayanmaktadir. Ayni zamanda bakteriler arasinda bu bolgelerin korunur
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olmalarindan dolay1 tiim bakterilerde ortak alan olarak tanimlanmakta ve bu ortak alanlar
icerisindeki degisimler bakterilerin tanilanmasi ve birbirleri ile benzerlik ve
farkliliklarinin tespit edilmesine imkan saglamaktadir (Woese 1987). Bu amagla, 16s
rRNA gen bolgesinin evrensel primerlerle PCR amplifikasyonu sonucunda elde edilen
genlerin baz dizilimleri analiz edilerek var olan tiirler ile karsilastirilmakta ve boylece
bakterilerin tiir tanis1 yapilarak filogenetik olarak siniflandirilmaktadir (Hakovirta et al.
2016). 16S rRNA bolgelerinin tanilamada basarili olduguna dair pek c¢ok calisma
yapilmistir. Bavykin er al. (2004) yapmis olduklar1 calismada B. cereus gruplar
arasindaki farkliliklar: belirlemek i¢in 183 tiiriin 16s rRNA bdlgelerini, 74 tiirlin de 23s
rRNA bolgesinin dizisini analiz etmiglerdir. Calisma sonucunda Bacillus anthracis’in B.
cereus grubundaki diger mikroorganizmalardan (B. cereus, B. thuringiensis ve B.
mycoides) ayiriminda bu yontemlerin etkili oldugunu vurgulamislardir. Hakovirta et al.
(2016) benzer sekilde yapmis olduklari calismada farkli bolgelerden elde ettikleri 50
farkli izolatin 16s rRNA genlerinin analizi ile B. cereus grubu, bunlarin da; B. anthracis,
B. cereus, B. mycoides ve B. thuringiensis izolatlarindan olustugunu tespit etmislerdir
(Hakovirta et al. 2016). Bu ¢alismada da bakterilerin tiir tanilarinda 16s rRNA gen bolgesi
hedef alinarak tanilamalar gerceklestirilmistir. Calismamizda izole edilen bakterilerden
gDNA izolasyonlar1 yapilarak tiirlerin 16s rRNA dizi sekanslar1 yapilmistir. Bu sekans
sonucu elde edilen diziler NCBI (National Center for Biotechnology Information) veri
tabaninda taranarak bakterilerin tanilar1 gergeklestirilmistir. Buna gore ¢alismamizda 5
farkl tiir (B. coagulans, B. licheniformis, B. subtilis, B. thuringiensis ve Geobacillus
kaustophilus tirleri) tanilanmistir. Yalmz B. thuringiensis (BTX53, BTX54, BTXS5S,
BTX56, BTX57, BTX58, BTX59, BTX72, BTX73, BTX79) olarak tanimlanmis ve
termofilik 6zellik gostermis bu izolatlarin yiliksek sicakliklarda elde edilmis olmasi
literatiir bilgileriyle oOrtiismemektedir. Termofilik B. thuringiensis izolatlar1 varligi
belirlenmemistir. Bu kapsamda bu 10 izolatin yeniden degerlendirilmesi uygun

gorilmiistiir.

Adigiizel et al. (2009) yaptiklar1 ¢alismada Tiirkiye'deki cesitli termal su
kaynaklarindan izole ettikleri izolatlar1 16s rRNA dizi analizleri kullanarak
tanilamiglardir. Calismalarinin = sonucunda elde ettigi izolatlarin  Geobacillus,
Anoxybacillus ve Bacillus sp. izolatlarina % 97- 99 oraninda yakinlik gosterdiklerini
bildirmislerdir. Acar (2009) yapmis oldugu calismasinda, Van Hasanabdal sicak su
kaynaklarindan ¢esitli bakteri izolasyonlar1 yapmis ve elde ettigi bakterilerin 16s rRNA
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gen dizisini PGEMT vektoriiyle E.coli’ye transforme etmistir. E. coli’ye klonlanan
dizilerin sekans analizi sonucunda, izole edilen tiirlerin B. licheniformis, Brevibacillus
brevis, Geobacillus pallidus, Brevibacillus borstelensis ve B. pumilus oldugunu
bildirmistir. Bizim ¢alismamizda da aymi bolgeden alinan Orneklerden yapilan
izolasyonlar sonucunda B. licheniformis tirii belirlenmis, diger belirtilen tiirlere ise
rastlanmamistir.  Pirinccioglu  (2010) yapmis oldugu c¢alismasinda Dargegit ve
Giicliikonak bolgesindeki termal su kaynaklarindan elde ettigi su ve gamur 6rneklerinden
yaptig1 izolasyonlar sonucunda tanilama araci olarak 16s rRNA gen bolgelerini
sekanslamis ve sekans analizi sonucunda Geobacillus cinsine ait izolatlar tanilamistir.
Bizim calismamizda da benzer sekilde Dargecit ve Giicliikonak bolgesinden alinan
izolatlarin 16s rRNA gen bolgesinin sekans analizi sonucunda Geobacillus kaustophilus

tiiriine % 100 benzerlik gdsterdigi belirlenmistir. Calismamizda;

Bakteri tanilamalarinin ardindan, izolatlar arasinda ksilanaz enzimi i¢in aktivite
testleri gergeklestirilmis olup yapilan testler sonucunda B. subtilis BTX6 izolatinin diger
tiirlere nazaran daha yiiksek aktivite gosterdigi belirlenmis ve ¢alismaya bu izolat ile
devam edilmistir (Cizelge 4.5). Agr1 Diyadin’den izole edilen ve ekstrem sartlarda
iireyebilme yetenegine sahip olan B. subtilis izolatinin Gram +, sporlu ve hiicre
morfolojisinde de basil seklinde zincirler olusturdugu tespit edilmistir (Cizelge 4.3).
Calismanin bir sonraki agamasinda enzim aktivitesi yiiksek olan B. subtilis BTX6’ dan
ksilanaz geni alinarak rekombinant olarak iiretilmistir. Bu amacla klonlama vektorii
olarak PGEMTeasy, plazmit izolasyon asamasinda restriksiyon enzimi olarak Xbal ve
Kpnl (Fermentas 10,000 u/ml), konakc¢1 olarak ise E.coli DH5-o 1rki kullanilmistir.
Ekspresyon agsamasinda ise restriksiyon enzimi olarak Sall ve HindIII, vektor olarak pET
16b vektorii, konake1 olarak da E. coli Rosetta irki kullanilmistir. Rekombinant olarak
iiretilen enzim SDS PAGE ve Western Blot ile analiz edilmis, SDS PAGE sonucunda

enzimin 71 kDa oldugu tespit edilmistir.

Yang et al. (1988) yaptiklar1 ¢alismada, B. polymyxa’dan elde ettikleri ksilanaz
geninden rekombinant ksilanaz enzimi iiretmek igin Oncelikle, restriksiyon enzimleri
olarak EcoRI, HindIIl, ve BamHI kullanmislardir. Klonlama vektorii olarak pBR322 ve
konake1 olarak da E. coli kullanmislardir. Ekspresyon vektoriine aktarilan insort BamHI-
EcoRI restriksiyon enzimleri araciligi ile pUCI9 vektoriine aktarilmis ve E. coli’de

protein saflastirilmasi yapilmistir. Bai et al. (2015) yapmis olduklari ¢aligmada bazi
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alkalifik Bacillus tiirlerinde ksilanaz enzimini elde etmek istemislerdir. Klonlama
asamasinda izole edilen ksilanaz geni klonlama vektorii olan pUCI18' in defosforile
BamHI boélgesine lige edilerek E. coli DHS5a'ya transforme edilmistir. Ekspresyon
asamasinda ise Rekombinant plazmid izole edilmis, ilgili gen bolgesi pET28a-xyn11A
vektoriine lige edilmis ardindan da E. coli BL21 (DE3)’ ye transforme edilip protein
tiretimi saglanmistir. Saflagtirilan enzimin SDS-PAGE’ deki molekiiler agirliginin 27 ile
43 kDa arasinda oldugu bildirilmistir. Zafar et al. (2016) yapmis olduklar1 bir ¢alismada;
B. licheniformis 9945A'nin ksilanaz genini (xynA) klonlamiglardir. Burada pET-22b'nin
(+) vektoriiniin Ndel ve HindIII bolgelerinde lige edilmis sonrasinda E. coli BL21(DE3)
konakgisinda iiremeleri saglanmistir. E. coli BL21 ekpresyon konakg¢isinda ise protein
tretimi yapilmistir. Saflastirilmis ksilanazin molekiiler agirhigi, SDS-PAGE ile
belirlenmis ve 23 kDa olarak bildirilmistir.

Sunna and Antranikian (1997) yapmis olduklart c¢alismada; B. subtilis
izolatlarindan elde edilen ksilanaz enzimlerinin molekiiler agirliklarinin yaklasik olarak
8 ile 145 kDa arasinda degiskenlik gosterdigini bildirmislerdir. Bacillus tiirlerindeki
ksilanaz enziminin molekiiler agirliklar1 ile yapilan caligsmalarda genellikle farkl
degerlerde sonuglar rapor edilmistir (Kulkarni vd., 1999). Sa Pereira et al. (2002) baz1 B.
subtilis 1zolatlarindan elde edilen ksilanaz enziminin molekiil agirligin1 340 kDa olarak
bildirmislerdir. Ryan et al. (2003) yapmis olduklar1 calismada, Penicillium capsulatum
fungusundan izole edilen ksilanaz enziminin molekiiler agirliginin 22 kDa, Aspergillus
fumigatus’dan elde edilen enzim ise 212 kDa molekiiler agirliginda oldugunu
belirtmislerdir. Lama ef al. (2004) calismis olduklart bazi Bacillus sp. izolatlarinin
molekiiler agirliginin 24 ile 45 kDa arasinda degistigini bildirmislerdir. Aygan (2008)’da
yapmis oldugu calismasinda bazi Bacillus tiirlerinden elde edilen ksilanaz enziminin
molekiil agirliklarint 108, 95, 80 ve 68 kDa olarak bildirmistir. Bu veriler ksilanaz
enziminin molekiiler agirhiinin farkh tiirlerde hatta ayni tiir icerisinde bile farkliliklar

gosterebildigini izah etmistir.

Colak (2011) calismasinda Kitosan immobilizasyonu ile saflastirilan paraoksonaz
enzimini immobilize ederek enzimin baglanma yiizdesini % 68, katalatik etki degerini ise
3,2229 olarak belirlemistir. K, ve Viuax miktarlari Lineweaver-Burk ile hesaplandiginda;
Paraoksonaz enziminin saf halinin 1,067 mM ve 125 U/ml dakika, immobilize enzimin

ise 1,755 mM ve 181 U/ml dakika olarak belirlemistir. Saf enzim ve immobilize
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paraoksonaz enziminin benzer optimum (25-45 °C) ve pH (7.0) degerler gdsterdigini

belirtmistir.

Calismamizda rekombinant olarak iiretilen enzimi nano rekombinant bir enzim
olarak tliretmek suretiyle kontrollii, liretimi kolay, kararli, maliyeti diisiik liriin elde
edilmesi saglanmistir. Bu amagla rekombinant teknoloji ile elde edilen {iriin
ANADOLUCA metodu ile nanobiyokonjugat halinde sentezlenmis ve boylelikle nano-
ksilanaz’in uzun siire ve dig ortam kosullarina dayanabilirligi ve uzun soluklu
kullanilabilirligi saglanmistir. Zeta boyut analizinde rekombinant olarak {iretilen nano-
ksilanazin boyutunun 422,6 nm oldugu goriilmistir. Karsilastirmada rekombinant
ksilanaz proteinin boyutunun 400,3 nm oldugu belirlenmistir. CD spektrumlarina
bakildiginda a-heliks yapilar1 ve 3 katlanmalar ile nano yapiya ait aromatik yap1 bantlari
gbzlenmis ve bundan dolay1 ikincil yapisinin korundugu ve aktif kaldig1r gozlenmistir.
Yine ANADOLUCA yontemi ile kafeslenen rekombinant nano enzim, rekombinant
enzim ile kiyaslanmig benzer pH (7.0) ve substrat konsantrasyonlarina sahip olduklari,
sicaklik degerinde ise rekombinant enzimin optimum sicaklik degerinin 68°C,
rekombinant nano enzimin ise optimum sicaklik egerinin 75°C oldugu belirlenmistir.
Calismamizda rekombinant enzim i¢in Vi degeri 5,691 (EU/mL. dk.), K, degeri ise
2,298 (mM), Rekombinant nano enzim i¢in ise Vyaxdegeri 6,195 (EU/mL. dk.), K,, degeri
ise 2,402 (mM) olarak belirlenmistir. Bunun yaninda metal iyonlarina karsi ise

rekombinant nano enzimin daha fazla aktivite gosterdigi goriilmiistiir.

Abdel-Naby (1993) yapmis olduklar1 ¢calismada, Aspergillus niger NRC 107°dan
elde edilen ksilanaz ve B-ksilosidaz enzimlerinin ¢esitli tasiyicilar lizerinde fiziksel
adsorpsiyon, kovalent baglama, iyonik baglama ve tuzaklanma gibi farkli
immobilizasyon yontemleri ile immobilize edilmistir. Hareketsizlestirilmis enzimler,
tanen-kitosan {iizerinde fiziksel adsorpsiyon, Dowex-50W {izerine iyonik baglanma,
kitosan boncuklarinda glutaraldehit ile kovalent baglanma ve poliakrilamid igerisine
enjekte etme yoluyla en yiiksek aktiviteleri elde etmislerdir. Immobilize olmayan
ksilanazin optimum reaksiyon sicakligi, immobilizasyon sonrast 50 °C'den 52.5 °C -
65°C'ye c¢ikarken, immobilize B-ksilosidazin reaksiyon sicakliginin 45 °C'den 50-60
°C'ye ulastigini bildirmislerdir.
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Dusterhoft et al. (1997) yaptiklar1 calismada; pH 7.0’de Sulfolobus
solfataricus’tan elde ettikleri ksilanaz enziminin optimum aktiviteye sahip oldugunu,
Breccia et al. (1998) B. amyloliquefaciens’den izole edilen ksilanaz enziminin optimum
aktivitesini cesitli pH araliklar1 ve sicakliklarda 6rnegin; pH 9.0°da % 71 oraninda, pH
10,0’da ise % 43’c¢ kadar korudugunu, Dhillon et al. (2000) B. circulans ksilanaz
enzimlerinin 50 °C’de, pH 8.0’ de 10 dk. boyunca orijinal aktivitesinin % 60’a kadar
korundugunu, Cordeiro et al. (2002) ksilanaz enziminin optimum aktivite gosterdigi pH
araliginin cesitli termofilik Bacillus sp. tirlerinde pH 6.5-7.0 arasinda oldugunu ve
aktivitenin pH 7.0 ve iizerinde gittik¢e diistiiglinli, Waino and Ingvorsen (2003) Humicola
insolens’ten elde edilen ksilanaz enziminin optimum caligma ve aktivite degerinin pH
6.0-6.5 araliginda oldugunu, Cannio et al. (2004) Halorhabdus utahensis izolatindan elde
ettikleri ksilanaz enziminin optimum aktivitesinin pH 7.0’de oldugunu, Kumar et al.
(2004) alkali ortamda yasayan Bacillus’larin optimum aktivite gosterdigi degerin pH 8.0
oldugunu, Annamalai et al. (2009) nehir suyu kenarindan izole ettikleri B. subtilis’den
izole edilen ksilanazin 7.0-10.0 pH araliginda en yiiksek enzim iiretim seviyesine 36 ile
48. saatlerde ulastigini, Kamble et al. (2012) termofilik ortamdan izole edilen bazi
Bacillus tiirlerinde iiretilen ksilanaz enziminin aktivite araliklarinin pH 6.0-10.0 degerleri
arasinda degistigini, irfan er al. (2016) B. subtilis ve B. megaterium ksilanazlarinin
optimum aktivite gosterdikleri lireme periyodunun sirasiyla 48. ve 72. saatte
gerceklestigini rapor etmiglerdir. Yapilan ¢alismalarda farkl: tiirler tarafindan elde edilen
ksilanazlarin Penicillium capsulatum tiriinde optimum pH degerinin 3.8, Fusarium
proliferatum’da pH araliginin 5.0 - 5.5 ve Aspergillus fumigatus 'da pH araliginin ise 6.0
ile 6.5 arasinda degistigini gostermislerdir (Saha 2002; Anthony et al. 2003). Yine
literatiirde optimum aktivitenin farkli pH (5.0, 5.5, 5.6, 6.0, 6.5 ve 7.0) araliklarinda
oldugu bazi Bacillus tiirleri de rapor edilmistir (Gallardo et al. 2004; Avcioglu et al.
2005). Bunun yaninda Bhakyaraj et al. (2014) ¢esitli pH araliklarinda ksilanaz aktivitesi
gosteren, hem asidik hem de notr sartlarda yapisi bozulmadan kalan ksilanazlar
bildirmislerdir. Ammoneh et al. (2014) yapmis olduklar1 calismada; alkali ortamlarda
enzimin kararliligimin yiiklii aminoasit artiklarindan kaynaklandigimi bildirmislerdir.
Kararli yapidaki enzimlerde asidik yapilarinda azalma, arjinin miktarinda ise bir artig
meydana geldigi bildirilmistir. Yaptigimiz calismada total aktivitede yiiksek aktivite
degeri gosteren B. subtilis BTX6 izolatinin rekombinant ksilanaz ve ayni sekilde
rekombinant nano ksilanazinda optimum enzim aktivitesinin pH 7.0’ de gerceklestigi

tespit edilmis olup bu deger literatiir bilgileriyle pek ¢ok calismada benzer sekilde oldugu
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goriilmistiir. Calisma sonucunda elde edilen enzimin bu sonug itibari ile yem
endustrisinde, kagit endiistrisinde, ekmek yapiminda ve diger alanlarda da rahatlikla

uyum saglayacak ideal pH 6zelliginde oldugu diistiniilmektedir.

Literatiirde yapilan gozlemlerde ksilanaz enziminin aktivitesinin farkli sicaklik
skalalarinda oldugu gozlemlenmistir. Enzimler bazi proseslerde yiiksek sicakliklarda
ihtiya¢ duyulmasi ve bu enzimlerinde bu yiiksek sicakliklarda aktivite gdstermeleri, 1s1l
islem uygulanmalar1 gerektiren bazi ¢alismalarda istenilen ve arzulanan durumlardir. Bu
nedenle termofilik ortamda aktivite gosteren enzimler mezofilik olanlara gére daha ¢ok
tercih edilme nedeni olmuslardir. Breccia et al. (1998) calismalarinda Bacillus sp.
izolatlarinin ksilanaz enziminin optimum aktivite gosterdikleri sicakliklarin 60 °C ile 80
°C arasinda olduklarini, Cordeiro et al. (2002) 90 °C’de optimum ksilanaz aktivitesi
gosteren termofilik bazi Bacillus sp. tiirleri oldugunu bildirmislerdir. Yine bazi
calismalarda halofilik bakterilerden elde edilen ksilanaz enzimlerinin yaklasik olarak 50
°C ile 90 °C arasindaki sicakliklarda optimum aktivite gosterdikleri rapor edilmistir
(Dusterhoft et al. 1997; Wejse et al. 2003). Bazi mantar ve tiirevlerinde ise ksilanaz
enziminin optimum aktivite gosterdigi sicaklik degerinin 45 °C ile 60 °C arasinda
degistigi rapor edilmistir (Anthony et al. 2003; Ryan et al. 2003). Konsula and
Liakopoulou-Kyriakides (2004) yapmis olduklar1 bir ¢alismada; koyun siitiinden orta
derecede termofilik B. subtilis izolatlar1 izole etmislerdir. Elde ettikleri bu B. subtilis
izolatindan rekombinant hiicre dis1 a-amilaz {iretmislerdir. /n vitro ortamda bu enzimin
pH 6.5°da ve 135 °C’de bile kalsiyum ve nisasta varliginda aktivite gosterdigini tespit
etmislerdir. Termofilik ortamlardan izole edilen baz1 Bacillus tiirlerinin 40 °C ile 60 °C
arasindaki sicakliklarda optimum ksilanaz aktivitesi gosterdikleri bildirilmistir ( Bernier
et al. 1983, Pham et al. 1998a; Lama et al. 2004; Poorna and Prema 2006, Guo et al.
2012, Kamble and Jadhav 2012, Ammoneh et al. 2014). Calismamizda ise B. subtilis
izolatindan elde edilen ksilanaz enziminin rekombinant ksilanaz ve rekombinant nano
ksilanaz enzimlerinin yapilan farkli sicaklik (37 °C, 40 °C, 45 °C, 50 °C, 60 °C, 70 °C, 80
°C ve 90 °C) araliklarindaki aktivite testi sonucunda, optimum enzim aktivitesinin
rekombinant ksilanaz enzimi i¢in 68 °C’de, rekombinant nano ksilanaz igin ise 75 °C’de
oldugu belirlenmistir. Bu sonuglar literatiire bakildiginda bazi g¢alismalara benzer
niteliktedir. Ayrica rekombinant nano ksilanaz formunda ¢ok daha yiiksek sicaklikta
aktivite gostermesi bu metodun enzimlerin aktivitesini de ekstrem kosullara tasidigini

gostermistir.
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Yapilan bazi calismalarda, Bacillus tiirlerinde genel olarak HgCl> nin inhibitdr
etkiye neden oldugu ve ksilanaz enziminin Hg*? iyonlar: tarafindan inhibisyonunun
nedenin ise Hg** iyonlarmnin sistinin siilfidril gruplari ile temas icerisinde olmasindan
kaynaklandig1 bildirilmistir (Khasin et al. 1993, Gessesse 1998, Faulet er al. 2006,
Khandeparkar and Bhosle 2006, Gaur et al. 2015). Yine pek ¢ok metal iyonlarinin enzim
aktivitesi lizerine etkileri (CaClz, MgClo, MgSQOs, ZnSO4 ve CoCl; ve Mn*?) de pek cok
arastirici tarafindan arastirilmistir (Khasin et al. 1993; Gessesse 1998; Annamalai et al.
2009; Gaur et al. 2015). Baz1 ¢alismalarda ksilanaz aktivitesinin Ca™ ve MgCl, ile
etkilesimde inhibe olduklar1 bildirilmistir (Gessesse 1998; Faulet et al. 2006). Bizim
calismamizda rekombinant ksilanaz ve rekombinant Nano ksilanaz enzimlerinin MgSOs4,
CuS0s4, CaClz, ZnSO4 ve FeSOy4 gibi metal iyonlarinin varliginda farkl tepkiler verdigi
goriilmistiir. Bu farklh tepkilerin metal iyonlarinin rekombinant ksilanaz enzimi i¢in
MgSO4 (% 80), CuSOs (% 57), CaCl2 (% 74), ZnSOs (% 5) ve FeSO4 (% T72),
rekombinant nano ksilanaz enzimi i¢in ise MgSO4 (% 85), CuSO4 (% 71), CaCl, (% 85),
ZnSO4 (% 50) ve FeSO4 (% 94) farkh rolatif aktivite gosterdigi belirlenmistir. Bu
durumun sadece ksilanazin ksilan bag alanina degil, substratin hidrolizi ile ilgili olan non-
katalitik ksilan baglanma bdolgesini de etkilemis olmasindan dolay1 olabilecegi rapor
edilmistir (Ratanakhanokchai et al. 1999). Yine ¢alismamizin sonuglari incelendiginde
metal iyonlarmin indirgeyici etkisinin rekombinant nano ksilanaz enzimlerinin
aktiviteleri lizerinde etkili olmadig1 ve rekombinant ksilanaz ile karsilastirildiginda

aktivitesinin arttigin1 sOylemek miimkiindiir.

Ksilanaz enzimi ile ilgili yapilan ¢calismalarda; Heck et al. (2002) B. subtilis BLS3
izolatinin 72 saatlik inkiibasyonunun ardindan ksilanaz aktivitesini 5.19 Ul/mg olarak,
Menon et al. (2010) saflastirmis olduklar1 B. pumilus GESF1 ksilanazinin aktivitesini
21.21 kat oraninda yiikselterek 112.42 U/mg olarak, Kapilan (2016) ise B. subtilis BS166
ksilanazinin ham aktivite degerini 32.14, saflastirilmis spesifik aktivite degerini ise 212.5
U/mg-1 olarak bildirmistir. Yapmis oldugumuz calismada ise B. subtilis rekombinant
nano ksilanazin spesifik aktivite degerinin rekombinant olarak iiretilen ksilanaza ve
literatiirde verilen degerlere gore oldukga yiiksek oldugu (1898 U/mg) tespit edilmistir.
Dolayisiyla bu degerler goz oniine alinarak rekombinant nano ksilanazin, endiistriyel

kullanim i¢in olduk¢a uygun oldugunu sdylemek miimkiindjir.
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EK 1. BLAST analiz sonucunda elde edilen tiiriin B. subtilis tiirlerine yakinliklarinin
gosterilmesi

BLAST Results
Editand Resubmit - Save Search Strategies ~ » Fomatting options b Download You(fLE3 Houtoread this page - Blastreport des
Job fitle: Nucleotice Sequence (1384 etters)
RID 8MXPIRBCOLS (Expires on 02-20 14:03 pm)
Query ID I Query_215901 Database Name nr
Description None Description Nucleotide collection (nt)
Molecule type nucleic acid Program BLASTN 2.8.0+ b Citation
Query Length 1384
Other reports: b Search Summary [Taxonomy.reports] [Distance tree of results] [MSA viewer]
(DGraphic Summary
(Descriptions
Seequences producing significant aignments:
Select Al None Selected:0
4 Algnments t
3 Max | Total i
Description i o o € Ident  Accession
seore. score cover value
() Bacilus subtis srain GOMT 168 ribosomal RAA gene, partial sequence 1 221 100% 00 99% MGT2AT1A
() Bacilus siamensis srain LCXE 16 ribosomal RNA gene partal sequence U1 U714 100% 00 95% Kyeds0rs
() Bacilus sp. KXJ22 168 ribosomal RNA gene, parial equence U A4 100% 00 95% KT201618.4
() Uncutured Bacilus sp. clone Jerish04 16 ribosomal RNA gene. pattial sequence UM 174 100% 00 95% KC5972671
() Bacilus sp. b1(2010) strain 1 165 riosomal RNA gene, parta sequence A4 74 100% 00 95% G518
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EK 2. BLAST analizi sonucu B. subtilis 16S rRNA geninin benzerlik gosterdigi B.
subtilis dizisi

Bacillus subtilis strain GOM7 16S ribosomal RNA gene, partial sequence

GenBank: MGT25751.1
FASTA  Graphics

Go to: [+

LOCUsS MG725751 1492 bp DMA linear BLT 31-DEC-2817
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POST, COIMBATORE, International 641814, India

COMMENT miAssembly-Data-STARTHE
Sequencing Technology :: %Sanger dideoxy sequencing
wiAssembly -Data- ENDif#
FEATURES Location/Qualifiers
source 1..1492

forganism="Bacillus subtilis"
fmol_type="genomic DMA™
Sstrain="GOM?"
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feoollection_date="12-Feb-2818"
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CRIGIMN
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121 gpasaccggg gctaataccg gatggttgtt tgaaccgcat ggttcaaaca taaaagptEg
181 cttcggpctac cacttacaga tgEacccgcg gogcattagc tagttgeptga gEtaacgect
241 caccaaggca acgatgcgta gocgacctga gagggtgatc gEccacactg gEactgagac
381 acggcccaga ctoctacggg agEcagcagt agggaatctt cocgcastgga cgaaagtotg
16l acggagcaac gocgcgtgag tgatgaaggt tttcggatcg taaagcotctg ttgttagega
421 agaacaagta ccgttcgaat agggcggtac cttgacggta ccotaaccaga asgccacggc
481 taactacgtg ccagcagoccg cggtaatacg taggtggcaa gogttgtccg gaattattge
541 gcptasagpg ctogcaggcg gtttcttaag tctgatgtga asgccocccgg ctcaaccgEg
601 gaggptcatt gEasactggg gaacttgagt groagaagapgg agagtggast toccacgtgta
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EK 4. BLAST analiz sonucunda elde edilen tiiriin B. licheniformis tiirlerine
yakinliklarinin gosterilmesi

BLAST Results
Editand Resubmit ~ Save Search Strategies » Formatting options ~ > Download Youllfll§ How to read this page  Blast report descl
Job fitle: Nucleotide Sequence (1410 lefters)
RID 8MY5ZWARO14 (Expires on 02-20 14:11 pm)
Query ID cl|Query_163841 Database Name nr
Description None Description Nucleotide collection (nt)
Molecule type nucleic acid Program BLASTN 2.8.0+ > Citation
Query Length 1410
Other reports: » Search Summary [Taxonomy reports] [Distance tree of results] [MSA viewer]
(®Graphic Summary
©Descriptions
Sequences producing significant alignments:
Select: All None Selected:0
it Alignments ; )
Description :::'Xe ST:;: S::g vallzue Ident  Accession
[ Bacilus licheniformis strain GINM-3 168 ribosomal RNA gene, partial sequence 2410 2410 99% 0.0 98% KY4923961
() Bacillus licheniformis gene for 16S riosomal RNA, partial sequence, strain: ND4 2410 2410 99% 0.0 98% AB862128.1
() Bacilus ficheniformis partial 165 rRNA gene, strain ND4 2410 2410 99% 00 98% HG796156.1
[ Bacilus licheniformis strain PG5 16 ribosomal RNA gene, partial sequence 2244 2244 96% 0.0 97% HQ143565.1
[ Bacillus licheniformis sfrain GA1-17 168 ribosomal RNA gene, partial sequence 2244 2244 96% 00 97% AY162134.1
[JJ Bacillus paralicheniformis strain SBP11 168 ribosomal RNA gene, partial sequence 242 2242 96% 0.0 97% KY630568.1
[ Bacilus paralicheniformis strain SBP15 16S ribosomal RNA gene, partial sequence 2241 241 95% 0.0 97% KY6305721
[ Bacilus sp. Bac167R 16S ribosomal RNA gene, partial sequence 240 2241 96% 00 97% KP795830.1
[2J Bacillus licheniformis sirain BCL-8 168 ribosomal RNA gene, pariial sequence 241 2241 96% 00 97% KM378594.1
|| Bacilus licheniformis strain SB-21 168 ribosomal RNA gene, partial sequence 239 239 %% 00 97% MF321846.1
[ Bacilus licheniformis strain KJ2SK 16S ribosomal RNA gene, partial sequence 2239 2239 96% 00 97% MF4701911
[JJ Bacillus licheniformis sirain BI_TC130 16S ribosomal RNA gene, partial sequence 2239 2239 9% 00 97% Ky5755811
[71 Rarillue lichanifarmie eirain SRY- 1AS rihnenmal RNA nana narfial saniiance 2% 2930 GR% NN Q7% Kv40R1Q1
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EK 5. BLAST analizi sonucu B. licheniformis 16s rRNA geninin benzerlik gosterdigi B.
licheniformis 16s TRNA dizisi

GenBank +

Bacillus licheniformis strain GINM-3 16S ribosomal RNA gene, partial sequence

GenBank: KY492396.1
FASTA  Graphics

Go to

Locus
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGAMISM

REFERENCE
AUTHORS
TITLE
JOURNAL

REFERENCE
AUTHORS
TITLE
JOURNAL

COMMENT

FEATURES
source

KY492396 1466 bp DNA linear  BCT @2-APR-20817
Bacillus licheniformis strain GINM-3 165 ribosomal RNA gene,
partial sequence.

KY492396

KY492396.1

Bacillus licheniformis
Bacillus licheniformis
Bacteriz; Firmicutes; Bacilli; Bacillales; Bacillaceas; Bacillus.
1 (bases 1 to 1466)
Parihar,S. and Joshi,H.
Glucose isomerase producing bacteria
Unpublished
2 (bases 1 to 1468)
Parihar,S. and Joshi,H.
Direct Submission
Submitted (2@-JAN-2017) Biotechnology, Mohanlal Sukhadia
University, Vigyan Bhawan B Block MLSU, Udaipur, Rajasthan 313001,
India
##hssembly-Data-START##
Sequencing Technology :: Sanger dideexy sequencing
##Assembly-Data-END##
Location/Qualifiers
1. 1488
/organism="Bacillus licheniformis”
/mol_type="genomic DMA"
/strain="GINM-3"
fisolation_source="soil sample"
Jdb_xref="taxon: 142"
/country="Indiz"
/collected_by="Sanjay Parihar"

Change region shown &

Customize view o

Analyze this sequence
Run BLAST

Pick Primers
Highlight Sequence Features

Find in this Sequence

Related information
Taxonomy

Recent activity =
Tum Off Clear

Bacillus lichenifarmis strain GINM-3 165

ribosomal RNA gene, partial sequen Muciotide

Bacillus subtillis strain NG 05 165 rikosomal
RMA gene, partial sequence Nucleotide

Cloning, purification, and characterization of
B-galactosidase from Bacillus lic PubMed

Cloning, sequencing and expression of the
xylanase gene from a Bacillus subtilis Pubiied

Gl W W m

Genetics - Medical Microbiclogy

See more
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EK 6. BLAST analizi sonucu B. licheniformis oldugunu diisiindiigiimiiz tiiriin dizisi ile

benzerlik gosterdigi B. licheniformis dizinin hizalanmasi

Strand
Plus/Plus
i
AGCTACCACTTACAGA 208

0/864(0%)

Gaps

BE4/864(100%)

Identities

Graphics
Expect

0.0

GenBank

|l
ATECTTGAT TRAACCOLATGAT TLAAT TATAAAAGGT GEL

Bacillus Ticheniformis strain GINM-3 165 ribosomal RNA gene, parfial sequence

Sequence 1D: KY492396.1 Length: 1466 Number of Maiches: 1

Range 1: 141 to 1004

Score
1596 bits(864)

Query 1

sbjct 141
Query &1

T
TeEACCCGCGEOECATTAGCTAGTTEETGAGGTAACGGCTCACCAAGGLAACGATEOGTA 268

Sbjct 281

i
GCCGACCTEAGAGGETGATCGECCACACTGEEACTEAGACACGELCCARACTICTACGEE 328

Query 121

Sbjct 261

CORATCRTAAAALTCT AT TRTTAGREAARAACAAGTACCATTCRGAAT  J09

COGATCATAAAACTCTETTATTAGGRAAGAACAAGTACCATTCGAAT 444

AGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGRAGLAACGLCGLETEAG 388

Query 181

Sbjct 321

TEATGAAGE
[LILLETL

TRATEAAGE

Query 241

Shjct 381

G

|
AGGECEETACCTTGACGGTACCTAACCAGARAGCCACGLCTAACTACGTELCAGLAGLCS  Soe
CEETAATACGTAGGTGECAAGCGTTETCOGEAATTATTEGECGTAAAGCGCGLGCAGECE 428

Query 381

Shijct 441

Query 361

COOTAATALGTAGETOOCAAGCAT TATCCGaAATTAT TOORLOTARAGLOLRCOLAGDLG 566

sbijct 581

C
GTTTCTTAAGTCTGATETGAARGCCOGLGEECTCAALCGGEEAGEGTCATTGEEAAALTE 628

GTTTCTTAAGTCTGATGTGAARG

Query 421

4

Shijct 5e1
Query 481

GEEAACTTEAGTGCAGAAGAGGELEAGTCGCATTCCCACGTETACCGOTRAAATGLGTAGA &EB

sbjct B21

Query 541

|
GATETGEAGEAACACCAGTEELGAAGGECGACTCTCTGRTCTGTAACTRACGLTGAGECE 748

shjct &81
Query 681

i
CEAAAGLETEEEEARCEAACAGEAT TAGATACCCTEETAGTCCACGICATARACGATEAG B8

sbjct 71
Query 661

TECTAAGTETTAGAGORTTTCCGCCCTTTAGTOCTGCAGCARACGCATTAAGCACTCCGE 728

TRCTAAGTGTTAGAGGETTTCCGLCCTTTAGTGCTGCAGCARACGCATTAAGCACTCOGE 266

chijct =@

11
CTEEEGATACGETCACAARACTAAACTCAAAGRAATTRACERGOGCCCGCACAAGIGE 924

query 721

sbjct el

TaEARCATATRETTTAATTCGAAGCAACGLOAABAACCT TACCAGGTCTTRACATCCTCT 966

query 781
sbjct =21
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EK 7. BLAST analiz sonucunda
yakinliklarinin gosterilmesi

elde edilen turin B.

thuringiensis tlrlerine

Description None
Molecule type nucleic acd
Query Length 1341

Other reports; & Search Summary [Tavonomy reports] [Distance tree of results] [H5A viewer

) Graphic Summary
~ Descriptions

Sequences producing signicant akgnments:
Select Al None Selected:0

BLAST Results
Ediand Resubmit - Save Search Strateqies b Fomafing options — » Dowinload
o ite: Nucleotid Sequence 134 eters)
RID 4Z5BRZCROL (Expires on 01-06 22:10 pm)
Query ID IolQuery 147843 Database Name nr

Description  Nuckeotide collection (nt)
Program BLASTN 2.7.1+ b Citation

Frurum ek v
i erzurum e lenu 52 fencbifimle

te Blact feﬂun deJ

' Mgnmerts

0

1 Bacilus hurinoiensis sirain KNU-O7. complte genome

. Bacilus wieaanni stain FSL V48-0159 165 dbosomal RN, parialsequence
1 Bacilus cereus svain MLY 1 chromosome MLY1.0. complet sequence

1 Batilus sp sfrain C11 965 roosomal RNA cene. parid sequence

1 Baclus cereus srain HBL-A1 chromasome, complete genome

1 Bacilus thuringiensis sran ATCC 10737, complels ggnome

. Bacilus thuringiensis srain LFG32 165 ribosomal RNA geee partia seauence
1 Batilus huringiensis sran ¢25, complete qename

1 Bacilus cereus slrain FORC 047, complefe genome

1 Bacilus careus srain W13, complee qenome

1 Bacilus cereus svain K3, complete sequenc

1 Bacilus cereus srain FORC 045 complefe genome

1 Batilus cereus slran 012 2, complete qenome

1 Baclus thuringiensis sfrain BT 15426, complete genome

1 Bacilus thuringiensis sfrain SCGO4-02. conmplele gencme

Description

Max Tofal |Query E
SCOTR SCOTE COVET Vallg

HT7 36801 100% 00
A1 AT 100
A7t 39120 100
AT U100
H71 3451 100%
AT 501 100
A1 AT 100
HT1 3455 100%
HT1 34584 100%
71 301 100%
UT1 35t 100
U7 362 100
A71 34562 100%
HT1 34472 100%
7134492 100%

[dent  Accession

100% CoutEEn
Wh 1R 501
W CoDusS |
W% BkIETS1
Wh cRs
Wh GRS
Wh UFSET1
Wh CozS |
Wh CRURDL
W CPERDL
Wh GRS |
Wh couL
Wh CRLRHS |
Wh GRS
Wh corET |
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EK 8. BLAST analizi sonucu B. thuringiensis 16s rRNA geninin benzerlik gosterdigi B.
thuringiensis 16s rRNA dizisi

GenBank « Send fto:w

Bacillus thuringiensis strain KNU-07 chromosome, complete genome

GenBank: CP0168538.1
FASTA  Graphics

Goto: [+

LOCus CPela5ds 5344151 bp OMA circular BCT 22-JUL-2016
DEFINITION Bacillus thuringiensis strain KNU-87, complete genome.
ACCESSION CPE1ESEE

VERSION CPE1E5EE.1

DELINK BioProject: PRINAIZGSOTF
BioSample: SAMNGS417762

KEYWORDS =

SOURCE Bacillus thuringiensis

ORGANISM Bacillus thuringiensis
Bacteris; Firmicutes; Bacilli; Bacillales; Bacillaceae; Bacillus;
Bscillus cereus group.
REFERENCE 1 (bases 1 to 5344151}
AUTHORS Park,G.-5., Hong,5.-3., Jung,B8.K. and Shin,J.-H.
T1TLE Complete genome sequence of Bacillusthuringiensis KNU-87
JOURNAL  Unpublished
REFERENCE 2 ({bases 1 to 5344151)
AUTHORS Park,G.-%., Hong,%.-1., Jung,B.K. and Shin,J.-H.
TITLE Birect Submission
JOURNAL Submitted (2@-3UL-2816) School of Applied Biosciences, Kyungpook
Mational University, B® Dashakro, Bukgu, Deagu, 41586, South of
Kores
COMMEMNT annotation was added by the NCBI Prokaryotic Genoms Annotation
Pipeline (released 2813). Information about the Pipeline can be
found here: https://waw.nchbi.nim.nih.gov/penome/annotation prok/
Source bacteria available from Shin's Lab, Kyungpook Mational
University. Collection number: KNU-87, Agriculture and Life
Sciences building #1, room 283, Kyungpook Natiomal Undiwversity.

rGenome-Assembly-Data-STARTRR

Assembly Method 11 PacBio SMRT analysis 2.3 v. HGAP 2
Genome Coverage 11 186x
Sequencing Techmology 1: PacBio

rroenome-Assembly-Data-EnDi

FrGenome-Annctation-Data-START##

Annotation Provider 2
Annotation Date 3
Annotation Pipeline 1

: NCBI

B e/ 2e1e 13:57:47
MCBL Prokaryotic Genome
Annotation Pipeline

Annotation Method 1t Best-placed reference protein
set; GeneMarks+
annotation Software rewision 3.8
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EK 9. BLAST analizi sonucu B. thuringiensis oldugunu diisiindiigiimiiz tiiriin dizisi ile

benzerlik gosterdigi B. thuringiensis dizinin hizalanmasi

EIEETeS BOTI Oy [ S

| I e s P .

Strard
Plusy Plus

W rdasn Mt

O 1341 (0%}

Gaps

Mumisr of Matches: 15

Laraplica
Tdentitics
139171 341010 0r%])

LanBank

Expacit

O3

Bacillus thuringiensis strain BKMNU-07, complete genomse

Saqguencs ID: CPO15588 1 Lenghn: 5344151

FRangc 1! 434173 to 49513

p= == g ]

2477 bits(1341)

AP A eSS ol I NLS

Foeabures:

ida3ad
— =i —

SRSRERERE

sbjct  am173
sbjcr amzaz

Quory 1
Juory Bl
Quory  BE1
sbjct 4amzoE
Quory  1E1

k]

i

i i

Shijct 42352

Quory 241

96

LTI

sSkjct a=ma1z
Skjct 4amay:
Quory 351

skjct 4=E53IZ
skjct 4=E5E3

Quory  4=E1
skjct  4BEEI

Quory 3a1
Quory 4E1
JQuory 541
shjce A=FLI
Quory BEl
Sbjct A4mFTE
Quory BaEl
shjce 4=Ea3
Queory  TEL
sbjct 4mESE
Quory FE1
shjce 4=953
Quory Bal
Sbjct 4=EL=
Quory  S5al
shjce asarz
Quory  Sal
sbjct 4913z
Queory 1821
shice A9193
Quory 18851
sbjct 49253
Queory 1141
shjce 49313
Quory 138l
sbjct 4937
Quory 1251
Queory 1321
sbjct 4Dass




EK 10. BLAST analiz sonucunda elde edilen tiiriin Geobacillus kaustophilus tiirlerine
yakinliklarinin gosterilmesi

BLAST Results
Editand Resubmit - Save Search Strategies > Formatting options  » Download Youl) Hov to read this page  Blast report des
Job title: Nucleoficle Sequence (1406 letters)
RID 8MYKESMAO14 (Expires on 02-20 14:19 pm)
Query ID Icl|Query_124963 Database Name nr
Description None Description Nucleotide collection (nt)
Molecule type nucleic acid Program BLASTN 2.8.0+ b Citation
Query Length 1406
Other reports: »Search Summary [Taxonomy_reports] [Distance tree of results] [MSA viewer]
(®Graphic Summary,
©)Descriptions
Sequences producing sgnificant aignments:
Select: All None Selected:0
1t Alignments )
Description sl\:::e ::;fl S::g vafue Ident  Accession
[ZJ' Geobacilus kaustophilus strain YES-1016-404 168 ribosomal RNA gene, partial sequence 210 2370 99% 0.0 98% MG456829.1
[ [Bacills] caldolyficus srain NEB414 chromosome, complete genome 2348 21087 99% 0.0 97% CRO250741
(2] Geobacilus subteranus subsp. aromaticivorans strain Manikaran-099 168 ribosomal RNA gene, partial sequence 2348 2348 99% 00 97% MF651341
(1) Geobacilus kaustophius strain Manikaran-098C 165 ribosomal RNA gene partial sequence 2348 2348 99% 00 97% MF9651331
[ZJ Geobacilus kaustophilus strain Manikaran-097C 168 ribosomal RNA gene, parial sequence 2348 2348 99% 0.0 97% MF95131.1
() Geobacilus kaustophilus strain Manikaran-086A 16 ribosomal RNA gene, partial seauence 2348 2348 99% 00 97% Mr965109.1
(2] Geobacilus thermoleovorans sirain FJAT-2391, complete genome 2348 23387 99% 00 97% CPO17071.4
[ZJ' Geobacilus thermoleovorans strain KCTC 3570, complete genome 2348 23399 99% 0.0 97% CPo143351
[ZJ Geobacilus sp. SP24 168 ribosomal RNA gene, partial sequence 2348 2348 99% 00 97% JN692412
(2] Geobacilus sp. EPT3 168 ribosomal RNA gene, partial seauence 2348 2348 99% 00 97% KF4397021
| Geobagilus kaustophius strain A7 16 ribosomal RNA gene, partial sequence 2348 2348 99% 00 9% KM}
1) Geobacilus kaustophilus strain G2 16 ribosomal RNA gene, parfial sequence 2348 2348 99% 00 97% Jx522639.1 ‘
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EK 11. BLAST analizi sonucu Geobacillus kaustophilus 16s TRNA geninin benzerlik
gosterdigi G. kaustophilus 16s TRNA dizisi.

Geobacillus kaustophilus strain YE5-1016-404 165 ribosomal RNA gene, partial
sequence

GenBank: MG456529.1
EASTA  Graphacs

Go to: [+

Lacus MGA56E29 146% bp DA, linear BLT 25-NOW-2017

DEFINITION Gecbacillus kaustophilus strain YES-1B16-484 185 ribosomal RNA
gene, partial sequence.

ACCESSION  MGASGH2Y

VERSION MG 529, 1
KEYWORDS
SOURCE Geobacillus kaustophilus

DAGAMISM Geobacillus kawstophilus
Bacteria; Firmicutes; Bacilli; Bacillales; Bacillaceae;
Gecbacillus; Geobacillus thermoleovorans group.
REFEREMCE 1 (bases 1 to 1489)
AUTHORS.  Rawat,5. and Aanawat,P.
TITLE Direct Submission
JOURMNAL  Spbmitted (B7-MOW-2817) Microbiology, HMB Garhwal University,
trinagar (Garhwal), Uttarakhand 245174, Indiaz
COMMENT mihssembly-Oata-STARTHR
Lequencing Technology @@ Sanger dideowy sequencing
fi#hzzsenbly -Data-ENDaR
FEATURES Location/Qualifiers
SOUrce 1..1469
forganism="Geobacillus kaustophilus"
fmol_type="genomic OMA"
fstrain="YES5-1815-484"
fisolation_source="hot water spring”
fdb_wref="taxon:ld4ai"
foountry="India: Uttarakhand, Uttarkashi district,
Yamunotri®
foollection_date="17-Jun-2815"
focollected_by="F. Ranawat"
fidentified by="5. Rawat & P. Ranawat"
rRMA <1..»1468
fproduct="16% ribosomal AHNA"

DRIGIN

1 acatgraagt cgagcggacc asatcggagc Ttgctctgpt ttEgtcagog goggacgmet

b1 gagtaacacg tgggcaacct goccgoaaga ccgggataac tocgggaaac cggagotaat
121 accggataac accgasgacc goatgptott tgEttgassg gogpcctitg gotptoactt
181 pcgpstggpc cogogEcgca ttapotagtt gptgaggtaa cggctcacca aggcgacgat
241 pegtagocge cotgagagge tgaccggcca cactgggact gagacacggc coagactoct
391 scgggeggca goagtegEga stcttocgea atgggrgssa goctgacgga ECEachocEc
361 ptgagcgaag asggccttcg Egtcgtasag ctotgttgtg aggEscgaag gagcgoogtt
421 cgaagaggpc BECECEgtEa cggtacctia cgaggsagoc coggctaact acgrtgocagc
481 agrecgcppta atacgtaggE EgcE2gcEtt gtocggaatt attEgpcgta eagcgrEcEc
541 sggcggttcc ttasghtctga tgtgsasgoc cacggritcaa coEtggaggg toattggasa
881 ctgpggeact tgagtEcage sgapgagagc gEaattccac gtptagogpt gasstgogta
©61 pagatgtgpa ggeacaccag tggcgasggc Egctctctpg cotgoaactg acgctgagpc
721 pegasagcgt gEgEagcasa cagpatiaga taccotggta gtocacgocg tasacgatga
781 ptgctaagtg ttagaggEgt cacaccottt agtgctgcag ctaacgcgat a3gcactocg
B4l cctgggEagt scgEccgoa3a Egotgaaact casaggastt gacggEEEcc cgoacaagcg
991 ptggsacatg tggtttastt cgasgraacg cgasgeacct taccaggtct tgacatccoc
961 tgacaaccca agegattEge cgttoccoct TCEEEEE@ac agEptgacag gtEgtpcatg
1821 gttgtcgtca gotcgtptcg agetatgttg gEttasgtcc CECaacgagc Erasccctrog
1881 cotctagtty cocagoacgaa gEtgggcact ctaaagggac tgccggogac aagtcgpage
1141 saggtggeEpa tgacgtcasa tcetcatgoc cottatgacc tgEgctacac acgtgctaca
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EK 12. BLAST analizi sonucu Geobacillus kaustophilus oldugunu diisiindiiglimiiz tiirtin

dizisi ile benzerlik gosterdigi G.kaustophilus dizinin hizalanmasi

Lengtn: 14389 Mumber of Matcheas: 1

Feobacillus kaustophilus strainm WYES-1015-404 155 ribosomal RMA gene, partial sequeance

Saguencs ID: MEGE56829 1

Laraplics

GenBank

Range 1@ 232 bo 13590

Saroere

Stramd
Plus Plus

O/ 1ZEE[0%E)

Gops

Identitics
1 365851 368 100 )

Expeact
ol

2527 bits( 1358)

Jueory &1
sbjct B3

Quory  BEL

shjct 143
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Queory 351
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EK 13. BLAST analiz sonucunda elde edilen tiiriin B. coagulans tiirlerine yakinliklarinin
gosterilmesi

BLAST Results
Editand Resubmit Save Search Strategies > Formatting options  »Download YouT3 How to read this page ~ Blast report de¢
Job title: Nucleotide Sequence (1343 lefters)
RID 8MYXG1IX015 (Expires on 02-20 14:24 pm)
Query ID cl|Query_243945 Database Name nr
Description None Description Nucleotide collection (nt)
Molecule type nucleic acid Program BLASTN 2.8.0+ b Citation
Query Length 1343
Other reports: »Search Summary [Taxonomy_reports] [Distance tree of results] [MSA viewer]
(®Graphic Summary
©Descriptions
Select: All None Selected:0
it Alignments a o
Description sb::'::(e ::;:l 8::3 vaile Ident  Accession |
[ Bacillus coagulans partial 165 rRNA gene, strain MTCC5260 2214 2274 100% 0.0 98% FEN675759.1 |
[ZJ Bacillus coagulans sirain LBSC chromosome 1969 17636 100% 0.0 93% CP022701.1
[ Bacillus coagulans strain hstb-8 168 ribosomal RNA gene, partial sequence 1969 1969 100% 0.0 93% Kx822708.1
[ Bacillus sp. MC-02 gene for 168 ribosomal RNA, partial sequence 1969 1969 100% 00 93% ABS49115.1
[ Bacillus coagulans gene for 165 rRNA, strain: T5 1969 1969 100% 0.0 93% AB240205.1
[) Bacillus sp. IMMOS partial 168 rRNA gene, strain IMM0S 1965 1965 100% 0.0 93% FR727705.4
[ZJ Bacillus coaglans sirain R11 chromosome, complete genome 1964 19485 100% 0.0 93% CP026649.1
[ Uncultured Bacillus sp. clone Beo 16 ribosomal RNA gene, partial sequence 1964 1964 100% 0.0 93% MGS5T779.1
[ Bacillus coagulans strain KCCM203098 168 ribosomal RNA gene, partial sequence 1964 1964 100% 00 93% MF992239.1
[ Bacillus coagulans strain disam16 16S ribosomal RNA gene, partial sequence 1964 1964 100% 0.0 93% Kx580387.1
[ Bacillus coagulans strain BC-HY1, complete genome 1964 19476 100% 00 93% CPO17888.1
[ Bacillus coagulans sirain E21 16 ribosomal RNA gene, partial sequence 1964 1964 100% 0.0 93% KXx986311.1 ‘
[ Bacilus coagulans strain S-lac, complete genome 1964 19545 100% 0.0 93% CP011939.1
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EK 14. BLAST analizi sonucu B. coagulans 16s rRNA geninin benzerlik gosterdigi B.
coagulans 16s TRNA dizisi

Bacillus coagulans partial 16S rRNA gene, strain MTCC5260
Customize view o
GenBank: FN675759.1
FASTA  Graphics
e o Analyze this sequence =
0 to: [
“ Run BLAST
Locus FNE75759 1412 bp DHA linear BCT ©5-MAR-281@ Pick Primers
DEFINITION Bacillus coagulans partial 165 rRNA gene, strain MTCCS26@.
ACCESSION  FNG75759 Highlight Sequence Features
VERSION FNB75759.1
KEYWORDS Find in this Sequence
SOURCE Bacillus coagulans
ORGANISM Bacillus coagulans
Bacteria; Firmicutes; Bacilli; Bacillales; Bacillaceae; Bacillus. 3 )
REFERENCE 1 Related information =
AUTHORS ~ Ratna Sudha,M. Taxonomy
TITLE Bacillus coagulans strain
JOURMAL  Unpublished
REFERENCE 2 (bases 1 to 1412)
AUTHORS ~ Sudha,R. LinkQut to external resources =
TITLE  Direct submission ) ) Ribosomal Database Project |1
JOURMAL ~ Submitted (@1-MAR-2010) R&D, Unique biotech 1td, Plot-2, phase-2, [Ribosomal Database Project Il]
S.P.Biotech Park, A.P, 500078, INDIA
FEATURES Location/Qualifiers SILVA 55U Database
source 1..1412 [SILVA]
Jorganism="Bacillus coagulans”
/mol_type="genomic DNA"
/strain="MTCC5268"
/isolate="Unique I5-2" Recent activity =
/db_xref="taxon:1398" Tum O Clear
gene <1..»1412 _
/gene="165 rANA" B Bacillus coagulans partial 165 rRNA gene,
RNA ¢1..51412 strain MTCC5260 Nucleotide
""" /gene="165 rRNA" : : :
Jproduct="165 ribosonal RNA" E Geobacﬂlus kaustophilus strain PS9 165
NRTETH ribosomal RNA gene, complete seq Nucleotide
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EK 15. BLAST analizi sonucu B. coagulans oldugunu diisiindiigiimiiz tiiriin dizisi ile
benzerlik gosterdigi B. coagulans dizinin hizalanmas1

Bacillus coagulans partial 165 rEMNA gene, strain MTCCS260
Sequence |D: FMNEV5759.1 Length: 1412 Mumber of Matches: 1

Range 1: 351 to 1309 GenBank Graphics

Score Expect Tdentities Gaps Strand
1772 bits(959) 0.0 959,/959(100%) 0/959(0%) Plus/Plus
Query 1 ATGLACGAAAGT CTGACGGAGCAACGCCGOLGTGAGT GAAGAAGGCCTTCGGGTCGT AAR Ga
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|III||I
Sbjct i5l GLACGAALGT 418
Query &1 CTCTGTTOCOGLEGGAAGAA AACTOCCGTTCGAACACGGOGEIGCCTTOGACGOGTACCCGE: 128
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIII
Shjct 411 CTCTGTTGOOGGE CTTGACGGTACCC A7
Query 121 CCAGAAAGCCACGG L TAACTACGTOCCAGCAGC COCGGTAATACGTAGGTGGCAAGCG 188
_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|III||I
Shjct 471 CAGAAAGCC ACGI TAACTACGTGCCAGCAGI OO GGTAATACGTAGG TGGCAAGT 538
Query 181 COGAATTATTEGLCGTAAAGCGCGCGCAGGCGECTTCTTAAGTC TOATGTGAAAT Z48
_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|III||I
Sbjct 531 GLARTTATT AGGCGECTTCTTAAGTCTGATGTGAAAT S99
Query 241 TGECGECTCAACCOCAAGCGETCAT TOGAAAC TEGLGAGGCTTGAGT L AGANGAG et
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|III||I
Sbjct 7 | GECTCAACC AGGCTT Goa

Query 381 GEMTTEE.&{ETGT.I'J.ECGGFEAMTGCGTAG.&GATGTGEAMET{Il:n!lutl'-TGEl:Gﬂ.AG L 368

FEOEDT et e et b et e el III|III||I
sbjct 651 GAATTCCACGTGTAG GTGGLGARG 718

Query 361 GEETCTCTGGTCTGTAACTGACCITG .ﬁ.GGEGCGﬁM COELAGCAMATCGLATTAGA &2
I | I

IIIIIIIIIIIIIIIIIIIIIIII [LLERLLELN IIIIIII IIIIIIIIIIIIIIII
Sbjct 711 CTCTCTGRGTC GAGGLGCEAAAGE AAACCGGATTA 7R

Query 421  TTAACGTGGTAGTCCABACGGAAAACAATAAGGGTAAAGAATARBAGGETTTACGCCCTT 488
IIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct TTFL  TTAACGTGGTAGTCCAAALG AATAAGGET AAAGAA TTTACGLC g38
Query 481  TATGCTACAACTAACGCTTTAACCACTTCGCCTGEGGGAGTACGECGEAMGEET TARA S48
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIII
sbjct 831 TGCTACAACTAACGCTTTAACCAC TTCGLCTRGRGGEAGTAC GRCGLAAGGGT aga
Query 541 GEAATTEACGGGEECCCCACAMGCEATGCAGAL AAGTGOT TTAATTCAAGE ANCT Gos
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIII
sbjct 851 GEGEGRLCCCACAAG CAAGLAALC 58
Query 681  AGAACCTTACCAGGTCTTGACAT CTTCCCCTT G5
III III IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbjct 951 GAACCTTACCAGGTCTTGACATCGTCTGAAATC CTTCCCCTTE 1218
A
I

Query &E61 GG E.ﬁ.GﬁGTGAEAG.ﬂ.TGGTGEATAE'I’TGTEGT{AEET{ GTGTOGTCGAGATGTTGOGTTAA  72a
I |

I [l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 1811 CAGAGTGACAGATGGTGCATAGT TGTCETCAGC TCGTGTCGTGAGATGTTGGGTTAA 1878

Query 721 GTCOCGLAACGAGCGCAACCCTGACCTTAGTTGCCAGCATTCAGTTGEECACTCTAAGET 7a8
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shjct 1871 GTCCCGLAACGAGCGLAACCCTGACCTTAGT TGLCAGCATTCAGTTGEECACTCTAAG 1118
Query TEL CTGCCGGGEEAT GEAGGAAGGTGGGEATGAGTCAAATCATCATGOCCCTTATGA A48

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbjct 1131 GTGGGGATGAGTCAAATCATCATGCOCCTTATGA 1158
Query 841 CCTGOGGTACACACGTGCTACAATGGATGETACAAACGGE TECGAGACCGOGAGGTT asa

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbjct 1151 GGGGTACACACGTGCTACAATGGATGGT 1258
Query 981 CCAATCCCAGAAGGCATTCCCAGTTCGGATTGOAGGCTGCAACCCGOCTGCATGABGIC 959

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIII

sbjct 1251 AGTTC 133
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EK 16. Farkli saat dilimlerinde 6rneklerin total ksilanaz aktivitesi

6Saat 12Saat 14Saat 16Saat 20Saat 24Saat 48Saat 72Saat 168 Saat Max

BTX53 0,031 0,038 0,011 0,074 0,014 0,068 0,068 0,032 0,15 0,15
BTX71 0,045 0,023 0,018 0052 0,015 0,049 0,108 0,015 0,155 0,155
BTX84 0,037 0,035 0,023 0,096 0,02 0,047 0,122 0,021 0,156 0,156
BTX82 0,152 0,077 0,014 0,078 0,015 0,141 0,131 0,023 0,16 0,16
BTX43 0,02 0,01 0,02 0,073 0,02 0,039 0,109 0,01 0,164 0,164
BTX55 0,029 0,029 0,007 0,079 0,006 0,056 0,145 0,015 0,166 0,166
BTX54 0,071 0,034 0,013 0,077 0,017 0,044 0,121 | 0,007 0,167 0,167
BTX51 0,145 0,05 0,1 0,06 0,17 0,02 0,01 0,1 0,045 0,17
BTX 75 0,047 0,07 0,029 0,072 0,032 0,072 0,112 0,01 0,175 0,175
BTX37 0,024 0,007 0,012 0,107 0,058 0,043 0,134 |0,008 0,176 0,176
BTX 39 [0,021 0,039 0,006 0,009 0,049 0,044 0,044 0,017 0,178 0,178
BTX 73 0,042 0,03 0,016 0,075 0,021 0,056 0,113 0,017 0,179 0,179

BTX52 0,064 0,034 0,01 0,079 0,013 0,046 0,117 0,013 0,184 0,184
BTX70 0,056 0,024 0,028 0,078 0,021 0,039 0,112 0,016 0,185 0,185
BTX62 0,031 0,03 0,017 0,075 0,026 0,07 0,109 0,012 0,186 0,186

BTX68 0,034 0,026 0,016 0,08 0,02 0,044 0,145 0,009 0,188 0,188
BTX56 0,037 0,046 0,022 0,075 0,014 0,047 0,112 0,014 0,189 0,189
BTX42 0,02 0,029 0,007 0,083 0,055 0,049 0,136 0,012 0,193 0,193
BTX65 0,044 0,022 0,02 0,079 0,023 0,081 0,124 0,022 0,193 0,193
BTX61 0,037 0,009 0,009 0,094 0,043 0,053 0,112 0,034 0,197 0,197
BTX64 0,028 0,032 0016 0081 0,041 0,052 0,135 0,028 0,198 0,198
BTX38 0,024 0,074 [0,008 0,038 0,05 0,171 0,107 0,006 0,199 0,199
BTX 40 0,028 0,016 0,014 0051 0,016 0,081 0,138 0,016 0,199 0,199
BTX57 0,043 0,092 [0,015 0,074 0,057 0,081 0,12 0,016 02 0.2

BTX 67 [0,025 0,021 0,007 0,088 0,019 0,04 0,206 0,017 0,191 0,206
BTX 72 |0,029 0,03 0,035 0,079 0,023 0,047 0,117 0,016 0,213 0,213

BTX83 0,084 0,033 0,027 0,074 0,022 0,052 0,121 0,023 0,215 0,215
BTX 44 0,065 0,028 0,005 0,078 0,013 0,043 0,109 0,01 0,216 0,216
BTX80 0,043 0,051 0,036 0,106 0,022 0,109 0,127 0,023 0,22 0,22

BTX81 0,06 0,049 0,01 0,101 0,137 0,04 0,22 0,027 0,171 0,22
BTX 77 0,042 0,033 0,029 0,091 0,029 0,045 0,122 0,029 0,227 0,227
BTX79 0,036 0,03 0,026 0,089 0,027 0,061 0,129 0,022 0,228 0,228
BTX 76 0,045 0,027 0,015 0,085 0,023 0,041 0,124 0,016 0,232 0,232
BTX 58 0,029 0,005 0,022 0,053 0,021 0,051 0,109 0,017 0,233 0,233
BTX 63 0,033 0,023 0,035 0,077 0,029 0,236 0,112 0,017 0,189 0,236
BTX74 0,057 0,038 0,024 0,085 0,028 0,196 0,115 0,014 0,248 0,248
BTX 78 |0,036 0,066 0,016 0,093 0,023 0,038 0,12 0,022 0,248 0,248
BTX 15 ' 0,029 0,011 0,098 0,035 0,185 0,022 0,017 0,003 0,258 0,258

103



EK 16. (Devam) Farkli saat dilimlerinde o6rneklerin total ksilanaz aktivitesi

6Saat 12Saat 14Saat 16Saat 20Saat 24Saat 48Saat 72Saat 168 Saat Max

BTX 69 [0,034 0,053 0,015 0,074 0,017 0,26 0,107 0,128 0,175 0,26
BTX 45 0,049 0,032 0,033 0,098 0,014 0,269 0,107 0,009 0,194 0,269
BTX7 [0,019 0,138 0,121 0,049 0,138 0,099 0,006 0,002 0,273 0,273
BTX 10 0,109 0,061 0,077 0,04 0,13 0,031 0,001 0,063 0,277 0,277
BTX 28 [0,023 0,014 0,079 0,092 0,131 0,021 0,08 0,237 0,282 0,282
BTX8 0,021 0,014 0,083 0,083 0,165 0,028 0,006 0,089 0,298 0,298
BTX47 0,09 0,028 0,099 0,091 0,147 0,031 0,012 0,117 0,304 0,304
BTX9 0,029 0,02 0,089 0,091 0,155 0,025 0,01 0,002 0,306 0,306
BTX 13 |0,037 0,025 0,081 0,294 0,148 0,026 0,061 0,009 0,308 0,308
BTX29 0,115 0,082 0,171 0,108 0,211 0,086 0,108 0,061 0,308 0,308
BTX5 [0,024 0,064 0,071 0,025 0,315 0,02 0,062 0,003 0,24 0,315
BTX49 0,044 0,1 0,09 0,036 0,133 0,004 0,017 0,004 0,319 0,319
BTX 12 0,043 0,074 0,084 0,045 0,14 0,04 0,235 0,027 0,321 0,321
BTX 11 10,044 0,038 0,083 0,059 0,271 0,04 0,012 0,009 0,325 0,325

BTX 66 0,041 0,079 0,343 0,115 0,047 0,1 0,141 0,233 0,173 0,343
BTX 41 0,038 0,019 0,107 0,062 0,014 0,052 0,304 0,344 0,197 0,344
BTX 48 0,145 0,054 0,1 0,062 0,172 0,024 0,011 0,1 0,349 0,349

BTX60 0,061 0,159 0,095 0,093 0,136 0,039 0,022 0,111 0,353 0,353
BTX46 0,063 0,035 0,107 0,052 0,143 0,039 0,022 0,011 0,354 0,354

BTX1 0,021 0,022 0,148 0,07 0,377 0,115 0,205 0,181 0,258 0,377
BTX2 [0,009 0,127 0,082 0,068 0,436 0,03 0,084 0,005 0,268 0,436
BTX 19 0,049 0,095 0,106 0,05 0,443 0,036 0,009 0,025 0,407 0,443
BTX50 0,077 0,18 0,119 0,1 0,173 0,052 0,046 0,027 0,491 0,491
BTX36 0,097 0,117 0,128 0,071 0,177 0,058 0,028 0,121 0,531 0,531
BTX21 0,129 0,044 0,124 0,072 0,248 0,064 0,063 0,033 0,565 0,565
BTX 17 0,067 0,066 0,112 0,073 0,25 0,085 0,039 0,038 0,576 0,576
BTX4 0,059 0,129 0,172 0,07 0,266 0,055 0,069 0,022 0,612 0,612

BTX18 0,079 0,076 0,125 0,08 0,204 0,09 0,073 0,044 0,697 0,697
BTX 14 0,048 0,101 0,702 0,049 0,225 0,047 0,014 0,137 0,325 0,702
BTX31 0,09 0,073 0,151 0,088 0,195 0,077 0,042 0,186 0,707 0,707
BTX 20 0,095 0,067 0,208 0,161 0,187 0,106 0,063 0,048 0,716 0,716

BTX24 0,088 0,054 0,127 0,111 0,173 0,076 0,046 0,049 0,716 0,716
BTX3 0,104 0,219 0,137 0,074 0,317 0,098 0,098 0,041 0,766 0,766
BTX23 0,082 0,068 0,143 0,082 0,209 0,085 0,058 0,063 0,79 0,79

BTX 25 0,09 0,078 0,143 0,095 0,269 0,085 0,049 0,092 0,799 0,799

BTX 59 0,05 0,159 0,103 0,044 0,805 0,032 0,028 0,004 0,248 0,805
BTX16 0,077 0,079 0,138 0,106 0,276 0,083 0,063 0,057 0,808 0,308
BTX35 0,103 0,089 0,148 0,109 0,217 0,161 0,06 0,054 0,809 0,809
BTX33 0,112 0,081 0,157 0,101 0,193 0,126 0,063 0,052 0,811 0,811
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EK 16. (Devam) Farkli saat dilimlerinde orneklerin total ksilanaz aktivitesi

6Saat 12Saat 14Saat 16Saat 20Saat 24Saat 48Saat 72Saat 168 Saat Max

BTX26 0,091 0,073 0,17 0,105 0,286 0,09 0,051 0,056 0,815 0,815
BTX34 0,179 0,078 0,183 0,102 0,196 0,498 0,052 0,195 0,825 0,825
BTX22 0,103 0,065 0,236 0,107 0,191 0,103 0,067 0,081 0,848 0,848
BTX32 0,105 0,096 0,257 0,108 0,2 0,089 0,06 0,068 0,879 0,879
BTX30 0,097 0,084 0,145 0,099 0,224 0,087 0,05 0,147 0,909 0,909
BTX6 0,109 0,083 0,158 0,167 0,299 0,099 0,093 0,069 1,007 | 1,007
BTX27 0,097 0,084 0,139 1,22 0,2 0,088 0,039 0,046 0,814 1,22
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EK 17. BLAST analiz sonucunda elde edilen gen bolgesinin ksilanaz genine olan
yakinliginin gosterilmesi

BLAST Results
Editand Resubmit  Save Search Strategies > Formatting options > Download YoullIlB How to read this page  Blast report de:
Job fitle: Nucleotide Sequence (1283 letters)
RID 8MZ6WE5F014 (Expires on 02-20 14:29 pm)
Query ID Icl|Query_49231 Database Name nr
Description None Description Nucleotide collection (nt)
Molecule type nucleic acid Program BLASTN 2.8.0+ b Citation
Query Length 1283
Other reports: > Search Summary [Taxonomy reports] [Distance tree of results] [MSA viewer]
®Graphic Summary
©Descriptions
Select: All None Selected:0
it Alignments o
Description ST::e J::l S::g va?ue Ident | Accession
[T Bacillus subtiis strain AK1 xylanase gene, complete cds 2156 2156 100% 0.0 97% DQ2174021
[ Bacillus subfils strain VW2, complete genome 1936 1936 98% 0.0 95% CPO17676.1
[ Bacillus subtils strain ge28, complete genome 1914 1914 98% 0.0 95% CP021903.1
[ Bacillus sp. YP1, complete genome 1914 1914 98% 0.0 95% CP0100141
[ZJ Bacilus subilis strain TLO3 chromosome, complete genome 1912 1912 98% 0.0 94% CP0232571
[ Bacillus subtils strain DKU_NT 03, complete genome 1906 1906 98% 0.0 94% CP022891.1
[ Bacillus subfilis subsp. subfils strain SRCM100333, complete genome 1906 1906 98% 0.0 94% CP021892.1
[ Bacillus licheniformis strain SRCM101441, complete genome 1906 1906 98% 0.0 94% CP021507.
[ZJ Bacilus subtils strain HRBS-10TDI13, complete genome 1906 1906 98% 0.0 94% CP0152221
[ Bacillus subtils strain GS 188 genome 1895 1895 98% 0.0 94% CP022391.1
[ Bacillus subtilis subsp. subfilis RO-NN-1, complete genome 1895 1895 98% 0.0 94% CP002006.1
[ Bacillus subtils strain BE-91 hypothetical protein (yozV). endo-1,4-beta-xylanase (xynA), and pyruvate water dikinase/PEP synthase-ike protein (pps) genes, complete cds 1895 1895 98% 0.0 94% GQ8450102
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EK 18. BLAST analizi sonucu Ksilanaz gen dizisi

Bacillus subtilis strain AK1 xylanase gene, complete cds
ZenBank: DO217402.1

EASTA  (Graghics
Go o B+
LTS Do217482 1258 bp DS Linear BCT 11-DCT-22E5

DEFINITION Bacillus subtlilis straln AKL xylanase pene, complete cds.
ALCESSION Do2aT4az

VERSTON Do2i7asz 1
KEYWORDS .
SOURCE Bacillus subbilis

ORGAMTSM Bacillus swhilills
Ba<teria; Firmlcules; Bacilli; Bacillales; Bacillaceas; Bacillus,
REFEREMCE 1 ({base:z 1 Lo 1253}%
ALTHORS Arunugan, P., Govindasaany V., Revathy,G., Kalalchelwan,T. and
Arulmani ;M.
TITLE Sedjlence of xylanase gene fron Bacillus supbtills AK1
JOURMEL Ungublished
REFEREMCE 2 (bases 1 Lo 1258)
AUTHORS  Arunmugan P, Govindasamy V., Revalhy G., Kalalchalvan,T. .and
Arulmand M,
TITLE Direct Submiszsion
JOURMAL Submitted (21-SEP-2885) CAS in Botany, Uniwversity of Madras, Guindy
Campus; Chennal;, Teamilnado 688 825, Indla
FEATURES Lacation/Quallfiers
Source 1..1258
Jorganisn="Baclllss Subtilis™
fmal_type="gencnic DM&"
Setrain="4K1"
Jidb_xref="Lasnoe: 1423"
oS 578..1210
Joodon_start=1
Jtransl tahle=13
Sprodect="xy Lanase"
fprotein_ld="A8454450. 1"
Jiranslatlion="MFKFEENFLVGLEAAL MO TSl FRATASAAS TDYIWONHTOGLETY
HANMG S GENY S NS N TN G GW T TGP PR T I NACTWAPNGDEYL TL YGHTRS
PLHERILCWD WG TYRP TETY K GTVK GDGG TYD T Y T TTRYRAPS IDGLRTTF T REVE
OTERFTGSHAT I TFSNHWVMANKSHGMML G SRS Y OAVHATEG YOS SR SERY TV
ORTGIN
1 ggpccgtcga cpaalttggag gotoggttac atécoadcagt taccetgatt ghteaattcott
61 TLtortcitt ticagegoeoe tttcasatas aaatctigoa acticittgl asaaactgato
121 taagetatca Locbosaatt CLitgelcaal astictaati gegecapbbct Chctbagial
181 saccitastt pttttcbtet tesgtictic stattcitcs teaattiget teccbbcocatt
241 agecaagrgp cagoaacasal gactlcecas tolctaalal atatcliclt tatacgazas
381 gatceaatpp pasttcatts cagatatitac Lecatctgas Llagasacas gasatigigat
361 colgegasaa asggetiage atatggtgga scaaggccac Llatsatgoa thtctagota
421 ttlgtaatiy aatbacasst actbllisata trligotcatg asattcghigba thataclgaa
481 gppgacpgalc spazagcttig poptisgtas ttaapaalgt Litaasatgts tacgagtgct
541 gootcassgl cpgaszaaal attataggapg gtaacatatg tttaagtitia aaasgaatit
G681 ctlagttggs ttatcgpcag citbaatgap Taltagettg tirloggeosa cogoebolge
661 sgctapgoecs pacltactgpr assattggac tpatgeppec petatsgtas acglitgtcaas
721 Egpetctgge peEgasclaca glgtlastlg gtotealscc ggasatitcg tLgtigptaa
FEL apgptippacl acagpttcpe catitaggar gatazactat astpgocgpag thipggpeged
B4l gaastggegat pgelattige ctitglatgg ctggacgapgs bLogocccbic atagaatatt
981 atgtytpgat Lcatgegpls citalagede caccgpascg latasagglba cbglasagog
S61 TEatiygagil acatstgacs tatatacaac tacacgltat ascgraccil ccattgatgp
1821 cgatcgeact actittacge agtactggap tptteogtcag acgaagagac <aactggsag
1881 taacgctaca atcactilice goaalcalgl gaacgcalpp asgapocalg gaatgaatct
1141 gppcagteat tpgpcttace aagtcalygpc gacagaappgs Latcasapgta grpgaagiic
1281 tascgbasca glgltgetasc agatcatocl taatcagpge atccgggoct
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EK 19. BLAST Analizi Sonucu Ksilanaz Gen Dizisinin hizalanmasi

2209 bits{1250)

SCoare

Bacillus subfilis strain AK1 xylanase gene, complete cds

Seqguemnce ID- COZ21 74021 Lemngth: 1250 Number of Matches: 1

Rarngs 1: 1 bo 1250
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EK 20. izolatlarm Total DNA yogunluklarinin Nanodrop Cihazi ile 8l¢iim sonuglar

Ornek Adi Abs260 Abs280 Abs230 260/280 260/230 Yog. (ng/ul) Ornek Tiirii

D.S.1 8.486 4522  3.708 1,88 2,29 4242 dsDNA
D.S.2 0,813 0,48 0,552 1,69 1,47 40,6 dsDNA
D.S. Al 10.024 5246  5.863 1,91 1,71 501,2 dsDNA
D.S. A2 4756 2516  2.484 1,89 1,91 237,7 dsDNA
D.C.1.1 8959 4722 4757 1.9 1,88 4479 dsDNA
D.C.1.2 17,09 9911 10.328 1,72 1,65 854,5 dsDNA
D.C2.1 2799 1954  4.068 1,43 0,69 139,9 dsDNA
D.C2.2 10.809 5989  4.981 1,8 2,17 540,4 dsDNA
D.C3 11.294 6.726  6.553 1,68 1,72 564,7 dsDNA
D.C5 10.583 6.158  5.667 1,72 1,87 529,2 dsDNA
D.C.Al 1.186 0,796  1.831 1,49 0,65 59,3 dsDNA
D.C.A2 13.648 7921 7,93 1,72 1,72 6824 dsDNA
D.C.A3 5231 2885 3.279 1,81 1,6 261,5 dsDNA
D.C.A4 3323 1953 2114 1,7 1,57 166,1 dsDNA
D.C.AS 10.571  6.126  7.865 1,73 1,34 528,5 dsDNA
D.C.Nb.3.1 0,829 0,612 1.091 1,35 0,76 414 dsDNA
D.C.Nb3.2 0,539 0,439 0,729 1,23 0,74 26,9 dsDNA
D.C.Nb.5.1 1.468 1.074 1.124 1,37 1,31 73,4 dsDNA
D.C.Nb.5.2 0,457 0379 0,907 1,21 0,5 22,8 dsDNA
D.C.Lb.8 1.38¢ 1211 4313 1,14 0,32 69,3 dsDNA
D.C.Nb.8 0,894 0,577 0,645 1,55 1,39 44,7 dsDNA
D.C.Lb.9 1.537 1.089  1.504 1,41 1,02 76,8 dsDNA
D.C.Lb.9.2 0,732 0,564  1.183 1,3 0,62 36,6 dsDNA
D.Nb.Alt.1 0,41 0,33 0,688 1,24 0,6 20,4 dsDNA
D.Nb.Alt.2 4243 2712  6.666 1,56 0,64 212,1 dsDNA
D.Nb.Alt.2.2  5.633 4461 16.208 1,26 0,35 281,6 dsDNA
D.Nb.Alt.4 0,663 0,565 0,731 1,17 0,91 33,1 dsDNA
D.Lb.Alt.6 0,461 0,378 0,82 1,22 0,56 23 dsDNA
D.Lb.Alt.7.1 0,677 0,515 0,889 1,31 0,76 33,8 dsDNA
D.Lb.Alt.7.2 1.239 1.072 4.072 1,16 0,3 61,9 dsDNA
D.Lb.Ust.10.1 0,169 0,171 0,133 0,99 1,27 8.4 dsDNA
D.Lb.Ust.10.2 0,032 0,092 0,085 0,35 0,38 1,5 dsDNA
D.Lb.Ust.11.1 0,55 0,461 0,436 1,19 1,26 27,5 dsDNA
D.Lb.Ust.11.2 0,217 0,235 0,566 0,92 0,38 10,8 dsDNA
Dc.Nb.4 0,232 0,261 0,515 0,89 0,45 11,6 dsDNA
D.Lb.Alt 6 0,199 0,214  1.545 0,93 0,13 9,9 dsDNA
Pc.1 7.798  4.257  4.414 1,83 1,77 389,9 dsDNA
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EK 20. (Devam) izolatlarin Total DNA yogunluklarinin Nanodrop Cihazi ile 8l¢iim
sonuglari

Yog. Ornek

Ornek Adi Abs260 Abs280 Abs230  260/280 260/230 (ng/ul) Tiirii

Pc.6 2.361 1.386 1.389 1,7 1,7 118 dsDNA
Pc.Lb 4 0,813 0,607 1.918 1,34 0,42 40,6 dsDNA
Pc.Lb 5 0,697 0,575 1.783 1,21 0,39 34,8 dsDNA
Pc.Lb 6 2.348 1.781 5,51 1,32 0,43 117,3 dsDNA
Pc.Nb 7 0,749 0,651 1.596 1,15 0,47 374 dsDNA
P.Lb.Alt 1 0,402 0,389 0,923 1,03 0,44 20 dsDNA
P.Nb.Alt 3 0,223 0,23 0,691 0,97 0,32 11,1 dsDNA
P.C.Al 11,07 6.397 6.711 1,73 1,65 553,5 dsDNA
P.C.A2 10.994 5.727 6.069 1,92 1,81 549,7 dsDNA
P.C.A3 18.027 9.643 10.571 1,87 1,71 9014  dsDNA
P.C.A4 7.649 4.077 3.878 1,88 1,97 3824  dsDNA
P.K.A. Ust 0,163 0,172 0,146 0,95 1,12 8,1 dsDNA
P.C Ik 8.882 5.041 4.652 1,76 1,91 4441 dsDNA
H.C.1 6.216 3,35 3.307 1,86 1,88 310,8 dsDNA
Hista 2 3.461 1.864 1.903 1,86 1,82 173 dsDNA
H.C2.2 2.467 1.328 1.685 1,86 1,46 123,3 dsDNA
H.C3 0,297 0,316 0,312 0,94 0,95 14,8 dsDNA
HC4 3.786 2.139 2.458 1,77 1,54 189,3 dsDNA
Guclu 1 1.067 0,742 1.416 1,44 0,75 53,3 dsDNA
Guclu 2 1.442 0,906 1.305 1,59 1,1 72,1 dsDNA
Dargecit 1 3.576 2.308 4.422 1,55 0,81 178,8 dsDNA
Dargecit 2 1.583 1.112 2.034 1,42 0,78 79,1 dsDNA
Hista 1 2.521 1.726 3.099 1,46 0,81 126 dsDNA
Hista 3 0,323 0,294 0,485 1,1 0,67 16,1 dsDNA
D.Nb.Alt 1 1.588 1.264 4.375 1,26 0,36 79,4 dsDNA
K.C.Nb 1 0,2 0,275 0,621 0,73 0,32 10 dsDNA
K.C.Nb2 0,104 0,172 0,231 0,6 0,45 5.1 dsDNA
K.C.Nb3 0,321 0,286 0,577 1,12 0,56 16 dsDNA
K.C.Nb 4 -0,042 0,076 -0,025 -0,55 1,68 -2,1 dsDNA
K.C.Nb 5 0,432 0,357 0,93 1,21 0,46 21,6 dsDNA
Pasin Su 1 0,539 0,33 0,531 1,63 1,02 26,9 dsDNA
Pasin Su 2 0,519 0,335 0,432 1,55 1,2 25,9 dsDNA
Pasin Su 3 0,446 0,247 0,188 1,81 2,37 22,3 dsDNA
Pasin Camur 4 1.098 0,631 0,75 1,74 1,46 54,9 dsDNA
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EK 20. (Devam) izolatlarin Total DNA yogunluklarinin Nanodrop Cihazi ile 8l¢iim
sonugclari

Yog. Ornek
Ornek Ad1 Abs260 Abs280  Abs230 260/280 260/230 (ng/ul) Tiirii
Pasin Camur 4.2 6.676 3.639 3.221 1,83 2,07 333,7 dsDNA
Pasin Camur 5 0,699 0,383 0,379 1,83 1,84 34,9 dsDNA
Pasin Camur 6 0,495 0,285 0,272 1,74 1,82 24,7 dsDNA
Pasin Camur 7 0,576 0,338 0,226 1,7 2,55 28,8 dsDNA
Pasin Camur 2 2.056 1.123 0,953 1,83 2,16 102,8 dsDNA
Pasin Camur 3 10.539 5.889 6,36 1,79 1,66 526,9 dsDNA
Pasin Kanli Ag. Su 0,833 0,515 0,666 1,62 1,25 41,6  dsDNA
Kopru Su 1 0,55 0,302 0,333 1,82 1,65 27,5  dsDNA
Kopru Camur 2 1.131 0,713 0,94 1,59 1,2 56,5 dsDNA
Kopru Camur 3 0,626 0,347 0,512 1.8 1,22 31,3  dsDNA
Kopru Camur 4 0,614 0,365 0,693 1,68 0,89 30,6  dsDNA
Kopru Camur 5 0,7 0,379 0,866 1,85 0,81 34,9  dsDNA
Pasin Camur 4.2 6.676 3.639 3.221 1,83 2,07 333,7 dsDNA
Pasin Camur 5 0,699 0,383 0,379 1,83 1,84 349  dsDNA
Pasin Camur 6 0,495 0,285 0,272 1,74 1,82 24,7 dsDNA
Pasin Camur 7 0,576 0,338 0,226 1,7 2,55 28,8  dsDNA
Pasin Camur 2 2.056 1.123 0,953 1,83 2,16 102,8 dsDNA
Pasin Camur 3 10.539 5.889 6,36 1,79 1,66 526,9 dsDNA
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EK 21. B. subtilis 16s rRNA baz dizisi

BTX1

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX2,

ACGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAAC
ACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTT
GAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCT
AGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTG
ACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGT
ACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAA
GTCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAA
GAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCG
ACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG
TATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACG
CATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACA
ATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC
CTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGG
GCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCC
CTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCC
AACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGC

BTX3,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
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TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGC

BTX4,

TACGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAA
CACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTT
TGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGC
TAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTG
GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCT
GACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAG
TACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTA
AGTCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGA
AGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGC
GACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTA
GTATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAAC
GCATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAC
AATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGT
CCTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTG
GGCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGL
CCTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGC
CAACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAG
TAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
CA

BTXS,

AAGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAAC
ACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTT
GAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCT
AGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTG
ACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGT
ACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAA
GTCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAA
GAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCG
ACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG
TATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACG
CATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACA
ATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC
CTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGG
GCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGLCC
CTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCC
AACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTXe6,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX7,

ACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGT
GGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGAAC
CGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTT
GGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGACGG
AGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTACCG
TTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCT
GATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGG
AGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTC
TCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTATG
CCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCATT
AAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGC
GGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCC
TAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCTGA
GATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGCAC
TCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCTAT
GAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAACC
CACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATC
GCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTXS,

CATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTG
GGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGAACC
GCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTG
GTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTG
AGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGACGGA
GCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGT
TCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGT
AATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTG
ATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGA
GAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCT
CTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTATGC
CACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCATTA
AGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCT
AGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCTGAG
ATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGCACT
CTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCTATG
AACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAACCC
ACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCG
CGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTXO9,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAA
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BTX10,

TGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACA
CGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTG
AACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTA
GTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGA
CGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTA
CCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCG
CGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAG
TCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAG
AGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGA
CTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGT
ATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGC
ATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACA
AGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAA
TCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCC
TGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGG
CACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGLCCC
TATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCA
ACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTA
ATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGT

BTXI11,

ACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGT
GGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGAAC
CGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTT
GGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGACGG
AGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTACCG
TTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCT
GATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGG
AGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTC
TCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTATG
CCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCATT
AAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGC
GGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCC
TAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCTGA
GATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGCAC
TCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCTAT
GAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAACC
CACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATC
GCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACG
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BTX12,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTATAGGGAAGAACAAGTA
CCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCG
CGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAG
TCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAG
AGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGA
CTCTCTGGTCTGTAACCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG
TATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACG
CATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACA
ATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC
CTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGG
GCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGLC
CTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCC
AACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX13,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACCGGCTAACTACGTGCCAGCAGCCG
CGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAG
TCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAG
AGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGA
CTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGT
ATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGC
ATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACA
AGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAA
TCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCC
TGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGG
CACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGLCCC
TATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCA
ACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTA
ATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTX14,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAG
CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATC
CTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCTG
AGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGCA
CTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCTA
TGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAAC
CCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT
CGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX15,

ACGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAAC
ACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTT
GAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCT
AGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTG
ACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGT
ACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAA
GTCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAA
GAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCG
ACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG
TATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACG
CATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACA
ATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC
CTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGG
GCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGLC
CTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCC
AACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGC
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BTX22,

CGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACA
CGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTG
AACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTA
GTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGA
CGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTA
CCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCG
CGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAG
TCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAG
AGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGA
CTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGT
ATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGC
ATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACA
AGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAA
TCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCC
TGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGG
CACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGLCCC
TATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCA
ACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTA
ATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGCA
C

BTX23,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTX24,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX25,

TACGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAA
CACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTT
TGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGC
TAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTG
GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCT
GACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAG
TACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTA
AGTCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGA
AGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGC
GACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTA
GTATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAAC
GCATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAC
AATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGT
CCTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTG
GGCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGC
CCTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGC
CAACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAG
TAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTX26,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX27,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATC
CTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCTG
AGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGCA
CTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCTA
TGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAAC
CCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT
CGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTX28,

AAGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAAC
ACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTT
GAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCT
AGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTG
ACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGT
ACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAA
GTCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAA
GAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCG
ACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG
TATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACG
CATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACA
ATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC
CTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGG
GCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGLC
CTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCC
AACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX30,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTX31,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX32,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTX33,

GGGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAAC
ACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTT
GAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCT
AGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTG
ACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGT
ACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAA
GTCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAA
GAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCG
ACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG
TATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACG
CATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACA
ATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC
CTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGG
GCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGLC
CTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCC
AACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGT
ACAA

BTX34,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCA
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BTX35,

ACCGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAA
CACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTT
TGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGC
TAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTG
GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCT
GACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAG
TACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTA
AGTCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGA
AGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGC
GACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTA
GTATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAAC
GCATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAC
AATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGT
CCTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTG
GGCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGC
CCTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGC
CAACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAG
TAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX48,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTX60,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG

BTX61,

GTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTGA
ACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAG
TTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTAC
CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGT
CTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGAC
TCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTA
TGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAT
CCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCCT
GAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGGC
ACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCCT
ATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCAA
CCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAG
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BTX78,

TAAATGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGT
AACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAG
TTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTA
GCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACAC
TGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGT
CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACA
AGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCA
GCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCT
TAAGTCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCA
GAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAG
GCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGG
TAGTATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTA
ACGCATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCG
CACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTG
ACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGT
GTCCTGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGT
TGGGCACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGC
GCCCTATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTA
GCCAACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCT
AGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACG
AGAAAAA

BTX81

AGTACATGCAGTCGAGCGGACAGATGGGAGTTCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACA
CGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTAAGTTTG
AACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTA
GTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGACGAAAGTCTGA
CGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGTTGTTAGGGAAGAACAAGTA
CCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCG
CGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAG
TCTGATGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAG
AGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGA
CTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGT
ATGCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTTCCCGCCCCTTAGTGCTGCAGCTAACGC
ATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACA
AGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAA
TCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCC
TGAGATGTTCGGGGGTAAGTCCCCCCAACGAGCGCAACCCTTGATCTTATTTTGCCACCATTCAGTTGGG
CACTCTAAGGGGACTGCCGGTGACAACCGGAGGAAGGGGGGGGAGGAAAGCCAAAAAAATCCAGGCGCCC
TATGAACAGGGGGGACACACTGGTTTAAATGGAGAGAAAAAAAGGGGGCGGAAACCCGCGGGGTTAGCCA
ACCCACCAAAAATGTTCTCATTTTCGAGCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTA
ATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGCC
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BTX16,

TATATAGTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTG
GGTAAAGTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAAC
CGCATGGTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGT
TGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACG
GAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCG
TTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGT
CTGATGTGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAG
AGGGGAGTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGG
CGACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGG
TAGTCCACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAA
CGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAC
AACCCCTAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCT
CGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTT
GGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCC
CTTATGACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGC
CAATCCCACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCT
AGTAATCGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCC
CCGGATCAAAAATTTTT

BTX17,

GTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGTAAA
GTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGCATG
GTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAA
CGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAA
TAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTGATG
TGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGGGGA
GTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGACTC
TCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGCATT
AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCC
TAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCAC
TCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATG
ACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAATCC
CACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT
CGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCGGAT
CAAAAATTT
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BTX18,

AGTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGTAA
AGTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGCAT
GGTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTG
AGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCA
ACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGA
ATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATA
CGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTGAT
GTGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGGGG
AGTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGACT
CTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTC
CACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGCAT
TAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGC
GGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCC
CTAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGTGT
CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCA
CTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTTAT
GACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAATC
CCACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCGGA
TCAAAAATTT

BTX19,

GTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGTAAA
GTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGCATG
GTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAA
CGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAA
TAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTGATG
TGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGGGGA
GTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGACTC
TCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGCATT
AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCC
TAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCAC
TCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATG
ACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAATCC
CACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT
CGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCGGAT
CAAAAATTTTTTT
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BTX20,

GTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGTAAA
GTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGCATG
GTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAA
CGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAA
TAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTGATG
TGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGGGGA
GTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGACTC
TCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGCATT
AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCC
TAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCAC
TCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATG
ACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAATCC
CACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT
CGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCGGAT
CAAAAAAATTTT

BTX21,

TTTAAAGTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTG
GGTAAAGTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAAC
CGCATGGTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGT
TGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACG
GAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCG
TTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGT
CTGATGTGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAG
AGGGGAGTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGG
CGACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGG
TAGTCCACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAA
CGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAC
AACCCCTAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCT
CGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTT
GGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCC
CTTATGACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGC
CAATCCCACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCT
AGTAATCGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCC
CCGGATCAAAAATTT
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BTX29,

GTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGTAAA
GTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGCATG
GTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAA
CGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAA
TAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTGATG
TGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGGGGA
GTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGACTC
TCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGCATT
AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCC
TAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCAC
TCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATG
ACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAATCC
CACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT
CGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCGGAT
CAAAAATTT

BTX36,

GTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGTAAA
GTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGCATG
GTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAA
CGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAA
TAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTGATG
TGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGGGGA
GTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGACTC
TCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGCATT
AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCC
TAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCAC
TCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATG
ACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAATCC
CACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT
CGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCGGAT
CAAAAATTT
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BTX37,

CCGGTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGT
AAAGTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGC
ATGGTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGG
TGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTG
AGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAG
CAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTC
GAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAA
TACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTG
ATGTGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGG
GGAGTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGA
CTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAG
TCCACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGC
ATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAC
CCCTAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGT
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGG
CACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTT
ATGACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAA
TCCCACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGT
AATCGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCG
GATCAAAAATTT

BTX38,

AGCATCGTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTG
GGTAAAGTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAAC
CGCATGGTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGT
TGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGA
CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACG
GAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCG
TTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGT
CTGATGTGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAG
AGGGGAGTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGG
CGACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGG
TAGTCCACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAA
CGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAC
AACCCCTAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCT
CGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTT
GGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCC
CTTATGACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGC
CAATCCCACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCT
AGTAATCGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCC
CCGGATCAAAAATTTTTTT
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BTX39,

ACACCGTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGG
GTAAAGTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACC
GCATGGTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTT
GGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGAC
TGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGG
AGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGT
TCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGT
AATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTC
TGATGTGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGA
GGGGAGTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGC
GACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGT
AGTCCACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAAC
GCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACA
ACCCCTAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTC
GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTG
GGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCC
TTATGACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCC
AATCCCACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTA
GTAATCGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCC
CGGATCAAAAATTT

BTX40,

GTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGTAAA
GTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGCATG
GTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAA
CGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAA
TAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTGATG
TGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGGGGA
GTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGACTC
TCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGCATT
AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCC
TAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCAC
TCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATG
ACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAATCC
CACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT
CGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCGGAT
CAAAAATTTAAAAAAAA
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BTX41,

AGTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGTAA
AGTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGCAT
GGTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTG
AGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCA
ACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGA
ATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATA
CGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTGAT
GTGAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGGGG
AGTCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGACT
CTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTC
CACGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGCAT
TAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGC
GGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCC
CTAGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGTGT
CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCA
CTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTTAT
GACCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAATC
CCACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAA
TCGCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCGGA
TCAAAAATTT

BTX82

GTCGAGCGGACAGATGGGAGCTTGCTCCCCTGATGTCCCGCGGCGCACGGTTGAGTTACACGTGGGTAAA
GTCCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGATTGAACCGCATG
GTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGCAATGGACGAAAGTCTGACGGAGCAAC
GCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAAT
AGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACG
TAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTTCTTAAGTCTGATGT
GAAAGCCCGCGGGCTCAACCGGGGGGAGGGTCATTGGGAAACTGGGGAACTTGAGTGCAGAAGAGGGGAG
TCGCATTCCCCACGTGTACCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGGCGACTCT
CTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCA
CGCCGTAAACGATCATGAGTGCTAAGTGTTAGAGGGTTTTCCGCCCTTTAGTGCTGCAGCAAACGCATTA
AGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGG
TGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCCT
AGAGATAGGGCTTCCCCCTTCGGGGGGCAGAGTGACAGGTGGTGCATGGTTTTGTCGTCAGCTCGTGTCG
TGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACT
CTAAGGTGACTGCCGGTGACAAACCGGAGGAAAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGA
CCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGGGCAGCGAAGCCGCGAGGCTAAGCCAATCCC
ACAAAATTCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATC
GCGGATCAGCAGGCCGCGGTGAGTAAGTGTAAGGGCTAACAACGCACCCGTAGAGCCTGATCCCCGGATC
AAAAATTT
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EK 23. B. thuringiensis 16s rRNA baz dizisi

BTX53,

GGTATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGA
ATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGA
AAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA
TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTC
AACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG
GTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG
TGTTAGAGGGTTTCCGCCCTTTAGTGCTAAATT

BTX54,

AATATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGA
ATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGA
AAGGCGGCTTCGGCTGTCACTTATGGATGGACCCCCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA
TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTC
AACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG
GTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG
TGTTAGAGGGTTTCCGCCCTTTAGTGCT

BTX5S,

TATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAAT
GGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAG
ACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGAAA
GGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCA
AGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCT
ACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATG
AAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGA
CGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTT
ATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAA
CCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGT
GAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGC
GCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTG
TTAGAGGGTTTCCGCCCTTTAGTGCT
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BTX56,

GGTATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGA
ATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGA
AAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA
TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTC
AACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG
GTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG
TGTTAGAGGGTTTCCGCCCTTTAGTGCTAAATT

BTX57,

GGTATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGA
ATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGA
AAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA
TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTC
AACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG
GTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG
TGTTAGAGGGTTTCCGCCCTTTAGTGCTAAATT

BTXS58,

GGTATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGA
ATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGA
AAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA
TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTC
AACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG
GTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG
TGTTAGAGGGTTTCCGCCCTTTAGTGCTAAATTTTTAAATTTAAA
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BTX59,

GGTATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGA
ATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGA
AAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA
TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTC
AACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG
GTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG
TGTTAGAGGGTTTCCGCCCTTTAGTGCTAAA

BTX72,

GGTATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGA
ATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGA
AAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA
TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTC
AACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG
GTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG
TGTTAGAGGGTTTCCGCCCTTTAGTGCTAAATTGGG

BTX73

GGTATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGA
ATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGA
AAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA
TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTC
AACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG
GTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG
TGTTAGAGGGTTTCCGCCCTTTAGTGCTG
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BTX79

GGTATTGGAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGA
ATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCATGGTTCGAAATTGA
AAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCAC
CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA
TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTC
AACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG
GTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG
TGTTAGAGGGTTTCCGCCCTTTAGTGCTAAATTA

EK 24. Geobacillus kaustophilus 16s rRNA baz dizisi

BTX42,

AAATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCA
AGACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTG
AAAGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGG
CTCACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGLC
CAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGL
GTGAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGC
GCGGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GGGGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAA
GCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGA
ATTCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGC
CTGCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGT
AAACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCG
CCTGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACAT
GTGGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATT
GGGCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGAT
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCT
AAAGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACC
TGGGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCA
AAAAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCG
GATCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGC
AACAAATTTTT
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BTX43,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLCGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAAT
TCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCT
GCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCC
TGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGG
GCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAA
AGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTG
GGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAA
AAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGA
TCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAA
CAAATTT

BTX44,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLCGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAAT
TCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCT
GCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCC
TGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGG
GCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAA
AGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTG
GGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAA
AAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGA
TCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAA
CAAATT
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BTX45,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLCGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAAT
TCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCT
GCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCC
TGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGGG
CGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATATG
TTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAAA
GGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTGG
GCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAAA
AGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGAT
CAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAAC
AAATT

BTX46,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGLCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAAT
TCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCT
GCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCC
TGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGG
GCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAA
AGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTG
GGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAA
AAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGA
TCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAA
CAAATTTTTTAAAA
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BTX47,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAAT
TCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCT
GCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCC
TGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGG
GCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAA
AGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTG
GGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAA
AAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGA
TCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAA
CAAATT

BTX49,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGLCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAAT
TCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCT
GCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCC
TGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGG
GCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAA
AGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTG
GGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAA
AAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGA
TCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAA
CAAATT
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BTX50,

AATTATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCG
CAAGACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGT
TGAAAGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAAC
GGCTCACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGG
CCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGLCC
GCGTGAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGG
GCGCGGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGT
AGGGGGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAA
AAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGG
GAATTCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTG
GCCTGCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCC
GTAAACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTC
CGCCTGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAAC
ATGTGGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGA
TTGGGCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAG
ATATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACT
CTAAAGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGA
CCTGGGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCC
CAAAAAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCG
CGGATCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTT
GCAACAAATT

BTX51,

CGATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCA
AGACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTG
AAAGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGG
CTCACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGLC
CAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGL
GTGAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGC
GCGGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GGGGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAA
GCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGA
ATTCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGC
CTGCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGT
AAACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCG
CCTGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACAT
GTGGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATT
GGGCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGAT
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCT
AAAGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACC
TGGGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCA
AAAAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCG
GATCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGC
AACAAATT
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BTX52,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLCGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAAT
TCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCT
GCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCC
TGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGG
GCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAA
AGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTG
GGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAA
AAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGA
TCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAA
CAAATT

BTX69,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGLCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAAT
TCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCT
GCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCC
TGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGG
GCGTTCCCCCTTCGGGGGGACAGGGTGACATGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAAAG
GGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTGGG
CTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAAAA
GCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGATC
AGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAACA
AATT
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BTX70,

AACATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGC
AAGACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTT
GAAAGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACG
GCTCACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCG
CGTGAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGG
CGCGGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA
GGGGGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAA
AGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGG
AATTCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGG
CCTGCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCG
TAAACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCC
GCCTGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACA
TGTGGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGAT
TGGGCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGA
TATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTC
TAAAGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGAC
CTGGGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCC
AAAAAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGC
GGATCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTG
CAACAAATT

BTX71,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGATTTGCCGTTCGAAGAGGGCG
CGGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG
GGGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAG
CCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAA
TTCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCC
TGCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTA
AACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGC
CTGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCCCCCTGACAACCCAAGAGA
TTGGGCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAG
ATATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACT
CTAAAGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGA
CCTGGGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCC
CAAAAAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCG
CGGATCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTT
GCAACAAATT
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BTX77,

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGLCGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGAGCGGGGAAT
TCCACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCT
GCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCC
TGGGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGT
GGTTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGG
GCGTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAA
AGGGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTG
GGCTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAA
AAGCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGA
TCAGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAA
CAAATT

BTX80

ATCGGAGCTTGCTCTGGTTTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGGCAACCTGCCCCGCAAG
ACCGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTTGGTTGAA
AGGCGGCCTTTGGCTGTCACTTGCGGATGGGCCCCCGGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCCCGGCCTGAGAGGGTGACCGGCCACACTGGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGGCGAAAGCCTGACGGAGCGACGCCGCGT
GAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGAGCGCCGTTCGAAGAGGGLCGC
GGCGCGGTGACGGTACCTCACGAGGAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAAGC
CCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAGAGGAGCGGGGAATTC
CACGTGTAGCGGTGAAATGCGTAGAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCTGC
AACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAC
GATGAGTGCTAAGTGTTAGAGGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCACTCCGCCTG
GGGAGTACGGCCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAACATGTGG
TTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTTGACATCCCCTGACAACCCAAGAGATTGGGC
GTTCCCCCTTCGGGGGGACAGGGTGACAGGTGGTGCATGATGGTTGTCGTCAGCTCGTGTCGAGATATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTGCCAGCACGAAGGTGGGGGCACTCTAAAG
GGACTGCCGGCGACAAGTCGGAGGAAGGTGGGGATGACGTCAAAAATCATCATGCCCCTTATGACCTGGG
CTACACACGTGCTACAATGGGCGGTACAAAGGGCTGCGAACCCCGCGAGGGGGGAGCGAATCCCCAAAAA
GCCGCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGATC
AGCATGCCGCGGTGAATACGTTCCCGGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGCAACA
AATT
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BTX62,

ATGCAAGTCGTGCGGACCTTTAAAAAGCTTGCTTTAAAAAGGTTAGCGGCGGACGGGTGAGTAACACGTG
GGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTTTTTTCCCTC
CGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCATTAGCTAGT
TGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGCCACATTGGG
ACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGACGAAAGTCT
GACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGAAGAACAAGT
GCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGCTTTCTTA
AGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTTGAGTGCAGAA
GAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCG
GCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGATTAACGTGGT
AGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAACTAACGCTTT
AACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCCCACAAGCGA
TGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTCTGAAATCCC
TGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCAGCTCGTGTC
GTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCATTCAGTTGGGG
CACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCATGCCCCTTA
TGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGTTAAGCCAAT
CCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGCTAGTAAT
CGCGGATCA

BTX63,

ATGCAAGTCGTGCGGACCTTTTTAAAAAGCTTGCTTTTTAAAAAGGTTAGCGGCGGACGGGTGAGTAACA
CGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTTTTTTC
CCTCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCATTAGC
TAGTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGCCACAT
TGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGACGAAA
GTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGAAGAAC
AAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGCTTT
CTTAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTTGAGTGC
AGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAA
GGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGATTAACG
TGGTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAACTAACG
CTTTAACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCCCACAA
GCGATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTCTGAAA
TCCCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCAGCTCG
TGTCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCATTCAGTT
GGGGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCATGCCC
CTTATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGTTAAGC
CAATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGCTAG
TAATCGCGGATCAAAAAAAAAA
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BTX64,

ATGCAAGTCGTGCGGACCTTTTTAAAAAGCTTGCTTTTTAAAAAGGTTAGCGGCGGACGGGTGAGTAACA
CGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTTTTTTC
CCTCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCATTAGC
TAGTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGCCACAT
TGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGACGAAA
GTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGAAGAAC
AAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGCTTT
CTTAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTTGAGTGC
AGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAA
GGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGATTAACG
TGGTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAACTAACG
CTTTAACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCCCACAA
GCGATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTCTGAAA
TCCCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCAGCTCG
TGTCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCATTCAGTT
GGGGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCATGCCC
CTTATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGTTAAGC
CAATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGCTAG
TAATCGCGGATCA

BTX65,

ATGATGCAAGTCGTGCGGACCTTTTTAAAAAGCTTGCTTTTTAAAAAGGTTAGCGGCGGACGGGTGAGTA
ACACGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTTTT
TTCCCTCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCATT
AGCTAGTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGCCA
CATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGACG
AAAGTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGAAG
AACAAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTGCC
AGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGC
TTTCTTAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAATTGGGAGGCTTGAG
TGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGC
GAAGGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGATTA
ACGTGGTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAACTA
ACGCTTTAACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCCCA
CAAGCGATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTCTG
AAATCCCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCAGC
TCGTGTCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCCCAACCCCTGACCTTAGTTGCCAGCATTCA
GTTGGGGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCATG
CCCCTTATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGTTA
AGCCAATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGC
TAGTAATCGCGGATCA
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BTXG66,

CGCGATGCAAGTCGTGCGGACCTTTTTTAAAAAGCTTGCTTTTTAAAAAGGTTAGCGGCGGACGGGTGAG
TAACACGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTT
TTTTCCCTCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCA
TTAGCTAGTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGC
CACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGA
CGAAAGTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGA
AGAACAAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTG
CCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCG
GCTTACTTAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGATACTGGGAGGCTTG
AGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTG
GCGAAGGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGAT
TAACGTGGTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAAC
TAACGCTTTAACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCC
CACAAGCGATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTC
TGAAATCCCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCA
GCTCGTGTCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCATT
CAGTTGGGGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCA
TGCCCCTTATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGT
TAAGCCAATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATC
GCTAGTAATCGCGGATCAA

BTX67,

ATGCAAGTCGTGCGGACCTTTTTAAAAAGCTTGCTTTTTAAAAAGGTTAGCGGCGGACGGGTGAGTAACA
CGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTTTTTTC
CCTCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCATTAGC
TAGTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGCCACAT
TGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGACGAAA
GTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGAAGAAC
AAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGCTTT
CTTAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTTGAGTGC
AGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAA
GGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGATTAACG
TGGTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAACTAACG
CTTTAACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCCCACAA
GCGATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTCTGAAA
TCCCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCAGCTCG
TGTCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCATTCAGTT
GGGGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCATGCCC
CTTATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGTTAAGC
CAATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGCTAG
TAATCGCGGATCA
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BTX68,

ATGCAAGTCGTGCGGACCTTTTTAAAAAGCTTGCTTTTTAAAAAGGTTAGCGGCGGACGGGTGAGTAACA
CGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTTTTTTC
CCTCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCATTAGC
TAGTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGCCACAT
TGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGACGAAA
GTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGAAGAAC
AAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGCTTT
CTTAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTTGAGTGC
AGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAA
GGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGATTAACG
TGGTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAACTAACG
CTTTAACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCCCACAA
GCGATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTCTGAAA
TCCCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCAGCTCG
TGTCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCATTCAGTT
GGGGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCATGCCC
CTTATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGTTAAGC
CAATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGCTAG
TAATCGCGGATCA

BTX74,

ATATATATGCAAGTCGTGCGGACCTTTTTAAAAAGCTTGCTTTTTAAAAAGGTTAGCGGCGGACGGGTGA
GTAACACGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTT
TTTTTCCCTCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGL
ATTAGCTAGTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGG
CCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGG
ACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGG
AAGAACAAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGC
GGCTTTCTTAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTT
GAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGAAACACCAGT
GGCGAAGGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGA
TTAACGTGGTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAA
CTAACGCTTTTACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCC
CCACAAGCGATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGT
CTGAAATCCCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTC
AGCTCGTGTCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCAT
TCAGTTGGGGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATC
ATGCCCCTTATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGG
TTAAGCCAATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAAT
CGCTAGTAATCGCGGATCAAAAAAA
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BTXT75,

ATGCAAGTCGTGCGGACCTTTTTAAAAAGCTTGCTTTTAAAAGGTTAGCGGCGGACGGGTGAGTAACACG
TGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTTTTTTCCC
TCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCATTAGCTA
GTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGCCACATTG
GGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGACGAAAGT
CTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGAAGAACAA
GTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGCTTTCT
TAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTTGAGTGCAG
AAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGG
CGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGATTAACGTG
GTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAACTAACGCT
TTAACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCCCACAAGC
GATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTCTGAAATC
CCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCAGCTCGTG
TCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCATTCAGTTGG
GGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCATGCCCCT
TATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGTTAAGCCA
ATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGCTAGTA
ATCGCGGATCA

BTX76

AAAAAATGCAAGTCGTGCGGACCTTTTTAAAAAGCTTGCTTTTTAAAAAGGTTAGCGGCGGACGGGTGAG
TAACACGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTT
TTTTCCCTCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCA
TTAGCTAGTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGC
CACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGA
CGAAAGTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGA
AGAACAAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTG
CCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCG
GCTTTCTTAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTTG
AGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTG
GCGAAGGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGAT
TAACGTGGTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAAC
TAACGCTTTAACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCC
CACAAGCGATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTC
TGAAATCCCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCA
GCTCGTGTCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCATT
CAGTTGGGGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCA
TGCCCCTTATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGT
TAAGCCAATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATC
GCTAGTAATCGCGGATCAAA
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BTX83

ATGCAAGTCGTGCGGACCTTTTTAAAAAGCTTGCTTTTTAAAAAGGTTAGCGGCGGACGGGTGAGTAACA
CGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGGCTAATACCGGATAGTTTTTTTC
CCTCCGCATGGAGGAAAAAGGAAAGACGGCTTCTGCTGTCACTCCTCTGATGGGCCCGCGGCGCATTAGC
TAGTTGGTGGGGTAACGGCTCACCAAGGGAACGATGCGTATCCGACCTGAGAGAGGGTGATCGGCCACAT
TGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCCAAAATGTGGACGAAA
GTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGCCTTCGGGTCGTAAAACTCTGTTGCCGGGGAAGAAC
AAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGAAAGCCACGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGCTTT
CTTAAGTCTGATGTGAAAATTCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTTGAGTGC
AGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAA
GGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAAGCGTGGGGAGCAAACCGGATTAGATTAACG
TGGTAGTCCAAACGGAAAACAATAAGGGTAAAGAATAAAAGGGTTTACGCCCTTTATGCTACAACTAACG
CTTTAACCACTTCGCCTGGGGGAGTACGGCGCAAGGGTTAAACTAAAGGAATTGACGGGGGGCCCCACAA
GCGATGGAGACAAGTGGTTTAATTCAAGCAACCGAAGAACCTTACCAGGTCTTGATGACATCGTCTGAAA
TCCCTGGGGACAGGGGCCTTCCCCCTTCGGGGACAGAGTGACAGATGGGTGCATAGTTGTCGTCAGCTCG
TGTCGTGAGATGTTTGGGGTTAAGTCCCGCAACGAGCGCAACCCCTGACCTTAGTTGCCAGCATTCAGTT
GGGGCACTCTAAGGTGACTGCCGGGGGACAAACCGGAGGAAGGTGGGGGATGAGTCAAATCATCATGCCC
CTTATGACCTGGGGTACACACACGTGCTACAATGGATGGTACAAAGGGCTGCGAGACCGCGAGGTTAAGC
CAATCCCAGAAGGCATTCCCAGTTCGGATTTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGCTAG
TAATCGCGGATCA

EK 26. B. subtilis Ksilanaz genine ait baz dizisi

GGGCCGTCGACGAATTGGAGGCTCGGTTACATCCCACAGTTACCCTGATTGTCAATTCTTTTTTTTTTCT
TTTTCAGAGCCCTTTCAAATAAAAAAATCTTGCAACTTCTTTTGTAAAAACTGATCTAAGCTATCATCCT
CAAATTTTTGGTCAATAATTCTAATTGAGCAGTTCTTTTCTTAGTATAACCTTAATTGTTTTTCTTCTTC
AGTTCTTCATATTCTTCATAAATTTGCTTCCCTTCATTAGACAAGCGGCAGCAACAATGACTTCACAATC
TCTAATATATATCTCCTTTATACGAAAAGATCCAATGGGAATTCATTTACAGATATTACTCCATCTGAAT
TAGAAACAAGAATTGTGATCCTGCGAAAAAAGGATCAGGATATGGTGGAACAAGGCCACTTATAATGCAT
TTCTAGGTATTTGTAATTGAATTACAAATACTTTTTAATATTTTGCTCATGAATTCGTGTATTATACTGA
AGGGGACGATCAAAAGCTTTGGCGTTAGTAATTAAAAATGTTTTTAAATGTATACGAGTGCTGCCTCAAA
GTCGGAAAAAAATATTATAGGAGGTAACATATGTTTTAAGTTTAAAAAAGAATTTCTTAGTTGGATTATC
GGCAGCTTTAATGAGTATTAGCTTGTTTTTCGGCAACCGCCTCTGCAGCTAGCACAGACTACTGGCAAAA
ATTGGACTGATGGGGGGCGGTATAGTAAACGCTGTCAATGGGTCTGGCGGGAACTACAGTGTTAATTGGT
CTAATACCGGAAATTTCGTTGTTGGTAAAGGTTGGACTACAGGTTCGCCATTTAGGACGATAAACTATAA
TGCCGGAGTTTGGGCGCCGAATGGCGATGGGTATTTTTGACTTTGTATGGCTGGACGAGATCGCCCCCTT
CATAGAATATTATGTGTGGATTCATGGGGTACTTATAGGCCCACCGGAACGTATAAAGGTACTGTAAAGG
GTGATGGAGGTACATATGACATATATACAACTACACGTTATAACGCACCCCTTCCATTGATGGCGATCGC
ACTACTTTTTACGCAGTACTGGAGTGTTCGTCAGACGAAGAGAGACCAACTGGAAGTAACGCTACAATCA
CTTTCAGCAATCATGTGAACGCATGGAAGAGCCATGGAATGATGAATCTGGGCAGTAATTGGGCTTACCC
AAGTCATGGCGACAGAAGGATATCAAAGTAGTGGAAGTTCTAACGTAATAACAGTGTGGTAACAGATCAT
CCTTAATCAGGGGATCCGGGCCC
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