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OZET

Mitokondri genomu evrimsel siire¢ boyunca yatay gen transferiyle niikleusa transfer sonucu
kiiciilmiistiir. Insan mitokondri DNA’s1 (mtDNA) sadece 13 proteini kodlar. Reclinomonas americana (R.
americana) mtDNA’s1 var olan en biiyiik mitokondri genomlarindan biridir ve mtDNA’sinin evriminin
cok erken evrelerini temsil eder. Insan mitokondri DNA’s1 standart genetik kod kullanan R. americana
mtDNA’sindan farkli kod kullanir. Bu calismada; i) R. americana ve insan mtDNA’s1, ii) R. americana
mtDNA’s1 tarafindan kodlanan oksidatif fosforilasyon komplekslerinin 25 altbirimiyle bunlarin insandaki
mitokondriyal ve niikleer ortologlar1 niikleotid ve amino asit diizeylerinde karsilastirilmigtir. Bu
organizmalarin mtDNA’lar1 arasinda, sadece, COX3 geninin de bir kismu olan ¢ok kiigiik bir bolgede
benzerlik bulunmustur. Protein seviyesindeki benzerlik DNA’ya gore cok daha fazla korunmustur. R.
americana mtDNA genlerinin insandaki niikleer ortologlart mitokondriyal ortologlara gore cok daha fazla
benzerlik gostermektedirler. Bu ¢alismanin sonuglarina gore mtDNA’smin niikleer DNA’ya gore daha
yiiksek mutasyon hizi oldugu, insan mitokondriyal genetik kodunun evrimsel olarak degisiminin
mutasyonel etkilerinin oldugu ve bu degisimin muhtemelen mitokondriyal genomun niikleusa
transferindeki engellerden biri oldugu ileri siiriilebilir.

Anahtar Kelimeler: Mitokondri DNA’s1 (mtDNA), Reclinomonas americana, Genetik kod, Gen transferi,
Mutasyon



ABSTRACT

The size of mitochondrial genome was reduced during the evolutionary process because of
horizontal gene transfer to nucleus. Human mitochondrial DNA (mtDNA) encodes only 13 proteins.
MDNA of Reclinomonas americana (R. americana) is one of the biggest mitochondrial genomes
representing very early stages of mtDNA evolution. Human mtDNA has some differences in codon
reassignment from R. americana mtDNA which uses standart genetic code. This study compared i) R.
americana and human mtDNA, ii) 25 subunits of oxidative phosphorylation complexes encoded by R.
americana mtDNA and their both mitochondrial and nuclear orthologs in humans at nucleotide and
amino acid level. The similarity of mtDNA in these organisms exists only in only one short region which
is a part of COX3 gene. The similarity at protein level is more conserved than DNA level. Human nuclear
orthologs of R. americana mtDNA genes were more similar than mitochondrial orthologs. The results of
this study suggest that mitochondrial DNA has a higher mutation rate than nuclear DNA, the evolutionary
change of human mitochondrial genetic code had mutational consequences and this change is likely one
of the barriers in the transfer of mitochondrial genome to nucleus.

Keywords: Mitochondrial DNA (mtDNA), Reclinomonas americana, Genetic code, Gene transfer,
Mutation
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ONSOZ VE TESEKKUR

Mitokondri ve kloroplast hiicrelerde ¢ekirdek diginda DNA’nin bulundugu tek organellerdir. Mitokondri
evrimsel olarak o-proteobakterinin 6karyotik hiicrenin i¢ine girmesiyle evrimlesmistir. Baslangicta biitiin
proteinlerini kodlayan genlere sahipken zamanla genomu kiigiilerek giiniimiizdeki haline
gelmistir.Ornegin insan mitokondri DNA’s1 sadece 13 protein kodlayan kiigiik bir molekiil haline
gelmistir. Mitokondri DNA’smin insana kadar evriminin erken donemlerindeki bir ornegi olarak
Reclinomonas americana (R. americana) mtDNA’s1 kullanilabilir. Ciinkii bilinen en ¢ok protein kodlayan
ve en biiyikk mtDNA’larindan biridir. Bu nedenle bu ¢alismada insan ve R. americana mtDNA’lar1 ve
kodladiklar1 proteinler, insanda zamanla niikleusa transfer oldugu halde R. americana’da halen
mtDNA’da bulunan genler karsilastirilarak insan mtDNA’sinin evrimine 1s1k tutulmaya calisilmistir. R.
americana mtDNA’s1 standart genetik kod kullanmasina ragmen insan mtDNA’s1t farkli bir kod
kullanmaktadir. Soyle ki standart kodda UGA stop kodlarken mtDNA’sinda triptofan, AUA ise izolosin
yerine metionin kodlar. Genetik kodun degismesinin mutasyonel etkisini ve bunun niikleusa gen
transferinin oniindeki engellerden biri olabilecegini gosteren deliller bulunmaya ¢alisilmistir.

Bu arastirma sirasinda ihtiya¢c duydugum her tiirlii destegini esirgemeyen ve cok yakin ilgisini gordiigiim
damgsman hocam Yrd. Dog. Dr. Levent OZBEK e, yiiksek lisans egitimim siiresince ders aldigim biitiin
hocalarima, kendilerine ayirmam gereken zamam bana bagislayarak biiyiik 6zveride bulunan esim Ulviye
ve ¢ocuklarim Bilgehan ve Arman’a tesekkiirlerimi sunarim.

Abdullah OLGUN
Ankara, Haziran 2007
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1. GiRiS:
1.1. Calismamin Kapsanmu

R. americana mitokondri genomu bilinen en primitif ve en ¢ok protein kodlayan mitokondri
genomlarindan biridir (Lang et al. 1997). Bu nedenle mitokondri DNA’simin insana kadar evriminin
aydinlatilmasinda 6nemli katkilarda bulunmustur. R. americana mtDNA’s1 standart kodon kullanimi
gostermesine karsin insan mtDNA’sinin kodon kullanimi farklidir (Bullerwell and Lang 2005). Bu durum
insan mtDNA’sinin niikleusa transferindeki engellerden biri olabilir. R. americana mtDNA’s1 tarafindan
kodlanan 25 oksidatif fosforilasyon kompleks altbiriminin (Lang et al. 1997) insanda 13 tanesi mtDNA’s1
tarafindan kodlanmaya devam edilmesine karsin (Anonymous 2007-a) 12’si evrimsel siirecte niikleer
genoma transfer olmustur. Bu calismada R. americana mtDNA’s1 tarafindan kodlanan oksidatif
fosforilasyon kompleks altbirimleri insandaki ortologlariyla (mitokondriyal ve niikleer) DNA ve protein
seviyesinde Kkarsilastirilmig, ayrica mtDNA’simin evriminin kodon kullanim farki nedeniyle olasi
mutasyonel etkisi incelenmistir.

1.2. Mitokondri

Mitokondri hiicrenin ihtiya¢ duydugu enerjinin biiyiikk boliimiinii tireten ve baska birgok islevleri olan
yaklasik 0.5-1 um capinda silindirik bir organeldir. Mitokondri sozciigii “ipliksi graniil” anlamina
gelmektedir. Hiicre igindeki say1, yap1 ve yerlesimleri hiicre tipine gore degisir ve temelde hiicrenin enerji
ihtiyacina gore belirlenir. Dis ve i¢ zar olmak iizere 2 zar yapisi vardir. Bu iki zar arasinda zarlararasi
bosluk, i¢ zarin i¢inde de matriks bulunur. Dis zar 5kDa’dan daha kiigiik molekiilleri gecirirken i¢ zar
gecirgen degildir. Bu nedenle zarlararasi boslugun kompozisyonu sitozole ¢ok benzer. I¢ zarin gecirgen
olmamasim saglayan ozellikle kardiyolipindir. I¢ zar yiizey alamim cok artiran kristalar olusturur.
Oksidatif fosforilasyon kompleksleri i¢ zar iizerinde bulunurlar. Matriks sitrik asit siklusu ve yag asit
oksidasyonu gibi ¢ok sayida onemli biyokimyasal reaksiyonlara ev sahipligi yapar. Mitokondri DNA’s1
(mtDNA) da matrikste bulunur (Tzagoloff 1982, Alberts et al. 1994, Mannela et al. 1997, Schatz 1995).

1.3. insan ve R. americana mitokondri genomlarinin karsilastiriimasi

Hayvan hiicrelerinde mitokondri ¢ekirdek disinda DNA’s1 olan tek organeldir. MtDNA’sinin yaslanma,
kanser ve bircok hastaliktaki roliinii gosteren cok sayida ¢alisma mevcuttur. Insan mitokondri genomu
16569 baz cifti igeren ¢ift zincirli sirkiiler bir DNA’dir (Bullerwell and Lang 2005, Olgun et al. 2002,
Olgun 1998). (Sekil 1.1.) Giiniimiizdeki mitokondri DNA’lar1 baslangicta birkag yiizden birka¢ bine
kadar olan genlerinin sadece 5-100 kadarin1 korumaktadirlar (Lang et al. 2005).

Insan mitokondrisinde simdiye kadar yaklasik 1500 protein tanimlanmistir (Anonymous 2007-b). Bu
proteinlerin sadece 13 tanesi mitokondri genomu tarafindan kodlanmaktadir. Bu 13 protein oksidatif
fosforilasyon komplekslerinden kompleks II (Siiksinat-Ubikinon Oksidorediiktaz) hari¢ diger 4 tanesinin
yapilarinda bulunan bazi altbirimleridir. Bunlar Kompleks I NADH-Ubikinon Oksidorediiktaz’in 7 (ND1,
ND2, ND3, ND4, ND4L, NDS5, ND6), Kompleks III Ubikinol-Sitokrom C Oksidorediiktaz’in 1 (CytB),
Kompleks IV Sitokrom C Oksidaz’in 3 (COX1, COX2, COX3) ve Kompleks V ATP Sentaz’in 2 (ATP6
ve ATPS) altbirimidir. Insan mitokondri genomu ayrica 2 ribozomal RNA ve 22 transfer RNA’y1
kodlayan genler icerir (Olgun et al. 2002).

Bilinen en pirimitif mitokondri genomlarindan bir tanesi flagellali bir tatlisu protozoonu olan
Reclinomonas americana’minkidir. R. americana’nin evrimsel olarak diger okaryotlardan ¢ok once
muhtemelen mitokondrinin kazanilmasindan hemen sonra ayrildig: diisiiniilmektedir (Anonymous 2007-
¢). R. americana mtDNA’s1 69034 baz c¢ifti iceren sirkiiler bir molekiildiir. Kodladig1 97 genle en ¢ok
gene sahip mitokondri DNA’larindan biridir. Bu genlerin 44 tanesi protein kodlamakta olup bu
proteinlerin de 25 tanesi oksidatif fosforilasyon komplekslerinin yapisinda yer almaktadir. Insan
mtDNA’sinin kodladigr altbirimlere ek olarak kompleks I'in 5 (ND7, ND§, ND9, ND10, ND11),
kompleks II'nin 3 (SDH2, SDH3, SDH4) ve kompleks V’in 4 (ATP1, ATP3, ATP4, ATP9) altbirimini
kodlamaktadir (Lang ef al. 1997, Bullerwell and Lang 2005) (Cizelge 1.1.). Bu altbirimler insanda
niikleer genom tarafindan kodlanmaktadir.



H. sapiens

R. americana

Sekil 1-1. insan ve R. americana mtDNA’larinin karsilastirilmas: (Lang et al. 2005°den degistirilerek

alinmistir)

Cizelge 1-1. Insan ve R. americana mtDNA’larinin karsilastiriimast.

Ozellikler insan mtDNA’s1 R.americana mtDNA’s1
GenBank No NC_001807 NC_001823
Uzunluk 16569 69034
GC icerigi 44% %26
% Kodlayan bolge 68% %80
'Yap1 sirkiiler sirkiiler
Toplam gen 37 97
rRNA 2 4
tRNA 22 26
Protein 13 67

13 25

Oksidatif fosforilasyon|

kompleks altbirimleri

ND1, ND2, ND3, ND4, ND4L, ND5,
ND6, CYTB, COX1, COX2, COX3,

ND1, ND2, ND3, ND4, ND4L, NDS5, ND6,
ND7, ND§, ND9, ND10, ND11, SDH2,

ATP6, ATPS SDH3, SDH4, CYTB, COX1, COX2,
COX3, ATP1, ATP3, ATP4, ATP6, ATPS,
ATP9
'Yapisal RNA’lar 24 30




Mitokondriyal proteomun kokeni olarak 3 ayr1 kaynak ileri siiriilmektedir: o-proteobakteri, o-
proteobakteriler dis1 bakteriler ve bakteri kokenli olmayanlar. En yiiksek oranda bakteriyel ortolog iceren
gen gruplari ise biyosentez, enerji ve translasyonla ilgili olanlardir (Kurland and Andersson 2000).
Mitokondriyal proteinlerin yaklasik yarisi i¢in bakteriyel orijin gosterilememektedir ve yaklasik %10’u
kesinlikle a-proteobakteri kokenlidir (Karlberg et al. 2000). Niikleer genomca kodlanan okaryotik orijinli
mitokondriyal proteinlerin ¢ogunlugunun translasyonu sitozolde serbest olarak bulunan polizomlarda,
prokaryotik orijinlilerin ise mitokondriye bagli polizomlarda gergeklesir (Andersson et al. 2003).

Insan mtDNA’sinin kodon kullanimi evrensel veya standart koddan farklilik gosterir. S6yle ki UGA stop
yerine triptofan, AUA izolosin yerine metionin, AGA ve AGG arginin yerine stop kodlar
(AGA:COX1’de; AGG: ND6’da); AUU elongasyon basamagida izolosin kodlar ancak inisiasyon
basamaginda metionin kodlayabilir (ND2’de) (Anonymous 2007-a). R. americana mtDNA’siin kodon
kullanimt ise standart koda goredir (Bullerwell and Lang 2005).



2. KURAMSAL TEMELLER

Endosimbiotik teoriye gore mitokondri ilkel dkaryotik hiicrenin i¢ine a-proteobakterinin, kloroplast ise
mavi-yesil yosunun girmesi sonucu evrimleserek olusmuslardir. Her iki organelin de genomlariin
olmasi, niikleer DNA iginde genom dizilerinin bulunmasi gibi veriler bu teoriyi desteklemektedir.
Evrimsel olarak bu organellerin genomlarinin niikleusa transfer olarak zamanla mevcut ¢ok kiigiik
hallerine doniistiiklerini gosteren bulgular mevcuttur. Organel genomlarinin kodladigi proteinler
cogunlukla yiiksek lipofilik 6zellik gosteren membran proteinleri olup organel igine taginmalar1 ¢ok zor
olanlardir (Anonymous 2007-a, Martin 2003, Anonymous 2007-d). Mitokondride yer alan proteinleri
kodlayan ancak niikleer DNA’da bulunan ve prokaryotik kokenleri gosterilmis olan genler muhtemelen
evrimsel olarak mitokondriden niikleusa transfer olmus genlerin de bir listesini sunmaktadir. Mitokondri
proteomunun sadece %10’unda prokaryotik koken gosterilebilmektedir (Karlberg et al. 2000).

Mitokondri DNA’sinin kodon kullaniminin insana kadar evrimine baktigimizda FEukaryota’dan
Eumetazoa’ya kadar standart kodon kullanimi (kodon kullanim tablosu 1), Eumetazoa’dan Craniata’ya
kadar vertebrasiz (invertebrate) mitokondri kodu (kodon kullanim tablosu 5), Craniata’dan sonra ise
vertebralt mitokondri kodu (kodon kullanim tablosu 2) kullanildigini1 goériiyoruz (Wheeler et al. 2000,
Benson et al. 2000). R. americana mtDNA’s1 standart kodon kullanmaktadir (Sekil 2.1.). Bu durum
mtDNA’sinin kodladigi proteinlerin ¢ok bilyiikk ¢ogunlugunun mitokondri DNA’s1 halen standart kod
kullanmaktayken niikleusa transfer oldugunu gostermektedir. MtDNA’smmin  kodon kullaniminin
degismesi mutasyonel bir etki yaratmis olmalidir. Ayrica kodon kullanimi degistikten sonra mtDNA’sinin
evrimi onun niikleusa transferini daha da giiclestirecek sekilde gerceklesmis olabilir. Ornegin
mtDNA’sinin triptofan olarak kodladigi UGA kodonu niikleusa transferde stop kodlayacag: igin transfer
miimkiin olamayacaktir.

Mitokondri DNA’s1 hiicrede serbest radikallerin en ¢ok iiretildigi yer olan mitokondri i¢ zarma yakin
yerlesimde olmasi, histon icermemesi ve tamir mekanizmalarinin niikkleer DNA’dan daha zayif olmasi
nedenleriyle daha ¢ok mutasyona ugramaktadir (Olgun et al. 2002). Bu nedenle mtDNA’s1 i¢inde kalan
genlerdeki degisimin niikleusa transfer olanlardan daha ¢ok olmasi beklenebilir.



Eukaryota (translasyon tablosu 1)* Eukaryota (translasyon tablosu 1)*

-Fungi/Metazoa group -Jakobidae
--Metazoa --Reclinomonas
---Eumetazoa (translasyon tablosu 5)* ---Reclinomonas americana*
----- Bilateria

------ Coelomata

------- Deuterostomia

-------- Chordata

--------- Craniata (translasyon tablosu 2)*

---------- Vertebrata

----------- Gnathostomata

------------ Teleostomi

------------------ Theria

------------------- Eutheria

-------------------- Euarchontoglires
--------------------- Primates

---------------------- Haplorrhini
----------------------- Simiiformes

Catarrhini

Hominoidea

-Hominidae
--Homo/Pan/Gorilla group
---HomoHomo sapiens
----Homo sapiens neanderthalensis*

Sekil 2-1. Taksonomi agacinda mitokondri genetik kodunun insana ve R. americana’ya kadar evrimi.
Eucaryota’dan Eumetazoa’ya kadar standart kodon kullanimi (translasyon tablosu 1), Eumetazoa’dan
Craniata’ya kadar vertebrasiz mitokondri kodu (translasyon tablosu 5), Craniata’dan sonra ise vertebrali
mitokondri kodu (translasyon tablosu 2) kullanilmaktadir (Anonymous 2007-e).



3. MATERYAL VE YONTEM

Calismada mevcut online gen bankalarindaki (Anonymous 2007-f) veriler kullanilmis, bu dizi verileri
uygun yontemlerle karsilastirilmistir. R. americana ve insan DNA ve protein dizileri (Cizelge 3.1.)
(Anonymous 2007-g) BLAST programu altinda “special” se¢enegindeki “Align two sequences (bl2seq)”
yontemiyle karsilastirtlmistir (Anonymous 2007-h). R. americana mtDNAs1 tarafindan kodlanan oksidatif
fosforilasyon kompleks altbirimleri ve bunlarin mitokondriyal insan ortologlari Anonymous 2007-g’den
alinmis, insandaki ortologlarinin niikleer olanlari ise BLAST programi altinda “nucleotide blast” ve
“protein blast” secenekleri altinda (Anonymous 2007-h) aranmis ve en yiiksek benzerlik gosteren insan
geni ortolog olarak kabul edilmistir.

3.1. BLAST algoritmasi:

BLAST (Basic Local Alignment Search Tool) ilgilenilen DNA veya protein dizilerinin mevcut tiim dizi
veri bankalarinda benzerlerini bulmak icin tasarlanmis bir arama programlar: setidir ve diziler arasindaki
lokal benzerlik bolgelerini bulur. BLAST programlari hassasiyetten ve dogruluktan ¢ok az taviz vererek
hiz icin tasarlanmislardir. BLAST aramast sonucu eslestirmelerin istatistiksel anlamliliginin
hesaplanmastyla elde edilen skorlarin iyi tanimlanmis istatistiksel yorumu vardir ve gercek benzerlikleri
rasgele olanlardan kolaylikla ayirirlar (Anonymous 2007-h). BLAST sezgisel (heuristic) bir algoritma
kullandig1 icin sadece izole bolgelerinde benzerlik olan diziler arasindaki iligskiyi de tespit edebilir
(Altschul er al. 1990). BLAST algoritmasi dogrulugu ¢ok az daha yliksek olan Smith-Waterman
algoritmasina (Smith and Waterman 1981) yakin sonug almaya calisan ancak ondan yaklasik 50 kez daha
hizli ¢alisan bir algoritmadir.

BLAST algoritmas: sezgisel bir arama metodu olup uzunlugu W (W degeri “default” olarak proteinler
icin 3) olan “sozciikler” arar. Ilgilenilen (sorgulanan) diziyle hizalandiginda ve “substitution matrix”
(yerine koyma matriksi) ile skorlandiginda en az T skoru veren sozciikleri bulur. .Veri bankasinda
bulunan ve T veya daha yiiksek skor veren sozciikler her iki yonde uzatilir. Bundaki amag¢ tanimlanmig
esik degerden en azindan S veya E degeri daha diisiik skorlu olan “lokal olarak optimum ve bosluksuz
olan hizalamay1” veya “HSP”yi (high scoring pair, yiiksek skor veren ¢ift) bulmaktir. Bu kriterleri
karsilayan HSP’ler BLAST tarafindan rapor olarak verilir (Sekil 3.1.).

sorgu sozeligl (query word)
W=3

sorgu (query): GSVEDTTGS(SLAALLNKCK TP QG ORLVINQW I KOPLMD KN R IEERLNLVE AF VE DAEL RQTLQEDL

FOG 18
PEG 15
PRG 14
komsuluk sézclikleri gjg 1;‘
(neighborhood words) DG 13
PHG 13
PMG 13 komsuluk skoru esigi
—%H%— (neighborhood score threshold)
PQN 12 =13
[ [
- Tammrrl -

sorgu (query): 325 SLAALLNKCKTP(GQRLVNQUIKQPLMDENRIEERLNLVER 365
] #LA#+L+ TP G R+ +0+ P+ D + ER  + A
bulunan (subject): 250 TLASVLIDCTVTPMGSRMLERVLHMPVRD TRVLLERQOTIGA 330
yiiksek skorlu segment ¢ifti
(high-scoring segment pair: HSF)
Sekil 3-1. BLAST algoritmast (Anonymous 2007-h’dan degistirilerek alinmustir).



Cizelge 3-1. R. americana mtDNAs1 tarafindan kodlanan oksidatif fosforilasyon kompleks altbirimleri ve
bunlarin mitokondriyal ve niikleer insan ortologlari. DNA ve protein diizeyinde benzerliklerin “BLAST”
programinda karsilastirilmast igin kullanilan dizilerin referans numaralar1 listelenmistir. (mtDNA:
mitokondri DNA’s;, nDNA: niikleer DNA, RA: Reclinomonas americana, HS: Homo sapiens)

(Anonymous 2007-g)

Oksidatif fosforilasyon enzim komplekslerinin altbirimleri

mtDNA nDNA gen no (gi) protein no

altbirim adi RA [ HS | HS RA HS RA HS
ND1 NADH dehidrojenaz altbirim 1 X X 11466505 17981853 NP_044754 NP_536843
ND2 NADH dehidrojenaz altbirim 2 X X 11466553 | 17981854 NP_044802 NP_536844
ND3 NADH dehidrojenaz altbirim 3 X X 11466536 17981860 NP_044785 NP_536850
ND4 NADH dehidrojenaz altbirim 4 X X 11466552 17981862 NP_044801 NP_536852
ND4L | NADH dehidrojenaz altbirim 4L X X 11466550 17981861 NP_044799 NP_536851
ND5 NADH dehidrojenaz altbirim 5 X X 11466551 17981863 NP_044800 NP_536853
ND6 NADH dehidrojenaz altbirim 6 X X 11466532 17981864 NP_044781 NP_536854
CYTB | apositokrom b X X 11466557 17981865 NP_044806 NP_536855
COX1 | sitokrom ¢ oksidaz altbirim 1 X X 11466559 | 17981855 NP_044808 NP_536845
COX2 | sitokrom c oksidaz altbirim 2 X X 11466560 17981856 NP_044809 NP_536846
COX3 | sitokrom ¢ oksidaz altbirim 3 X X 11466507 | 17981859 NP_044756 NP_536849
ATP6 | ATP sentaz FO altbirim 6 X X 11466555 17981858 NP_044804 NP_536848
ATP8 | ATP sentaz FO altbirim 8 X X 11466525 | 17981857 | NP_044774 | NP_536847
ND7 NADH dehidrojenaz altbirim 7 X X 11466533 | 34147556 NP_044782 NM_004550
ND8 NADH dehidrojenaz altbirim 8 X X 11466496 | 115528430 | NP_044745 NP_002487
ND9 NADH dehidrojenaz altbirim 9 X X 11466534 4758787 NP_044783 NP_004542
ND10 | NADH dehidrojenaz altbirim 10 X X 11466535 | 38524584 NP_044784 EAW69507
ND11 | NADH dehidrojenaz altbirim 11 X X 11466504 | 33519475 | NP_044753 | NP_004997
SDH2 | slksinat:ubikinon oksidorediiktaz altbirim 2 X X 11466549 | 115387094 | NP_044798 NP_002991
SDH3 | siiksinat:ubikinon oksidoredtiktaz altbirim 3 X X 11466547 | 119572984 | NP_044796 EAW52599
SDH4 | slksinat:ubikinon oksidorediiktaz altbirim 4 X X 11466548 | 37182695 | NP_044797 AVLL5809
ATP1 | ATP sentaz F1 altbirim alfa X X 11466531 | 15030240 | NP_044780 AAH11384
ATP3 | ATP sentaz F1 altbirim gama X X 11466530 50345988 NP_044779 | NP_001001973
ATP4 | ATP sentaz altbirim b X X 11466556 22760354 NP_044805 BAC11163
ATP9 | ATP sentaz FO altbirim 9 X X 11466528 | 85794840 NP_044777 NP_005167




4. ARASTIRMA BULGULARI VE TARTISMA

Insan ve R. americana mtDNA’lar1 benzerlik yoniinden karsilastirilmistir. Mitokondri DNA’lar
arasindaki benzerlik sadece insan mtDNA’sinin 9878 — 9947 bolgesi ile R. americana mtDNA’sinimn
20917 — 20986 bolgesi arasinda 56/70 (%80) 6zdeslik olarak bulunmustur. Bu bolge COX3’ii kodlayan
bolgenin bir kismudir. MtDNA’simin diger bolgelerinde benzerlik bulunamamustir. R. americana’da
mtDNA’sinda bulundugu halde insanda niikleer DNA’da bulunan oksidatif fosforilasyon kompleks
altbirim genleri DNA benzerligi yoniinden incelendiginde ND7, ND9, ND11, SDH2 ve ATP1’de
benzerlik bulunmustur. Insan mtDNA’sinca kodlanan genlerden sadece COX3’te (1/13, ~%7) DNA
benzerligi kalmasina karsin niikkleer DNA tarafindan kodlanan genlerin 5’inde (5/12, ~41) benzerlik

korunmustur (Cizelge 4.1.).

Cizelge 4-1. Insan ve R. americana’da Oksidatif fosforilasyon komplekslerinin altbirim genleri arasindaki

DNA benzerligi. (RA: Reclinomonas americana, HS: Homo sapiens)

DNA benzerligi

Gen bolgesi Skor  |BeKlenti| Benzerlik | Bosluk
RA HS
mtDNA | 20917-20986 | 9878-9947 | 54.5bits(28) | 0.050 | 56/70(%80) | 0/70 (0%)
ND1
ND2
ND3
ND4
ND4L .
ND5 benzerlik yok
ND6
CYTB
CcOX1
CcOoX2
COX3 686-755 | 671-740 | 54.5bits(28) | 6,00E-04 | 56/70(%80) | 0/70 (0%)
ATP6 .
ATPS benzerlik yok
ND7 901-1187 | 1550-1836 | 96.8 bits (50) | 2,00E-16 | 208/287 (72%) | 0/287 (0%)
352-491 | 1001-1140 | 79.5 bits (41) | 3,00E-11 | 107/140 (76%) | 0/140 (0%)
ND8 benzerlik yok
ND9 346-498 | 505657 | 75.7 bits (39) | 2,00E-10 | 115/153 (75%) | 0/153 (0%)
ND10 benzerlik yok
238-323 | 455-540 | 85.3 bits (44) | 8,00E-13 | 72/86 (83%) | 0/86 (0%)
ND11 | 1632-1730 |1819-1917 | 69.9 bits (36) | 3,00E-08 | 78/99 (78%) | 0/99 (0%)
91-201 308-418 | 64.1 bits (33) | 2,00E-06 | 85/111 (76%) | 0/111 (0%)
SDH2 292-367 | 542-617 | 43.0bits (22) | 1,50 | 58/76(76%) | 0/76 (0%)
SDH3 benzerlik yok
SDH4
ATPT 604-1244 | 872-1512 | 142 bits (74) | 3,00E-30 | 452/641 (70%) | 0/641 (0%)
99-165 373-439 | 48.8 bits (25) | 0.060 | 53/67 (79%) | 0/67 (0%)
ATP3
ATP4 benzerlik yok
ATP9




Insan ve R. americana mtDNA’lar1 benzerlik yoniinden karsilastirtlmast sonucu sadece COX3’i
kodlayan bolgenin bir kisminda benzerlik bulunup diger bolgelerinde benzerlik bulunamamis olmasi
mtDNA’sinin ¢ok yiiksek mutasyon hizina baglh olabilir. Bunu destekleyen diger bulgu R. americana’da
mtDNA’sinda bulunup da insanda niikleer DNA’da bulunan oksidatif fosforilasyon kompleks altbirim
genlerindeki DNA benzerliginin yaklasik 6 kat daha fazla olmasidir [(1/13, ~%7)’ye karsilik (5/12, ~41)].
Muhtemelen niikleer DNA’daki mutasyon hizi yavas oldugu i¢in bu genlerin mitokondriyal atalarina daha
benzer kaldiklari ileri siiriilebilir.

R. americana mtDNA’siin kodladigr oksidatif fosforilasyon kompleks altbirimlerinin amino asit
diizeyinde insandaki ortologlariyla benzerligi incelendiginde; insan mtDNA’sinca kodlananlardan sadece
ND6 ve ATP8’de benzerlik bulunamamis olup diger 11 proteinde benzerlik bulunmustur. Insanda niikleer
DNA tarafindan kodlananlarin tamaminda benzerlik bulunmus olup R. americana SDH4 ve ATP4’iin
insan genomunda ortologlar1 bulunamadig i¢in benzerlikleri incelenememistir. Proteinlerdeki benzerlik
acisindan niikleer genomda kodlananlardaki benzerlik mitokondriyal genomda kodlananlara gore ¢ok
daha yiiksektir (Cizelge 4.2.).

R. americana mtDNA’sinca kodlanan oksidatif fosforilasyon kompleks altbirimleri amino asit diizeyinde
insandaki ortologlariyla karsilastirildiginda; insan mtDNA’sinca kodlananlardan ND6 ve ATPS8 disinda
diger 11 proteinde benzerlik bulunup niikleer DNA tarafindan kodlananlarin ise tamaminda benzerlik
bulunmast mtDNA’sinin niikleer DNA’ya gore cok daha fazla mutasyona ugramasiyla aciklanabilir.
Primitif mitokondri genomundan niikleusa transfer olan genlerde muhtemelen niikleer DNA’nin
mutasyon hizinin daha diisiik olmasina baglh olarak benzerlik daha fazla korunmustur. Yine de protein
yapisinin korunmast DNA’ya gore cok daha yiiksek diizeydedir.

Insan mtDNA’sinin kodladig1 13 protein geninin niikleusa transfer olamamasindaki evrimsel engellerden
birisi de mitokondri DNA’simin farkli kodon kullanmaya baslamasi olabilir. MtDNA’s1 tarafindan
triptofan (W) olarak kodlanan UGA kodonu standart kod kullaniminda STOP kodlamaktadir (Bullerwell
and Lang 2005). Insan mtDNA’sindaki UGA kodonlarinin yiiksek sayida olmasi (ND1: 9, ND2: 10,
ND3: 4, ND4: 12, ND5: 11, ND6: 3, CYTB: 11, COX1: 16, COX2: 3, COX3: 8, ATP6: 3, ATPS: 2)
(Cizelge 4.3.) mtDNA’simin niikleer DNA’ya transferindeki 6nemli bariyerlerden birini olusturuyor
olabilir. MtDNA’sinin farklt kodon kullanimlar1 olmasinin nasil bir evrimsel avantaj sagladigi tam
bilinmemekle beraber mitokondriyal genetik kodlarin proteinlerin aminoasit ihtiyacini karsilamak icin
evrimlestigi ileri strtlmiistir (Swire et al. 2005). Ayrica bu durum mtDNA’sinin yiiksek mutasyon
hizinin tamponlanmasinda ek avantaj saglayabilir.

Insan mtDNA’sinda ATA kodonu iceren ve kodon kullanimimin standarttan mitokondri kodon
kullanimina evrimi siirecinde de orijinal halinde kalarak izol6zin (I) yerine metiyonin (M) kodlayan
sadece 3 bolge bulunmustur. Bu ti¢ bolge yliksek olasilikla evrimsel olarak korunmug bolgelerdir. Ciinkii
bu bolgeler DNA diizeyinde de korunmustur. Bu ii¢ bolgeden 2’si CYTB iizerinde 11. ve 366.
aminoasitler, 3.sti ise COX3 iizerindeki 10. aminoasittir (Sekil 4.1.). Bu bolgeler mitokondriyal kodon
kullaniminin evriminin mutasyonel etkisinin delili olarak kabul edilebilir.



Cizelge 4-2. Insan ve R. americana’da Oksidatif fosforilasyon komplekslerinin altbirim genleri arasindaki
protein benzerligi. (RA: Reclinomonas americana, HS: Homo sapiens)

Protein benzerligi

aa sayisl | Protein bélgesi . . .

RA |HS| RA HS Skor Beklenti | Benzerlik Pozitiflik Bosluk
ND1 333 | 318 | 8-330 3-318 | 237 bits (605) | 7,00E-61 | 144/323 (44%) | 216/323 (66%) 7/323 (2%)
ND2 498 | 347 | 127-443 | 16-297 | 90.1 bits(222) | 4,00E-16 | 75/317 (23%) | 143/317 (45%) | 35/317 (11%)
ND3 122 | 115 | 22-121 13-113 | 81.6 bits (200) | 1,00E-14 | 38/102 (37%) 64/102 (62%) 3/102 (2%)
ND4 493 | 459 | 10-465 5-447 | 235 bits (600) | 6,00E-60 | 147/468 (31%) | 250/468 (53%) | 37/468 (7%)
ND4L | 102 | 98 | 13-101 9-97 47.8 bits (112) | 2,00E-04 26/89 (29%) 49/89 (55%) 0/89 (0%)
ND5 670 | 603 | 62-639 | 66-602 | 327 bits (837) | 3,00E-87 | 205/578 (35%) | 311/578 (53%) | 41/578 (7%)
ND6 205 | 174 benzerlik yok
CYTB | 390 |378| 7-377 | 9-377 | 462bits (1189) | 2,00E-128 | 212/371 (57%) | 272/371 (73%) 2/371 (0%)
COX1 | 531 |513| 5526 | 2-512 | 706 bits (1823) | 0,00E+00 | 331/523 (63%) | 413/523 (78%) | 13/523 (2%)
COX2 | 260 |227| 28-248 | 6-217 230 bits (586) | 9,00E-59 | 111/221 (50%) | 146/221 (66%) 9/221 (4%)
COX3 | 267 [260| 7-265 | 4-260 | 329 bits (843) | 1,00E-88 | 145/259 (55%) | 188/259 (72%) 2/259 (0%)
ATP6 | 249 | 226 | 37-244 | 20-224 | 114bits (284) | 8,00E-24 | 68/208 (32%) | 117/208 (56%) 3/208 (1%)
ATP8 | 133 | 68 benzerlik yok
ND7 396 | 463 | 10-396 | 77-463 | 648 bits (1672) | 0,00E+00 | 306/387 (79%) | 348/387 (89%) 0/387 (0%)
ND8 162 | 210 | 2-162 | 50-210 | 278bits (712) | 7,00E-74 | 127/161 (78%) | 144/161 (89%) 0/161 (0%)
ND9 204 | 264 | 10-195 | 58-244 | 242bits (617) | 1,00E-62 | 112/187 (59%) | 142/187 (75%) 1/187 (0%)
ND10 | 182 | 298 | 27-182 | 143-2908 | 281 bits (718) | 2,00E-74 | 127/156 (81%) | 145/156 (92%) 0/156 (0%)
ND11 | 691 |727| 1-684 | 31-710 | 721 bits (1860) | 0,00E+00 | 371/697 (53%) | 479/697 (68%) | 30/697 (4%)
SDH2 | 239 [280| 7-233 | 38-268 | 365bits (937) | 1,00E-99 | 168/231 (72%) | 197/231 (85%) 4/231 (1%)
SDH3 | 144 | 189 | 16-138 | 65-184 | 71.2bits (173) | 1,00E-11 | 43/124 (34%) 67/124 (54%) 5/124 (4%)
SDH4 | 120 | 159 benzerlik yok
ATP1 | 512 |553| 6-510 | 49-551 | 706 bits (1821) 0 363/505 (71%) | 426/505 (84%) 2/505 (0%)
ATP3 | 281 | 298| 1-276 | 25-297 | 179bits (455) | 2,00E-43 | 113/280 (40%) | 167/280 (59%) | 11/280 (3%)
ATP4 | 197 | 597 benzerlik yok
ATP9 | 75 |198| 5--73 | 128-196 | 94.0 bits (232) | 2,00E-18 | 47/69 (68%) | 57/69 (82%) | 0/69 (0%)

Cizelge 4-3. [nsan mitokondri DNA’sinda, kodon kullamminin standart kodon kullanimindan
mitokondriyale evrimi nedeniyle, standart koddaki “STOP” yerine “triptofan (W)” ve “izolosin (I)” yerine
“metiyonin (M)” kodlayan kodonlarin altbirimlere gore sayilari. Ozellikle “stop” kodonlari mitokondri
DNA’sinin niikleer DNA’ya transferinin 6niindeki en biiyiik bariyerlerden biri olabilir.

i Kodon sayisi
altbirim ;= A (Stop —=W) AUA (I->M)
ND1 9 12
ND2 10 22
ND3 4 7
ND4 12 24
ND4L 0 9
ND5 11 23
ND6 3 2
CYTB 11 13
COX1 16 25
COX2 3 7
COX3 8 8
ATP6 3 8
ATP8 2 5
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CYTB (I

HS CCC CTA ATA AAA TTA ATT AAC

Query 9 P L M K L 1 N 15
P L + + + N
RA Sbjct 7 P L I R E L N 13
CCA CTA ATA CGT GAA CTT AAT
HS C€C C € C T A AT A A A AT TAATT A A C
| | | | | | | | | | | | |
RA C C A C T A AT A CGT G A A CT T A AT
CYTB(II)
HS CTA ATC CTA ATA CCA ACT ATC
Query 363 L I L M P T I 369
L + + P +
RA Sbjct 363 L \Y% F I P L L 369

CTT GTG TTT ATA CCT TTA TTA

HS C€C T A A T C€C C T A A T A C C A A C T A T C
[ I I I D I

RA ¢ T T G T G T T T A T A C C T T T A T T A
CYTB (M—I)

MTPMRKINPLM(I)KLINHSFIDLPTPSNISAWWNFGSLLGACLILQITTGLFLAMHY SPDASTAFSSIAHITRDVNYGWIIRYL
HANGASMFFICLFLHIGRGLY YGSFLYSETWNIGIILLLATMATAFMGY VLPWGQMSFWGATVITNLLSAIPYIGTDLVQWI
WGGYSVDSPTLTRFFTFHFILPFITAALAALHLLFLHETGSNNPLGITSHSDKITFHPY Y TIKDALGLLLFLLSLMTLTLFSPDL
LGDPDNYTLANPLNTPPHIKPEW YFLFAYTILRSVPNKLGGVLALLLSILILAMIPILHMSKQQSMMFRPLSQSLYWLLAAD
LLILTWIGGQPVSYPFTIIGQVASVLYFTTILILM(I)PTISLIENKMLK

COX3
HS CAT GCC TAT CAT ATA GTA AAA
Query 6 H A Y H M v K 12
H Y H + \Y%
RA Sbjct 9 H P Y H I v D 15
CAT CCG TAT CAC ATA GTT GAT
HS C AT G C C T A T CATATAGT A A A A
[ I [ | D I
RA CcC AT C C GT AT CAZCATAGTTG AT
COX3 (M—I)

MTHQSHAYHM(I)VKPSPWPLTGALSALLMTSGLAMWFHFHSMTLLMLGLLTNTLTMYQWWRDVTRESTYQGHHTPPV
QKGLRYGMILFITSEVFFFAGFFWAFYHSSLAPTPQLGGHWPPTGITPLNPLEVPLLNTSVLLASGVSITWAHHSLMENNRN
QMIQALLITILLGLYFTLLQASEYFESPFTISDGIY GSTFFVATGFHGLHVIIGSTFLTICFIRQLMFHFTSKHHFGFEAAAWYW
HFVDVVWLFLYVSIYWWG

Sekil 4-1. Insan mtDNA’sinda evrimsel olarak korunmus ATA kodonlarimin bulundugu 3 bélge. Bu iic

bolge kodon kullanimina evriminden dolay: izolozin (I) yerine metiyonin (M) kodlamaktadir. CYTB ve
COX3 genleri iizerinde bulunan bu bolgeler protein iizerinde de gosterilmistir.
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5. SONUC

Mitokondriden niikleusa transfer olan genler mitokondriyal kodon kullanimina gore degil evrensel kodon
kullanimina gore eksprese olmaktadirlar. Bu nedenle evrimsel olarak mitokondri farkli genetik kod
kullanmaya basladiktan ve mitokondri genomu bu sekilde evrimlestikten sonra transfer olan genlerle ilgili
yaygin bir mutasyonel durum ortaya ¢ikmis olmalidir. Ayn1 durum insan mitokondriyal genomu i¢in de
gecerlidir. Bu calismada gosterilen ii¢ genom bolgesi (Sekil 4.1.) bunu desteklemektedir. Genetik kod
degisimine bagli mutasyonel etki bazi genler icin tolere edilebilmis, bazilari i¢in ise tolere edilemeyip
yeni mutasyonlarla tolere edilebilir hale gelmis olabilir. Ancak ortaya ¢ikan proteinin orijinal proteinden
farkli olmast islevsel problemlere yol agmis ve halen de agmaya devam ediyor olabilir. Ornegin elektron
transport zincirinde yer alan proteinlerin niikleer DNA tarafindan kodlanan altbirimlerindeki bu tiirden bir
islevsel defekt zincirden elektron kacagina ve dolayisiyla serbest radikal iiretimine katkida bulunuyor
olabilir.

Bu mutasyonel etkinin baz1 fizyolojik veya patolojik sonuglar1 olabilir. Bu sonuglarin neler olabilecegi
amino asit dizilerindeki degisimin protein konformasyonuna etkisinin 3 boyutlu ab initio protein
modellerinde gosterilmesiyle (Saunders and Baker 2002, Anonymous 2007-i, Anonymous 2007-j) tahmin
edilebilir.

MtDNA’sinin yaslanma ve diger patolojilerdeki rolii nedeniyle mitokondriyi DNA’dan kurtarip kodladig1
genleri niikleer DNA’ya transfer etme (allotopik ekspresyon) caligsmalar1 yapilmaktadir (Zullo et al.
2005). R. americana mtDNA’s1 bu calismalarda ¢ok yararli olabilir. Ciinkii genlerin niikleusa transfer
oldugu bir evrimsel donemin donmus halini yansitmakta ve standart kodon kullanmaktadir. Bu nedenle
insanda allotopik ekspresyon icin R. americana mtDNA genlerinin kullanilmasi da diistiniilebilir.
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EKLER

EK 1: DNA ve protein dizi karsilastirma analizlerinin c¢ikt1 raporlar:

Reclinomonas americana ve insan mitokondri DNA ’larinin

ve

Reclinomonas americana mtDNA ’s1 tarafindan kodlanan oksidatif fosforilasyon kompleks altbirimlerinin

insandaki mitokondriyal ve niikleer ortologlarimin benzerliklerinin incelenmesi:

(Cizelge 2.1.”deki numaralar1 belirtilen genler ve proteinler kullanilmistir.)
mtDNA

Sequence 1: Iclll _seq_1 RA

Length = 69034 (1 .. 69034)

Sequence 2: Icll2_seq_2 HS

Length = 16571 (1 .. 16571)
Score = 54.5 bits (28), Expect = 0.050
Identities = 56/70 (80%), Gaps = 0/70 (0%)
Strand=Plus/Plus

Query 20917 TATATCATTTTACAACTACACATCATTTTGGATTTGAAGCTTCTIGCTITGGTATTGGCATT

RN e e R R R N N R R R R R
Sbjct 9878 TATTTCACTTTACATCCAAACATCACTTTGGCTTCGAAGCCGCCGCCTGATACTGGCATT

Query 20977 TTGTAGATGT 20986

FEEEEEEET]
Sbjct 9938 TTGTAGATGT 9947

Lambda K H

1.33 0.621 1.12
Gapped
Lambda K H

1.33 0.621 1.12

Matrix: blastn matrix:1 -2

Gap Penalties: Existence: 5, Extension: 2
Number of Sequences: 1

Number of Hits to DB: 1587

Number of extensions: 652

Number of successful extensions: 3

Number of sequences better than 10.0: 1
Number of HSP's gapped: 3

Number of HSP's successfully gapped: 1
Length of query: 69034

Length of database: 18,735,077,318

Length adjustment: 30

Effective length of query: 69004

Effective length of database: 18,735,077,288
Effective search space: 1292795273181152
Effective search space used: 1292795273181152
X1: 11 (21.1 bits)

X2: 26 (50.0 bits)
X3: 26 (50.0 bits)
S1: 17 (33.4 bits)
S2: 25 (48.8 bits)
cox3 DNA

Sequence 1: Iclltmpseq_OReclinomonas americana mitochondrion, complete genome
Length = 804 (1 .. 804)

14
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Sequence 2: Iclltmpseq_1Homo sapiens mitochondrion, complete genome
Length =781 (1 .. 781)

6e-04
0/70 (0%)

Score = 54.5 Dbits
Identities = 56/70
Strand=Plus/Plus

(28),
(80%),

Expect =
Gaps =

Query 686

Sbijct 671

Mitokondriyal Altbirimler:
nd1

Sequence 1: Iclltmpseq_ ONADH dehydrogenase subunit 1 [Reclinomonas americana]
Length =333 (1 .. 333)

Sequence 2: Iclitmpseq_1NADH dehydrogenase subunit 1 [Homo sapiens]
Length =318 (1 .. 318)

TATATCATTTTACAACTACACATCATTITIGGATTTGAAGCTTCTGCTTIGGTATTGGCATT

R RRNE
TATTTCACTTTACATCCAAACATCACTTTGGCTTCGAAGCCGCCGCCTGATACTGGCATT

745

730

Score = 303 bits (776), Expect = 1le-80
Identities = 146/323 (45%), Positives = 223/323 (69%), Gaps = 7/323 (2%)

Query 8 LGKILGLVLPLLICVAYLTLLERKVIAAMQQORKGPNVVGVEFGLLQPLADGLKLLLKETIV 67
+ +L L++P+LI +A+L L ERK++ MQ RKGPNVVG +GLLQP AD +KL KE +

Sbjct 3 MANLLLLIVPILIAMAFLMLTERKILGYMQLRKGPNVVGPYGLLQPFADAMKLFTKEPLK 62

Query 68 PTRANSAIFILAPILTFMLSLVSWAVIPIDDGMVIADLNIGLLYILSVSSLGVYGIITSG 127
P + ++I AP L ++L+ W +P+ + +V +LN+GLL+IL+ SSL VY I+ SG

Sbjct 63 PATSTITLYITAPTLALTIALLLWIPLPMPNPLV--NLNLGLLFILATSSLAVYSILWSG 120

Query 128 WSSNSKYAFLGSLRSAAQMVSYEVSIGLIIITVLMCAGSLNLTQIVRCQESMWYIIPLFP 187
W+SNS YA +G+LR+ AQ +SYEV++ +I+++ L+ +GS NL+ ++ QE +W ++P +P

Sbjct 121 WASNSNYALIGALRAVAQTISYEVTLAIILLSTLLMSGSFNLSTLITTQEHLWLLLPSWP 180

Query 188 LFVMFFISILAETNRSPFDLPEAEAELVAGYNVEYSAMGFALFFLGEYANMILMCSMCTI 247
L +M+FIS LAETNR+PFDL E E+ELV+G+N+EY+A FALFF+ EY N+I+M ++ T

Sbjct 181 LAMMWEISTLAETNRTPFDLAEGESELVSGFNIEYAAGPFALFFMAEYTNIIMMNTLTTT 240

Query 248 LFLGGWLAPLNILPFTLIPGSIWFGLKVVEFLLEFVFIWVRATFPRYRYDQLMRLGWKIFLP 307
+FLG L+ +T +F K + L +F+W+R +PR+RYDQLM L WK FLP

Sbjct 241 IFLGTTYDALSPELYT-—----— TYFVTIKTLLLTSLFLWIRTAYPRFRYDQLMHLLWKNFLP 295

Query 308 FSLGWVLEVAGVLVAFDWVPNTT 330

+L +++ + o+ +P T

Sbjct 296 LTLALLMWYVSMPITISSIPPQT 318

CPU time: 0.02 user secs. 0.00 sys. secs 0.02 total secs.

Lambda K H

0.332 0.146 0.461
Gapped
Lambda K H
0.267 0.0410 0.140
Matrix: BLOSUM62
Gap Penalties: Existence: 11, Extension: 1

Number of
Number of
Number of
Number of
Number of

Sequences: 1

Hits to DB: 961

extensions: 570

successful extensions: 3
sequences better than 10.0: 1
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Number
Number
Length
Length
Length

X1: 15
X2: 129
X3: 129
S1: 40
S2: 79
nd2

of HSP's gapped: 1
of HSP's successfully gapped: 1
of query: 333
of database: 1,487,489,705
adjustment: 135

Effective length of query: 198

Effective length of database: 1,487,489,570
Effective search space: 294522934860
Effective search space used: 294522934860
Neighboring words threshold: 9
(7.2 bits)

(49.7 bits)

(49.7 bits)
(21.9 bits)
(35.0 bits)

Sequence 1: Iclitmpseq_ONADH dehydrogenase subunit 2 [Reclinomonas americana]
Length =498 (1 .. 498)

Sequence 2: Iclitmpseq_1NADH dehydrogenase subunit 2 [Homo sapiens]
Length =347 (1 .. 347)

Score

Identities
Query 127
Sbjct 16
Query 187
Sbjct 75
Query 247
Sbjct 119
Query 307
Sbjct 172
Query 367
Sbjct 225
Query 427
Sbjct 281
nd3

= 90.1 bits (222), Expect = 4e-16

= 75/317 (23%), Positives = 143/317 (45%), Gaps = 35/317 (11%)

GMLLIISSYDLMSMYLAIEFQSLCLYVLAAFKRNSLFSVEAGLKYFVLGAFSSGIMLEGI
G L+ S ++ +E L + K N S EA +KYF+ A +S I+L I
GTLITALSSHWEFFTWVGLEMNMLAFIPVLTKKMNPR-STEAATIKYFLTQATASMILLMAT

SILYGFTGVTGFEDLGKLLIFSSNESLLSSSGIILGIVFISVGLLFKIYAVPFHVWVPDV
F o4+ S 4+ 44+t + I + + K+ PFH WVP+V
I FNNM-——-—— LSGOWTMTNTTNQYSSLMIMMAMAMKLGMAPFHFWVPEV

YQOGSPTIVTAFFAIVPSISVLTLLTRLYSSVLHDLIQYWQPVFIFCSIASMLIGSLGALS
QG+P ++ ++++ ++ S+ L+ + SI S++ GS G L+
TQGTPLTSGLLLLTWQKLAPISIMYQISPSLNVSLL-——————— LTLSILSIMAGSWGGLN

QORRIKRLLAYSAIGHVGYVLIALSTGTPEGIRGLLVYIVIYIIMSACFFTILLSLRKREN
Q +++++LAYS+I H+G+++ L P ++ + IYII++ T L L +
QTQLRKILAYSSITHMGWMMAVL-—-——-PYNPNMTILNLTIYIILTT---TAFLLLNLNSS

NTQIVMIDELRALYKSNPILSLTLAIVLFSMAGIPPLAGFFSKLYVFLPATHEGLEFLLVV
T +++ L P++ T L S+ G+PPL GF K + ++
TTTLLLSRTWNKLTWLTPLIPST--—-LLSLGGLPPLTGFLPKWAIIEEFTKNNSLIIPT

VGIIASVISAVYYLGLI 443
+ ++++ +YL LI
IMATITLLNLYFYLRLI 297

Sequence 1: Iclitmpseq_ONADH dehydrogenase subunit 3 [Reclinomonas americana]
Length =122 (1 .. 122)

Sequence 2: Iclltmpseq_1NADH dehydrogenase subunit 3 [Homo sapiens]
Length =115 (1 .. 115)
= 81.6 bits (200), Expect = le-14

Score

Identities

Query

Sbijct

22

13

= 38/102 (37%), Positives = 64/102 (62%), Gaps = 3/102 (2%)
LSCIILGLSYVLATONADTEKLSPYECGENPEFDDARGAFDVREYLVAILFIIFDLEVAFL

L+ +++ +++ L N EK +PYECGE+P AR F ++F+LVAI F++FDLE+A L
LALLLMIITFWLPQLNGYMEKSTPYECGFDPMSPARVPFSMKFFLVAITFLLEDLEIALL

16
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Query 82 ——FPWAVALSDVTIFGFWIMFIFLLILTVGFIYEWKKGALDW 121
PWA+ +++ + + 4+ ++IL + YEW + LDW
Sbjct 73 LPLPWALQTTNLPLM-VMSSLLLIIILALSLAYEWLQKGLDW 113

nd4

Sequence 1: Iclltmpseq_ONADH dehydrogenase subunit 4 [Reclinomonas americana]
Length =493 (1 .. 493)

Sequence 2: Iclitmpseq_1NADH dehydrogenase subunit 4 [Homo sapiens]
Length =459 (1 .. 459)

Score = 235 bits (600), Expect = 6e-60
Identities = 147/468 (31%), Positives = 250/468 (53%), Gaps = 37/468 (7%)

Query 10 LLPTIILTPILGVFILFLIPGWKTSLIKQVSLYASLLT--FILSLFLWIFFDKSTSKFQF 67

++PTI+L P+ TLK+ ++ + T I+S+ +FF++  +
Sbjct 5 IVPTIMLLPL-————————————— TWLSKKHMIWINTTTHSLIISIIPLLEFNQINNNL-- 49
Query 68 VYEVNWIETLNIHFSLGIDGISLFLVILTTFLIPLCILTGWESIKHNI----KEYMICFL 123
+ + D ++ L++LTT+L+PL I+ + K Y+ +
Sbjct 50 @ ————————— FSCSPTEFSSDPLTTPLLMLTTWLLPLTIMASQRHLSSEPLSRKKLYLSMLI 100

Query 124 LLDALLIMIFCVLDLVLEYIFFESVLIPMFIVIGVWGSRERKVRAAYMLFLYTFFGSLLM 183
L LIM F +L++FYIFFE+ LIP +I WG++ ++ A YT GSL +
Sbjct 101 SLQISLIMTFTATELIMEFYIFFETTLIPTLAIITRWGNQPERLNAGTYFLFYTLVGSLPL 160

Query 184 LIAIMVIYEFDAGTTIDIQVLLTT--EFSQE-RQKLLWLAFFISFAIKIPMVPFHVWLPEAH 240
LIA++ + G+ +I +L. T E S L+WLA+ ++F +K+P+ H+WLP+AH
Sbjct 161 LIALIYTHNTLGSLNILLLTLTAQELSNSWANNLMWLAYTMAFMVKMPLYGLHLWLPKAH 220

Query 241 VEAPTAGSVLLAGVLLKLGGYGILRFSIPMFPEATVYFTPLVYTMSIIAIIYTSLTTLRQ 300
VEAP AGS++LA VLLKLGGYG++R ++ + P P+ +S+ +I TS LRQ
Sbjct 221 VEAPIAGSMVLAAVLLKLGGYGMMRLTLILNPLTKHMAYPFL-VLSLWGMIMTSSICLRQ 279

Query 301 IDLKRIIAYSSVAHMNFVTIGMFSLNMQGLEGSILLMLSHGIVSSALFLCIGVLYDRHKT 360
DLK +IAYSS++HM V + G+++LM++HG+ SS LF Y+R +
Sbjct 280 TDLKSLIAYSSISHMALVVTAILIQTPWSFTGAVILMIAHGLTSSLLFCLANSNYERTHS 339

Query 361 RLLKYYSGVVQTMPIFATLFMLFTMANISLPGTSSFVGEFLVLIGAFNSNTTVAFFATTG 420
R++ G+ +P+ A  ++L ++AN++LP T + +GE VL+ F+ +
Sbjct 340 RIMILSQGLQTLLPLMAFWWLLASLANLALPPTINLLGELSVLVTTFSWSNITLLLTGLN 399

Query 421 IILGAAYSLWLYNRVAFGNLKIEYIQFFYDVTRREMLVE---TPLVIL 465
+++ A YSL+++ +G+L TR L+F +P+++L
Sbjct 400 MLVTALYSLYMFTTTQWGSLTHHINNMKPSFTRENTLMFMHLSPILLL 447

nd4l

Sequence 1: Iclitmpseq_ONADH dehydrogenase subunit 4L [Reclinomonas americana]
Length =102 (1 .. 102)

Sequence 2: Iclitmpseq_1NADH dehydrogenase subunit 4L [Homo sapiens]
Length =98 (1 .. 98)
Score = 47.8 bits (112), Expect = 2e-04

Identities = 26/89 (29%), Positives = 49/89 (55%), Gaps = 0/89 (0%)
Query 13 MILFIIGLSGIFLNRKNIIIMLMSIELMLLAINFNFVVESVYLDDLVGQIFALLVLTVAA 72

M+ F I L G+ + R +++ L+ +E M+L++ + o+t L+ I + +L AA
Sbjct 9 MLAFTISLLGMLVYRSHLMSSLLCLEGMMLSLFIMATLMTLNTHSLLANIVPIAMLVFAA 68

Query 73 AESAIGLAILVIYYRARGTIAVEQINLMK 101

E+A+GLA+LV G V.  +NL++
Sbjct 69 CEAAVGLALLVSISNTYGLDYVHNLNLLQ 97
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ndS

Sequence 1: Iclltmpseq_ONADH dehydrogenase subunit 5 [Reclinomonas americana]
Length =670 (1 .. 670)

Sequence 2: Iclltmpseq_1NADH dehydrogenase subunit 5 [Homo sapiens]
Length = 603 (1 .. 603)

Score =

Identities
Query 62
Sbjct 66
Query 122
Sbjct 126
Query 182
Sbjct 186
Query 242
Sbjct 232
Query 302
Sbjct 292
Query 362
Sbjct 352
Query 422
Sbjct 410
Query 482
Sbjct 468
Query 542
Sbjct 511
Query 602
Sbjct 566
ndé

327 bits (837), Expect = 3e-87

= 205/578 (35%), Positives = 311/578 (53%), Gaps = 41/578 (7

FNWIDSEMLHASWGFLEDSLTVVMLIVVTIVSSLVHLYSIGYMSHDPHLPRFMSYLSLET
W ++ S F D +++ + V  V+ + +S+ YM+ DP++ +F YL +F
WHWATTQTTQLSLSFKLDYFSMMEF IPVALFVIWSIMEF SLWYMNSDPNINQFFKYLLIFL

FFMLMLVTIGDNEVQOMEFLGWEGVGLCSYLLINFWETRLQANKSATIKAMIMNRIGDEGLSLG
ML+LVT +N Q+F+GWEGVG+ S+LLI++W+ R AN +AI+A++ NRIGD G L
ITMLILVTANNLFQLFIGWEGVGIMSFLLISWWYARADANTAAIQAVLYNRIGDIGFILA

MMAIFFTEFKSVDFITVFALSPYMTDENIIFENYEVHALTLICILLFVGAVGKSSQLGLHT
+ S D + N L+ +LL A GKS+QLGLH
LAWFILHSNSWD———————————— POOMALLNANPSLTPLLGLLL--AAAGKSAQLGLHP

WLPDAMEGPTPVSALIHAATMVTAGVFLIARCSPIFEYAPTALLVVTIVGAMTAFFAATT
WLP AMEGPTPVSAL+H++TMV AG+FL+ R P+ E +P + +GA+T FAA
WLPSAMEGPTPVSALLHSSTMVVAGIFLLIRFHPLAENSPLIQTLTLCLGAITTLEFAAVC

GLLONDIKRVIAYSTCSQLGYMVFACGISGYSVGMFHLMNHAFFKALLFLSAGCVIHALA
L ONDIK+++A+ST SQLG M+ GI+ + H+ HAFFKA+LF+ +G +IH L
ALTONDIKKIVAFSTSSQLGLMMVTIGINQPHLAFLHICTHAFFKAMLEFMCSGSIIHNLN

DEQDMRRMGGIVKIVPFTYGMMLIGSMSLMGFPFLTGFYSKDVILELAFAKYTIDGTFAH
+EQD+R+MGG++K +P T + IGS++L G PFLTGFYSKD I+E A YT +A
NEQDIRKMGGLLKTMPLTSTSLTIGSLALAGMPFLTGEFYSKDHIIETANMSYT—--NAWAL

WLGTVAAFFTAFYSFRLIYLTFLGETNSPRTIINHAHDAPFIMAFPLMILAVGSIEFVGEV
+ +A T+ ¥YS R+I LT G+ P T+ N + P ++ P+ LA GS+F GF+
SITLIATSLTSAYSTRMILLTLTGQPRFP-TLTNINENNPTLLN-PIKRLAAGSLFAGFL

MKDMMIGLGTDEWGNSLETHPKNLTLIESEFIPTPIKLLPVVLSITGATLATIILNNYCAR
+ + N P T IP +KL + ++ G A+ LN +
ITN-—————————— NISPASPFQTT-—————— IPLYLKLTALAVTFLGLLTALDLNYLTNK

FLVDLKISSLGRELYSFLNKRWYFDIVYNEYVGRTMLWEFGYNISFKTIDKGLIEILGPYG
LK+ S Y FN ++ 4+ 4+ o+ L N+ +D +E L P
———-LKMKSPLCTFY-FSNMLGFYPSITHRTIPYLGLLTSQNLPLLLLDLTWLEKLLPKT

LERLVKRLTLRVSQLQTGYIYHYAFIMLFGITLIITIV 639
++ + T ++ QGI Y F + L + ++
ISQ-HQISTSIITSTQKGMIKLYFLSFFFPLILTLLLI 602

Sequence 1: Iclitmpseq_ONADH dehydrogenase subunit 6 [Reclinomonas americana]
Length = 205

Sequence 2: Iclltmpseq_1NADH dehydrogenase subunit 6 [Homo sapiens]
Length =174
No significant similarity was found

cytb

Sequence 1: Iclltmpseq_Oapocytochrome b [Reclinomonas americana]
Length =390 (1 .. 390)

Sequence 2: Iclitmpseq_1cytochrome b [Homo sapiens]
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Length =378 (1 .. 378)

Score =

Identities
Query 7
Sbjct 9
Query 67
Sbjct 69
Query 127
Sbjct 127
Query 187
Sbjct 187
Query 247
Sbjct 247
Query 307
Sbjct 307
Query 367
Sbjct 367
coxl

462 bits (1189), Expect = 2e-128
= 212/371 (57%), Positives = 272/371 (73%), Gaps = 2/371 (0%)

PLIRELNSFIVDYPTPSNLSYWWNEGFIAAFCLVVQIATGIFLAMHYTPHVDLAFISVEH
PL++ +N +D PTPSN+S WWNEG + CL++QI TG+FLAMHY+P AF S+ H
PLMKLINHSFIDLPTPSNISAWWNEFGSLLGACLILQITTGLFLAMHYSPDASTAFSSIAH

IMRDVNYGWLMRYIHANGASMFFIAVYIHMFRGLYYGSYASPREFLWIIGVIILLIMILT
I RDVNYGW++RY+HANGASMFFI +++H+ RGLYYGS+ W IG+I+LL + T
ITRDVNYGWIIRYLHANGASMFFICLFLHIGRGLYYGSFLYSET--WNIGIILLLATMAT

AFMGYVLPWGOMSEFWGATVITNLASAVPYIGEHIVYWLWGGE SVDNATLNRFYSLHYLEP
AFMGYVLPWGQOMSEFWGATVITNL SA+PYIG +V W+WGG+SVD+ TL REF++ H++ P
AFMGYVLPWGOMSEFWGATVITNLLSAIPYIGTDLVQWIWGGYSVDSPTLTRFFTFHFILP

FITIAGLVGLHLIVLHEDGSNNPLGIDSKVDKIPEFYPYYYVKDLFGIVVFGLFEFSVEVEEY
FIIA L LHL+ LHE GSNNPLGI S DKI F+PYY +KD G+++F L F
FITAALAALHLLFLHETGSNNPLGITSHSDKITFHPYYTIKDALGLLLFLLSLMTLTLES

PNLLGHPDNYIEANPLVTPPHIVPEWYFLPFYAILRSIPNKLLGVIAMLVSILILIALPF
P+LLG PDNY ANPL TPPHI PEWYFL Y ILRS+PNKL GV+A+L+SILIL +P
PDLLGDPDNYTLANPLNTPPHIKPEWYFLFAYTILRSVPNKLGGVLALLLSILILAMIPI

LNTSEIRSSQFRPIHRKLFWLEFEFVDCVILGWIGGNVPETPYLEIGQIATVEYFAYFLVETI
L+ S+ +S FRP+ + L+WL D +IL WIGG P+ IGQ+A+V YF L+ +
LHMSKQQOSMMFRPLSQSLYWLLAADLLILTWIGGQPVSYPFTIIGQVASVLYFTTILILM

PLLGKLESYLI 377
P + +E+ ++
PTISLIENKML 377

Sequence 1: Iclitmpseq_Ocytochrome ¢ oxidase subunit 1 [Reclinomonas americana]
Length =531 (1 .. 531)

Sequence 2: Iclltmpseq_lcytochrome ¢ oxidase subunit I [Homo sapiens]
Length =513 (1 .. 513)

Score =

Identities
Query 5
Sbjct 2
Query 65
Sbjct 60
Query 125
Sbjct 120
Query 185
Sbjct 180
Query 245
Sbjct 240

706 bits (1823), Expect = 0.0

= 331/523 (63%), Positives = 413/523 (78%), Gaps = 13/523 (2

FVKRWEFFSTNHKDIGALYIMFGTFAGITATTISVVMRLELGLPGNQILQGNHQLYNVLIT
F RW FSTNHKDIG LY++FG +AG+ T +S+++R ELG PGN L GN +YNV++T
FADRWLFSTNHKDIGTLYLLFGAWAGVLGTALSLLIRAELGQPGN--LLGNDHIYNVIVT

AHGLLMLFMVVMPILLGGEFGNFFVPLLIGAPDMAFPRLNNISFWLLPPALLLLFEFSALVE
AH +M+F +VMPI++GGFGN+ VPL+IGAPDMAFPR+NN+SFWLLPP+LLLL SA+VE
AHAFVMIFFMVMPIMIGGEFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSLLLLLASAMVE

VGAGTGWTAYPPLSGIQSHSGASVDLAIFSLHLSGASSVLASINFITTIFNMRAPGMTMH
GAGTGWT YPPL+G SH GASVDL IFSLHL+G SS+L +INFITTI NM+ P MT +
AGAGTGWTVYPPLAGNYSHPGASVDLTIFSLHLAGVSSILGAINFITTIINMKPPAMTQY

RMPLEVWSILVTSFLLVFALPVLAGGITMLLTDRNENTTFFDPAGGGDPVLEFQHLEWEEG
+ PLFVWS+L+T+ LL+ +LPVLA GITMLLTDRN NTTFFDPAGGGDP+L+QHLEFWEEG
QTPLEVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWEFEG

HPEVYILVIPGFGVVSHVISAFS-RRPIFGYLGMVYAMSSIGVLGE IVWAHHMYTVGMDV

HPEVYIL++PGFG++SH+++ +S ++ FGY+GMV+AM SIG LGEFIVWAHHM+TVGMDV
HPEVYILILPGFGMISHIVTYYSGKKEPFGYMGMVWAMMS IGFLGEF IVWAHHME TVGMDV

19
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Query
Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbijct

cox2

304

300

364

360

424

420

484

480

DTRAYFTAATMVIAIPTGIKIFSWLATMWGGSIELKAPMLFAVGEVFLETFGGLTGVVLS
DTRAYFT+ATM+IAIPTG+K+FSWLAT+ G +++ A +L+A+GE+FLFT GGLTG+VL+
DTRAYFTSATMIIAIPTGVKVE SWLATLHGSNMKWSAAVLWALGFIFLETVGGLTGIVLA

NSGLDIALHDTYYVVAHFHYVLSMGAMFAIYAAFYYWEFGKITGYQYPEKLAQVQFWTTE I
NS LDI LHDTYYVVAHFHYVLSMGA+FATI F +WF +GY + A++ F FI
NSSLDIVLHDTYYVVAHFHYVLSMGAVFAIMGGF IHWFPLEFSGYTLDQTYAKIHFTIMF I

GVNLTFFPMHFLGLSGMPRRIPDYPDAFSGWNAVSSYGSLVTTESIILWEYIVYRTLTDG
GVNLTFFP HFLGLSGMPRR DYPDA++ WN +SS GS ++ +++L ++++
GVNLTFFPQOHFLGLSGMPRRYSDYPDAYTTWNILSSVGSEFISLTAVMLMIFMIWEAFASK

VKCGNDPWGLAVGEPGKEHFATLEWTLTSPPLSHTFEEVPYIK 526
K L V EP LEW PP HTFEE Y+K
RKV-—————— LMVEEPS—-—--MNLEWLYGCPPPYHTFEEPVYMK 512

Sequence 1: Iclitmpseq_Ocytochrome ¢ oxidase subunit 2 [Reclinomonas americana]
Length =260 (1 .. 260)

Sequence 2: Iclitmpseq_1cytochrome ¢ oxidase subunit II [Homo sapiens]
Length =227 (1 .. 227)

Score =

Identities
Query 28
Sbjct 6
Query 88
Sbjct 61
Query 148
Sbjct 117
Query 208
Sbjct 177
cox3

230 bits (586), Expect = 9e-59

= 111/221 (50%), Positives = 146/221 (66%), Gaps = 9/221 (4%)

QLDFQDPATPVMEGIINLHHDLWEFFLILIAVEVLWILLRTLWEFDRSRGTVPSKVVHGTV
o+ QD +P+ME +I H + LI VL+ L TL + + +
QVGLODATSPIMEELITFHDHALMIIFLICFLVLYALFLTL-———— TTKLTNTNISDAQE

LEIVWTIAPSFILLAIAIPSFALLYSMEESTDPAITLKAIGHQWYWSYEYSDYTTDSESL
+E VWTI P+ IL+ IA+PS +LY +E DP++T+K+IGHQWYW+YEY+DY L
METVWTILPAIILVLIALPSLRILYMTDEVNDPSLTIKSIGHQWYWIYEYTDYG—---GL

AFDSYMLPESELKEGQLRLLEVDNRIFLPTHTHLRVLITSSDVLHSWAVPSLGVKVDACP
F+SYMLP L+ G LRLL+VDNR+ LP +R++ITS DVLHSWAVP+LG+K DA P
IFNSYMLPPLFLEPGDLRLLDVDNRVVLPIEAPIRMMITSQDVLHSWAVPTLGLKTDAIP

GRLNQASIFLKREGIFYGQCSEICGVNHGFMPIVIEAVPLK 248
GRLNQ + R G++YGQCSEICG NH FMPIV+E +PLK
GRLNQTTFTATRPGVYYGQCSEICGANHSFMPIVLELIPLK 217

Sequence 1: Iclltmpseq_Ocytochrome ¢ oxidase subunit 3 [Reclinomonas americana]
Length =267 (1 .. 267)

Sequence 2: Iclltmpseq_1cytochrome ¢ oxidase subunit IIT [Homo sapiens]
Length =260 (1 .. 260)

Score =

Identities
Query 7
Sbjct 4
Query 67
Sbjct 62
Query 127
Sbjct 122

329 bits (843), Expect = 1le-88

= 145/259 (55%), Positives = 188/259 (72%), Gaps = 2/259 (0%)

KKHPYHIVDQSPWPLLTSIGTLCSTEFGGVMYFHSYPNGGEFIAALGVSTILESLYAWCRDI
+ H YH+V SPWPL ++ L T G M+FH + + LG+ T ++Y W RD+
QSHAYHMVKPSPWPLTGALSALLMTSGLAMWEFHFHSMT--LLMLGLLTNTLTMYQWWRDV

VREGTYQGQHTAAVONGLRIGMILFIISEVMEEFVSFFWAFFHSSLSPTIEIGAVWPPQGI
RE TYQG HT VQ GLR GMILFI SEV FF FEWAF+HSSL+PT ++G WPP GI
TRESTYQGHHTPPVQKGLRYGMILFITSEVFFFAGFFWAFYHSSLAPTPQLGGHWPPTGI

ETLNAWDVPFLNTVILLMSGATVIWSHHAMIHGNRTQSILGLIFTIILAVTFTGLQVMEY

LN +VP LNT +LL SG ++TW+HH+++ NR Q I L+ TI+L + FT LQ EY
TPLNPLEVPLLNTSVLLASGVSITWAHHSLMENNRNOMIQALLITILLGLYFTLLQASEY

20

363

359

423

419

483

479

87

60

147

116

207

176

66

61

126

121

186

181



Query 187 REASFSIADGIYGSTFYMATGFHGFHVIVGTCMLSVCLVREYLYHFTTTHHFGFEASAWY 246
E+ F+I+DGIYGSTF++ATGFHG HVI+G+ L++C +R+ ++HEFT+ HHFGFEA+AWY
Sbjct 182 FESPFTISDGIYGSTFFVATGFHGLHVIIGSTFLTICFIRQLMFHFTSKHHFGFEAAAWY 241

Query 247 WHFVDVVWLEFLFTTIYWWG 265
WHEVDVVWLFL+ +IYWWG
Sbjct 242 WHEFVDVVWLFLYVSIYWWG 260

atpé
Sequence 1: Iclitmpseq_OATP synthase FO subunit 6 [Reclinomonas americana]
Length =249 (1 .. 249)

Sequence 2: Iclitmpseq_1ATP synthase FO subunit 6 [Homo sapiens]
Length =226 (1 .. 226)

Score = 114 bits (284), Expect = 8e-24
Identities = 68/208 (32%), Positives = 117/208 (56%), Gaps = 3/208 (1%)

Query 37 AVLSLVFFFYLATYKSSIVPNAWQSALESVYEFISGMVYGQIGSKGYKYLPLIFTTFTFI 96
AVL ++F L ++ N + + + + S 4+ +KG + ++ + FI
Sbjct 20 AVLIILFPPLLIPTSKYLINNRLITTQQWLIKLTSKQOMMAMHNTKGRTWSLMLVSLIIFI 79

Query 97 LACNMLGMVPYSFTVTSHLVITLGLAMSIFIGVNIIAANQHGLHFEFSFFLPQGISLALAP 156
N+LG++P+SFT T+ L + L +A+ ++ G I+ + + FLPQG L P
Sbjct 80 ATTNLLGLLPHSFTPTTQLSMNLAMAIPLWAGAVIMGFRSKIKNALAHFLPQGTPTPLIP 139

Query 157 FLVLIEIISYLFRVVSLAVRLFANMMSGHALLKILAGFSWTMSSKGGLIAVASIIPLAIV 216
LV+IE IS L + ++LAVRL AN+ +GH L+ ++ + MS+ + +++1 I+
Sbjct 140 MLVIIETISLLIQPMALAVRLTANITAGHLLMHLIGSATLAMST---INLPSTLIIFTIL 196

Query 217 FALTGLELAIAFLQAYVFAILVCIYLND 244
LT LE+A+A +QAYVEF +LV +YL+D
Sbjct 197 ILLTILEIAVALIQAYVFTLLVSLYLHD 224

atp8
Sequence 1: Iclltmpseq_OATP synthase FO subunit 8 [Reclinomonas americana]
Length = 133

Sequence 2: Iclitmpseq_1ATP synthase FO subunit 8 [Homo sapiens]
Length = 68

No significant similarity was found

niikleer genler:

nd7

Sequence 1: gi|11466495|gi|11466495Reclinomonas americana mitochondrion, complete
genome

Length = 1191 (1 .. 1191)

Sequence 2: lcl|seq_2
Length = 2061 (1 .. 2061)

Score = 96.8 bits (50), Expect = 2e-16
Identities = 208/287 (72%), Gaps = 0/287 (0%)
Strand=Plus/Plus

Query 901 CGAGTAGATATGAAAGATTCTATGGAAGCACTCATACATCATTTCAAATTATATACCGAA 960

FEEE et R N N A e
Sbjct 1550 CGAGCAGAGATGAAGACTTCCATGGAGTCACTGATTCATCACTTTAAGTTGTATACTGAG 1609

21



Query 961 GGATATTCAGTACCTATAGGTGAAACATATACAGCTGTTGAAGCACCTAAAGGAGAATTT 1020

Lol e e e R R
Sbjct 1610 GGCTACCAAGTTCCTCCAGGAGCCACATATACTGCCATTGAGGCTCCCAAGGGAGAGTITT 1669

Query 1021 GGTIGTITTATTTAGITTCTGATGGTAGTAGTAAACCTTATAGATGTAAAATAAAAGCTCCT 1080

N R R N
Sbjct 1670 GGGGTGTACCTGGTGICTGATGGCAGCAGCCGCCCTTATCGATGCAAGATCAAGGCTCCT 1729

Query 1081 GGTTTTTCTCATTTACAAGGTTTAAATTTTATGTCAAAAGGTCATATGATTGCTGATGTT 1140

FEErer e e R Ry
Sbjct 1730 GGTTTTGCCCATCTGGCTGGITTGGACAAGATGTCTAAGGGACACATGTTGGCAGATGTC 1789

Query 1141 GTTACTATTATAGGAACACAAGATATIGTICTTTGGAGAAGTTGATCG 1187

N N N R
Sbjct 1790 GTTGCCATCATAGGTACCCAAGATATTGTATTITGGAGAAGTAGATCG 1836

Score = 79.5 bits (41), Expect = 3e-11
Identities = 107/140 (76%), Gaps = 0/140 (0%)
Strand=Plus/Plus

Query 352 ATGGCTGTTACAACACATGCATTAGATGTTGGTGCTATGACACCTTITTCTTTGGGGATTT 411

L e I I A T e e e I I O e I e B B B B I B B O B B [
Sbjct 1001 ATGGCTGTGACCACACATGCCCTIGGACCTTGGGGCCATGACCCCTTICTTICTGGCTGTITT 1060

Query 412 GAAGAAAGAGAGAAATTAATGGAATTCTATGAAAGAGTTTICTGGTGCTCGTATGCATGCT 471

R e e R R R
Sbjct 1061 GAAGAAAGGGAGAAGATGTTIGAGTTCTACGAGCGAGTGTCTGGAGCCCGAATGCATGCT 1120

Query 472 GCTTATATTAGACCAGGAGG 491

FEEErerr 1 trrrrrrd
Sbjct 1121 GCTTATATCCGGCCAGGAGG 1140

Sequence 1: gi|11466533|ref|NP_044782.1|NADH dehydrogenase subunit 7 [Reclinomonas
americana]
Length = 396 (1 .. 396)

Sequence 2: lcl|seq_2
Length = 463 (1 .. 463)
Score = 648 bits (1672), Expect = 0.0
Identities = 306/387 (79%), Positives = 348/387 (89%), Gaps = 0/387 (0%)

Query 10 LKNFTMNFGPQHPAAHGVLRLVLELNGEVVNRADPHIGLLHRGTEKLIEYKNYLQALPYF 69
+KN T+NFGPQHPAAHGVLRLV+EL+GE+V + DPHIGLLHRGTEKLIEYK YLQALPYF
Sbjct 77 VKNITLNFGPQHPAAHGVLRLVMELSGEMVRKCDPHIGLLHRGTEKLIEYKTYLQALPYF 136

Query 70 DRLDYVSMMAQEHAYSLAVEKLLGCEVPKRAQYIRVLFCEITRILNHLMAVITHALDVGA 129
DRLDYVSMM E AYSLAVEKLL P RAQ+IRVLF EITR+LNH+MAVTTHALD+GA
Sbjct 137 DRLDYVSMMCNEQAYSLAVEKLLNIRPPPRAQWIRVLFGEITRLLNHIMAVTITHALDLGA 196

Query 130 MIPFLWGFEEREKLMEFYERVSGARMHAAYIRPGGVSQDMPMGLSEDIYKFAKQFGSRID 189
MTPF W FEEREK+ EFYERVSGARMHAAYIRPGGV QD+P+GL +DIY+F+K F R+D
Sbjct 197 MIPFFWLFEEREKMFEFYERVSGARMHAAYIRPGGVHQDLPLGLMDDIYQFSKNEFSLRLD 256

Query 190 EIEDVLSSNRIWKQRLVDIGTVSAEEALDWGFSGVMLRGSGIAWDLRKTQPYDVYDELEE 249
E+E++L++NRIW+ R +DIG V+AEEAL++GFSGVMLRGSGI WDLRKTQPYDVYD++EF
Sbjct 257 ELEELLTNNRIWRNRTIDIGVVTAEEALNYGFSGVMLRGSGIQWDLRKTQPYDVYDQVEF 316

Query 250 DIPVGTKGDCYDRYLIRVEEMRQSLKLIMQCLNKMPTGVIKVDDKKISPPSRVDMKDSME 309
D+PVG++GDCYDRYL RVEEMRQSL++I QCLNKMP G IKVDD K+SPP R +MK SME
Sbjct 317 DVPVGSRGDCYDRYLCRVEEMRQSLRIIAQCLNKMPPGEIKVDDAKVSPPKRAEMKTSME 376

Query 310 ALIHHFKLYTEGYSVPIGETYTAVEAPKGEFGVYLVSDGSSKPYRCKIKAPGFSHLQGLN 369

+LIHHFKLYTEGY VP G TYTA+EAPKGEFGVYLVSDGSS+PYRCKIKAPGEF+HL GL+
Sbjct 377 SLIHHFKLYTEGYQVPPGATYTAIEAPKGEFGVYLVSDGSSRPYRCKIKAPGFAHLAGLD 436
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Query 370 FMSKGHMIADVVTIIGTQDIVEFGEVDR 396
MSKGHM+ADVV IIGTQDIVFGEVDR
Sbjct 437 KMSKGHMLADVVAIIGTQDIVFGEVDR 463

nd8

Sequence 1: gill 1466495Igill 1466495Reclinomonas americana mitochondrion, complete genome
Length = 489

Sequence 2: Icllseq_2
Length =779

No significant similarity was found
Sequence 1: gi|11466496|ref |NP_044745.1|NADH dehydrogenase subunit 8 [Reclinomonas

americana]
Length = 162 (1 .. 162)

Sequence 2: lcl|seq 2
Length = 210 (1 .. 210)

Score = 278 bits (712), Expect = T7e-74
Identities = 127/161 (78%), Positives = 144/161 (89%), Gaps = 0/161 (0%)

Query 2 TIINKTAQTLFLTELVKGMSLTLDYFFRKKVILNYPFEKGPLSPRFRGEHALRRYQTGEE 61
++ ++ A+TL TEL +G+ +TL Y FR+ T+NYPFEKGPLSPRFRGEHALRRY +GEE
Sbjct 50 SVIDRAARTLLWTELFRGLGMTLSYLFREPATINYPFEKGPLSPRFRGEHALRRYPSGEE 109

Query 62 RCIACKLCEAICPAQAITIESEPRIDGSRRTTRYDIDMTKCIYCGFCQEACPVDAIVEGP 121
RCIACKLCEAICPAQAITIE+EPR DGSRRTTRYDIDMTKCIYCGECQEACPVDAIVEGP
Sbjct 110 RCIACKLCEAICPAQAITIEAEPRADGSRRTITRYDIDMTKCIYCGFCQEACPVDAIVEGP 169

Query 122 NFEFATETHEELLYDKEKLLONGDRWETEIAANLANEALYR 162
NFEF+TETHEELLY+KEKLL NGD+WE EIAAN+ + LYR
Sbjct 170 NFEFSTETHEELLYNKEKLLNNGDKWEAEIAANIQADYLYR 210

nd9

Sequence 1: gi|11466495|gi|11466495Reclinomonas americana mitochondrion, complete
genome
Length = 615 (1 .. 615)

Sequence 2: lcl|seq 2
Length = 899 (1 .. 899)

Score = 75.7 bits (39), Expect = 2e-10
Identities = 115/153 (75%), Gaps = 0/153 (0%)
Strand=Plus/Plus

Query 346 TGGTTTGAAAGAGAAGTTTGGGATCTTTTTGGCGTATATTTCACTAATCATCCTGATTTA 405

R R e e e AR
Sbjct 505 TGGTATGAAAGGGAGATCTGGGACATGTTTGGAGTCTTCTITTGCTAACCACCCTGATCTA 564

Query 406 CGTAGAATTTTAACAGATTATGGTTTTGAAGGACATCCAATGAGAAAAGATTTTCCTITTA 465

R e e N R e R R
Sbjct 565 AGAAGGATCCTGACAGATTATGGCTTCGAGGGACATCCTITCCGGAAAGACTITCCICTA 624

Query 466 ACAGGTTATGTTGAAGTACGTTATGATGATGAA 498

N NN R
Sbjct 625 TCTGGCTATGTITGAGTTACGTTATGATGATGAA 657

Sequence 1: gi|11466534|ref|NP_044783.1|NADH dehydrogenase subunit 9 [Reclinomonas
americana]
Length = 204 (1 .. 204)
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Sequence 2: lcl|seq_2
Length = 264 (1 .. 264)

Score = 242 Dbits (617), Expect = le-62
Identities = 112/187 (59%), Positives = 142/187 (75%), Gaps = 1/187 (0%)

Query 10 LKEFGISLIKMFPKYIDKAIYSK-GELTLHVKPTNLIALMKILKNHTNCQFKSLSDLCAV 68
L FG + ++ PKY+ + S EL + + P +I ++ L++HTN QFKSL DL AV
Sbjct 58 LSAFGEYVAEILPKYVQQVQVSCFNELEVCIHPDGVIPVLTFLRDHTNAQFKSLVDLTAV 117

Query 69 DFPEKKERFEIVYNLLSVRYNSRIRVKTFVDELTPVPSVICLFQAAGWFEREVWDLEGVY 128
D P ++ RFEIVYNLLS+R+NSRIRVKT+ DELTP+ S +F+AA W+ERE+WD+FGV+
Sbjct 118 DVPTRONRFEIVYNLLSLRENSRIRVKTYTDELTPIESAVSVFKAANWYEREIWDMEGVE 177

Query 129 FTNHPDLRRILTDYGFEGHPMRKDFPLTGYVEVRYDDEQKRVVTESLEMTQEFRSENFTS 188
F NHPDLRRILTDYGFEGHP RKDFPL+GYVE+RYDDE KRVV E +E+ QEFR F+ S
Sbjct 178 FANHPDLRRILTDYGFEGHPFRKDFPLSGYVELRYDDEVKRVVAEPVELAQEFRKFDLNS 237

Query 189 PWEQIEI 195
PWE +
Sbjct 238 PWEAFPV 244

Nd10

Sequence 1: gill 1466495Igill 1466495Reclinomonas americana mitochondrion, complete genome
Length = 549

Sequence 2: Icllseq_2
Length =787

No significant similarity was found
Sequence 1: gi[11466535|ref|NP_044784.1|NADH dehydrogenase subunit 10 [Reclinomonas

americana]
Length = 182 (1 .. 182)

Sequence 2: lcl|seq 2
Length = 298 (1 .. 298)

Score = 281 bits (718), Expect = 2e-74
Identities = 127/156 (81%), Positives = 145/156 (92%), Gaps = 0/156 (0%)

Query 27 NKTEFIVSKMDELVNWARKGSLWPMTFGLACCAVEMMHSAASRYDLDRFGIIFRPSPRQS 86
++ E++V+K+D+LVNWAR+ SLWPMTEFGLACCAVEMMH AA RYD+DREFG++FR SPRQS
Sbjct 143 SRGEYVVAKLDDLVNWARRSSLWPMTFGLACCAVEMMHMAAPRYDMDREFGVVFRASPRQS 202

Query 87 DVMIVAGTLTNKMAPALRKVYDQMSEPRWVVSMGSCANGGGYYHYSYSVVRGCDRIVPVD 146
DVMIVAGTLTNKMAPALRKVYDQOM EPR+VVSMGSCANGGGYYHYSYSVVRGCDRIVPVD
Sbjct 203 DVMIVAGILTNKMAPALRKVYDQMPEPRYVVSMGSCANGGGYYHYSYSVVRGCDRIVPVD 262

Query 147 IYVPGCPPTAEALLYGLLQLQOKKIKRSRKTLYWLQK 182
IY+PGCPPTAEALLYG+LQLQO+KIKR R+ W ++
Sbjct 263 IYIPGCPPTAEALLYGILQLQRKIKRERRLQIWYRR 298

Nd11

Sequence 1: gi|11466495|gi|11466495Reclinomonas americana mitochondrion, complete
genome

Length = 2076 (1 .. 2076)

Sequence 2: lcl|seq 2
Length = 3417 (1 .. 3417)

Score = 85.3 bits (44), Expect = 8e-13
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Identities = 72/86 (83%), Gaps = 0/86 (0%)
Strand=Plus/Plus

Query
Sbijct
Query
Sbijct

Score

Identities = 78/99 (78%), Gaps

238

455

298

515

69

AAAAAAGCACGTGAAGGTGTTCTTGAGTTTTTATTAGTAAATCATCCATTAGATTIGTCCT

A R e R R R R
AAAAAAGCCAGGGAAGGTGTGATGGAGTTCTTATTAGCAAATCACCCATTGGACTGTCCT

ATTTGTGATCAAGGTGGTGAATGTGA 323

FErrrrrr e e e e
ATTTGTGACCAGGGAGGTGAATGTGA 540

.9 bits (36), Expect = 3e-08
0/99 (0%)

Strand=Plus/Plus

Query
Sbjct
Query
Sbijct

Score

1632 TTTTATIGTGTATCAAGGACATCATGGTGATTATGGTGCAAACATAGCAGATGTTATATT

1819 TTTCATTATTTATCAAGGACATCATGGTGATGTTGGGGCTCCCATAGCTGATGTTATTCT

1692 ACCAGGTITCTIGCTITATACAGAAAAAACAGCAACATATGT 1730

1879 CCCAGGAGCTGCTITACACAGAGAAGTCTGCTACATATGT 1917

64

.1 bits (33), Expect = 2e-06

Identities = 85/111 (76%), Gaps = 0/111 (0%)
Strand=Plus/Plus

Query 91
Sbjct 308
Query 151
Sbjct 368
Sequence 1:
americana]
Length

CCTCGATTTTGTTATCATGAAAGACTTTCTATTGCAGGTAATTGTAGAATGTGTTTAGTA

RN R R R e N R
CCTCGATTCTGTTATCATGAAAGGTTGTCTGTTGCTGGAAACTGCAGGATGTGCCTTIGTT

GAAGTTGAAAAATCGCCAAAACCAGTTGCTTCTTGTGCAATGCCAGTAATG 201

Lt e b LTttt
GAAATTGAGAAAGCCCCTAAGGTTGTAGCTGCTTGTGCCATGCCAGTAATG 418

= 691 (1 .. 691)

Sequence 2: lcl|seq_2

Length

Score

Identities = 371/697 (53%), Positive

Query
Sbjct
Query
Sbjct
Query
Sbijct
Query
Sbjct
Query

Sbijct

=7

1

31

61

91

121

151

181

27 (1 .. 727)

721 bits (1860), Expect = 0.0
s = 479/697 (68%), Gaps = 30/697 (4%)

MVNVEVDGLSVEVKKGATILQACAQVGIEIPRFCYHERLSIAGNCRMCLVEVEKSPKPVA
++ VEFVDG SV V+ G T+LQAC +VG++IPRFCYHERLS+AGNCRMCLVE+EK+PK VA
LIEVEFVDGQSVMVEPGTTVLQACEKVGMQIPRFCYHERLSVAGNCRMCLVEIEKAPKVVA

SCAMPVMDNMKIFTNTPLVKKAREGVLEFLLVNHPLDCPICDQGGECDLQDLTMVYGSDR
+CAMPVM I TN+ KKAREGV+EFLL NHPLDCPICDQGGECDLQD +M++G+DR
ACAMPVMKGWNILTNSEKSKKAREGVMEFLLANHPLDCPICDQGGECDLQDQSMME GNDR

GRFHEYKRGVEDKNIGPLVKTVMTRCIHCTRCVRFATEVAGVPDLGTVGRGRDTEISTYTI
RF E KR VEDKNIGPLVKT+MTRCI CTRC+RFA+E+AGV DLGT GRG D ++ TYI
SRFLEGKRAVEDKNIGPLVKTIMTRCIQCTRCIRFASEIAGVDDLGTTGRGNDMQVGTYI

QKVENSELSGNVIDLCPVGALTSKPYAFTARSWELQSTESIDVSDAIGSNIRIDVRGSET
+K+F SELSGN+ID+CPVGALTSKPYAFTAR WE + TESIDV DA+GSNI + R E+
EKMEMSELSGNIIDICPVGALTSKPYAFTARPWETRKTESIDVMDAVGSNIVVSTRTGEV

MRILPRLNEDVNEEWISDKARFCYDGLKRQRLNNPIIK-ENGQYKTVIWEKAFNEFILKNL

MRILPR++ED+NEEWISDK REF YDGLKRQRL P+++ E G +WE A + + L
MRILPRMHEDINEEWISDKTRFAYDGLKRQRLTEPMVRNEKGLLTYTSWEDALSRVAGML

25

297

514

1691

1878

150

367

gi|11466504|ref|NP_044753.1|NADH dehydrogenase subunit 11 [Reclinomonas



Query 300 OQEIQNSNRIVGVVGNLMDVESILLFKELLNKLGSSKIYLESSTPILQLNDDEKEDQILNN 359
Q O + + + G L+D E+++ K+LLN++ S + E P
Sbjct 331 QSFQGKD-VAAIAGGLVDAEALVALKDLLNRVDSDTLCTEEVFPTAGA-—————————-— G 378

Query 360 ADFRNNYISNTPLAKIEESDLCLLIGTINIRLEAPLLNTRIRKRYLQGNYSVYSVGPTNNL 419
D R+NY+ NT +A +EE+D+ LL+GTN R EAPL N RIRK +L + V +G +L
Sbjct 379 TDLRSNYLLNTTIAGVEEADVVLLVGINPRFEAPLFNARIRKSWLHNDLKVALIGSPVDL 438

Query 420 TYNTENLGNDISTLLEISEGRHPFCKKLMKSKKPLIIIGTHVLQRTDGTSIIELVKTL-- 477
TY ++LG+ L +I+ G HPF + L ++KKP++++G+ LOR DG +I+ V ++
Sbjct 439 TYTYDHLGDSPKILQDIASGSHPFSQVLKEAKKPMVVLGSSALQRNDGAAILAAVSSIAQ 498

Query 478 ~FKYTQIKTSNWNGENILHTSASSVGALDLGIGSTKRYSEKISNSKIEKHFIYLLGADE- 535
+ T T +W NILH AS V ALDLG K EI K ++LLGAD
Sbjct 499 KIRMTISGVTIGDWKVMNILHRIASQVAALDLGY---KPGVEAI--RKNPPKVLFLLGADGG 553

Query 536 ——-IRIENSKEHFIVYQGHHGDYGANIADVILPGSAYTEKTATYVNVEGRVONTKSAFYAP 593
R + K+ FI+YQGHHGD GA IADVILPG+AYTEK+ATYVN EGR Q TK A P
Sbjct 554 CITRQDLPKDCFIIYQGHHGDVGAPIADVILPGAAYTEKSATYVNTEGRAQQTKVAVIPP 613

Query 594 GNAREDWKIIRALSEVLNKKLPYDSFEDIHTRFMSIAPHLLKVNAIEKNKIVIENSLPFK 653
G AREDWKIIRALSE+ LPYD+ + + R ++P+L++ + IE + + K
Sbjct 614 GLAREDWKIIRALSEIAGMTLPYDTLDQVRNRLEEVSPNLVRYDDIEGANYFQQANELSK 673

Query 654 GLIKNIGFKPL-—---—- FNNFYLTNAICRSSQTMAKC 684
+ + + PL +FY+T++I R+SQTMAKC
Sbjct 674 LVNQQLLADPLVPPQLTIKDFYMTDSISRASQTMAKC 710

sdh2

Sequence 1: gi|11466495|gi|11466495Reclinomonas americana mitochondrion, complete
genome

Length = 720 (1 .. 720)

Sequence 2: lcl|seq 2
Length = 1161 (1 .. 1161)

Score = 43.0 bits (22), Expect = 1.5
Identities = 58/76 (76%), Gaps = 0/76 (0
Strand=Plus/Plus

oe

)

Query 292 CCACATATGCATATTATCAAAGATTTAGTACCTGATCTTAGTAATTTTTATGCACAGTAT 351

R e e e e e R R RN
Sbjct 542 CCACACATGTATGIGATAAAGGATCTIGTTCCCGATTTGAGCAACTTCTATGCACAGTAC 601

Query 352 AAATCAATTGAACCIT 367

FEEEE FEErr Il
Sbjct 602 AAATCCATTGAGCCTT 617

Sequence 1: gi 11466549 |ref|NP_044798.1|succinate:ubiquinone oxidoreductase subunit
2 [Reclinomonas americanal
Length = 239 (1 .. 239)

Sequence 2: lcl|seq 2
Length = 280 (1 .. 280)

Score = 365 bits (937), Expect = 1le-99
Identities = 168/231 (72%), Positives = 197/231 (85%), Gaps = 4/231 (1%)

Query 7 KIMLFKVYRWNPDKK-EKPHISTYSVDLNSCGPMVLDALIKIKNEQDSTLTFRRSCREGV 65
+I F +YRW+PDK +KPH+ TY VDLN CGPMVLDALIKIKNE DSTLTFRRSCREG+
Sbjct 38 RIKKFAIYRWDPDKAGDKPHMQTYEVDLNKCGPMVLDALIKIKNEVDSTLTFRRSCREGI 97

Query 66 CGSCAMNIDGINTLACIKSIDTN-KKEMKIYPLPHMHIIKDLVPDLSNEFYAQYKSIEPWM 124

CGSCAMNI+G NTLAC + IDTN K KIYPLPHM++IKDLVPDLSNEYAQYKSIEP++
Sbjct 98 CGSCAMNINGGNTLACTRRIDTNLNKVSKIYPLPHMYVIKDLVPDLSNEFYAQYKSIEPYL 157
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Query 125 KTTEKKLD--KEFYQSRNDREKLDGLYECVLCACCSTSCPSYWWNSDKYLGPAVLLQAYR 182
K ++ + +++ QS +REKLDGLYEC+LCACCSTSCPSYWWN DKYLGPAVL+QAYR
Sbjct 158 KKKDESQEGKQQYLQSIEEREKLDGLYECILCACCSTSCPSYWWNGDKYLGPAVLMQAYR 217

Query 183 WIVDSRDQGTRERLQYLEDPFKLYRCHTILNCTKTCPKHLNPAQAIAKIKQ 233
W++DSRD T ERL L+DPF LYRCHTI+NCT+TCPK LNP +AIA+IK+
Sbjct 218 WMIDSRDDFTEERLAKLQDPEFSLYRCHTIMNCTRTCPKGLNPGKAIAEIKK 268

Sdh3

Sequence 1: gill 1466495Igill 1466495Reclinomonas americana mitochondrion, complete genome
Length =435

Sequence 2: Icllseq_2
Length = 2694

No significant similarity was found
Sequence 1: gi 11466547 |ref|NP_044796.1]succinate:ubiquinone oxidoreductase subunit

3 [Reclinomonas americanal
Length = 144 (1 .. 144)

Sequence 2: lcl|seq_2
Length = 189 (1 .. 189)

Score = 71.2 bits (173), Expect = le-11
Identities = 43/124 (34%), Positives = 67/124 (54%), Gaps = 5/124 (4%)

Query 16 NMNINRPISPHLTIYKLQITNTLSIFHRITGGVLALTLCFFILILKMLNFHLSSYAFYSI 75
N+ NRP+SPH+TIY + +SI HR TG L+ + F + +L + SY
Sbjct 65 NIGSNRPLSPHITIYSWSLPMAMSICHRGTGIALSAGVSLFGMSALLLPGNFESYLELVK 124

Query 76 AYTLNQYSGFLFIAISFFLLLF-IFYHLFAGLRHLVWDAGYALEIENVYLTGYIMLGLAF 134
+ L G I + F L+F + YH + G+RHL+WD G L+I +Y +G ++L L
Sbjct 125 SLCL----GPALIHTAKFALVFPLMYHTWNGIRHLMWDLGKGLKIPQLYQSGVVVLVLTV 180

Query 135 LFTL 138
L ++
Sbjct 181 LSSM 184

Sdh4

Sequence 1: gill 1466495Igill 1466495Reclinomonas americana mitochondrion, complete genome
Length =363

Sequence 2: Icllseq_2
Length = 1220

No significant similarity was found

Sequence 1: gil11466548IrefINP_044797.1Isuccinate:ubiquinone oxidoreductase subunit 4 [Reclinomonas americana]
Length = 120

Sequence 2: Icllseq_2
Length = 159

No significant similarity was found

Atpl

Sequence 1: gi|11466495|gi|11466495Reclinomonas americana mitochondrion, complete
genome

Length = 1539 (1 .. 1539)
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Sequen
Length
Score
Ident

ce 2:

lcl|seq_2

= 1950 (1 .. 1950)
= 142 bits (74), Expect = 3e-30

ities

= 452/641 (70%), Gaps = 0/641 (0%)

Strand=Plus/Plus

Query
Sbijct
Query
Sbijct
Query
Sbjct
Query
Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbjct
Query
Sbjct

Score
Ident

604

872

664

932

724

992

784

1052

844

1112

904

1172

964

1232

1024

1292

1084

1352

1144

1412

1204

1472

= 48.8 bits (25), Expect

ities

TACAGTATCTACGTTGCAATTGGTCAAAAAAGATCAACAGTTGCGCAATTAGTACAAACA

R R R A N
TACTGTATTTATGITGCTATTGGTCAAAAGAGATCCACTGTTGCCCAGTTGGTGAAGAGA

CTTGAAGAATACGATGCTCTTAAATATACAATTATCGTAGCTTCTACTGCTTCTGAACCA

RN R e e e e
CTTACAGATGCAGATGCCATGAAGTACACCATTGTGGTGTCGGCTACGGCCTCGGATGCT

GCTCCACTTCAATTCTTAGCTCCTTATAGTGGTTGTGCAATAGGTGAATTCTTTAGAGAT

A e N R
GCCCCACTTCAGTACCTGGCTCCTTACTCTGGCTGTTCCATGGGAGAGTATTTTAGAGAC

AATGGTATGCATGGTTTAATTATTTATGATGATTTAAGTAAACAAGCTGTTGCATATAGA

[ e I I A B B I N e N e B I N L O O I
AATGGCAAACATGCTTTGATCATCTATGACGACTTATCCAAACAGGCTGTTGCTTACCGT

CAAACATCTCTICTTATTACGTCGTCCTCCAGGTAGAGAAGCTTATCCAGGTGATGTTTTC

I A e e e e R R
CAGATGTCTCTGTTGCTCCGCCGACCCCCTGGTCGTGAGGCCTATCCTGGTGATGTGTTC

TATTTACATTCAAGACTTCTAGAAAGAGCTGCTAAAATGTCAGATAAAGATGGTGCAGGT

R RN I FErrr 1
TACCTACACTCCCGGTTGCTGGAGAGAGCAGCCARAATGAACGATGCTITTGGTGGTGGC

TCATTAACAGCACTTCCAGTTATTGAAACACAAGCAGGTGACGTTTCAGCATATATTCCT

e e e e e
TCCTTGACTGCTTTGCCAGTCATAGAAACACAGGCTGGTGATGTGTCTGCTTACATTCCA

ACAAACGTTATTTCAATTACAGATGGTCAAATTTTCTTAGAAACTGAACTTTTCTATAGT

R e R e e e e e N
ACAAATGTCATTTCCATCACTGACGGACAGATCTTCTTGGARACAGAATTGTTCTACARA

GGTTTAAGACCTGCTGTTAGTGTTGGTICTCTCTGTTAGCCGTGTTGGTTCTGCTGCACAA

R ey FEEEE ettt
GGTATCCGCCCTGCAATTAACGTTGGTCTGTCTGTATCTCGTGTCGGATCCGCTGCCCAA

ATTAAAGCAATGAAACAAGTTGGTGGTACATTAAAACTTGATTTAGCACAATATCGTGAA

N R R e e e e e e e N R
ACCAGGGCTATGAAGCAGGTAGCAGGTACCATGAAGCTGGAATTGGCTCAGTATCGTGAG

GTTGCTGCTTTTGCACAATTTIGGTAGTGATCTAGACGCTGC 1244

A e N R RN
GTTGCTGCTTTTGCCCAGTTCGGTTCTGACCTCGATGCTGC 1512

0.060
= 53/67 (79%), Gaps = 0/67 (0%)

Strand=Plus/Plus

Query
Sbijct
Query

Sbjct

Score

99

373

159

433

TATTGGTGATGGTATTGCACGTGTATACGGTTTAAACAATGTACAAGCAGGGGAAATGGT

I T e I o I A e e e A R N
TATTGGTGATGGTATTGCCCGCGTACATGGGCTGAGGAATGTTCAAGCAGAAGAAATGGT

TGAATTT 165

[T
AGAGTTT 439

= 706 bits (1821), Expect = 0.0
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663

931

723

1051

843

1111

1231

1023

1291

1083

1351

1143

1411

1203

1471

158

432



Identities = 363/505 (71%), Positives = 426/505 (84%), Gaps = 2/505 (0%)

Query 6 SEQFKILEERITNAYRELDVEEIGRVISIGDGIARVYGLNNVQAGEMVEFPKAGIKGMAL 65
+E ILEERI A +D+EE GRV+SIGDGIARV+GL NVQA EMVEE  +G+KGM+L
Sbjct 49 AEMSSILEERILGADTSVDLEETGRVLSIGDGIARVHGLRNVQAEEMVEF-SSGLKGMSL 107

Query 66 NLETDNVGIVLFGNDRAIAEGDIVRRTGAIVDVPVGKGLLGRVVDALGNPIDGKGPIQTT 125
NLE DNVG+V+FGND+ I EGDIV+RTGAIVDVPVG+ LLGRVVDALGN IDGKGPI +
Sbjct 108 NLEPDNVGVVVEGNDKLIKEGDIVKRTGAIVDVPVGEELLGRVVDALGNAIDGKGPIGSK 167

Query 126 ERRRVEVKAPGILSRKSVHEPMSTGIKAIDCLVPIGRGQRELIIGDRQTGKTAIALDTML 185
RRRV +KAPGI+ R SV EPM TGIKA+D LVPIGRGQRELIIGDRQTGKT+IA+DT++
Sbjct 168 TRRRVGLKAPGIIPRISVREPMQTGIKAVDSLVPIGRGQRELIIGDRQTGKTSIAIDTII 227

Query 186 NQKLINESTQKESEKLYSIYVAIGQKRSTVAQLVQTLEEYDALKYTIIVASTASEPAPLQ 245
NOK N+ + E +KLY IYVAIGQKRSTVAQLV+ L + DA+KYTI+V++TAS+ APLQ
Sbjct 228 NQKREFNDGSD-EKKKLYCIYVAIGQKRSTVAQLVKRLTDADAMKYTIVVSATASDAAPLQ 286

Query 246 FLAPYSGCAIGEFFRDNGMHGLIIYDDLSKQAVAYRQTSLLLRRPPGREAYPGDVFYLHS 305
+LAPYSGC++GE+FRDNG H LIIYDDLSKQAVAYRQ SLLLRRPPGREAYPGDVEYLHS
Sbjct 287 YLAPYSGCSMGEYFRDNGKHALIIYDDLSKQAVAYRQMSLLLRRPPGREAYPGDVFYLHS 346

Query 306 RLLERAAKMSDKDGAGSLTALPVIETQAGDVSAYIPTNVISITDGQIFLETELFYSGLRP 365
RLLERAAKM+D G GSLTALPVIETQAGDVSAYIPTNVISITDGQIFLETELFY G+RP
Sbjct 347 RLLERAAKMNDAFGGGSLTALPVIETQAGDVSAYIPTNVISITDGQIFLETELFYKGIRP 406

Query 366 AVSVGLSVSRVGSAAQIKAMKQVGGTLKLDLAQYREVAAFAQFGSDLDAATLSQLNRGER 425
A++VGLSVSRVGSAAQ +AMKQV GT+KL+LAQYREVAAFAQFGSDLDAAT L+RG R
Sbjct 407 AINVGLSVSRVGSAAQTRAMKQVAGTMKLELAQYREVAAFAQFGSDLDAATQQLLSRGVR 466

Query 426 LTELLKQAQYSPIPTEIQIVILYAGVRGYLNKISVSKIGEYEKGLINFIQTNHADILKRI 485
LTELLKQ QYSP+ E QO+ ++YAGVRGYL+K+ SKI ++E ++ + + H +L I
Sbjct 467 LTELLKQGQYSPMAIEEQVAVIYAGVRGYLDKLEPSKITKFENDFLSHVVSQHQALLGTI 526

Query 486 KDERQLSKDLDAQIGNIVSTFTINSE 510
+ E ++S+ DA++ IV+ F F
Sbjct 527 RAEGKISEQSDAKLKEIVTINFLAGE 551

Atp3
Sequence 1: gill 1466495Igill 1466495Reclinomonas americana mitochondrion, complete genome
Length = 846

Sequence 2: Icllseq_2
Length = 1162

No significant similarity was found
Sequence 1: gi|11466530|ref|NP_044779.1|ATP synthase F1 subunit gamma [Reclinomonas

americana]
Length = 281 (1 .. 281)

Sequence 2: lcl|seq 2
Length = 298 (1 .. 298)
Score = 179 bits (455), Expect = 2e-43
Identities = 113/280 (40%), Positives = 167/280 (59%), Gaps = 11/280 (3%)

Query 1 MASTKDFKNRIKSITSIRKITKAMKMVAASKLRQAQRNLDVIRPYFKTVDSLENEYQNAS 60
MA+ KD R+KSI +I+KITK+MKMVAA+K +A+R L RY +L+ +
Sbjct 25 MATLKDITRRLKSIKNIQKITKSMKMVAAAKYARAERELKPARIYGLGSLALYEKADIKG 84

Query 61 SNESIVNNKIVVPISSDRGLCGGINTNVVKATKALVTKNNALDTNASIICVGIKAKDQLQ 120

+ +++ +SSDRGLCG I++++ K K+ V A ++ +G K + L
Sbjct 85 PEDK--KKHLLIGVSSDRGLCGAIHSSIAKQMKSEVATLTAAGKEVMLVGIGDKIRGILY 142
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Query 121 RLYGKIISTSITDVSKKGVSFANASLIAEEILNTINY--DTCYLVYNQFRSVLTQNVIESK 178
R + + +V +K +F +AS+IA E+LN+ Y D +++N+FRSV++ E
Sbjct 143 RTHSDQFLVAFKEVGRKPPTFGDASVIALELLNSGYEFDEGSIIFNKFRSVISYKTEEKP 202

Query 179 IAS--RAALENSYNEFNNYEMEPSKSDVLFDLYEYYLGLKTYYVLIENVISEQGARMNAM 236
IS A +S + +++ + +DVL + EY L YY L E+ TSEQ ARM AM
Sbjct 203 IFSLNTVASADSMSIYDDID-—---— ADVLONYQEYNLANIIYYSLKESTTSEQSARMTAM 257

Query 237 DNAAKNAGEMIDKLTLIYNKARQASITSELIEIISCASAV 276
DNA+KNA EMIDKLTL +N+ RQA IT ELIEIIS A+A+
Sbjct 258 DNASKNASEMIDKLTLTENRTRQAVITKELIEIISGAAAL 297

Atp4
Sequence 1: gill 1466495Igill 1466495Reclinomonas americana mitochondrion, complete genome
Length = 594

Sequence 2: Icllseq_2
Length = 2126

No significant similarity was found
Sequence 1: gi 11466556 |ref|NP_044805.1|ATP synthase subunit b [Reclinomonas

americana]
Length = 197

Sequence 2: lcl|seq 2
Length = 597

No significant similarity was found
Atp9

Sequence 1: gill 1466495Igill 1466495Reclinomonas americana mitochondrion, complete genome
Length =228

Sequence 2: Icllseq_2
Length = 1178

No significant similarity was found
Sequence 1: gi 11466528 |ref|NP_044777.1|ATP synthase FO subunit 9 [Reclinomonas

americana]
Length = 75 (1 .. 75)

Sequence 2: lcl|seq 2
Length = 198 (1 .. 198)

Score = 94.0 bits (232), Expect = 2e-18
Identities = 47/69 (68%), Positives = 57/69 (82%), Gaps = 0/69 (0%)

Query 5 AAKLIGAGCATIGLAGAGAGIGTIVFGALVTAIARNPSQFKQLQSSALLGFALTEAIALFA 64
AAK IGAG AT+G+AG+GAGIGTVEG+L+ ARNPS +QL S A+LGFAL+EA+ LF
Sbjct 128 AAKFIGAGAATVGVAGSGAGIGIVEFGSLIIGYARNPSLKQQLFSYAILGFALSEAMGLFC 187

Query 65 LMVVFLLLE 73

LMV FL+LF
Sbjct 188 LMVAFLILF 196
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OZGECMIS

1968 yilinda Tokat’in Turhal ilgesinde dogdu. ilkokulu ve ortaokulu burada bitirdikten sonra 1982 yilinda
Bursa Isiklar Askeri Lisesine girdi ve 1986’da buradan birincilikle mezun oldu. Ayni yil girdigi GATA
Askeri Tip Fakiiltesi’nden 1992’de tabip tegmen riitbesi ile mezun oldu. Ankara ve Samsun’daki stajyerlik
donemini takiben 1993 yilinda Cubuk’ta 30 Yatakli faseli Revir Bastabipligi gorevine basladi. 1994 yilinda
Bingol’de operasyon taburu tabipligi gorevi sonrasinda 1995 yilina kadar Cubuk’taki goérevini siirdiirdii.
1995’te GATA Biyokimya ve Klinik Biyokimya AD’nda tipta uzmanlik egitimine basladi ve 1998’de uzman
tabip iinvani aldi. 1998 yilinda Sarikamis 200 Yatakli Askeri Hastanesi biyokimya uzmanlig1 gorevine tayin
oldu. 1999 yilinda bir yil siireyle Houston-ABD’de Huffington Center on Aging’de hiicre yaslanmasi
tizerinde arastirma yapti. 2000 yitlinda GATA Biyokimya ve Klinik Biyokimya AD’da yardimci dogentlik
gorevine basladi. 2006 yilindan itibaren de GATA TSK Rehabilitasyon ve Bakim Merkezi’'nde biyokimya
laboratuvar sorumlusu olarak gorev yapmaktadir. Evli ve 2 cocuk babasi olup, Ingilizce ve Fransizca
bilmektedir.



