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NUKLEIK ASITLER VE DNA YAPISI

* |. Deoksiribonukleotidlerin biyosentezi:

* Ndukleotid biyosentezinin baslangi¢ urunleri
ribonukleotidlerdir. Fakat DNA yapimi icin, hucrenin
deoksiribonukleotidlere sahip olmasi gerekir. Bunlar
ribonukleotidlerden 2'-OH grubunun bir hidrojenle yer
degistirilmesi ile olusurlar. Bu bir indirgenme olay! olup
ribonukleotid reduktaz enzimi ile katalize edilir. Bu
reaksiyon siradisi bir reaksiyondur. Cunku burada pridin
nukleotidlerin dogrudan indirgeyici gugleri kullaniimaz
fakat thioredoksinnin indirgeyici gucu ve serbest radikal
mekanizmasi ile reaksiyon gerceklesir. Thioredoksin bir
dithio/disulfit reduksiyon/oksidasyon dongusu gegirir ve
thioredoksin reduktaz enzimi ile disulfit durumundan
dithiol durumuna indirgenir. Burada indirgeyici ajan
olarak NADPH kullantilir.



NUKLEIK ASITLER VE DNA

YAPISI

DNA deoksiuridin nukleotidlerinden meydana
gelen timin igerir. Timidilat dUMP den olusabillir.

Deoksiuridin 5

monofosfat iki onIa olusur:

dCMP’nin deaminasyonu ve UMP’nin dUMP’ye
indirgenmesi. Timidilat primidin halkasinin C-5
p02|syonunda 5.10-CH2-THF nin kullaniimasiyla

dUMP’nin meti
reaksiyon timid
edilmektedir. T

asyonu sonucu uretilir. Bu
llat sentez enzimi ile katalize

-F hucrede dusuk

konsantrasyonda oldugu icin DNA sentezi
sirasinda bunun dihidrofolat reduktaz enzimi ile

sentezlenmesi

gerekir.



NUKLEIK ASITLER VE DNA
YAPISI

ll. Nukleik asit yapisi

Bitkilerde DNA cekirdek, mitokondri ve
kloroplastlarda bulunur.

Kloroplast genomundaki DNA miktar
yaklasik 160000 baz ciftidir ve mitokondri
genomuda 16000-2500000 baz cifti DNA

icermektedir.

DNA nukleik asitlerden meydana
gelmektedir.



NUKLEIK ASITLER VE DNA
YAPISI

* Nukleik asitler bireysel nukleotidlerin birbirlerine
3'-5’ fosfodiester baglari ile baglanmasi sonucu
olusan polinukleotid zincirleridir. Nukleik asit ana
zinciri zincir boyunca degisen fosfat ve seker
gruplarindan olusur. Fosfodiester baginin duzeni
ve zinciri olusturan bu bilesenler polinukleotid
zincirine yon vermektedir. Bir ucta serbest
5'fosfat digerinde ise esterlesmemis 3’-OH
bulunur. Standart durumda yapi1 5’-fosfattan 3'-
OH'’ye dogru yazilrr.



NUKLEIK ASITLER VE DNA
YAPISI

Her fosfodiester baglantisinda 2'-hidroksil grubunun yoklugu
fizyolojik kosullarda DNA'yi RNA'dan yaklasik 1000000 kat daha
stabil hale getirir. Benzer sekilde DNA fosfodiester baglari hidrolitik
parcalanmaya proteinlerin peptit baglarindan 100 kat daha

dayaniklidir. Bu dayaniklilik DNA'yi ideal bir bilgi depolama molekulu
yapmaktadir.

DNA ¢ift heliks yapisina sahiptir. Bu yapinin ortaya glkarllmasmda A
ile T ve G ile C oranlarinin herhangi bir organizma icin 1’e esit
olmasi onemli rol oynamistir. Fakat A: T ve G:C miktarlari
organizmalar arasinda degisiklik gosterir. Bunlari goz onune alan
Watson ve Crick adenin timinle ve guanin sitozinle birbirlerine zit
yonde yakinlarsa hidrojen bagi ile baglanabilecegini ortaya
koymuslardir. Daha sonra Rosalind Franklin X-ray Diffraction ile
DNA nin c¢ift helix yapisina sahip oldugunu ve her sarmalin
biribirlerine antiparalel oldugunu ortaya koymustur.



NUKLEIK ASITLER VE DNA
YAPISI

Heliks bir dongusunu her 3.4 nm de ve 10 bazda
tamamlar.

DNA iki ana konformasyonel formda bulunur, B ve Z. Z
formu daha siki bir heliks yapisina sahiptir ve heliksin bir
dongusu icin 12 baz gereklidir. Fakat, Z formunu almak
icin degisen Gve Cveya T ve GveyaAve C
nukleotidleri gereklidir. Z formunun biyolojik onemi henuz
belli degildir.

DNA 1sitildigr zaman cift heliks yapisi zayiflar ve iki
sarmal birbirinden ayrilir. Bu olaya denaturasyon denilir.
DNA denature oldugunda UV absorbansi artar.



NUKLEIK ASITLER VE DNA
YAPISI

* DNA sogutuldugunda tekrar iki sarmal
birbirlerine yapisir. Buna renaturasyon denilir.
Boyle DNA da UV absorbansida azalir. Sogutma
hizli olursa bazi yerlerde eslesmeyen
birlesmeler olur. Isitma sirasinda absorbans
artisinin orta noktasindaki sicaklik Tm olarak
adlandirilir.

 Tm DNA'nin baz bilesimine baglidir. G:C ciftleri
A:T ciftlerinden sicakliga karsi daha
dayaniklidirlar. Bu yuzden G:C icerigi artarsa Tm
degeri de artar.



NUKLEIK ASITLER VE DNA

YAPISI

Nucleation

Heat (2nd- order)
Slow
Step 1 Step 2

Native DNA Denatured DNA

¢

Zippering
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Step 3

Renatured DNA

DNA kloroplast, mitokondri veya bakterilerde oldugu gibi kapali
yuvarlak formda ise supercoil adini alir. Supercoil ya sag el yada
sol el seklinde olabilir. Topoizomeraz denilen enzimler bu supercoil

derecesini degigstirebilirler.



NUKLEIK ASITLER VE DNA
YAPISI

* |Il. DNA Paketlemesi

« Bakterilerde DNA dairesel bir sekilde bir
arada tutulmustur.

» Supercoll yapinin looplari DNA-RNA-
protein merkezinden cikar ve DNA'y1
organize bir halde ve kompakt bir yapi
seklinde kalmasini saglar.



NUKLEIK ASITLER VE DNA

YAPISI

« Okaryotlar daha fazla DNA'yi oldukca iyi
belirlenmis bir ¢ekirdek icerisinde bulundururlar.
DNA dogrusal bir sekilde olsaydi hucrenin
genisligini defalarca asardi. Bu buyuklukteki
DNA'nin hucre igerisine sigdirilmasi icin
kompakt hale getirilmesi gerekir. DNA'nin
Kisimlari kromozom olarak bilinen unitelere
ayrilmistir ve kromatin adi verilen oldukca

Kompakt forma donusturulmustur.

« Kromatin DNA'sI histon adi verilen proteinlerle
Kompleks halde bulunurlar. Kromatin DNA'sI yine
nukleozom adi verilen yapisal uniteler seklinde
de organize olmustur. Nukleozom bir ¢cok histon
proteini ve DNA'dan olusur.




GENOMLAR

« [V. Genom projeleri

* 1995 yilinda ilk defa bir organizmanin
(Haemophilus influenzae) tum genomu
sekanslanmistir. H. influenzae kucuk gram
negatif bir bakteridir ve insanlarin tust solunum
yolunda yasar. Dairesel kromozomu 1,830,137
baz cifti icerir. Bu kromozom uzerinde 1,743 gen
belirlendi ve bunlarin % 58 ine bir fonksiyon

tayin edildi.
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Fig. 1. A circular representation of the H. influenzae Rd chromosome illustrating the location of each
predicted coding region containing a database match as well as selected global features of the genome.



GENOMLAR

« 1995te ikinci bir organizma, Mycoplasma genitalium
genomu sekanslandi. Bu bakteri en kuguk genoma
sahiptir. Sadece 580,070 baz cifti icerir. Parazitik bir
organizma oldugu i¢in metabolizma ile ilgili bir cok geni
icermemektedir. Sadece 482 gen ihtiva etmektedir.

* 1996 yilinda Methanococcus jannaschii nin genomu
sekanslanmistir. Bu canli bakterilerle okaryotlar arasinda
yer alan bir organizmadir. Genomu 1.66 megabaz ciftidir.
Yaklasik 1738 protein kodlayan gene sahiptir. Bu genom
sekans bilgileri organizmalar arasindaki evrimsel iligkileri
ortaya koyma acgisindan onemilidir.
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GENOMLAR

* 1996 yilinda ilk okaryotik genom
(Saccharomyces cerevisiae) sekanslandi.
Bira mayasi 16 kromozoma ve 13
megabaz ciftine sahiptir.

* Yaklasik 5900 protein-kodlayan gen, 140
ribozomal RNA genleri, 40 nuklear RNA
genleri ve 275 tRNA genleri icermektedir.

« Daha sonra Escherichia coli genomu
sekanslandi.



Table 2. Summary of gene content in H. influenzae and M. genitalium sorted by functional category. The
number of genes in each functional category is listed for H. influenzae and M. genitalium. The number in
parentheses indicates the percent of the putatively identified genes devoted to each functional category.
For the category of unassigned genes, the percent of the genome indicated in parentheses represents
the percent of the total number of putative coding regions.

Biological role H. influenzae M. genitalium
Amino acid biosynthesis 68 (6.8) 1 (0.3)
Biosynthesis of cofactors 54 (5.4) 5 (1.6)
Cell envelope 84 (8.3) 17 {5.3)
Celluar processes 53 (5.3) 21 (6.6)
Cell division 16 4
Ceall killing 5 2
Chaperones 1 7
Detoxification , 3 1
Protein secretion 15 =]
Transformation a8 1
Central intermediary metabolism 30 (3) & (1.9)
Energy metabolism 112 (10.4) 31 (8.7)
Aerobic 4 3
Amino acids and amines 4 o]
Anaerobic 24 O
ATP—proton force interconversion 9 8
Electron transport o o
Entner-Doudoroff 9 o]
Fermentation a 0]
Gluconeogenesis 2 o
Glycolysis 10 10
Pentose phosphate pathway 3 2
Pyruvate dehydrogenase 4 4
Sugars 15 4
TCA cycle 11 o
Fatty acid and phospholipid metabolism 25 (2.5) 6 (1.9)
Purines, pyrimidines, nucleosides, and nucleotides 53 (5.3) 19 (8.0)
2'-Deoxyribonuclectide metabolism 8 3
MNucleotide and nucleoside interconversions 3 1
Purine ribonuclectide biosynthesis 18 3
Pyrimidine ribonucleotide biosynthesis 5 o]
Salvage of nucleosides and nucleotides 13 10
Sugar-nucleoctide biosynthesis and conversions 5] 2
Regulatory functions 64 (6.3) 7T (2.2)
Replication 87 (8.6) 32 (10.0)
Degradation of DMNA 8 1
DA replication, restriction, modification, 76 31
recombination, and repair
Transcription 27T (2.7) 12 (3.8)
Degradation of RMNA 10 2
AMNA synthesis and modification, DA 17 10
transcription
Translation 141 (14) 101 (31.8)
Transport and binding proteins 123 (12.2) 34 (10.7)
Amino acids and peptides 38 10
Anions 8 3
Carbohydrates 20 12
Cations 24 1
Other transporters 22 B
Other categories 93 (9.2) 27 (8.2)
Unassigned role T36 (43) 152 (32)
Mo database match 389 o6

Match hypothetical proteins 347 S6




GENOMLAR

» Insan genom sekansi 2006 yilinda tamamlandi.
Bitkilerden ise Arabidopsis thaliana, piring ilk
sekanslanan turlerdir. Bitkiler icin cok sayida
EST de bulunmaktadir.

« EST tek bir mRNA'nin bir DNA kopyasi olup bir
genden olusur ve aktif olarak ekspres
olmaktadir. DNA kopyasinin kuguk bir kismi
sekanslanir ve bilgi gen bankasina konulur.



DNA REPLIKASYONU VE
ONARIMI

|. REPLIKASYON

The Watson-Crick’in ¢ift heliks modeli DNA replikasyonunun
mekanizmasini isik tutmustur. Iki sarmal ayrilacak ve herbiri yeni
sarmallarin sentezlenmesi icin kalip olarak kullanilacaklardir.
Boylece heliksin iki kopyasi olusacaktir. Herbiri hucre bolunmesiyle
olusacak bir yavru hucre igin olacaktir. Her kopya yeni ve kalip
sarmalin karigimi veya iki kalip bir yerde ve iki yeni olusan
sarmallarda bir yerde olabilir. Meselson and Stahl DNA nin yari
konzervatif replikasyonu icin deneysel kanit ileri sirmuslerdir. Bunlar
DNA duplikasyonu sirasinda bakterilere 15N vererek DNA nin ne
kadar yogun olduguna bakmislardir. Normalde DNA 14N icerir.
Sonucta DNA nin 14N-DNA ve 15N-DNA arasinda bir yogunluga
sahip oldugunu gozlemiglerdir.

Bir cok duplikasyon dongusunden sonra, orta yogunluktaki DNA
varligini korumustur. Bu durum Duplikasyon seklinin yari konzervatif
oldugunu ispatlamistir.



DNA REPLIKASYONU VE
ONARIMI

« Bakteride replikasyon en az 30 gene ait urunlere
ihtiya¢ duymaktadir. Replikasyon kromozom
uzerinde spesifik bir noktada baslar ve daire
etrafinda iki yonlu olarak devam eder.

* Replikasyonun basladigl kromozom yeri
replikasyon orijini olarak bilinir. Bir sarmal
uzerinde replikasyon bir yonde ilerlerken diger
sarmal uzerinde de diger yonde ilerler. Fakat
sonraki calismalar bir sarmal uzerinde DNA
replikasyonunun devamli olmadigini
gostermistir.



DNA REPLIKASYONU VE ONARIMI
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DNA REPLIKASYONU VE ONARIMI
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DNA REPLIKASYONU VE
ONARIMI

DNA replikasyonunun ilk asamalarinda kisa parcalar olusur ve
zaman gectikce bu parcalar daha buyuk parcalara donusturulur. Bu
parcalara Okazaki parcgalari adi verilir. Yeni sentezlenen DNA
sarmalinin 5'-ucunda kisa bir RNA molekulu bulunur. Bu molekul
polimerizasyon iglemi icin primer olarak rol alir. Replikasyon igin bir
cok protein ve enzim gereklidir. lIk izole edilen enzime Poll
denilmistir. Bu enzim kaliba bagl bir sekilde sarmalin 3’-OH ucunda
DNA yi polimerize eder, fakat ayni zamanda 3’ ucunda
mononukleotidleri uzaklastirabilir. Poll eslesmemis DNA-RNA
hibritlerini veya eslesmemis bazlari 5'—3' oryantasyonunda
uzaklastiriimasini da katalize eder. Poll‘in rolunun RNA primerlerinin
uzaklastiriimasi oldugu dustunulmektedir.

Fosfodiester baglarini parcalayan enzimlere nukleazlar adi verilir.
Poll kesildiginde bir kismi1 5'—3' nukleaz aktivitesine ve diger
kismida polimeraz ve 3'—5' depolimeraz aktivitelerine sahiptir.



DNA REPLIKASYONU VE
ONARIMI

« En buyuk parcaya Klenow parcgasi adi verilir. 3'-OH
uzerinde bir proton uzaklastirilir ve boylece bir nukleofilik
-O- olusturulur. Tamamlayici baz kalip sarmali ile uygun
pozisyona geldiginde, -O- gelen deoksiribonukleotidin
alfa fosfatina bir nukleofilik saldiri yapmak icin uygun
pozisyon alir ve boylece bir pirofosfati uzaklastirarak
fosfodiester bagi olusturur.

 RNA primerlerinin polimerizasyonu baslattigi yerde
olusan sarmaldeki bosluklar Poll tarafindan sonraki 3’
parcaciga kadar doldurulur. Bu sarmalde bir nick
(bosluk) birakir. Nick, DNA ligaz enzimi ile kapatilir. Bu
enzim bir AMP baglar ve buda DNA sarmalinin 5’ fosfati
le fosfodiester bagi olusturur. Sonra 3'-OH 5’ fosfat ile
bir kovalent bag yapar ve AMP uzaklastirilir.



DNA REPLIKASYONU VE
ONARIMI

* Replikasyon igin diger bazi enzim ve proteinlerde gereklidir.
Topoizomeraz aktivitesi DNA'nin supercoiling durumunu
rahatlatmak igin gereklidir. Bu rahatlatma replikasyon olayinin
ilerleyebilmesi icin gereklidir. Kalip sarmalin aciimasi i¢in helikaz
enzimi heliksleri tekli sarmallere ayirir. Buda single strand binding
protein (SSB) nin baglanmasiyla takip edilir. SSB replikasyon
catalinin agilmasinda islev gordugu dusunulmektedir. Bu gorevide
tek sarmalli DNA'y1I nukleazlardan koruma yoluyla veya sarmallerin
acllip kapanmasina yardim etmek suretiyle gergeklestirir. Primaz
Poll tarfindan yeni sarmalin sentezlenmesi igcin gerekli olan RNA
primerini sentezler.

« Replikasyon oriC adi verilen replikasyon orijininde baslatilir. Bunun
icin replikasyonun baslamasina yol acan sirali bir protein birlesmesi
vardir. Okaryotlarda replikasyon bakterilerdeki gibi olup yukarida adi
gecen butun enzimler rol alir. Fakat 6karyotlarda birden fazla
replikasyon orijini mevcuttur. Bunlarda replikasyon birkag yerde
birden baslamasi gerekir.
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DNA REPLIKASYONU VE
ONARIMI
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DNA REPLIKASYONU VE
ONARIMI

Okaryotlarda DNA dogrusaldir. Bakteriyel kromozomun
replikasyonunda, RNA primerlerinin uzaklastiriimasi ve boslugun
doldurulmasi zamani geldiginde, her zaman bosluga doldurulmasi
icin bir parca 5 DNA vardir. Okaryotlarda ancak bir kromozomun
sonuna gelindiginde bu durumla karsilasilir. Eger bir RNA primer
S'ucunun sonunda bulunursa o zaman kesme doldurma islemi
gerceklesmez. Bu yuzden her seferinde kromozom replikasyon
gecirdiginde ug¢ kismi eksik olacak ve giderek kisalacaktir. Bunun
¢cozumude telomeraz enzimidir. Kromozomun ucunda 0zel bir yapi
ve sekansa sahip telomer denilen kism vardir. Bir ¢cok kisa tekrarli
sekanslardan (1000 or more TTAGGG hexamer tekrarlar)
olusmustur. Telomeraz DNA'nin 3'ucuna baglanan bir RNA
bilesenine sahiptir ve enzim ozel bir geriye transkriptaz gibi davranir
ve RNA'y1 kalip olarak kullanmak suretiyle DNA sarmalini sentezler.



DNA REPLIKASYONU VE
ONARIMI

PD 16 PD 61
Sekil. Telomerler dogrusal kromozomlarin sonlarindaki tekrarli DNA sekanslaridir.
Nromal hucrelerin gogunda telomer kisalmasi her hucre bolumunden sonra
olmaktadir. Telomerler kisaldiginda hucrelerde bolunme durur ve buyume
gerceklesmez. Telomeraz enzimi bu kisalmanin onune gecger.



DNA REPLIKASYONU VE
ONARIMI

« DNA sarmalini sentezlemenin bir diger yolu RNA'yI kalip
olarak kullanmaktir. Bunu yapan enzime geriye
transkriptaz veya RNA'ya bagli DNA polimeraz denilir.

* RNA virusleri olarak bilinen bazi viruslerde RNA
molekulunun icerdigi koddan uretilen bir DNA ara
molekulunun karistigi bir hayat dongusune sahiptirler.
RNA (+ sarmali DNA (- sarmali) sentezi icin kalip olarak
rol almaktadir. Bu enzim geriye transkriptaz enzimidir.
llaveten enzim DNA + sarmalini viral — DNA sarmalinden
de sentezler ve ayni anda RNA-DNA
heterodupleksindeki orijinal viral RNA y1 parcalar.



DNA REPLIKASYONU VE
ONARIMI

II. DNA Onarimi

DNA'ya hasar SOS cevabi denilen bir tepki uyarir. Bu tepki onarim
mekanizmasini asagidaki gibi duzenler. DNA'ya hasar DNA
parcalarinin olusmasina sebep olur. Bu parcalar recA denilen bir
proteine baglanir ve buda bir proteazi aktive eder. Bu proteaz DNA
baglanmasini duzenleyen bir proteini (lexA) parcgalar. Bu protein
normalde onarim genlerinin ekspresyonunu engeller. LexA
parcalandiginda DNA'dan ayrilir ve onarim genlerinin
transkripsiyonu baslar ve proteine donusurler. Onarim genlerinin bir
kismi UV radyasyonu sonucu olusan DNA hasarini onaracak
enzimleri kodlamaktadir.

DNA UV dalga boyundaki 1s1g1 guclu bir sekilde emer. DNA'nin ayni
sarmali Uzerinde iki timin bazi yanyana bulundugu zaman, UV igik
absorpsiyonu timin dimerlerinin olusmasina sebep olur. Bu durum
DNA yapisini, bilgi kodlamasini ve replikasyon fonksiyonlarini bozar.



DNA REPLIKASYONU VE
ONARIMI

* Dimer, bu dimere baglanan ve fosfodiester bagi
parcalamadan gorunur 1191 kullanarak dimeri parcalayan
bir enzimle onarilabilir. Fakat diger bir onarim
mekanizmasi gorunur i1s1ga ihtiyag duymaz. Hasarli
bolge enzimatik olarak anormal bazlari taniyan ve
deoksiriboz-fosfat kuyrugundan onlari ayiran enzimlerle
uzaklastirilir. Bu bir apurinik veya apirimidinik bolge
olusturur. Hasarli bolgeden 5’-3" yonunden birkag baz
otede sarmalde kesikler yapilir, sonra bir helikaz ve Poll
ve belki SSB kesilen oligomer bazlari serbest birakir,
sonrada Poll kesilen bolgeyi yeniden sentezler ve aciklik
ligaz enzimi ile yeniden baglanarak onarim tamamlianir.



DNA REPLIKASYONU VE
ONARIMI

Structure of a thymine dimer formed in DNA by exposure to short-wavelength

ultraviolet light.
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PCR, PLAZMIDLER, KESIM
ENZIMLERI

 DNA cok kucuk miktarlarda izole edilebilir, kucuk
parcalara bolunebilir, klonlanabilir, cogaltilabilir,
sekanslanabilir, bir organizmadan digerine transfer
edilebilir, mutasyonaugratilabilir, birlikte kesilebilir,
istenilen sekilde manipule edilebilir. Genler ekspres, over
ekspres edilebilir veya ekspresyonu azaltilabilir; bir
baska organizmaya aktarilabilir, yok edilebilir veya
organizmadan silinebilir.

 Modern molekuler biyoloji dort onemli faktorle yapilir: 1,
kesim enzimleri; 2, plazmidler; 3, DNA sekanslama; ve 4,
polimeraz zincir reaksiyonu veya PCR. Aslinda ¢ok
saylida metot vardir fakat yukaridakiler en onemlileridir.



PCR, PLAZMIDLER, KESIM
ENZIMLERI

Kesim enzimi DNA'nin iki sarmalini icsel sekans spesifik bolgelerde, her
sarmaldeki fosfodiester baglarini koparmak suretiyle kesen bir enzimdir.
Bunlara endo niikleaz denilir. DNA sarmalleri iki sekilde kesilir. Iki sarmal
tam olarak ayni pozisyonda kesilir ve boylece iki keskin ug elde edilir
veya kesimler yapiskan ug¢ olusturacak sekilde yapilir. Yapiskan ug
olusturan kesim enzimleri DNA klonlanmasinda kullaniimaktadir. Bir ¢ok
kesim enzimi palindromik bolgelerde keser. Palindrome hem ileri hemde
geriye okundugunda ayni olan sekanslara denilir. Asagidaki sekanslar
buna ornek verilebilir.

Gunumuzde 200 den fazla kesim enzimi ortaya ¢ikarimis ve jherbirinin
kestigi bolgeler farklilik gostermektedir.

Smal Xmal
J 1
CCCGGG CCC GGG CCCGGG C CCGGG
— —>
GGGCCC GGG CCC GGGCCC GGGCC C

T T



PCR, PLAZMIDLER, KESIM
ENZIMLERI

* Birkac kesim enzimi kullanilarak bir DNA
ornegdinin haritasi ¢ikarilabilir. DNA nin
farkli enzimlerle kesilmesi ve parcalarin
agaroz jelde ayrilmasi parcalarin DNA
zincirindeki duzenini belirlemek icin bir
metot olur. Boyle bir haritaya kesim
(restriksiyon) haritasi denir.



PCR, PLAZMIDLER, KESIM
ENZIMLERI

Plazmidler ekstra kromozomal DNA’lar olup, genellikle kovalent
olarak bagli kapali dairelerdir. Hucre igerisinde bulunduklarinda
replike olma yetenegine sahiptirler. 2000 bp den 20000 bp ciftine
kadar degisik buyukluklere sahiptirler. Bakteri icerisinde olduklari
zaman bakterinin bir parcasi gibi bolunup ¢ogalirlar. Bir hucre bir
kopyaya veya birkag kopyaya sahip olabilir.

Bazen de cok sayida plazmid kopyasina sahiptir. Plazmidler
herhangi bir plazmid kopyasina sahip olmayan bakteri hlcrelerine

transfer olabilirler. Bundan dolayi plazmidler gen klonlanmasi icin
onemli vektorlerdir.

Bir kesim enzimi ile plazmid kesilip acilabilir ve yeni bir DNA pargasi
uerlestirilebilir. Rekombinant plazmid sonra bir bakteri hucresine
transfer edilerek plazmid ve yerlestiriien DNA nin ¢ok sayida
kopyasi elde edilebilir. Bu gen klonlanmasinin temelidir.
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PCR, PLAZMIDLER, KESIM
ENZIMLERI

 DNA sekansi DNA sekanslama olarak bilinen
metot ile kolayca belirlenebilir.

 DNA'nIn bir sarmalini yapmak icin 4 tip
deoksiribonukleotide (dATP, dGTP, dCTP, ve
dTTP) polimeraz enzimine ve bir kalip sarmaline
ihtiyag vardir. Simdi reaksiyon karisimina besinci
bir nukleotid ilave edildigini ve bu nukleotidin
digerlerinden biraz farkli oldugunu yani OH
yerine sadece H icerdigini varsayalim.



PCR, PLAZMIDLER, KESIM
ENZIMLERI

 DNA polimeraz bu nukleotidi buyuyen DNA sarmaline
ekledigi zaman bir sonraki nukleotidi eklemek icin bir OH
grubu olamayacagi icin zincir uzamasi duracaktir. Bu
polimeraz reaksiyonu 4 farkl tup icerisinde ve herbir
tupun farkli bir nukleotid igcerirse ve deoksinin
dideoksiribonukleotid orani dogru olarak belirlenirse,
uzayan sarmalin bir kisminda her nereye
dideoksiribonukleotid eklenirse zincir uzamasi duracaktir.
Hassas bir metot ve zincirleri buyukluklerine gore ayirt
edecek bir yol ile, zincir uzunlugundan DNA sekansi
okunabilir. Deoksiribonukleotidlere floresans boyalari
eklenirse, dort reaksiyon ayni tup icinde yapilabilir ve
otomatik DNA sequenator cihazi ile okunabilir. Tam
sekansin belirlenmesi i¢cin elde edilen parcalarin birbirleri
lle gakismasi gerekir. Boylece 1.6 megabazlik DNA igin
5000 veya uzeri parca olabilir.



PCR, PLAZMIDLER, KESIM
ENZIMLERI
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PCR, PLAZMIDLER, KESIM
ENZIMLERI

 PCR ile kuguk bir DNA parcasi kisa bir sure icerisinde
¢ok buyuk miktarlara kadar ¢ogaltilabilir. Teknik 1983
yilinda gelistirildi. Islem Thermophylic bir bakteriden izole
edilen bir DNA polimeraz ile yapilir. Bu polimeraz isiya
oldukca dayaniklidir. Isitma iki DNA sarmalini eritir, hedef
DNA da kisa bir DNA parcasina spesifik olarak baglanan
primerler yeni sarmallerin polimerizasyonunu baslatirlar,
ve bu dongu bir ¢cok kez tekrarlanir. Bu ayni DNA
parcasinin milyonlarca kopyasini meydana getirir. Bir
DNA parcgasinin ¢ok sayida kopyasinin olmasi, onun
kolayca klonlanmasini, sekanslanmasini, modifiye
edilmesini veya onunla herhangi bir isimin yapilmasini
kolaylastirir.
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TRANSKRIPSIYON VE
TRANSLASYON

* DNA kalitsallik bilgisini tagirken RNA da bu
bilginin proteine donusmesini saglayan
molekuldur.

* Hucreler uc cesit RNA icerirler. 100 bazdan daha
az kisa polinukleotidler, tRNA veya transfer
RNA; farkl buyuklukte ve oldukca fazla daha
buyuk polimerler, rRNA veya ribozomal RNA;
ve kucukten (>100 baz) buyuge (>20,000 baz)
kadar tum boyutlarda olan ve heterodisperse
formlar, mMRNA veya mesajci RNA.
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PARAMETER

DNA SYNTHESIS

RNA SYNTHESIS

Template

DNA; non-selective; both
strands serve as template

DNA; selective to specific

sequences (genes, other),
only one strand at a time

Direction of Synthesis 5 -3 5 — 3
Timing only at specific stages of cell-cycle independent; and
the cell cycle cell-cycle dependent
Mechanism DNA dependent DNA DNA-dependent RNA

polymerase; initiation (10-
60 nt RNA primer),
elongation, termination
(unknown)

polymerase; initiation (no
primer), elongation,
termination (recognition
sequences for polymerase)

DNA tim RNA sentezleri icin kalip olarak gorev yapar. Mesajci RNA da,
RNA asagidaki gibi (-) sarmalinin tamamlayicisidir:
5' CGCTATAGCGTTT 3' DNA kalip olmayan sarmal (+)

3' GCGATATCGCAAA 5' DNA kalip sarmal (-)

| transkripsiyon

5' CGCUAUAGCGUUU 3' RNA transkript
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Messenger RNA (mMRNA) proteinlerdeki amino asit
sekanslarinin bilgilerini kodlamaktadir.

Transfer RNA (tRNA) amino asitleri ribozomlara tasiyan
ve protein sentezi icin mRNA kalibini okuyan bir adaptor
molekulu olarak gorev yapar.

Ribozomal RNA (rRNA) bir protein grubu ile beraber
ribozomal komplekslerdeki ribozomal altunitelerini
olusturur. Ribozomal RNA ribozomlarda bulunur. mRNA
genel olarak dogrusal bir molekuldur. Fakat, tRNA'lar
govde ve uzerinde c¢ikintili yapilar ile yaprak sekilleri
olustururlar. Koli bakterisi icin toplam RNA'nin 5 90°|
rRNA, % 7’si tRNA ve % 3’'u mRNA dir.
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Prokaryot ve
okaryotlarda RNA
transkripsiyonu yanda
verilen benzerlik ve
farkliliklara sahiptir.

Okaryotlarda
transkripsiyon ¢ok
daha komplekstir.
RNA polimeraz |l hem
bazal hemde uyariimis
transkripsiyonel
faktorlere ihtiyag
duymaktadir.

PARAMETER PROKARYQTES EUKARYOQTES
DNA-dependent RNA |  One polymerase for the RNA polymerase | for pre-rRNA
Polymerases franscription of all three RNA polymerase Il for pre-mRNA
classes of RNA RNA polymerase Il for 5S rRNA and
fRNA
Template DNA Very accessible to RNA Only a small faction of DNA is
polymerase; transcription accessible to polymerase due to
can occur at many sites | chromatin structure; DNA modifications
simultaneously
Initiation Consensus sequences at |  TATA box, CAAT box recognized by
promoter usually -35 to - polymerase ||
10 from start of
franscription
Elongation 53 553
Termination Signals for polymerase; Termination signal not understood;
rho protein; run of
adenines that form a
hairpin loop
Post-franscriptional None for mRNA Yes, for rRNA and mRNAs

processing




TRANSKRIPSIYON VE TRANSLASYON

activater proteins

preinitiation complex

Transactivation domain

Hinge region
DM A-Earching /
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promoter elements
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On mRNA yapildiktan sonra islenir. 5’ ucuna cap sekansi eklenir;
intronlar kesilip uzaklastirilabilir (splicing) ve 3’ ucuna adeninler ilave
edilebilir (poliadenilasyon). Cap ilavesinde bir 7-metilquanozine 5’
uca 5’, 5’ trifosfat baglantisi yoluyla eklenir. Bu modifikasyon
transkripsiyonla ayni anda yapilir. Cap’in mRNA'nin ribozoma
baglanarak translasyonu baslatmak icin gereklidir. Ayni zamanda
MRNA'nin parcalanmasini onlemektedir. mMRNA'nin ucuna 25-250
bazlik bir poli (A) kuyrugu eklenir. Bir endonukleaz ve poli A
polimeraz AAUAA sinyaline baglanir. Transkript bu sinyalin 3’
ucundan 11 ve 30 baz otesini keser ve poliA eklenir.

Kodlama sekanslari icerisinde intron olarak bilinen kodlamayan
bolgeler vardir. Kodlama bolgelerinede ekzon denilir. mMRNAnIn
protein sentezinde normal olarak fonsiyon gostermesi igin intronlarin
uzaklastiriimasi ve ekzonlarin birlestiriimesi gerekir buna splicing
denilir. Intronlar proteinlerin domeyn yerlerinde bulunur. Fonksiyonel
protein domeynlerinin yer degistirimesinde ve yenilerinin ortaya
cikmasinda rol alirlar. Ayrica gen ekspresyonunun regulasyonunda
da rolleri vardir.
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Prokaryotes Eukaryotes
mRNA AV AV AV AV AVAV AW AWV 2 AVAVAVAVAVAVAVAWAWAW. <
l No processing | Capping at 5’ end;

[ endonucleolytic cleavage

AV AVAVAVAVAVAVAVAVAV: = v
v and poly(A) tailing at 3" end
CAP I v L AAAA
£ Splicing
o\ AVAVAVAVAVAVAVAN VY.V
Removal of Removal of
leader and leader and
trailer sequences trailer sequences
AV FAV o
4S 48
rRNA AV AV AV AV VAV aVaVaVaVaVaVaVaVaV- = FAVAVAVAVAVAV AV AV AV AV AV AV AV AV AV AV AV AVAVAVAVAV
| Many endonucleolytic | Many endonucleolytic
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| cleavages i cleavages
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Transcription
and 5’ capping
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DNA

Primary
transcnpt

Mature
mRNA

Ovalbumin gene

7,700 bp
L 2 3 4 5 6 7
C| D E F G
Transcnption and
5' capping
Extra RNA
L 2 3 4 5 B 7
C||D E F G ¥
Cap Splicing, cleavage
And polyadenylation
f introns
Extra RNA
123 456 7
—— AAAAAAAA(A),

— 1 872 nt——»
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Splicing olayi iki adimda meydana gelir. Ilk adimda,
uzaklastirilacak sekansin 3’'ucundaki bir adenozinin 2'-
OH grubu inronun baslangicindaki fosfata bir nukleofilik
saldiri yaparak RNA'nin seker-fosfat ana zincirini
parcalar ve bir lariat ara bilesigi olusturur. 5 kesim
yerinden ayrilan OH grubu da nukleofilik karaktere
sahiptir ve lariat ana bilesigini iceren intronun 3’
ucucndaki bir G-p-X e yakin yerde yer almaya sevk edilir.
Sonra ikinci bir nukleofilik saldiri gerceklesir ve lariat
serbest birakilarak RNA sarmalinin iki pargasi yeniden
birlestirilir.
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* Bazi organel genlerinin ve bazi protozoan
genlerinin mRNA'lar1 edit edilir. Edit etme
RNA daki baz hatalarinin duzeltiimesi
demexktir.

* Edit olayi secici baz yerdegistirmelerinden
ibarettir; bazen fonksiyonel bir RNA
olusturulmasi igin gereklidir.
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Figure 2 RNA editing of the transcript of the cyto-
chrome oxidase subunit II gene from mitochondria
of Tetrahymena brucei. '

DNA 5---lA A AlG T A|llG A GJlA A clic T G||[G T A|l--- 3
-—-=— Lys — Val Glu Asn Leu Val, ——-
Edited :
mRNA ---[A A A|lG .U AJlG A UJlU G UjJ|laA U A|lC C U|lG G U|---
=== Lys — Val — Asp — Cys — 1Ile — Pro — Gly =---
b

(a)

mRNA 6'--~AAAGUAGAUUGUAUACCUGGU---%
2 2 ]
UUAUAUCUAAUAUAUGGAUATU

Guide RNA

3? 5!
(b)



GENETIK KOD, TRANSLASYON
VE PROTEIN DONGUSU

Protein synthesis is the transliteration of the information content, originally
contained in the DNA sequence, translated from the language of mRNA into
the primary sequence of a protein. To execute the information transfer from
DNA to protein requires all three classes of RNA listed in the previous
handout. In fact for eukaryotes a fourth class of RNAs is required, SnRNAS
(small nuclear RNAS) or "snrps." SnRNAs are a small group (a little more
than a dozen) of highly conserved RNAs ranging in size from 100 to 220
nucleotides. They are very abundant with about 106 copies each per
nucleus. They function in the splicing of pre-mRNAs as part of a
ribonucleoprotein complex. Each complex contains an RNA molecule and
up to 12 proteins. SNRNAs U1, 2, 4-6 are necessary for splicing and act as
guides of the pre-mRNA intron/exon regions by binding to the pre-mRNA at
the splice sites (How do they bind?). A large ribonucleoprotein complex
forms at the splice sites (called a spliceosome). For the splicing reaction
Sﬁe up)per figure on page 7 of Lecture 19 (note that the snRNAs are not
shown).



GENETIK KOD, TRANSLASYON
VE PROTEIN DONGUSU

The synthesis of protein has many similarities as well as some differences in
prokaryotes and eukaryotes. Important features concerning protein synthesis include
site of synthesis; timing of transcription and translation; number of proteins encoded
by a mRNA and how translation is initiated and terminated.

In order to understand how protein synthesis was accomplished, the genetic code
needed to be understood. The breakthrough was achieved when synthetic RNAs
were made and mixed with cell extracts that could synthesize protein. In the presence
of polyU, a polyphenylalanine peptide was made. PolyA directed the synthesis of
polylysine. Soon it was determined that each specific protein amino acid was coded
for by a three base unit termed the codon.

Thus, the linear sequence of nucleotides directed the linear sequence of amino
acids in a non-overlapping fashion. The region of the mRNA containing the codon
for the first amino acid of a protein and ending with the codon for the last amino acid
of the protein is given the designation "open reading frame." When you are looking
for a gene in DNA sequence data, you often search for the longest open reading
frame. Ideally, the protein coded for in a DNA or RNA sequence should be consistent
with a protein you might purify from some biological material. There are specific
codons that initiate and terminate protein synthesis as the mRNA is being decoded
on the ribosome. Protein synthesis begins at
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the first AUG of the mRNA and
ends with UGA, UAA, UAG
which are called the stop
codons. The multiple stop
codons illustrate the
degeneracy of the genetic
code. Sixty-four combinations
of four types of bases and
three bases per codon are
possible, yet there are only
20(21) protein amino acids.
Table to the left shows that one
amino acid can be coded for
by several codons, but one
codon cannot specify for more
than one amino acid.

Eukaryotic

mRNA .,
4 cap

Frokaryotic
mRNA

Ribosome recognition sile

Ribosome recognition site

AAAAARAML
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Amino  MNumber of Amino  Number of
acid codons acid codons
Ala 4 Leu 6
Arg ] Lys 2
Asn 2 Met 1
Asp 2 Fhe 2
Cys 2 Pro 4
Gln 2 Ser 6
Glu 2 Thr 4
Gly 4 Trp 1
His 2 Tyr 2
Ile 3 Val 4

The degeneracy as well as the codon specificity led F. Crick to propose the Wobble
Hypothesis where there appeared to be flexibility in the third position of the codon.
For example, the amino acid serine is coded for by UC(U,C,A,G). But how might
wobble in the third position be possible? This question brings in the role of tRNAs in
protein synthesis and answers tlarger question of how the genetic code is readthat
the appropriate amino acid is added to the polypeptide chain in the proper
sequence.



GENETIK KOD, TRANSLASYON
VE PROTEIN DONGUSU

There is a specific tRNA molecule for each amino acid, and as the
genetic code is degenerate, to a limited degree so are a number of
tRNAs for certain amino acids. For example leucine can be coded
for by UUG or CUG, so at least two tRNAs are needed to decode
these two "words." On one of the loops of a tRNA is a three base
sequence that is complementary to the codon on the mRNA. As the
codon for leucine (UUG) passes through a ribosome, a tRNA with a
leucine covalently attached and having the sequence AAC
hydrogen bonds to the mRNA at the leucine codon. The AAC of
this tRNA is termed the anticodon and the loop that it resides on is
known as the anticodon loop. Once the codon and anticodon have
annealed, at the proper site on the ribosome, the leucine attached
to the tRNA is added to the C-terminal end of the polypeptide being
synthesized. Thus, the informational content of DNA is copied into
MRNA, and it is decoded by the tRNA at the ribosome and
"nonrandom" protein synthesis is accomplished. As a result of this
mechanism, rules to explain the wobble in the third position of the
codon become relatively straight-forward.
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Amino acids destined to be incorporated into a protein must first be activated by
attachment to a tRNA for two reasons. The first has to do with the coding/decoding
function of the tRNA as described above. The second reason is that for the amino
acid to be covalently linked to another via a peptide bond, it has to be activated to
make the reaction feasible. Having a specific tRNA for a specific amino acid makes
possible a high degree of fidelity in getting the correct amino acid added at the
correct time. However, the accuracy of the process is further ensured by taking
advantage of the high specificity possible in enzyme catalysis. How? - "In the process
of the attachment of the amino acid to its specific tRNA." This process is catalyzed by
an enzyme specific for the amino acid and its corresponding tRNA; an aminoacyl-
tRNA synthase. This enzyme links the amino acid to the tRNA in a two-step process.
First the amino acid is linked to AMP liberating PPi. Then the amino acid of the
aminoacyl-AMP is transferred to the tRNA forming an aminoacyl-tRNA releasing
AMP. This will be on the exam so be sure to look at it closely; by what reaction
mechanism are these two steps of the linking of the amino acid to the tRNA
accomplished? Interestingly, if the wrong amino acid is somehow added to a tRNA,
the aminoacyl-tRNA synthase has a proof-reading ability and will hydrolyze the ester
linkage so that the wrong amino acid does not get into the polypeptide being
synthesized.
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* |l. Protein Synthesis

« Protein synthesis can be viewed as having five stages; amino acid
activation; initiation; elongation; termination and release, and
finally folding into a functional conformation. Table 26-6 lists some of
the requirements for these stages of protein synthesis.

* In bacteria, a special methionine aminoacyl-tRNA for initiation is
used to begin protein synthesis with a formylated methionine. A
different tRNA is used for methionines that occur later in the
polypeptide. The initiator met-tRNA is recognized by initiation and
elongation factors. A recognition sequence in the mRNA known
athe Shine-Delgarno sequence specifies for translation to begin at
the next AUG in the mRNA. Generally the Shine-Delgarno sequence
is purine rich (the trpA sequence is ...GAGGGG...).



Table 26-6 Components required for the five major stages in protein
synthesis in E. eoli

Stage Necessary components

1. Activation of 20 amino acids
amino acids 20 aminoacyl-tRNA synthetases

20 or more tRNAs
ATP
Mg?+

2. Initiation mRNA
N-Formylmethionyl-tRNA
Initiation codon in mRNA (AUG)
308 ribosomal subunit
508 ribosomal subunit
Initiation factors (IF-1, IF-2, IF-3)
GTP
Mgt

3. Elongation Functional 708 ribosome (initiation complex)
Aminoacyl-tRNAs specified by codons

Elongation factors (EF-Tu, EF-Ts, EF-G)
Peptidyl transferase

GTP
Iﬂ'gtv
4. Termination Termination codon in mENA
and release Polypeptide release factors (RF,, RF,, RFa)
ATP
5. Folding and Specific enzymes and cofactors for removal of
processing initiating residues and signal sequences, additional

proteolytic processing, modification of terminal
residues, attachment of phosphate, methyl, carboxyl,
carbohydrate, or prosthetic groups
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The 16S rRNA has a pyridine rich sequence complement to the
Shine-Delgarno sequence that helps to align the mRNA so that the
AUG codon pairs with the anticodon of the initiator met-tRNA.
Similarly, the eukaryotic mMRNA has a sequence for ribosome binding
which is found adjacent to the first AUG (see text). In bacteria, the
30S ribosomal subunit forms a complex with the mRNA, initiator
met-tRNA, initiation factors (proteins) and GTP. Then the 50S
subunit binds and the next stage, elongation, can begin. The A site
on the ribosome is filled and peptide bond formation occurs. The
growing polypeptide now attached to the tRNA in the A site moves to
the P site and the A site is refilled with the next aminoacyl-tRNA.
Finally, the termination or stop codon of the mRNA is reached and
the release reaction occurs. Release factors and GTP are required
to dissociate the ribosome from the mRNA.
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— Abbreviations for different classes of RNA

fRNA: Functional RNA — essentially synonymous with non-coding RNA
MIRNA: MicroRNA — putative translational regulatory gene family

NCRNA: Non-coding RNA — all RNAs other than mRNA

rRNA: Ribosomal RNA

SsiRNA: Small interfering RNA — active molecules in RNA interference
snRNA: Small nuclear RNA — includes spliceosomal RNAs

snmRNA: Small non-mRNA — essentially synonymous with small ncRNAs

snoRNA: Small nucleolar RNA — most known snoRNAs are involved in
rRNA modification

stRNA: Small temporal RNA — for example, lin-4 and let-7 in C. elegans
MRNA : Messenger RNA
tRNA : Transfer RNA
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Identifying novel small RNASs

Recent discoveries indicate that small RNA molecules (e.g. SiIRNAs [see
lecture handout 16] and microRNAS) play a role in prokaryotic and
eukaryotic gene regulation. These small RNA molecules may regulate gene
expression through at least 2 different mechanisms: mRNA degradation
(siRNAs) and translational inhibition (microRNAS). This research is still in its
preliminary stages, but if bacterial systems are any indication, the regulatory
mechanisms of eukaryotic small RNAs will likely turn out to be more diverse
than anyone had previously imagined.

Small RNAs (sRNAs) are important regulatory molecules found in both
prokaryotic and eukaryotic cells. Although hundreds of SRNAs are found in
eukaryotic cells, until recently only thirteen had been identified in E. coli.

Unlike most RNA transcripts that encode proteins, SRNAs are non-coding
transcripts — they function directly as RNAs. Eukaryotic SRNAs are largely
iInvolved in ribosomal RNA processing and modification. Previously
identified prokaryotic SRNAs seem to be involved in a number of cellular
processes, but none of which involve ribosomal RNA biogenesis.
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The apparent difference between eukaryotic and prokaryotic SRNA
functionality has prompted biologists to question whether this difference
represents an evolutionary divergence or simply our incomplete knowledge
of the full range of prokaryotic SRNA actions.

Utilizing a multifaceted search strategy combining comparative genomics,
RNA transcript analysis, microarray data and binding activity it was possible
to develop a systematic method to predict and identify novel SRNAs in the
fully sequenced E. coli genome. Seventeen novel prokaryotic SRNAs were
identified. This experimental methodology has helped to serve as a
blueprint for the systematic identification of SRNAs in other organisms with
sequenced genomes.

Next, the functional characterization of these newly identified sSRNAs will
lend valuable insight into the debate over whether the apparent differences
between eukaryotic SRNA functions and prokaryotic SRNA functions are the
result of an evolutionary divergence or our own lack of understanding.



GENETIK KOD, TRANSLASYON
VE PROTEIN DONGUSU

In the past year, 28 new small RNAs (SRNA) have been identified in Escherichia coli.
The function of most of these sRNAs, however, has not been determined. In the April
2nd, 2002 issue of The Proceedings of the National Academy of Sciences, USA, Eric
Massé and Susan Gottesman showed that one of these sRNAs, the 90-nt ryhB
RNA (RhyB), is involved in inhibiting the expression of iron storage proteins and
some iron-dependent enzymes, and provides a better understanding of how
intracellular iron levels are regulated in bacteria. Moreover, they demonstrate the
importance of SRNA molecules in bacterial gene regulation.

A protein, called Fur (Ferric uptake regulator), regulates the expression of operons
for iron-metabolism. Fur is a repressor protein that uses iron as a co-repressor. With
high iron concentrations, Fur binds to the promoter of iron transport operons and
prevents transcription. Ironically, Fur also activates operons for iron storage proteins
and some iron-dependent enzymes at high iron conditions. Until now, the mechanism
of this latter function was unclear. New findings by Massé and Gottesman show that
this regulation takes place indirectly through repression of the ryhB RNA (RyhB).
The authors show that when iron is abundant, Fur represses transcription of RyhB,
probably by attaching to Fur binding sites in the RyhB promoter. Repression of RyhB,
In turn, permits expression of iron storage proteins and some iron-dependent
enzymes. OK, based on this explanation, draw a cartoon that depicts this mode of
regulation in bacteria.



GENETIK KOD, TRANSLASYON
VE PROTEIN DONGUSU

The mechanism of ryhB action is not fully understood, but may
Involve transcriptional inhibition. In some target operons, RyhB has
complementarity to the ribosome-binding site of the mRNA,
suggesting that RyhB inhibits translation. In another operon
(sdhCDAB), the complementarity between RyhB and mRNA follows
the first structural gene. In the absence of RyhB, transcription of the
sdhCDAB operon proceeds past the first structural gene (sdhC). As
RyhB concentration rises, the level of the operon mRNA declines.
RyhB requires the RNA-binding protein, Hfq, for activity. Sequences
within RyhB are complementary to regions within each of the target
genes, suggesting that RyhB acts as an antisense RNA. Full-length
sdhCDAB message disappears and a truncated message,
equivalent in size to the region upstream of the complementarity, is
detected when RyhB is expressed. These results suggest that, at
least in this instance, transcription rather than translation is being
terminated. In one model, the authors proposed that transcription
termination might take place through recruitment of the Rho protein
to the RNA-RNA interaction site.



MicroRNAs (miRNAS)

MicroRNAs (miRNAsS) compose a class of short, noncoding RNAS,
20-24 nucleotides in length, that have been found in eukaryotic
organisms ranging from roundworms, to fruit flies, to humans. The
founding members of this class of RNAs are lin-4 and let-7, two
small RNAs that are processed from a longer stem-loop structure by
the Dicer enzyme, and function to control developmental timing in
the roundworm C. elegans. Over 150 other miIRNAs have since
been found in animals. In 2001, David Bartel’s lab at the Whitehead
Institute for Biomedical Research reported the exciting discovery of
a new class of small genes. The genes don’t code for proteins, but
Instead code for tiny RNAs called "microRNAs" —only 20 to 24
bases long—thought to be important in regulating protein levels. The
results were published in the October 26 issue of Science along with
two other papers with similar findings, one from Thomas Tuschl’s
lab at the Max Planck Institute for Biophysical Chemistry and the
other from Victor Ambros’s lab at Dartmouth Medical School.



Previously, researchers had found two small RNAs that regulate translation of mRNA
into proteins important in worm development. If these RNAs were missing, then the
organisms didn’t properly progress from the larval to the adult stages. The Bartel lab
decided to survey all the RNA of the worm C. elegans and see whether they could
find any more small regulatory RNAs of this type. They found a world of tiny RNAs
that had almost escaped detection until now.

Quickly another 55 RNAs with many hallmarks of the original two regulatory RNAs
were found indicating there is a large class of RNAs that may be important in gene
regulation. The Bartel lab and their colleagues at Dartmouth and Max Planck also
found that these microRNAs are present in a broad range of organisms from fruit flies
to humans, indicating their importance throughout evolution. This regulatory role for
RNA appears to have been under appreciated. Until recently, researchers had
focused on proteins as gene regulators. We are now exploring how extensively small
RNAs are involved in normal gene regulation. These findings give cause to
reevaluate what lies in the vast regions between protein coding genes. Scientists
have primarily relegated these parts of the genome to containing either gene
regulatory elements or "junk” DNA. We now know these regions contain many small
genes.



How micro RNAs Work

Most of life’'s processes begin with gene expression—the transfer of
information from DNA into "messenger" RNA (mRNA), and then the
translation of that message into proteins. Because protein production is
critical to the well being of an organism, this process can be controlled at
the different stages of gene expression.

The two previously identified small RNAs important for worm development,
for instance, are playing a unique regulatory function by intercepting specific
mRNAs and preventing them from being productively translated into
proteins. Many think that microRNAs are produced by the cell from longer
RNA precursors. An enzyme "scissor" called Dicer chops the precursor RNA
into a small, active piece, which can then find a match with a specific target
MRNA and block its protein production. This is a way for cells to control the
amount and timing of the proteins they need.

It will be interesting to learn which mRNAs are targeted by these new
genes. They may act by blocking productive translation of their target
MRNA,; alternatively some microRNAs might increase protein production, or
regulate by other mechanisms—such as influencing the stability, processing,
or localization of a specific mRNA.



* sSnoRNAs

 Ribosome biogenesis in eukarya occurs in the nucleolar compartment of the
nucleus. Several proteins and dozens of snoRNAs are involved in this
process. SnoRNAs can be divided into two major classes: C/D box and
H/ACA box RNAs. The C/D box snoRNAs are efficiently precipitated with
antibodies against fibrillarin. Most C/D box snoRNAs are involved in
targeting ribose methylation within rRNA, whereas most H/ACA box RNAs
are involved in targeting the conversion of uridine to pseudouridine within
rRNA. snoRNAs not involved in nucleotide modification are required for
proper endonucleolytic processing of the pre-rRNA.

« The general mechanism whereby C/D box snoRNAs target ribose
methylation is well established. Each snoRNA contains a unique 9 to 20
nucleotide (nt) sequence located 5' to the D or D' box motif that is
complementary to a sequence within small subunit (SSU) or large subunit
(LSU) rRNA. During ribosome biogenesis, a SnoRNA:rRNA helix is formed
and methylation is directed to the rRNA nucleotide that participates in the
base pair 5 nt upstream from the start of the D or D' box.



In eukaryotes, it is likely that most, if not all, rRNA ribose methyl
modifications are guided by snoRNAs. In the yeast S. cerevisiae,
methylation guide snoRNAs have been assigned to all but four of the 55
rRNA ribose methylation sites. Although no single methylation site and no
individual C/D box snoRNA involved only in methylation appear to be
essential, global rRNA methylation in yeast is apparently essential. Inhibition
of methylation is believed to severely compromise the ability of the rRNA to
fold into or maintain the active higher order structure.

SnoRNAs have been found mainly in eukaryotic species. Ribose methyl
modification levels in bacterial rRNA are much lower. Escherichia coli rRNA
contains only four ribose methyls created by individual protein enzymes. In
contrast, the rRNA of the archaeon Sulfolobus solfataricus has many
ribose methylatlon sites similar to that found in eukaryotes. Archaea are
unicellular prokaryotic organisms that lack a nucleolus, but their genomes
encode homologs to essential eukaryotic nucleolar proteins. Sulfolobus
acidocaldarius contains several snoRNA-like C/D box sRNAs. Archaeal
SRNAs are small, generally 50-60 nt in length, whereas human and yeast
methylation guide snoRNAs average roughly 75 and 100 nt.



Nucleic Acids Research Small RNA Database
(http://www3.0up.co.uk/nar/database/summary/247)

The small RNA database is a compilation of small size RNA
sequences from both prokaryotic and eukaryotic organisms. The
database is updated with sequences submitted to GenBank on the
World Wide Web. Small RNAs are broadly defined as the RNAs not
directly involved in protein synthesis as mRNAs. Their size varies
from tens to hundreds of nucleotides long, with some of the yeast
small RNAs being over one thousand nucleotides long. This
database includes nuclear, nucleolar, cytoplasmic and mitochondrial
small RNA sequences from eukaryotic organisms and small RNAs
from prokaryotic cells as well as viruses. If you are interested, you
can find a wide variety of sequences at the database site.




Protein synthesis is a costly process. A total of three high-energy
bonds is required for the formation of each peptide bond. The
energy of an ATP is used to link each amino acid to its tRNA.
Elongation and translocation steps require the hydrolysis of two
GTPs. In addition, one GTP is hydrolyzed during initiation and
another GTP is consumed during termination.

While protein synthesis is similar in prokaryotes and eukaryotes,
there are some important differences. Perhaps the most well known
difference is the relative size and make up of the ribosomes for the
two groups. Bacteria have 70S ribosomes and eukaryotes usually
have two size classes; a 70S class that is found in mitochondria and
the plastids of plants and an 80S class that is found in the cytosol.
The diagram below points out some of the compositional
differences. The "S" is a unit of migration through a dense solution
during centrifugation. The greater the S value usually correlates with
the greater mass.



[1l. Protein Turnover

During the last couple of lectures we have learned a great deal about
transcription and translation (protein synthesis). Now that we know how
proteins are synthesized, it is worthwhile to conhow they are modified and
degraded. If proteins were only synthesized, cells would continuously
accumulate them, would require much greater amounts of carbon skeletons
for amino acid carbon chains and much more reduced nitrogen and
sulfur.Since sources of respirable carbon for energy metabolism and
iIntermediates, and N andS are limited, any cell or organism that is not
economical with these materials will not belong for this world. In addition to
needing to recycle carbon skeletons and reducedforms of nitrogen and
sulfur, turnover of proteins provides another portentous capability to cells,
that of regulation. The activity of many enzymes is determined by the
amount of the given enzyme present. If not regulated by allosteric or other
means, the only waythe enzymatic activity of such proteins can be
modulated is through controlling the balance between synthesis and de

sider gradation. Thus protein turnover becomes very portant,
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Proteolitik enzimler: Beyond breakdown of proteins
duringdigestion of ingested foods, proteolysis can result
In enzyme activation zymoghormone maturation,
function in protein secretion, processing, and protein
turnover and utilization of protein reserves.
Proteases are classified by the active site residue that
accomplishes or plays the central role in catalysis, ATP
dependence and by substrate specificity. A further
distinction into subclasses based on substrate specificity
Include: 1. Endoproteinases 2. Carboxypeptidases 3.
Aminopeptidases



In eukaryotes, a completely different ATP-dependent proteolytic pathway exists from that of
bacteria. Proteins targeted for destruction are covalently linked to a small protein of 76 amino
acids called ubiquitin. Once ubiquitinated, the protein is marked and rapidly undergoes
proteolysis. Ubiquitination occurs on the e-NH2 of lysine residues. To add a ubiquitin to a targeted
protein requires a three step process. First, ubiquitin is linked to a protein called E1 by a thioester
linkage that requires the hydrolysis of ATP. Next the ubiquitin is transferred to a second protein
(E2) by a transesterification reaction. Once attached to E2, the ubiquitin is transferred to the
target protein in a transfer reaction that requires a third protein E3. Ubiquitinated proteins are then
degraded to amino acids by the action of a large multiprotein complex known as a proteosome. A
proteosome is like a reverse cornucopia where a ubiquitinated protein enters but does not leave.
Only the ubiquitin escapes degradation, while the targeted protein is converted to free amino
acids. A major factor that determines how fast a protein is degraded by the ubiquitin pathway is
the amino-terminal residue of the protein. Some proteins are long-lived and others are rapidly
degraded. Depending on the residue that is present at the N-terminus, turnover can be rapid or it
can be slow. This determinant of protein turnover is known as the N-end rule.

A second determinate of how fast a protein might be degraded in animals is a region within the
protein rich in Pro, Glu, Ser and Thr residues. Such regions are called PEST for the one-letter
delsignaﬁion of the amino acids found in these regions. PEST regions range from 10 to 60 residues
in length.
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