NUKLEINSKE KISLINE
zaporedja, analize

e jskanje zaporedij v GenBank, razlike med zaporedji cDNA in
genomskim zaporedjem, EST kloni;

e nukleotidno zaporedje in komplementarno zaporedje; format
zaporedij (FASTA); vzorci v nukleotidnih zaporedjih; restrikcijske
endonukleaze- prepoznavna mesta; restrikcijske karte;

e genski kod, okviri prevajanja (+1, +2, +3, -1, -2, -3) in identifikacija
odprtih bralnih okvirjev; uporaba genskega koda; razlike med
organizmi; optimizacija zaporedij za izrazanje v razlicnih gostiteljih;

e nacrtovanje zaCetnih oligonukleotidov za verizno reakcijo s
polimerazo; izracun Tm;

e napoved struktur RNA;

e plazmidne mape.
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FIGURE 9.4 Dimensions and hydrogen bonding of (1) thymine to adenine and (b) cytosine to guanine in
double helix of DNA. (From M. H. F. Wilkins and S. Arnott, ]. Melecular Biol.: 11: 391, 1965.)




LASTNOSTI DVOJNEGA HELIKSA

KOMPLEMENTARNOST BAZ
pomembna pri prenosu genetske
informacije

we assa  April 25, 1953 NATURE

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

Osnova HIBRIDIZACUE- pomembna metoda oo
za detekcijo specificnih kosckov DNA:
Southern, Northern blotanje; Genski Cipi
(mikromreze); PCR

~6Q It has not escaped our notice that the specific
= pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material.

ditions assumed in building it,’together with a set
of co-ordinates for the atoms, will be published
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Predstavitev nukleinskih kislin

 Enocrkovnisimboli:A, C, G, T

* Predstavitev negotovosti na posameznem mestu:
zaradi napake ali dejansko obstaja ve€¢ moznosti
(razlicne variante zaporedij, prepoznavna mesta za
transkripcijske faktorje, restrikcijske endonukleaze, itn.)



SHEMATSKA PREDSTAVITEV
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Oligonukleotid: TGCAT

Zaporedje nukleinskih kislin zapisujemo od 5’ proti 3’ koncu!

>g1 14270147 |emb|AL365230.8] Human DNA sequence from clone RP11-384G23
on chromosome 13, complete sequence

CTTCCTTAATTAGAGCTTCAGTCCTGAGTAAATCTAGGCAGTAAATAGGCCTTGGGCTTAAAATAATTTT
TTTTCCTATTGTGTAACAATAAGAGAATTCATAGATTAGATATTTGTGGGTTGTATGCACTCTGCCTTGG
GTGAAAGTCAGGACAACCCTAGCTATTGCCATGATCCAGGGTCCTAGGTGATGGCTCTCTTCTTTAGGGG
CAGTATTTGAGGTCAGAATATAAAGAAAGGGCAAAAGGAATAAAATAAAATTAGTCCCAAACAATTGTAC
AAATAACCCCAAATATGGTGGTGTTTTGTCCTCTTCAAACTGAGTATAAGTTAACACCTTCACTGTGGTA
GAACTGGAAACTTCTGAGCTCAGATCAAAGTTTCCCAAGGAGTGTCAAAATGCAATATAACTTATTGGGA
TTTCTAAAATTAGCTTTCAGTTGATAGTTGTTAAAATAAAGACCCTAGTTCTTGGTCCAACTAGTGGGTT
ATCTCTTTACATTGAAGATCCTATTTTTATTCTACCTCAGCCTTCATAATTAAAATTCTTTCAACAGATT
TGCAAAGTATACCCATAAATATAAAATAATGTGATGGAATAATTAAGTCATACTTTGAAAAAACAGTATT
ATGAATCCAATGTATAGACAGTAAATAAGCCAATAACTTAAACTCAACTAGAACATTAATTAGAATATAA
ACCTTTGCTAAAAACAATAGATAACATTTATTGGGCACTACTTTGCATCTAACACTATGTTAGATGTCTT
ACATCTTAATGTGTGTTACTACCACACATTAATCCTGTGTGATAGTAACTTTTTTATCCCCATTACATAG
ATAAATAAACGGAGACTTATAGAATGTCTTAGTCCATTCCTGGTGCTATAACAAAGTACCCTAGACTGGG
TAATTTATAATCAACAAAAATCTATTGCTCACAGTTCTGGAGGCTGGGAAGTCCAAGATCAAGGCACCAC




IUPAC nomenklatura

Symbol® Description Bases represented
A Adenine A
C Cytosine C
G Guanine G 1
11 Thymine
U Uracil U
W Weak A T
S Strong C|lG
M aMino A C :
K Keto G T
R puRine A G
Y pYrimidine C T
B not A (B comes after A) C|IG|T
D not C (D comes after C) A G T
H not G (H comes after G) A C T ’
' not T (VcomesafterTandU) A| C G
Nor- aNy base (not a gap) AlC|G|T|4

Vir: Wikipedia



Signali za transkripcijo in translacijo
(prokarionti)

Signali za transkripcijo: promotorsko podrocje, zaCetek transkripcije, konec
transkripcije (terminator), drugi regulacijski elementi (represorji,
enhancerji).

Signali za translacijo: mesto vezave na ribosom, startni kodon, genski kod,
stop kodon.

Gene
I 5" UTR |
Pr——— e,
AUG Transcription
A VAVAVAVAVAV AV A =
Promoter Coding sequence of gene
+1 A 4
ATG

Strong E. coli promoters

tyrtANA°- TCTCAACGTAACACTTTACAGCGGCG* *CGTCATTTGATATGATGC+*GCCCCH
rrn D1 GATCAAAAAAATACTTGTGCAAAAAA+* « TTGGGATCCCTATAATGCGCCTCCG
rrn X1 ATGCATTTTTCCGCTTGTCTTCCTGA+* +GCCGACTCCCTATAATGCGCCTCCATCGACACG
rrn (DXE), CCTGAAATTCAGGGTTGACTCTGAAA* « GAGGAAAGCGTAATATAC.GCCACE
rrn E1 CTGCAATTTTTCTATTGCGGCCTGCG+* *GAGAACTCCCTATAATGCGCCTCCATCGACACG
rrn A1 TTTTAAATTTCCTCTTGTCAGGCCGG+* * AATAACTCCCTATAATGCGCCACCACTGACACG
rrn A2 GCAAAAATAAATGCTTGACTCTGTAG* *» CGGGAAGGCGTATTATGC+*ACACCE

— - 15-17 b -
Consensus sequences TTGACAT—— __1o=1/Dp [ TATAAT
for most E. coli promoters ‘ a8 J | 3

Vir: http://www.discoveryandinnovation.com/BIOL202



Operon —35 region —10region Initiation
(Pribnow box) site (+1)
lac ACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGG

lacl ccnrcauav“fﬁcQjAqaccrrrcccactnrcacarantnacccCCGGAAGAGAGrc
galP2  ATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCAT

araBAD GGATCCTACCT ,‘. CGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTTY
araC GCCGTGATTATAGACACTTTTGTTACGCGTTTTTIGTCATGGCTTTGGTCCCGCTTTG
trp 7?"":"_/, CAATTAATCATCGAACTAGTTAACTAGTACGCAAGTTCACGTA
bioA TTCCAAAACGTGTITTTITIGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTT

bioB CATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAAT
tRNATYT CAACGTAACACTTITACAGCGGCGCGTCATTTGATATGATGCGCCCCGCTTCCCGATA
rrnD1 CAAAAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCGTTGAGACGA
rrnEl CAATTTTTCTATT IGCCTGCGGAGAACTCCCTATAATGCGCCTCCATCGACACGG
rrnAl AAAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGCTG

Initiation
—35 region —10 region site
Consensus TG UAVEIAY . 16-19bpees T A T A A T cee5-8bpees A
sequence: 69 79 61 56 54 54 77 76 60 61 56 82 ¢y
55 48
42

© 2008 John Wiley & Son, Inc. All rights reserved.



Number of occurrences

a tcTTGACat

100 —

80 -

My

t 1g

TAtAaT

cat

20 —

0 {

-50 -40 =30 =20 -10 +1 10

Position

A 2838303735|5642423742|39182526 2|6 2 722650|2634 2526 31 203933|3339232916|2319 210629|66 57 1 35 23|31 20 91451624 2526|2424323526
T 4133322534|2235354227|3242471492|9411191537|46363848 34 35282827 39513443|263189 3 69|151910831 29|21 1622| 2 4227 2320|2527 1516 29
G 1611291921|181321 9 19|2426292911|6 88 3 1117|1521262127 2324 27|2522232928|433511 1 18|17 14 0 332430 21 8|37 5 122722|1720242116
C |2227182920[1420122223[16 251043 7|6 111860 8[2523231720 3421 24|27 22 2520252027 10 2 16[1422 3 1336|30 2949 4 25251318[2217171617

Figure 5.1. A consensus sequence for prokaryotic promoters. Redrawn from Hawley, D. K. and McClure,

W. R. Nucleic Acids Res. 11:2237, 1983.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



Promoter

I gene Z gene
Qo -
25 >€ 29 CAP-cAMP Operator 2:5
GRG0 H S . EE=
# * * ‘ ¢ binding site l l #
F——— mRNA
DNA GAAAGCGGGCAGTGACCGCAACGCAATTAATGTGAGT TAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATG 3’
CTTTCGCCCGTCACTGGCGT TGCGTTAATTACACTCAATCGAGTGAGTAATCCGTGGGGTCCGAAATGTGAAATACGAAGGCCGAGCATACAACACACCTTAACACTCGCCTATTGTTAAAGTGTGTCCTTTGTCGATACTGGTAC 5’

sequence o

-80 =70 -60 =50 —40 -30

-20 -10 +1 +10 +20 +30



SHINE-DALGARNOVO
ZAPOREDJE

5'-mRNA-3'
araB
galE
lacI
lacz

Q B fagna replikaza
0X174 fagni A protein
R17 fagni plasc¢ni protein

ribosomalni protein S12

ribosomalni protein L10

trpE
trpL

3’ -konec 16S rRNA

\

STARTNI KODON

UUUGGAUGGAGUGAAACGAUGGCGAUU
AGCCUAAUGGAGCGAAUUAUGAGAGUU
CAAUUCAGGGUGGUGAUUGUGAAACCA
UUCACACAGGAAACAGCUAUGACCAUG
UAACUAAGGAUGAAAUGCAUGUCUAAG
AAUCUUGGAGGCUUUUUUAUGGUUCGU
UCAACCGGGGUUUGAAGCAUGGCUUCU
AAAACCAGGAGCUAUUUAAUGGCAACA
CUACCAGGAGCAAAGCUAAUGGCUUUA
CAAAAUUAGAGAAUAACAAUGCAAACA
GUAAAAAGGGUAUCGACAAUGAAAGCA

3’ -AUUCCUCCACUAG- 5’

3'-end of 165 rRNA A/—J

XA

U

U

uccu

C

C

AP

1
fMet GIn i 3

~~_-NNNNNAGGAANNNNNAUG CAA AU~~~



(a)

B9
3 e

E. coli terminator

G-C BT
rich region rich region

*+ NNAAGCGCCGNNNNCCGGCGCTTTTTTNNN
S

NNTTCGCGGCNNNNGGCCGCGAAAAAANNN -

+++ NNAAGCGCCGNNNNCCGGCGCUUUUUU—OH 3’

-3'
-5'

® N

T

N C

X, /

G+ C
C G
C G
DNA template G C
G G
RNA transcript G C
A U
A U

++*NNNN

uuuu

OH 3



CEPITEV DNA IN RNA Z NUKLEAZAMI

NUKLEAZE
ekatalizirajo hidrolizo fosfodiestrske vezi
erazgradnja nukleinskih kislin kot del normalnega celicnega

delovanja
Deoksiribonukleaze DNaze
Ribonukleaze RNaze
Eksonukleaze cepijo s koncev
5'-eksonukleaze, 3'-eksonukleaze
Endonukleaze cepijo znotraj verige
Tipa, tipb glede na to, kje cepijo fosfodiestrsko
vez

Restrikcijske endonukleaze koristno orodje v molekularni
biologiji; specificno
prepoznajo 4-6 nukleotidov v
zaporedju



Encim

Standardne nukleaze
Fosfodiesteraza iz klopotace
Fosfodiesteraza iz vranice
Ribonukleaza A iz treb. slinavke
Vrani¢na DNaza

Restrikcijske endonukleaze
EcoRl

Ball

Taql

Hinfl

Substrat

DNA,RNA
DNA,RNA
RNA
DNA

DNA
DNA
DNA
DNA

Tip

ekso (a)
ekso (b)
endo (b)
endo (b)

endo (a)
endo (a)
endo (a)
endo (a)

Specificnost

s 3' konca, ni

s 5' konca, ni
pirimidin na 3' strani
ni

GAATTC
TGGCCA
TCGA
GANTC
s krepkim oznaceno
mesto cepitve



Pankreasna ribonukleaza (RNaza): tip b. Endonukleaza, cepi za
pirimidinskimi bazami. V endoplazemskem retikulumu, transportiran
tudi v Crevesje, kjer sodeluje pri prebavi hrane.

A G U A C C G A A U G A
OH OH OH OH OH OH OH OH OH OH OH OH
B OH
2 P E P E P P P P P P E
A i . 4 3"

RNaza

Y
A G U A C C G A A U G A
OH |-OH | OH OH |-OH OH OH |-OH |-OH | OH OH | OH
- - + OH
P P P P
P P P P P P P
3!



RESTRIKCIJSKE ENDONUKLEAZE

izjemno uporabni encimi

endonukleaze

pri bakterijah obramba pred vdorom tuje DNA

prepoznajo 4-6 nukleotidov dolgo zaporedje in cepijo to ali v
blizini tega mesta

prepoznavno mesto ima 2-kratno os simetrije

po cepitvi nastanejo “topi” ali “lepljivi“ konci

EcoRl je prvi znani restrikcijski encim iz E. coli (sev Rl)

5"...GZA-A-T-T-C...3" FcoRl
3°. C—T—T—A—ATG ...5" 2 H,0
5°...G A-A-T-T-C...3"

3"...C-T-T-A-A G...5"



* prepoznavna mesta so palindromi
Npr. PERICA REZE RACI REP

Microorganisms Restriction enzymes Cleavage sites Cleavage products
l

Bacillus amy- Bam HI 5-GGATCC-3 5-G GATCC-3

loliquefaciens H 3-CCT. A(TEG-S 3-CCTAG G-5

B. globigii Bgl 11 S-AJGATCT-S 5-A GATCT-3
3-TCTAGA-5 3-TCTAG A-S

T

Escherchia coli RY13 Eco Rl S-GJAATTCJ 5-G AATTC-3
3-CTT. M$-5 3-CTTAA G-5

Haemophilus influenzae Rd Hin dlll S-A}AGCTT -3 5-A AGCTT-3
3-'ITCGA1{\-5 3 -TTCGA A-5

l

H. parainfluenzae Hpa | 5-GTTAAC-3 5-GTT AAC-3
3~CAA1'!"IJ"G-5 3-CAA TTG-5

Klebsiella pneumoniae OK 8 Kpn | 5-GGTACC-5 5-GGTAC C-3
3-C1FATGG-3 3-C CATGG-5

4

Streptomyces albus G Sal 1 5-GTCGAC-3 5-G TCGAC-3
3-CAGC1"r G-5 3-CAGCT G-5

Staphylococcus aureus 3Al Sau 3Al S-lGATC-3 5- GATC-3
3-CT A(?T-S 3-CTAG 5

Vir: http://www.eplantscience.com



Vir: Wikipedia

EcoRl
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The Nobel Prize in Physiology or Medicine 1978

Werner Arber
Daniel Nathans

Hamilton O. Smith

"for the discovery of restriction enzymes and their application to
problems of molecular genetics"

"Their research opens up the possibility to copy human beings in
the laboratory, to construct geniuses, to massproduce workers, or
to create criminals." This is a quotation from the presentation on
Swedish television of this year's laureates in medicine.

Dr. Arber, Dr. Nathans, Dr. Smith: The discovery of restriction
enzymes started off an avalanche in molecular genetics. Their
application made possible the detailed chemical analysis of the
organisation of the genetic material, and this has in particular in
higher organisms given unexpected but far reaching results. At long
last we are in a position to tackle successfully the basic problem of
cell differentiation. Your work has pioneered this development.



Recognition Sequence
AASCGTT
AJAGCTT
AAT/ATT
FAATT
ACATGT
AJCCGGT
ACCTGC(4/2)
ACCTGC(4/8)
AJCCWGGT
AJCGCGT
ACGGC(12/14)
AJCGT

ACN/GT

(10/1S)ACNNNNGTAYC(12/7)

(9/12)ACNNNNNCTCC(10/7)

AJCRYGT
A/CTAGT
ACTGG(1/-1)
ACTGGG(5/4)
A GATCT

AGC/GCT

PV

Enzymes
Acl 1

Hind III

BspM I

L]

exA I

Miu I

BeceA I
HpyCH4 IV

HpyCH4 III

Brr I
Bgl II
Afe 1

P P

RESTRIKCIJSKE ENDONUKLEAZE
izredno uporabne za klonirnje DNA
v molekularni biologiji

(0/2)CATCC BStFS I
(13/9)CATCC Fok I
(14/10)CATCGC BtgZ I

et s
CIATG CuiA II AGC/GCT Afe 1
{CATG Fat I AG/CT Alu 1
CATG/ Wa I AGG/CCT Stu I
(0/2)CATTGC BsiD 1 ARTINET Sca I
CAYNN/NNRTG Msl T AT/CGAT BspD I
(10/12)CCACNNNNNTTG CspC 1 AT/ CGAT Cla I
(-1/1)CCAGT Bsr 1 ATG/CAT Bfrd 1
CCANNNNN/NNNNTGG Rern 1 ATGCAIT Nsi 1
CCANNNNN/NTGG Bt I ATITANT Ase I
CCANNNN/NTGG PfIM 1 ATTT/AAAT Swa I
CCATC(4/5) Bec 1 (11/13)CAANNNNNGTGG(12/10) | CspC I
C/CATGG Neco T C/AATTG Mfe I
CCCAGC(-5/-1) BseY I CACGAG(-5/-1) BssS I
(4/5)CCCAGT Brars CACGTC(-3/-3) BrngB I
CCCaC(4/8) Fau I CAC/GTG Pml I
CCC/GGE Smal CACNNN/GTG Dra III
C/CCGGG ®Xmal CACNN/NNGTG Ale 1
CCGC(-3/-1) Aci 1 (0/2)CACTGC Bts I
CCGC/GG 2Rl CAGCAG(25/27) EcoP15 I
oo - CAG/CTG Pyu II

CAGNNN/CTG AlwN T

CASTGNN/ TspR I



£ NEBcutter V2.0 - Windows Internet Explorer

@ e I@ http://tools.neb.com/NEBcutter2/

=lol

x|

e

File Edit View Favorites Tools Help

x Go =3|e[ web2 cutter

Prjava 9 + X Convert - [F)Select

5% £]IT.. £JRoc.. " tag.. EEBBC.. £)Imp... £]Tabs £]ARR... £ Mul... £]0n...

23 B - ) @ - Page~ Safety~ Tools~ i@~

»

What's new in V2.0

R..'Ew ENGLAND

Labs..

[NEB homepage]

Citing NEBcutter

NEBcutter V2.0

This tool will take a DNA sequence and find the large, non-overlapping open reading frames using the E.coli genetic code and the sites for all Type II and commercially available Type III restriction enzymes that cut
the sequence just once. By default, only enzymes available from NEB are used, but other sets may be chosen. Just enter your sequence and "submit". Further options will appear with the output. The maximum size
of the input file is 1 MByte, and the maximum sequence length is 300 KBases.

Local sequence file: | Browse...
GenBank mumber: | [Browse GenBank]

or paste in your DNA sequence: (plain or FASTA format)

TTACTTACCAGAARRACTTACCAGARAGCTTICTGAGGCTTCCARATTTTGGAACGATARATACATTAGAR ~
AGGGARAR N A GATAATATCTAGTCARACTGTTGTTTIGTAGAGTCCTITGGIGCTGTCTTIGGGGCTGAGA.
AGTGTCCAGGGTTGTTGCTGATTAATTTATGCACAAATTTATGTTCAGCTTTCAGGAAGATAGGGGGAAG
GCAGAGAACTTGICTAGGATCTGTTITTTTCAGCTCAARATAATCTTTATGCCARAGGGGARAGATTTITGGA
GTGGCATATTCIGTTATTCTTCTGTAGGTTTTACTATACAGTTTCCTTGCTTTACAATGACGCTTAGTITC
TAACAGGARAGCGAAGACTTAATGTARATACATGTICATCAAAGATGGGAGCTCATTITTICAGTTIGAGTAR
AATGTITCATTCAGGTITITITTITITICCTITITAAACTIGCTCAACTTCATAARAATAGGAGGAAGTTCCICT
TCGGGCAATAGGTCTAACCCTCAATCTACCTGAGCAATGTICTITATGCAATGTCATTICATIATITICIC ;|

¢ NEB enzymes
" All commercially available specificities

. Linear ~  All specificities
hedcqmncc i R N e (ool secaces
 Only defined oligonucleotide sequences

Standard sequences:
|# Plasmid vectors |

I# Viral + phage 'l

More options |
Set colors I

[define oligos]
Minimum ORF length to display: |100 aa.
Name of sequence.l (optional)
Earlier projects:

-

Nate- Yo eavlior iects will he deoletod 2 devs after thoy weve lnst nrressed




%‘ Labs
Labs.

Display: - NEB single cutter restriction enzymes
- Main non-overlapping, min. 100 aa ORFs

GC=36%, AT=64%

New DNA
Custom digest

View sequence
ORF summary
Save project
Print

11

Linear Sequence: unnamed sequence

Bsrl - HpylB881

Cleavage code

I | blunt end cut
. | 57 extension
o | 3 extension
¥ | cuts 1 strand

I

m nirl Il Il

Eco53kI BpuEl | “#Acll

*¥BstBI
Eco01091
PpuMI
Bcivl
Bsu36l
Tthi11l
PFIFI
ApaLl
Pacl
ALWNT
CspCI
*Hpy99I
Bpul0l

BanII
Sacl

All commercial
All

Alel
Pmel
*¥BtgZl
*BsrFl
*agel

#BspHI
Stul
Hpal
F¥AatIl
*Zral
#¥BsaHl
Bsal
Dralll
BstZ171
Accl

Enzyme name code

fivailable from NEB

Has other supplier

Not commercially available

¥: cleavage affected by CpG meth.
#: cleavage affected by other meth.

(enz.name): ambiguous site

0 cutters
1 cutters

All sites
Save all sites
Flanking enzymes




RESTRIKCIJSKA ANALIZA bakteriofag A

<
mapiranje DNA
Kae |- Narl -Sbl 45570
. Q (amtamiraxx)
Katera prepoznavna mesta prisotna e
Katera nastopajo le enkrat ali nekajkrat
Pell 20395 P [DNA repticaticn)

| 37067 O (DNA replcaticn)
A1 KR d [lambda reprassor)

Eagl 38554 .
POF 1. TIN111 1 36120 S ———

Bmtl-Nhol 34570

Bsuds| 34318
PaeR7 1-THI -Xho! 33408 bet (Racyi; reccembraticn)
Eall A4 aro (Roda; lambch cxcnudeass)
Eall 2745
" int (rtcgmee)
BuGs| 2717
o ; @S9 (adonudeas)
cl 2587
p U C19 Bacl 24772 31 (urknown functicn)
Didl 91 Xbal 24508
BsmB| 51 BaIAP| 179 Ave il 24308 g @47 [winown tincticn)
BanB| 2693 Nd=1 183 AWl 24322
Eco01091 2674 Kas |- Harl-Sfol 235
Aatll-Zra | 2617 | 245 Akl 20005
BaiV | 242 Naol - Ngold IV 20040
Engl 10044 jom [hos! memirane-amsos. projein)
BsiW 1 10323
1l 287 ADES | - | 18565
o 4po1-EcoRI 305 ACES | -Kpn | 17063 J [taithost speciialy protan)
Yool 2254 Bani- sa0 1 42 Asc | 18848
Begl 215 i e Pmel 18298 I (a1 peotetr)
Scal 277 ] Rt L (taf pectain)
il 2008 Xbal 423 SnaBl 12188
Accl- Hincll-Sal | 420 Bsal 114
tall
e B POF |- TN111 1 11202 ool [t
P | 1665 Pl 4% Apal - PspOMI 1008
Acll 1924 Sphi 441 v [t prtan)
Hind 1l 447 Pmal B4LD
Fepl 191500 -
Avall 1837 Thi 641 E [capadpectarn)
Bt BH BsaX | 650 '
ZmFII 111 3 Sap| 623 C [capsy protan)
= \
2 AR Pil 806 A | B [capsi prtam)
Brel 1744 Dl 908
Ahdl 1654 Bav1 1015 Pal &8 A DA peciagre
B=eY | 1110
AlwNI 1217 @s

BooAl 1292



RESTRIKCIJSKA ANALIZA
iskanje prstnega odtisa “fingerprinting”

Restriction Fragment Length Polymorphism (RFLP)

Kb M 1 2 3 4 5 6 7 89 M 10111213 14151617 18M

L‘."Hpqz;l- B3 z ; 2 1]

o

(= -
o L] R

R -

cepitev kromosomske DNA
B. bronchiseptica izolatov s Hinfl
Sacco RE et al. (2000) J Clin Microbiol 38, 4387-4394
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P17
RBS

| [ ODPRT BRALNI OKVIR

—\ . (ang. open reading frame, ORF)
Nerltamn_ v, l;“;:;rst OROME
wiione__f Del nukleotidnega zaporedja, ki kodira
pPET8c His [5macpf] TSL DROM . . . .
o - protein in ne vsebuje stop kododnov
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1401 GAGACAATAA CCCTGATAAA TGCTTCAATA ATATTGAARA AGGAAGAGTA TGAGTATTICA ACATITCCGT GICGCCCTITA TTICCCITITIIT TGCGGCATIT
CICIGITATT GGGACTATTT ACGAAGITAT TATAACTTITIT TCCTTICICAT ACTCATAAGT TGTAAAGGCA CAGCGGGAAT AAGGGAAAMR ACGCCGTARRA
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1501 TGCCTICCIG TTITTTIGCTICA CCCAGARACG CTGGTGAAAG TAARAGATGC TGAAGATCAG TTGGGTGCAC GAGIGGGTITA CATCGAACTG GATCTCAACA
ACGGAAGGAC AAMRACGAGT GGGICTTITIGC GACCACITTIC ATTTTCTACG ACTTICTAGIC AACCCACGIG CTCACCCAAT GTAGCTITGAC CTAGAGIIGT
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1601 GCGGTAAGAT CCTTGAGAGT TTTCGCCCCG AAGAACGTITIT TCCAATGATG AGCACTTTITA AAGTICIGCT ATGIGGCGCG GTATTATCCC GTGITGACGC
CGCCATTCTA GGAACTCTICA AAAGCGGGGC TTICTTGCAAA AGGTTACTAC TCGTGAAAAT TTCAAGACGA TACACCGCGC CATAATAGGG CACAACTGCG
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Nerl (5:85) Xhol
Narl (5:88)
Narl (s054)
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// 'EzoRI (x240)
Apallfana) Apall(:66)

ampicillin
Pxlp08)
ApalLl(aBaa)
pBR322 ori
E ¥ S T F P c R P Y s L F cC G 1 L-
v F N | S ¥ S P L F P F L R H F-
M S | Q H F R v a L I P F F A A F
AGACAATAR CCCTGATAAR TGCTTCAATA ATATTGAAAR AGGAAGAGTA TGAGTATTICA ACATITCCGT GICGCCCTITA TTICCCITTITIT TIGCGGCATIIT
CIGITATT GGGACTATTIT ACGAAGITAT TATAACTTIT TCCITCTCAT ACTCATAAGT TGTAAAGGCA CAGCGGGAAT AAGGGAAAAR ACGCCGTAAR
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TGCCTTCCTIG TTITTIGCTICA CCCAGAAACG CTGGTGAAAG TAAAAGATGC TGAAGATCAG TTGGGTGCAC GAGIGGGTITA CATCGAACTG GATCTCAACA
ACGGAAGGAC AAMRACGAGT GGGICTTITIGC GACCACITTIC ATTTTCTACG ACTTICTAGIC AACCCACGIG CTCACCCAAT GTAGCTITGAC CTAGAGIIGT
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GCGGTAAGAT CCTTGAGAGT TTTCGCCCCG AAGAACGTTIT TCCAATGATG AGCACTTITTA AAGTICIGCT ATGIGGCGCG GTATTATCCC GTGITGACGC
CGCCATTCTA GGAACTCTCA AAMAGCGGGGC TTICTTGCAAA AGGITACTAC TCGTIGAAAAT TTCAAGACGA TACACCGCGC CATAATAGGG CACAACTGCG
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GENETSKI KOD Ly
5 prekrivajoc

4
LASTNOSTI 57
1. Triplet: tri baze na mRNA dolocajo 1 2
aminokislino U S0 rr
2. Neprekrivajo¢: zaporedje treh baz L0000 8080
kot celota (KODON). En kodon se neprekrivajo¢
uporabi za en korak pri translaciji 1 z 5 1
3. Nilocil: med kodoni ni baz, ki bi 9 000¢ 00 O @
loCevale kodo (pik, vejic)
4. Degeneriran: ena aminokislina ima
lahko ve¢ kodonov neprekinjen
5. Univerzalni: isti kod se uporablja pri 3 2 : 3
vseh organizmih. lIzjeme so @ 0000 00 ¢ @
mitohondriji in nekatere alge preklnjen
1 2 3 4
S 60Ce 08 ©



The Nobel Prize in Physiology or Medicine 1968

Robert W. Holley
Har Gobind Khorana
Marshall W. Nirenberg

"for their interpretation of the genetic code and its function in protein
synthesis"

Dr. Holley, Dr. Khorana, Dr. Nirenberg. At the end of his Nobel
lecture, Edward Tatum in 1958 looked into his crystal ball and tried to
predict some of the future developments in molecular biology. He
suggested among other things that the solution of the genetic code
might come during the lifetime of at least some of the members of his
audience. This appeared to be a bold prophecy at that time. In
reality it took less than three years before the first letters of the
code were deciphered and, because of the ingenuity of you three,
the nature of the code and much of its function in protein synthesis
were known within less than eight years. Together you have written
the most exciting chapter in modern biology.
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UUUPhe  UCUSer  UAU Tyr UGU Cys U
UUCPhe |[UCGSer UACTyr  UGC Cys c
UUA Leu UCA Ser UAA Stop UGA Stop A
UUG Leu UCG Ser UAG Stop UGG Trp G
CUU Leu CCU Pro CAU His CGU Arg U
CUC Leu CCC Pro CAC His CGC Arg C
CUA Leu CCA Pro CAA GIn CGA Arg A
CUG Leu CCG Pro CAG Gln CGG Arg G
AUU lle ACU Thr AAU Asn AGU Ser U
AUC lle ACC Thr AAC Asn AGC Ser C
AUA lle ACA Thr AAA Lys AGA Arg A
AUG Mert* ACG Thr AAG Lys AGG Arg G
GUU Val GCU Ala GAU Asp GGU Gly U
GUC Val GCC Ala GAC Asp GGC Gly C
GUA Val GCA Ala GAA Glu GGA Gly A
GUG Val GCG Ala GAG Glu GGG Gly G

LASTNOSTI GENETSKEGA KODA

e vse aminokisline veC kodonov, razen Trp in Met po enega

e trije STOP kodoni: UGA, UAG, UAA

e kodoni, ki dolocajo isto aminokislino podobni v zaporedju

e 2. baza pirimidin- obicajno nepolarna aminokislina

e 2. baza purin- obicajno polarna aminokislina

e pridegeneriranosti obicajno prvi dve bazi enaki, tretja drugacna



Vendar... nekatere izjeme

Mitochondrion UGA AUA CUN* AGs CGG

Mammalian Trp Met" Stop

Baker’s yeast Trp Met" Thr

Neurospora crassa Trp

Drosophila Trp Met” Ser®
Protozoan Trp

Plant Trp
“Standard” code Stop Ile Leu Arg Arg

“N represents any of the four nucleotides.
’Also acts as part of an initiation signal.
‘AGA only; no AGG codons occur in Drosophila mitochondrial DNA.

Source: Mainly Breitenberger, C.A. and RajBhandary, U.L., Trends
Biochem. Sci. 10, 481 (1985).



Codon Usage
Database

Data source
NCBI-GenBank Flat File Release 160.0 [June 15 2007].
Data amount

35,799 organisms
3,027,973 complete protein coding genes (CDS's)

Announcement

QUERY Box for search with Latin name of organism

Case: * sensitive C insensitive
Clear|

Input a scientific name (or its regular expression) for an organism and press "Submit" or return key. Use Latin name such as "Marchantia polymorpha", "Saccharomyces cerevisiae" etc., not "liverwort”, "yeast" etc.

Alphabetical lists of all organisms
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Chloroplast Mitochondrion

Others (intials are not capital)
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Epizootic haematopoietic necrosis virus [gbvil]: 6
Equine rotavirus strain H-1 [gbvil]: 3
Entosiphon sulcatum [gbpln]: 3
Enterobacteria phage ESI8 [gbphg]: 82
Eupatorium cannabinum [gbph]: 2
Enterobacteria phage WPhi [gbphg]: 52
Equid herpesvirus I [gbvrl]: 280

Equid herpesvirus 4 [gbwil]: 106

Equid herpesvirus 5 [gbvrl]: 1
Enterobacteria phage phiP27 [gbphg]: 68
Echovirus I [gbwl]: 1

Echovirus 9 [gbwil]: 2

Ervthrobacter longus [gbbct]: 8
Echinometra lucunter [gbinv]: 1
Ectothiorhodospira shaposhnikovii [gbbct]: 12
European elk papillomavirus [gbvrl]: 13
Epicoccum nigrum [gbpln]: 1

Euptelea pleiosperma [gbpln]: 2
Enterobacteria phage PRD I [gbphg]: 42
Ensifer adhaerens [gbbct]: 5
Enterobacteria phage T2 [gbphg]: 36
Enterobacteria phage T4 [gbphg]: 579
Enterobacteria phage T6 [gbphg]: 30
Enterobacteria phage D108 [gbphg]: 5
Enterobacteria phage Mu el I [
Enterobacteria phage P [gbphg]: 282
Enterobacteria phage P2 [gbphg]: 46
Enterobacteria phage P4 [gbphg]: 26
Enterobacteria phage P7 [gbphg]: 125
Enterobacteria phage Tula [gbphg]: 8
Enterobacteria phage Ox2 [gbphg]: 12




Escherichia coli APEC O1 [gbbct]: 4890 CDS's (1598551 codons)

Homo sapiens [ghpri]: 93487 CDS's (40662582 codons)

fields: [triplet] [frequency: per thousand] ([number])

fields: [triplet] [frequency: per thousand] ([number])

UUU 22.6( 36127) UCU 8.9( 14277)
UUC 16.4( 26141) UCC 8.9( 14300)
UUA 13.6( 21712) UCA 8.3( 13256)
UUG 13.2( 21043) UCG 8.9( 14247)

CUU 12.1( 19336) CCU 7.6( 12136)
CUC 11.0( 17619) CCC 5.8( 9208)
CUA 4.0( 6381) CCA 8.8( 14004)
CUG 50.2( 80301) CCG 21.9( 35017)

AUU 29.9( 47799) ACU 9.3( 14904)
AUC 24.2( 38750) ACC 22.4( 35864)
AUA S5.3( 8501) ACA 8.2( 13139)
AUG 27.5( 43892) ACG 14.6( 23347)

GUU 18.7( 29962) GCU 16.0( 25516)
GUC 15.0( 23912) GCC 25.3( 40403)
GUA 11.2( 1787S5) GCA 20.8( 33292)
GUG 25.4( 40582) GCG 31.6( S50463)

UAU
URC
UAR
UAG

GAU
GAC
GAA

16.5(
12.1¢(
1.9¢(
0.2(

13.0(

9.4(
14.8(
29.3(

18.6(
21.4(
33.5(
11.2¢

32.4(
19.0(¢(
38.7(
18.3¢(

26306)
19400)
2979)
375)

20809)
15104)
23716)
46806)

29672)
34283)
53487)
17837)

51782)
30356)
61906)
29279)

UGU
UGC
UGA
UGG

CGU
CGC
CGA
CGG

AGU
AGC
AGA
AGG

5.4
6.5
1.0(

15.2(

20.3(
20.8(
4.0(
6.2

9.3
15.7(
3.0(
2.0(

24.3(
27.9¢(

9.1(
11.4(

8659)
10463)
1536)
24367)

32489)
33305)
6336)
9895)

14939)
25115)
4804)
3180)

38834)
44562)
14474)
18190)

UUU 17.6(714298) UCU 15.2(618711) UAU 12.2(495699) UGU 10.6(430311)
UUC 20.3(824692) UCC 17.7(718892) UAC 15.3(622407) UGC 12.6(513028)
UUA 7.7(311881) ©UCA 12.2(496448) UAAa 1.0( 40285) UGA 1.6( 63237)
UUG 12.9(525688) UCG 4.4(179419) UAG 0.8( 32109) UGG 13.2(535595)

CUU 13.2(536515) CCU 17.5(713233) CAU 10.9(441711) CGU 4.5(184609)
CUC 19.6(796638) CCC 19.8(804620) CAC 15.1(613713) CGC 10.4(423516)
CUA 7.2(290751) CCA 16.9(688038) CAA 12.3(501911) CGA 6.2(250760)
CUG 39.6(1611801) CCG 6.9(281570) CAG 34.2(1391973) CGG 11.4(4644895)

AUU 16.0(650473) ACU 13.1(533609) AAU 17.0(689701) AGU 12.1(493429)
AUC 20.8(846466) ACC 18.9(768147) AAC 19.1(776603) AGC 19.5(791383)
AUA 7.5(304565) ACA 15.1(614523) AAA 24.4(993621) AGA 12.2(494682)
AUG 22.0(896005) ACG 6.1(246105) AAG 31.9(1295568) AGG 12.0(486463)

GUU 11.0(448607) GCU 18.4(750096) GAU 21.8(885429) GGU 10.8(437126)
GUC 14.5(588138) GCC 27.7(1127679) GAC 25.1(1020595) GGC 22.2(903565)
GUA 7.1(287712) GCA 15.8(643471) GAA 29.0(1177632) GGA 16.5(669873)
GUG 28.1(1143534) GCG 7.4(299495) GAG 39.6(1609975) GGG 16.5(669768)

Coding GC 51.42% 1st letter GC 58.42% 2nd letter GC 40.94% 31d letter GC 54.90%

Coding GC 52.27% 1st letter GC 55.72% 2nd letter GC 42.54% 31d letter GC 58.55%




Escherichia coli APEC O1 [gbbct]: 4890 CDS's (1598551 codons)

Homo sapiens [gbpri]: 93487 CDS's (40662582 codons)

fields: [triplet] [frequency: per thousand] ([number])

fields: [triplet] [frequency: per thousand] ([number])

AUU
AUC
AUA
AUG

GUU
GUC
GUA
GUG

22.
-4
13.

i3

12.
11.
.0(
.2

50

29

27

i8.
.0
11.
25.

15
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36127)
26141)
21712)
21043)

19336)
17619)

6381)
80301)

47799)
38750)

8501)
43892)

29962)
23912)
17875)
40582)

UCuU
ucc
Uca
UCG

CCU
ccc
CcCa
CCG

ACU
ACC
plor:
ACG

GCU
GCC
GCA
GCG

m m m m

16.

25

.9(
.9¢(
.3 (
.9¢(
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.8(
.8 (
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3l
.4
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0f(

«3(
20.
31.
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14277)
14300)
13256)
14247)

12136)

9208)
14004)
35017)

14904)
35864)
13139)
23347)

25516)
40403)
33292)
50463)

URU
URC
UAR
URG

Cau
CaC
Ccan
CaG

GAU
GAC
GRA
GAG

16.
12.

13.

14,
29.

is.
21.
33.
11.

32.
18.
38.
is.

26306)
19400)
2979)
375)

20809)
15104)
23716)
46806)

29672)
34283)
53487)
17837)

51782)
30356)
61906)
29279)

UGU 5.4( 8659)
UGC 6.5( 10463)
UGA 1.0( 1536)
UGG 15.2( 24367)

CGU 20.3( 32489)
CGC 20.8( 33305)

CGA 4.0( 6336)
CGG 6.2( 9895)

AGU 9.3( 14939)

AGA 3.0( 4804)
AGG 2.0( 3180)

GGU 24.3( 38834)
GGC 27.9( 44562)
GGA 9.1( 14474)
GGG 11.4( 18190)

Uuu 17.

Uuc 20

AUU 16
AUC 20

AUG 22

GUU 11.
.5(588138)
.1(287712)
GUG 28.

GUC 14

6(714298)

.3(824692)
.7(311881)
UuG 12.

9(525688)

.2(536515)
.6(796638)
.2(290751)
.6(1611801)

.0(650473)
.8(846466)
.5(304565)
.0(896005)

0(448607)

1(1143534)

UCcu
ucc
Uca
UcG

CcCu
CCC
CCA

1s.
17.
.2(496448)
.4(179419)

12
4

17.
19.
16.

2(618711)
7(718892)

5(713233)
8(804620)
9(688038)

CCG 6.9(281570)

ACU
ACC
ACH
ACG

GCU
GCC
GCA

13

6

18.
27.
.8(643471)

15

.1(533609)
18.
1s.

9(768147)
1(614523)

.1(246105)

4 (750096)
7(1127679)

GCG 7.4(299495)

UAU 12
UAC 15

UaG o

CAU 10.
CAC 15.

CAn 12

CAG 34.2(139197

ARAU 17.
AARC 19.
ARR 24.

AAG 31

GAU 21.

.2(495699) UGU 10.6(430311)
.3(622407) UGC 12.6(513028)
vaan 1.

O( 40285) UGA 1.6( 63237)

.8( 32109) UGG 13.2(535595)

9(441711) .5(184609)
1(613713) .4(423516)
.3(501911) .2(250760)

CGG 11.4(464485

0(689701) AGU 12.1(493429)

1(776603) =
4(993621) JJAGA 12.2(494682)
.9(1295568)] AGG 12.0 (486463)
8(885429) GGU 10.8(437126)

GAC 25.1(1020595) GGC 22.2(903565)

GAA 29.

0(1177632) GGA 16.5(669873)

GAG 39.6(1609975) GGG 16.5(669768)

Coding GC 51.42% 1st letter GC 58.42% 2nd letter GC 40.94% 31d letter GC 54.90%

Coding GC 52.27% 1st letter GC 55.72% 2nd letter GC 42.54% 3rd letter GC 58.55%

Optimalni kodoni v organizmih, ki hitro rastejo (npr. mikroorganizmi E. coli ali S.
cerevisiae) odrazajo tRNA sestavo. Optimalni kodoni omogocajo hitrejSo translacijo
in vecCjo tocnost. Pri genih, ki se izrazajo veC, je zvisSana selekcija na nivoju
translacije.

Pri organizmih, ki pocasi rastejo (npr. ¢lovek) takSne optimizacije na nivoju kodonov
ni.



RAZVITJE DVOJNEGA HELIKSA OMOGOCAJO
proteini
toplota, kisline, baze, denaturanti

Segrevanje raztopine DNA do 80°C ("taljenje") - UV absorbcija naraste za 30-40%
Hiperkromni efekt odraza razvitje dvojnega heliksa DNA

Vzporedno pakirani bazni pari v nativni DNA absorbirajo manj svetlobe

Ce ponovno znizamo temperaturo, se tudi absorbanca zmanj$a- ponovno pakiranje baznih
parov ("renaturacija, prileganje").

Osnova HIBRIDIZACUE- pomembna metoda za detekcijo specificnih kosckov DNA: Southern,
Northern blotanje; Genski Cipi (mikromreze); PCR

— = . :
nativna molckula E E. coli (52%)
(dvojna vijacnica) cC 4
h‘t'!-il't'\'ilﬂl't'l T hlajenje
(@) Preumococcus
O (38% G + C) S. marcescens (58%)
N
N
. ©
denaturirana molekula O
(nakljucni klob¢ic) c
o .2
o)
—
o
(7p]
o)
< M. phlei (66%)
1.0

~J
<

80 90 100

Temperatura (deg C)
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VERIZNA REAKCIJA S POLIMERAZO
ang. polymerase chain reaction, PCR

=3
o. 5

Original target duplex DNA

- - Separate strands by heating,
cool, and anneal primers

5 I "
dNTPs #Euenu by DNA polymerase
.-e 3'
=
>Va able-len, g(l strands
3

- - Separate strands by heating,
cool, and anneal more primers
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-
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JANTPs Extend primers by
DNA polymerase
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+
5 I < 3
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+ >Un|tvlengtn strands
5 I o
¥ -
)
s I .
. 5

>_Cyc|e

Uporaba:

* Priprava DNA fragmentov za kloniranje
* Detekcija DNA v vzorcih

* Dolocanje zaporedij

* Uvedba tockovnih mutacij

Poteka v ciklih:

Denaturacija:
Hibridizacija:

Polimerizacija:

94 °C

prileganje oligonukleotidov na
matricno DNA (tipicno 45-60 °C)
podaljSevanje zacetnega
oligonukleotida (72 °C)



NACRTOVANJE ZACETNIH OLIGONUKLEOTIDOV

1.
2.
3.

lac

lacl
galP2
araBAD
araC
trp
bioA
bioB
tRNATY"
rrnD1
rrnEl
rrnAl

Iskanje ustreznih mest na DNA (dolzina fragmenta, kaj zeliS pomnoziti)
Poravnavanje zaporedij in priprava optimalne poravnave (ang. alignment)
Iskanje ohranjenih delov

Accccnccctttncﬂcrrrnrccrrcccccrccrntartsrcrcaanrrcrcncccc
ccnrccnarldtdcdnnaccrtrccccorurcccntcntnccccccacAAGAGAGTc
ATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCAT
GGArccrncc?ﬂltddrrrrrnrcccnncfcTcrAcrorrrcrccnruccccrrtrr
GCCG?GA?TAEAGACACT?trcr1Acoccrrtrrctcntcccrttccrcccccrrrc
AAATGAGCTGIIQ;Q‘ATTAATCATCGAACYAGTTAACTAGTACGCAAGTYCACGYA
cnrAATCGAcTTCTAAACCAAATrcAAAAaArtrnactrrACAAGtCtacncccAAr
CAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCGCTTCCCGATA
CAAAAAAATAcrrctedAAAAAAttaacArcccrAtAAtaccccrcccrrcncncsn
CAATTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCATCGACACGG
AAAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGCTG



Kljuéno: izbira optimalnih zacetnih oligonukleotidov (ang. primer):
* Dolzina okoli 20 nukleotidov
* T okoli 55-75°C
* Brez nezelenih sekundarnih struktur
° Speciﬂénost samo za izbrano DNA 4 hp, delta ?j‘_S'Sﬁ}fc'{m {bad!) (worst= -36.6)
. . . 5' GGGAAAATTCCAGGATCTAT 3!
e Zadnji nukleotid G ali C L
. 3' TATCTAGGACCTTAAAAGGG 5!
* Nekomplementarnost samemu sebi

all drugemu Ohgonukleotldu 4 bp, delta G = -5.4 ko/m (bad!) {(worst= -36.6)

5' GGGAAAATTCCAGGATCTAT 3'

(NN
3' TATCTAGGACCTTALAAGGG 5'

https://bioweb.uwlax.edu/GenWeb/Molecular/seq_
anal/primer_design/primer_design.htm

lzracun T,
Za kratke oligonukleotide, < 14 nukleotidov, v prisotnosti 50 mM soli

T.,=4 °Cx (Stevilo G in C v oligonukleotidu) + 2 °C x (Stevilo A in T v oligonukleotidu)

Za daljSe oligonukleotide (N je dolzina oligonukleotida)
T..=64.9 °C+ 41 °C x (3tevilo G in C v oligonukleotidu — 16.4)/N

Za daljSe oligonukleotide ob uposStevanju koncentracije soli
T =81.5°C+16.6 °C x (log,,[Na*] + [K*]) + 0.41 °C x (%GC) — 675/N



3D STRUKTURA RNA

Razlike med DNA in RNA

-riboza namesto deoksiriboze: zato je RNA manj stabilna in se
hitreje razgradi. Ker je DNA bolj stabilna je nosilec genetske
informacije.

-uracil namesti timina

DNA je zvita v dvojni heliks (sekundarna struktura)
RNA je zvita v nekaj razlicnih strukturnih elementoy, ki so
razmesceni preko celotnega zaporedja:

Lasnice

Povezejo komplementarne regije “stem-loop” strukture

Desno sucno dvojni heliksi

Posledica interakcij med deli zaporedja. Analogno kot pri DNA.
Antiparalelen heliks. Interakcije iste kot pri DNA. Parjenje baz A::U, C:::G.

Interne zanke in izbokline
strukturni elementi, ki prekinejo dele z dvojnim heliksom



5~UUGGUGGAGUCUGCAACUGACUCCAUUGCA—3

Je
5 -UUGG UUGCA-3

lasnica

. lasnica

izboklina

interna
zanka

G A
A
G A
L G
‘IG UA
uUuA G
G GU
AU UG
G €G
U AAy LG
A UAA ¢ o
g3 A
( G"G‘\. . A
Goa A 3
AGCCU 16 A
AG - G
GU G
UA CG
G A UUAAGG—S
?:l A G UUCA—3
b cC Gy
GJ '\A G‘
Gu GU
G UA
GA CG
AA E G
AU AU
5~ I
GuU
1‘ UA
,‘ G
AU
AU
C G
AU
,G‘ '
A} v
U~ U

+—— kompleksne interakcije med

nukleotidi, ki so oddaljeni v
zaporedju

(stabilizirane z vodikovimi vezmi
in kovinskimi ioni, npr. Mg?*)



kvasna fenilalanin tRNA

H. Shi and P.B.Moore, RNA 6: pp. 1091, 2000



Ribosomalna RNA- rRNA

Ribosomi: velika in mala podenota

rRNA molekule: do 2/3 ribosoma, proteini 1/3
Komplementarnost znotraj verige omogoca obsezno
parjenje baz

Ohranjena sekundarna zgradba, ne pa zaporedje

Pri vseh organizmih podobna prostorska zgradba in
funkcija rRNA - se morata ohranjati zaradi

funkcionalnosti

rRNA dober marker za ugotavljanje filogenetskih odnosov



kvasovka

=
Q
<
Wi



Dramain 1




proteini
rRNA



