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OPTANQZH I'ENETIKOY YAIKOY

*ANTITPAPH
*‘METAT'PAPH
‘METAPPAYH
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ANTII'PA®PH I'ENETIKOY YAIKOY

DNA
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AOMH NOYKAEOTIAIQN

Deoxyadenosine Deoxythymidine Deoxyguanosine Deoxycytidine
|
I—- Nucleoside | I I | l I |
Purine base = adenine Pyrimidine base = thymine Purine base = guanine Pyrimidine base = cytosine

Sugar = deoxyribose

l—-Nucleoﬁde | | I | J l J

|
Deoxyadenosine-5’-phosphate Deoxythymidine-5"-phosphate Deoxyguanosine-5"-phosphate Deoxycytidine-5"-phosphate

Watson, J. D. 1970
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IIOAYMEPIZMOXZ NOYKAEOTIAIQN

a-EAIKA
AIIIAH AEEIOZTPOPH ANTIITIAPAAAHAH
5 -3 POPA
20 A" AIAMETPOZX
34 A" IIAHPHY IIEPIZTPO<$H
10 NOYKAEOTIAIA ANA IIEPIZTPO<PH

BioAoyia A. MatB6émoviog 8



5" end N N
| H ‘< | )\ Adenine
[o) N N/ H
|
O=P—O——CH:
| O
o N, A

H

O AIAMOP$QTH
By a- EAIKAT

?
O=P—0—CH:

| o

.

O—

o—7v—0

O

l

3" end
Watson, J. D. 1970
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AEZMOI YAPOI'ONOY

BioAoyia

A. MatB6moviog

Z—TTImo
Z—Tlimmo
X

6!

sugar-phosphate backbone

Alberts, B. et al 1983
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ANTIT'PA®H DNA

r§ ., » triphosphate

Alberts, B. et al 1983

Old New New Old
Watson, J. D. 1970
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BioAoyia

Mivakag il 130 Teg DNA noAupepacmv

E. coli I I ]
MoAupepiopdg R +
EEwvoukAeaotikn dpaom 3-5 + +
5-3 + g B

20vBeom anoé:

ABiTo DNA - g &

MNppodonpuéveg HOVEG OAUOISEG + - =

Mpodotipgveg HOVEG AAUGIdE]

niapoucia NpwTeivng cuveedepévng

K€ povY) ahuocida + - +
In vitro erpunkuvon aAuocidag

(vouxAeoTidta ava Aemto) 600 ? 30.000 -

KutTrapa 8nAacTikK®V B Y '
MoAupepiopdg ‘ 5 -3 + %
EEwvoukheaoikn dpaon 3° - 5° + - -
3uvBeon ano:

RNA npij10d0Tikr} aAAnAodiadoxm + - -

DNA ripiodoTiki) aAAnhodiadoxm - - +
2xéon e DNA nipipodotaon - % 5
Evaiofnoia ommv apidikoAivn - - +
©¢0m OTOo KUTTApo:
Mupnvag + + - +
Mitoxovdpio - - + -

A. MatB6moviog
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H KATA TMHMATA OKAZAKI ANTITPA$®H

most recently
synthesized
DNA strands

‘ leading-strand
lagging-strand template

template

Alberts, B. et al 1983
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MHXANIZXMOXZ ANTII'PAPHX

\-\_’,\. |Tadingvstrand template
\’/\\}\:\ s

newly synthesized

strand .\ﬁ\"\:\_‘\;\.\;\

DNA polymerase on
leading strand

parental
DNA helix
next Okazaki fragment ’\'\/’\'\’)\.’\’/\.’\’/\'\’/
will start here ~
\\
DNA helicase

RNA primer \
@ 7 DNA primase
Okazaki fragment /

single-strand

binding protein
|
'\L‘.'\" lagging-strand template

DNA polymerase on lagging strand
(just finishing an Okazaki fragment)

newly synthesized strand

L DNA polymerase on
/\‘\/ leading strand
parental
’\//\ /-\ DNA helix

single-strand

binding protein DNA helicase

\/ lagging-strand
\\/ .C template
newly /\‘\j\:‘\

synthesized
strand

RNA -~ "
primer )
DNA polymerase
on lagging strand
Okazaki (just finishing an
fragment Okazaki fragment)

Alberts, B. et al 1983

BioAoyia

A. MatB6émoviog 14



ANTII'PA®PH KYKAIKOY DNA

AIAAIKAZXIA
IIEPIXTPE®POMENOY
KYKAOQOY

Alberts, B. et al 1983

Buoroyia A. MoatB6movAog 15



ANTIT'PAPH KYKAIKOY DNA

Covalently
closed
circular

AIAAIKAXIA
ZYZTPOPHZ

i

template ‘v

BioAoyia

DNA
repllcatlon

Unwound
parental
duplex

Overwound
Tregion

Alberts, B. et al 1983

A. MatB6émoviog

Unreplicated

I~ / terminus

l Denaturation
£ R
N

Supercoiling
Denatured,
unreplicated

K il oy
IS ON
e
/\/ J
Synthesis R\/

completed

Decatenation
/\ ‘ﬁ <o
A RN
( (

Y
\Sq/@f \/J \/f

Decatenation

{

Synthesis
completed

Py Py
E
Tk



Table 9-3 The Recognition Sequences of Various Restriction

Enzymes
Recognition Recognition
Enzyme Site Enzyme Site
Axis of
Axis symmetry
Cut bond Cut bond
Eco RI s-Gha | T1C Hin dll 5.GTPy*| PuAC
CIT | AAG CAPu | PYTG
t
. ) 1
Hin dllI AAG | CTT Hpa 1 GTT | AAC
TTC GMTA CAA | TTG
i i
Hpa 11 CC | GG Hae 11 GG | CC
GG | cc €cC |GG
i 1
Ay T GPuC | GPyC AR ACPu | PyGT
CPyG cpuTc; TGPy PuCTA.
1 4
Aha 11 GPuC | GPyC Ama 1 CPyC | GPuG
M N ENAONOYKAEAZEY
JG ) 1
cirl PyGG | CCPu Gai I PyGG | CCG
FuCC GGPy PuCC cc+:
! )
Hie I1 PuGC | GCPy Hgi €1 GGPy | PuCC
PyCG | CGPu CCPu | PyGG ™0
1 t 0
@)
—
. i i —
Hgi JII GPuG | CPyC Nsp €I PuCA | TGPy <
CPyC | GPuG PyGT | ACPu -
T 1 O
\ ! m
Alu 1 AG|CT Asue 1T TTC | GAA ~
TC [GA AAG |CTT a
t —
5)
0
1 i -
Cla l ATC | GaT Bse PL GCG | cGC <
TAG c;m {I;LG(:[G

Arrows denote the site of cleavage; Pu = purine; Py = pyrimidine, All base sequences
are shown with the 5° end of the upper strand at the left.

Buoroyia A. MoatB6movAog 17



METAI'PAPH I'ENETIKOY

BioAoyia

YAIKOY

RNA

IIOAYNOYKAEOTIAIO

A. MatB6émoviog
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BioAoyia

\ CH:

Thymine

HOH.C OH

OH

Deoxyribose

DNA

Possibility of
hydrogen bonding to adenine

N Absence of a

)\ I methyl group
(e] N

HOH:C OH

OH OH

Ribose

RNA

Watson, J. D. 1970

A. MatB6moviog
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AIAMOPPQYXH MOPIOY RNA

AAAHAOAIAAOXH ANAAITIAQEH
NOYKAEOTIAIQN AAYZIAAY

/$5N5555|a
< o - ¢

SUGAR-PHOSPHATE BACKBONE OF RNA

L3 Iinkage| 5' linkage |

phosphodiester bond

Alberts, B. et al 1983
Buoroyia A. MoatB6movAog 20



AIAAIKAZIA IIOAYMEPIZMOY
TOY RNA

RNA - IIOAYMEPAZH

DNA/RNA helix

Alberts, B. et al 1983

Buoroyia A. MoatB6movAog
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o subunit

&3 . = initiating form of
RNA polymerase

1 \ DNA

1 closed
_ promoter complex

2 b
l open
promoter complex AIAAIKAZI EN =
IIOAYMEPIXMOY
RELEASE OF
BINDING OF
ELONGATION o SUBUNIT
FACTORS ) B3
| ting f %
elongating form ‘
of polymerase \ S s, o
- e =
+~
o
5' RNA @
molecule ht
5}
2
<

EXTENSIVE RNA SYNTHESIS

Buoroyia A. MoatB6movAog 22



E. coli core Eukaryotic
RNA polymerase RNA polymerases

(BB

%%% B'-and
| [ p-like subunits

> 8 o

OMOIOTHTEZZ kaI
AIAPOPEX
RNA - IIAYMEPAXQON

& 00

Common
subunits

0

Additional
+5 14 £ } enzyme-specific Darnell, J. et al, 1995

subunits

Buoroyia A. MoatB6movAog 23



ATAAIKAYIEY KAI ITAPAT'TONTEX IIOY
METEXOYN ZTHN RNA XYNOEXZH

I N
Starting )
point Termination

\ﬁ 1 gene 4\1
T, &
DNA \

lr Binding of ¢ to polymerase I

RNA
a reqogngs polymerase
starting point for . [E] Release of p, RNA
transcription $ and E

EEERENERRRRNERR
PPP Binding of p to DNA
and/or polymerase

_J oV
Nucleoside
triphosphates — | .

\ ro factor released and recycled J

[RRARARRARNRRARNAN
DNA

E< ( PPP
RNA :
Nucleoside Lsgand RNA chain growth
b p (rho) factor

Transcription triphosphates
begins
. o (sigma) factor

Watson, J. D. 1970

-
>

RNA polymerase

Buoroyia A. MoatB6movAog 24



QPIMANZH TOY RNA

,....,ﬁ.;,...%%ﬁ.
Hioaen et A

s O busueln

s, “hagnde A b
I I D SR LI Sl >4 5
(e ..t.\h.‘ ...’MM\&“. ..Ovﬁswg < LE iy""f\ L4

25

Gannon, F. et al, 1979

A. MatB6émoviog
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RNA

hn - RNA £1epOYEVEC ITUPINVIKO
sn - RNA nikpo nupnviko
m - RNA ayy&Alo@opo
t - RNA peta@opiko
r - RNA p1foocouiko

BioAoyia A. MatB6émoviog
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hn - RNA Exepoyeveg ITupnviko

&————— direction of sedimentation
J
TR i 33

g "&1
ey S
T ]

|
single ribosomes

KATANOMH hn - RNA
SE KAIZH
SAKXAPOZHE

number of ribosomes ————>

_J N

Watson, J. D. 1970

Buoroyia A. MoatB6movAog 27
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growing ———>

ptide chains
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AOMH KAI
BIOXYNGOGEXH
TOY 5 AKPOY

EYKAPYQTIKQN
hn - RNA ka1
m - RNA

Buoroyia A. MoatB6movAog

0] CHy

f
+
HN7 8% '>l\
2 4‘ 959 7-Methylguanylate
H,N7 SN N

OH OH

—P=0 5 — 5’ linkage

(o) 5’ end of RNA

B«
pppNp —
p\hosphohydrolase

aBy Ba Pi
Gppp + ppNp—

guanylyl transferase

PP;
GpppNp —
guanine-7-methyl
H H transferase
m’GpppNp —
O—CH; PPPNP

+CHjz from | 2’-O-methyl
S-Ado-Met | transferase

m’GpppNmp —

Darnell, J. et al, 1995
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RNA
polymerase Il

DNA

CAPPING

AIAAIKAZXIA

CHAIN ELONGATION

BIOZYNGEZHX _—
TOY RNA KAI H e -

ITPOXOHKH TOY — /\
poly - A ZTO - o’ (@

' RNA
polymerase I1
poly-A .

polymerase
AAA \AAA
4 f\/ S ;
L ?
| e 1

5’ cap poly A

primary RNA transcript (mRNA precursor)
Alberts, B. et al 1983

Buoroyia A. MoatB6movAog
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sn - RNA Muwkpo ITupnviko

Awyotepa ano 300 NourAsotidia
Meoa otov ITupnva
Metaypapn ano RNA - moAupepaon Il
sn - RNPs - - Ul, U2, U3, U4, U5, U6
ZUNPETEXOUV OTa onAaicoonpartia
Matiopa tou hn - RNA

Buoroyia A. MoatB6movAog 30



Steitz, T. A. 1988

BioAoyia A. MatB6moviog 31



BioAoyia

rYrniAaicoowpatio

Spliceosome

Reed, R. et al, 1988

A. MatB6émoviog
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BioAoyia

t - RNA

80 NouxAeotidia
25.000 dal Moplaxko Bapog
3'- akpo navra CCA
5'- akpo G
Tpelg BaolreEG OnAleg

A. MatB6émoviog
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BioAoyia

e ©
OLG)
@@mn@.

© @

@O
—0OOO

. Unusua | bases | = Inosine
o UH, =Dihydrouridine
¥ Pseudouridine "3 _ gipothymidine

5 mRNA

GCC Codon GMe = Methyl guanosine
P GMe, = Dimethyl guanosine
Eﬁntlcodon IMe = Methyl inosine

Watson, J. D. 1970

D arm

A. MatB6moviog

64 : Amino acid arm
5" end

Anticodon arm

[ —
Anticodon
|

Sussman, J. L. and Kim, S. H. 1976



Alwad1raoia ouvéeong apivoSEog Kat

AUIVOOKUAOCUVBETA
AA + ATP 2 siieill —> AA-AMP + P-P
AUIVOAKUAOOUVBETAON
AA-AMP + t RNA —- AA-t RNA + AMP

BioAoyia A. MatB6émoviog 35



r - RNA

Yuvdéuadovtal pe NPWTEIVESG KAl
oxnuati{ouv ta pioonpatia

MW 2,800,000

= =

MW 1,800,000
/N
QA 23S RNA
120 3000
nucleotides nucleotides
~34 proteins

Buoroyia

MW 1,000,000

/

16S RNA

1500
nucleotides

~21 proteins

PROCARYOTIC RIBOSOME

<&—~32nm—>

~22 nm

/ MW 4,500,000 \

MW 1,500,000

N

18S RNA

2000
nucleotides

~33 proteins

Alberts, B. et al 1983

A. MatBomovAog

MW 3,000,000

5.8S RNA 28S RNA 5S RNA
160 120
nucleotides nucleotides
5000
nucleotides
~45 proteins

- EUCARYOTIC RIBOSOME

36



XPpOHROOOUIKEG OE0e1C PLLOCOUIKGOV
YOV1S1aKQOV CUYRPOTNHATOV

-~
) C
A
m— | ¢

554 (ss
U U
1 2
9 10
17 18

Alberts, B. et al 1983 Euyeviri ripoogopd: A. Mat@onouviog
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Darnell, J. et al, 1995

BioAoyia A. MatB6moviog 38



Aladoxikn opyavwon plfocopatiov

BioAoyia

loop of nucleolar.organizer DNA

. rRNA gene '

transcription l -
. 455 rRNA
precursor

ribosomal

a%a

proteins large , &
made in ribonucleoprotein i&ﬁ"“ <——“§f
topl i i B4
cytoplasm| | particle ‘recy,(ﬁing RNA
W and protein
@ :  involved in
rocessin:
58 rRNA NUCLEOLUS -
made ;

outside
nucleolus

immature large
§ subunit
.

\ large

... subunit

4

CYTOPLASM

transport and
activation creates
functional ribosomes

rRNA

408 < 60S
subunit Wr" subunit

Alberts, B. et al 1983

A. MatB6émoviog
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| proteinar || protein 8 || proteiny |

D T T

5’ -~ message message message 3

5 5' ) message ' g’
CYROYQYQY i e B AA,AA
| | AUG \L

5' cap
1 protein
key:

271 noncoding sequences

MESege Alberts, B. et al 1983
B ribosome-binding sites
MW  stop codons

—> translation of RNA
sequence into protein
sequence

BioAoyia A. MatB6moviog 40



Mivakag IV. Méoog xpovocg (wng Tou ayyeAiopopou RNA.

_I

Xpovog nuiwng m RNA

KukAog fwng

Kuttapa KUTTApou HECOG XPOVOQG opla diakupavong

Escherichia coli 20 - 60 Aertad 3 - 5 Aerta 2 - 10 Aerta

Saccharomyces 3 wpeg 22 Aentd 4 - 40 Aerttd

cerevisiae (yeast)

KaAAlepyoupeva 16 - 24 wpeg 10 wpeg 30 Aenta

KUTTAPA TPOKTIKMV (mMRNA 1oTovVWY)

N avBpwriou 3 - 24 wpeg

(MRNA GAAwv
MPWTEIVWY)
Buoroyia A. MatBomoviog 41




Alad1raoia peta@Paocng tou
m - RNA

IIpwteivoouvOeon
m - RNA
t - RNA
Pioocopatia
IIapayovieg npwteivoouvOeong

Buoroyia A. MoatB6movAog 42



ITPOAITAITOYMENA I'TA THN
ENAPEH ITPQTEINOZYNOGEZHZ

INITIATION COMPONENTS PROKARYOTIC EUKARYOTIC
Small - _ e T
ribosomal T M AUG 1 mRNA 30S small ©H ~ WM AUG | mRNA 40S small
subunit subunit T subunit
(30S or 40S) Initiation ..... itiati
@ @ factors 50S large ®®®® Tecusrs 60S large
subunit & subunit
P @ Large
: : ibosomal
P site Asite >
subunit . fMet GTP ’ Met GTP
(50S or 60S) fMet-tRNA ; Met tRNAI.
ATP
f[Met Met
Darnell, J. et al, 1995
Buoroyia A. MoatB6movAog
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AIAPOPEY METAEY
fMet - tRNA xat Met - tRNA

formyl st
met
T A {1 A
4/ C 1| C
H 0 H 0 ilc idlc
'\IJ (I:I I ” {1 A 1 A
N c 1A G ilc
N N | I
(I:/ OH N o c alk il ¢
THz CH,
CH, CH, A > G
| | TN
Sl S
CH, CH, Alkylated
Adenosine adenosine
N-formyl methionine Methionine CAU CAU
anticodon anticodon
N-formyl met tRNA m?‘ met tRNA ™et

Watson, J. D. 1970

Buoloyia A. MatBo6moviog 44



XTAAIA POPMYAIQTHY MEO®IONINHXY

Methionine (met)

met
l Aminoacy! synthetase | tRNAY

met-tRNAPet

Transformylase r

N-formyl-met-tRNAF®

Formate (from N'© formyltetrahydrofolic acid)

(Protein synthesis)

N-formyl-met-aa'-aa?: +-+ ~aa” tRNA

Deformylase P Formate

met o *aa?s + 0 o tRNA

met-specific Methionine
amino-peptidase

oot rao®s + - o™ tRNA

}

oal a®s -+ ra” Finished protein

Darnell, J. et al, 1995

BioAoyia A. MatB6émoviog 45



AIAAIKATIEY ENAPEHX
IMIPQTEINOZYNGEZHX

(a) INITIATION
30S Initiation complex
@ @ 70S or 80S
PROKARYOTE P initiation complex
® + o % it @ P ik
G1.'P subunit a° .
g
[
@ e
f + Large subunit i
® = > (50S or 60S) ! L
40S Initiation complex .«
[Me] ; a
©——m—a=—
GTF’ +
40S small + + :
* " subunit T ATP + mRNA :
EUKARYOTE N v g&.@ olFaus
©—= e [Met]

GDP ADP

Darnell, J. et al, 1995

BioAoyia A. MatB6émoviog
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EIIIMHKYNZH ITPQTEINOZYNOEZHZ

(b) ELONGATION

AUG ] [ "AUG UUU CUG UAG|] [AUG
UAC UAC AAA
@ A : ® . I Peptide
synthesis
and translocation
_—
A to P switch catalyzed .
Met L fihe by G (PROK) or EF, (EUK)  tRNAMet

elongation factors ejected

Phe-tRNAP"® delivered T ; i;

to ribosome and positioned GTP GDP + P:
|
GTP H,O P

GTP/ %GDP
@ . ®
PROK EUK GDP

Tu EF1
EF1B Ts
Ts + GDP GTP TS

S
Darnell, J. et al, 1995

m m

—

Buoloyia A. MatBo6moviog 47



TEPMATIZMOZX INPQTEINOZYNGEZHZ

(c) TERMINATION

Termination
/codon
JAUGRSBUU cuUG*¥ UAG] [ vuu ¥CcuG UAG J| L UUU CUG UAG]
AAA GAC
» @ A A A GTP GDP
Translocation Peptidvl ;
' eptidyl- i
< v e ; tRNA
[Met |Phe [Leu GTP GEP [Met|Phe |Leu ®° GTP
P, . PROK: 3TFg ®
I EUK: 1TF ®)

Polypeptide

Velrelies] -+

Darnell, J. et al, 1995

BioAoyia A. MatB6émoviog 48



IIPQTEINOZYNOGEZH

»>ZE EAEYOEPA PIBOZQMATIA
2TO KYTTAPOIINAAZYMA

»>ETO AAPO ENAOIIAAXMATIKO
AIKTYO

BioAoyia A. MatB6émoviog
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ZCMATIAIO
ANAI'NQPIZHX

BioAoyia

Site of
ribonuclease
cleavage

g 2 ,\\

\\ { *3

<> /35’
s

A. MatB6émoviog

P19

Pe8PT2

Required for

arrest of polypeptide

elongation

Binds to
signal
sequences

N

\Required for

protein translocation

Darnell, J. et al, 1995
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ATAAIKAYIA EN2XQMATQZHY 2TO
AAPO ENAOIIAAZMATIKO AIKTYO

Darnell, J. et al, 1995

Buoroyia A. MoatB6movAog 51



EXTERIOR ALY & &
S ol

Plasma membrane e s
.» ) J

Regulated secretion; :
/]\ Continuous %

secretion

hormone or nerve
stimulation of

sxocyLosts Endocytic \Z

Secretory retrieval

vesicle =7 ‘ of membrane
CYTOSOL /]\

; T rt
{ Y /
& e
, 5 AN Trans

Lysosome %y . 8 Golgi

ATIEKKPINOMENON .~ .

Golgi

Cis

Golgi
Darnell, J. et al, 1995

Rough ER

Buoroyia A. MoatB6movAog 52



BioAoyia

IF'ENETIKOY KQAIKAY

First Third
position position
(5’ end) Second position (3’ end)
U C A G
Phe Ser  Tyr Cys U
U Phe Ser  Tyr Cys C
Leu Ser  Stop (och)  Stop A
Leu Ser  Stop (amb) Trp G
Leu Pro  His Arg U
C Leu Pro  His Arg C
Leu Pro Gln Arg A
Leu Pro  Gln Arg G
lle Thr  Asn Ser U
% lle Thr  Asn Ser C
lle Thr Lys Arg A
Met (start) Thr Lys Arg G
Val Ala  Asp Gly U
G Val Ala  Asp Gly €
Val Ala  Glu Gly A
Val (Met) Ala  Glu Gly G

Watson, J. D. 1970

A. MatB6émoviog
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BioAoyia

IF'ENETIKOY KQAIKAY

‘'ENIKEYMENOZXZ
2TAGEPOX
'EKPYAIZMENOXZ

A. MatB6émoviog
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BioAoyia

> 20 AMINOEEA
> 61 KQAIKONIA
> ~50t - RNA

A. MatB6émoviog
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OEXH AXTAGEIAY
ANTIKQAIKONIOY

BioAoyia

tRNA

I
5/
If these bases are in
first, or wobble, position of
:_ anticodon
321 lc|lAalG|u] 1]
. 193 G|U| C|A| C|then tRNA may
5 mRNA 3’ U| G| A | recognize codons
U | having these bases
in third position
If these bases are in
third, or wobble, position
5 mRNA 3 of codon
o3 lc|Aa|G|u]
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