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The structures of DNA
and RNA compared

Characteristic DNA RNA

Composed of Yes Yes

nucleotides

Type of sugar Deoxyribose Ribose

Presence of No Yes

2'-OH group

Bases A G C T A, G C, U

Nucleotides joined Yes Yes

by phosphodiester

bonds

Double or single Usually Usually

stranded double single

Secondary structure Double helix Many types

Stability Quite stable Easily
degraded

(b) Primary structure

[JAUGCGGCUACGUAACGAGCUUAGCGCGUAUACCGAAAGGGUAGAAC

Secondary
structure

[ AUGCGGCUACG P

B>

Types of RNA

Location of Function®

Class of RNA Cell Type in Eukaryotic Cells Function
Ribosomal RNA (rRNA) Bacterial and Cytoplasm Structural and functional
eukaryotic components of the
ribosome
Messenger RNA (mRNA) Bacterial and Nucleus and Carries genetic code for
eukaryotic cytoplasm proteins
Transfer RNA (tRNA) Bacterial and Cytoplasm Helps incorporate
eukaryotic amino acids into
polypeptide chain
Small nuclear RNA Eukaryotic Nucleus Processing of pre-mRNA
(snRNA)
Small nucleolar RNA Eukaryotic Nucleus Processing and assembly
(snoRNA) of rRNA
Small cytoplasmic RNA Eukaryotic Cytoplasm Variable
(SCRNA)

*All eukaryotic RNAs are transcribed in the nucleus.
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RNA
replication

Messenger RNA (mRNA)
Ribosomal RNA (rRNA)
Transfer RNA (tRNA)

Pre-messenger RNA (pre-mRNA)
Small nuclear RNA (snRNA)
Small nucleolar RNA (sno-RNA)
Small cytoplasmic RNA (scRNA)
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Transcription 5’ to 3’

5.3
DNA \
RNA

RNA Polymerase

Core enzyme to holoenzyme

Bacterial promoters

Promoter Nontemplate
A N strand
DNA gi TTGACA TATAAT I
] Template
-35 -10 - strand
consensus consensus Transcription
sequence sequence start site

RNA transcript 5°
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Inverted repeats.
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Prokaryote Polycistronic Operon
Several genes coding for enzymes directing a given metabolic pathway are under
control of a single promoter. sntransated leader seqsence contains
Shine.Dalgarmo sequence
URS (UAS) or Upstream Reguiatory
(Activaton) Seauences bind other factors
that reguiate timing and on of
L aulate timing product GeneA GeneB  Gene C structural genes contain
about 300 o 1,000 bases

—_ s A
5 ONA STRARD TG acs T TaY Ay L Aoonoos (AvT] [ —
3 [omswas] [ maervor  amarra [ eeveen (vac] [arvivae | [Aevime | [weiam ][ ]5°
TenpLATE - o+ Tz
ONA STRAND —
pribnow
Jos Yionfor s \
The sigma (:) subunit of RNA Startor  of transiation Vg or
polymerase binds to both the transcription -
Pribnow box and the TTGACA termination of

initiate officiont transcription.

oter Regi
telis RNA'polymerase where

to bind to DNA to read algamo sequence tells smal
message (mRNA) correctly. ribosome where to bind to mRNA to correctly
As a transcription dimmer translate the message into protein. Note fac

switch, it tells when to read operon example!
message (light on) and how

many copies (dim or bright)

to make.




Type Transcribes

RNA polymerase | Large rRNAs

RNA polymerase Il Pre-mRNA, some snRNAs, snoRNAs
RNA polymerase Il tRNAs, small rRNA, snRNAs

Eukaryotic promoter

TFIIB Downstream
recognition Initiator core promoter
element  TATA box element element

DNA — A
g: // %% CGCC TATAAA YYANTAYY RGA4CGTG
-35 =25 +1 +30

N J . L

Regulatory Core Transcription
promoter promoter start site

Consensus sequences

Regulatory promoter Core promoter
A

'SV40 early promoter A

GC GC GC GC GC GC

L
Transcription
Thymidine kinase promoter start site
ocT GC CAAT  GC TATA
L
Histone H2B promoter
OCT CAAT CAAT OCT TATA
L

-120 -100 -80 -60 -40 -20

TATA Box
CAAT Box

GC Box
OCT Box

Eukaryote Monocistronic Structural Gene
One gene usually codes for one polypeptide which is under the control of one

promoter. Spiice out introns from
To 5 end of hnRNA add 7 methyl PRNA to make mRNA i} B
Guanosine cap; on 3 end remove
axcess bases and add polyA tall 5 * mRNA 7mG =] - AAA 3
of 100 to 300 Adenosines bases ——————
23- 24 bases downstream from _ .
polyA site. 5 TmG—] i il —AAA 3°
stranD 5" moRNA [sccaveg exon 1 [[exonz [l exon [l exsuac van anuana) 3
3" [enbancers| [GCB0X_cecar i TAGA & sox ATAT(TrT imsrace | [ J[xeiary) [ranrers] ] 5°
TEMPLATE “T5-80 35S0 e ri-m
ONA STRAND P P
ceAAT Box TATA (or
Goldborg-
TFIIA assists TFIID o bind to the TATA box, _ Hogness) Bos .
then TFIIB binds followed by RNA Polymerase II. H tart of tramsoription
P “omak sequence

Other transcription factors bind the CCAAT
05 or CACCC boxes, i present
oteins bind enhancers which may be

pstream, or in introns. Silencers
may also be found in these regions.
Transcription regulatory sites include response
elements for different hormones and for heat

transcription termination
shock responses, and homeoboxes and the site

MADS boxes.

Promoter Region (Upstream)  Transcribed Region (Downstream)

Regulatory promoter TATA box
DNA -
TFID-o Transcription
\ start
TP
Holoenzyme =
Mediator—__* TFIE TFIA TFIB TFIH TFIF
v /
RNA polymerase Il —
—

J Enhancer
L

2 Transcriptional

activator protein
Coactivator

Transcriptional — =

activator protein Basal transcription

apparatus

RNA Polymerase Il




RNA polymerase | promoters

Upstream control element Core element
-180

-107 -a5 \ +1 420
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Transcription
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Intervening
sequences
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Ovalbumin gene

DNA Exons

1 23 45 6 7 8
5 1 | B | | [ | |
E | Ll _11 11 |

Introns

1234567 8
\\/7
mRNA 5 [lllji. 3

Cytochrome b gene

DNA
1
5’ [ |
3’ I
Introns
mRNA 5’

Exons
2 3 4 5
| | | | i1 BN 3’
| | [ | HE EN 5’
1234 5

N\
NI 3

LELICRERE  Major types of introns

Type of Type of
Intron Location Splicing
Group | Some rRNA Self-splicing
genes
Group Il Protein-encoding Self-splicing
genes in mitochondria
and chloroplasts
Nuclear Protein-encoding Spliceosomal
pre-mRNA genes in the nucleus
tRNA tRNA genes Enzymatic

Note: There are also several types of minor introns, including
group lIl introns, twintrons, and archaeal introns.




Do ribosomes
carry genetic
information?

Only old ribosomes were
found in culture

—Medium with 15N and 13C
E. coli culture

Move to
new medium

—Bacteriophage
. added

—Medium with 14N and 12C
~E. coli culture
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RNA structure

Shine-Dalgarno sequence
in prokaryotes only

It codon IR stop codio

Transcription
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5" untranslated Protein-coding 3’ untranslated
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Consensus

sequence
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Non poly A splicing

Hairpin-binding protein

Hairpin Consensus sequence

Pre-mRNA B ileavage site ,

5 I 3

3 0

Intron structure

U7 snRNA

Region of

probable pairing

Intron splicing

5" splice site

Transcription Pre-mRNA [EZT81 Intron

N e O

Lariat

[ULU LN Exon 1 Exon 2 |

Translation

3 splife site

Exon 1 Exon 2
5’ splice site Int{on 3’ splice site
4 "\
5 IEY.YE GUYAGU YNYYRAY CAG GII 3’
— —
5’ consensus Branch 3’ consensus
sequence point sequence
5’ splice site 3 splife site
Pre-mRNA [E7T01 Intron  Exon 2
\
[Exon 1] | Exon 2]
Lariat mRNA ETTHIETIF

| !

Translation

RNA-RNA interactions in pre-mRNA
splicing

Interaction

Ul with 5"
splice site

U2 with
branch point
U2 with U6

U6 with 5"
splice site

US with 3" end
of first exon

US with 3" end of
one exon and 5’
end of the other

U4 with U6

Function

U attaches to 5’ end of intron;
commits intron to splicing; no
direct role in splicing

Positions 5’ end of intron near
branch point for lariat formation
Holds 5’ end of intron near
branch point

Positions 5’ end of intron near
branch point

Anchors first exon to
spliceosome subsequent to
cleavage; juxtaposes two ends of
exon for splicing

Juxtaposes two ends of exon for
splicing

Delivers U6 to intron; no direct
role in splicing

svm’ Intron
H
ul

IID:[I Intron
ul

u2

~

B:am‘ Intron
ul

ua -

i —n

A anﬂz-

Branch point

I Exon 2}
t
/I E xon 2]
173 t
spliceosome
3
&
[\ @y Exon2l
f
[Exon 1 Exon 2}
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Intron A

ul u2 t
u4 us
ue
Spliceosome
—
<on u6
o & \ us
U4 -~ ~
A
u2 4
on l
§ uUs
A
u2 ue

Intron A 3
4 )
Branch point
Ul
Intron A
Ul t
u2
Intron A
Ul u2 t
Intron processing & transcription

5" splice site

Group 1 i

3" splice

introns -
self splicing

Exon 1

Exon 2

Group I intron

Group 1
intron
removal

Intron
5’ splice site 3’ splice site
5/ UPA Geu 3
PG*OH-)
Intron
$fhc
24
) U—OH3" Geu 3

5 ueu 3’ G—OH3"

Group 2 introns

Exon I/ \

5/ 3¢ “Exonll
Group Il intron
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(a) Alternative splicing

DNA Intron 1 Intron 2
. Exonl] [Exon3
r— ] | I

_Transcription

3’ cleavage site
Pre-mRNA

Bl Exon 1] Exon 3 | 3
cleavage and
polyadenylation

Ll Exon 1}

[ETIEN AAAAA 3°

Alternative

RNA splicing

mRNA ‘ ;

B Exon 1 [ETTENAAAAA 3 5* [FTTNNETIIEN AAAAA 3°

Intron 1 Intron 2 Intron 1, exon 2,

and intron 2

Calcitonin - Alternative splicing

@

+ +
3’ cleavage site 3’ cleavage sit

RNA processing’

Thyroid cells Brain cells

(@  Exonl | | Exon 2] | Exon 3] | _Exon5 | .
O | .| prmeae s ) I
(b) l
Pre-mRNA 5’ IETTHE {Exon 2] | Exon 3] | _Exons | 3

e

© 1 @ !

mRNA 5' EETTRNETTIRETTE LUV RN Exon 1 LExon 2lExon 3 _Exon 5

l l

-gen:
le (CGRP)

pep

OH
5 splice site 3" splice site
Ed Exon 111 T¢ ©UETTE 3
Lariat
Group 2 structure
. t GPA
I_ . 5’ ETTHIU—OH 3" @ UETYH 3
Intron
A
OH
(b) Multiple 3’ cleavage sites
DNA Intron
_ Exonl} e
[ ==
Pre-mRNA 1O {®3' cleavage sites
Ll Exon 1} 3’
cleavage and
polyadenylation
Ll Exon 1} AAAAA 3’ 5’ [ETTH] AAAAA 3’
Exon 2
SP!
mRNA
5' . AAAAA 37 5’ . AAAAA 3
Intron 1 Intron 2
Transcription
Preedited
%) mRNA  5* 3
Preedited
mRNA 5 3
UUYBUUUGAAAUUGAAGY
Guide 4, ARAAAAA =
mRNA
5 YU U UU =3}
UUUAAAUAUAUAAUAGAAAAUUGAAGY
3¢ 5%
Mature
mRNA 5’ (TATE TG TG e 3

@« Enhancer s typically upstream, but
could be downstream or in an intron
Promoter RNA coding
L Intron Intron
2 — — {Exon 2} Exon3 |
3 —— _— ———
L~ Transcription
start transcription
®) us sequ
) el Consensus sequence
& FEEry

= . ¥

) e
Transcription 5’ untranslated Sfumansiaisd
region region
©
Pre-mRNA
5 — -_— sTe >
t
} 3" cleavage site
@
Transiation Pre-mRNA
- E— — WYY 3
3 cleavage site

@
Pre-mRNA
5 = IIIIIIEARARA 3

©
h 7
. Poly(A) tail

5| I S AAAAA 3

5 untranslated _ Protein-coding 3' untranslated
region

3" cleavage site

Introns.
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@+ Enhancer is typically upstream, but
could be downstream or in an intron

(b) Consensus sequence
Pre-mRNA ——
Promoter RNA coding 5 N AAUAAA 3’
/DNA N Intron L, P —
> —T — Exon 2] on = 5" untranslated 3" untranslated
N 3 .
_+Transcription End of Y region region
transcription (3
"P'EVNRNA Consensus sequence Pre-mRNA
5 oee] LU ] 3 5 [=EERs) AAUAAA 3
5’ untranslated 3’ untranslated
region fegion 3’ cleavage site
C
‘ l)’ mRNA @
re-
Pre-mRNA
o — FREEES = 5 = AAUAAA ]
" cleav: i . .
3’ cleavage site 3’ cleavage site
(d) (e)
Pre-mRNA Pre-mRNA
5 = pAvans. B 5  seciiia| [VNYTNN AAAAA 3
3’ cleavage site 3" cleavage site
T son
. Jseor
(€) TIcAsGAGT v e T
Pre-mRNA L—= Transcription start site. E“.!'D‘g N ‘Start codon Iv'ﬂ—v"ﬂ‘
5 s | BTSN AARAA 3 Exon2
cr 22 e aarTTATCTTCAATTTCT aascra
[0} 3’ cleavage site n Intron 2
TarcacTIAnceC e
rccam
¥ [ . et e ——— o =
ahA Poly(A) tail T 155598 o
m ——
5! AAAAA 3° E ncrrc Exond
Intrgns 5" untranslated Protein-coding 3’ untranslated R o S
region region region
= Crarpasan rer
i e - cemgc e -

TTACTIGTGTGAACTGTAGGATG
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Modified bases in tRNA

Addition of "
methyl group )\ H
0 [0)

HN)‘\H Ribothymidine
I

~H 1)

NH
Addition of I_j\
[0)

amino group NéH

|
Pseudouridine

oy

Uracil

tRNA structure

Amino acid 3
" attachment sie™

3 @waysCe g, —Accepror

5

TyC arm
Hydrogen bonds
between paired
bases Rare £
base (®)

Extra arm
(size varies)

, Amino acid
3 /attachment site
3" (always CCA)

Hydrogen bonds
between paired
bases

Amino acid 3’
attachment h
(always CCA)

TyC arm

Rare
base (e)

Extra arm
(size varies)

tRNA processing

Precursor tRNA Mature !RNA
3 3
A i
H H
o€ €
-
Wil form E 5 5. j 3' splice !JS is !JS
plice
anticodon site Anticodon
Intron =
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Precursor tRNA

e

plnce .
site
anticodon site

Intron ——

Mature tRNA

o

Antlcodon

Lot ")

LLLEREE] composition of ribosomes in bacterial and eukaryotic cells

Ribosome rRNA
Cell Type size Subunit Component Proteins
Bacterial 708 Large (505) 235 (2900 nucleotides) 31
55 (120 nucleotides)
Small (305) 16S (1500 nucleotides) 21
Eukaryotic 805 Large (605) 285 (4700 nucleotides) 49

5.8S (160 nucleotides)
55 (120 nucleotides)

Small (405) 18S (1900 nucleotides) 33

Note:The letter S stands for Svedberg unit.

IE1JCREAA Number of rRNA genes in different

organisms
Copies of rRNA Genes
Species or Genome
Escherichia coli 1
Yeast 100-200
Human 280
Frog 450

(a) Prokaryotic rRNAs
Precursor rRNA transcript (30S)
) [ Eeesseeeeeen B

Methylation
T )

Methyl groups

Intermediates

16S tRNA 23S 55

Mature RNAs
[ —— -

16S rRNA  tRNA 23S rRNA 5S rRNA

(b) Eukaryotic rRNAs
Precursor rRNA transcript (45S)

] | | |=—]
] o ——
] P F—

18S rRNA 5.8S rRNA 28S rRNA
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Ribosome Structure Complexity of Ribosomes

Large subunit Large ribosomal
subunit

Small
subunit

Small ribosomal
subunit

0. 154

Adapter mOIeCl"IIe s Three nucleotides code for one amino acid
tRNA Structure RNA

Amino acid
attaches here

T JPIRRT e

L L I L |
I I I
T3 Codon Codon Codon

Lo

Histidine __ Cysteine __ Tyrosine i id” "
" C T Amino acid "alphabet

Anticodon Polypeptide

‘ Every three bases is a reading frame

Harcourt Brace & Company items and derived items copyright 8 by Harcourt Brace & Company

Anticodon

ig. 15.68 Copyright © The NicGraw-Hill Companies, Inc. Permission required for reproduction o display.

Reading-Frame Alterations
Delete 1 base

WHYDIDTHEREDBATEATTHEFATRAT?
Hypothesis A : Delete T
unpunctuated WHY DID HER EDB ATE ATT HEF ATR AT?
= —— (Nonsense)
] 2 1 Signals that Start and Stop WHYODIDOTHEOREDOBATOEATOTHEOFATORAT?

. Transcription and Translation Hypotthetsig B: Delete T
punctuate 0 0 R B E T F R
TRANSCRIPTION TRANSLATION WHY DID H(g_o EDO ATO ATO HEO ATO AT?
— (!

Initiation Promoter sequence AUG start codon Delete 3 bases

in mRNA Hypothesis A : WHYDIDTHEREDBATEATTHEFATRAT?
Termination ~ Terminator sequence =~ UAA, UAG, or unpunctuated

L Delete T,R,and A

in DNA UGA stop codon WHY DID HEE DBT EAT THE ;:AT RAT?

in mRNA L 1—(Sense)—
(Nonsense)

© 2001 S Aot WHYODIDOTHEOREDOBATOEATOTHEOFATORAT?
Hypothesis B : Delete T,R,and A
punctuated E M TE N M
WHY DID HEO DOB OEA OTH OFA ORA?
—— (Nonsense)




Breaking the genetic code

Question: What are the amino acids specified by the triplet codons UUU, AAA, and CCC?

METHOD RESULTS
+ TrrrCCere
+ ARARARARARARARARA m

+ CRCRCRCRCHCRCRChC] Pro , Pro, Pro

Conclusion: UUU is an mRNA codon for phenylalanine.
AAA is an mRNA codon for lysine.

CCCis an mRNA codon for proline.

©2001 Sinauer Associates,Inc

First Third
letter Second letter letter
(5" end) (3 end)
u c A
uuu, UCU AU UGU. U
uuc Pe ucc g, vac ™ uee O ¢
[T SPAAITI" Sl UAA Stop UGA Stopllly
vue ' uce  [TXESMIUGATrp G
CUU  CCU  CAU . CGU U
¢ ouc ., cec o cac ME cee , 1 C
CUA " CCA ™" CAA ¢ 'CGA Y A
CUG  cce  CAG °" ce 4
The genetic code is redundant AUU  ACU  AAU , AGUg. U
_ a AUCIHle ACC. —AAC“S"AGC " ¢
2 bases per codon 4x4=16 AUA_ACA ™™ AAA | AGA 1 A
3 bases per codon 4x4x4=64 LUEIMACE ARG % AGE ™ 6
GUU  GCU  GAU, GGU U
g 6UC, GCC, GAC™PGGC o C
6ua " 6ea M Gan o Gea Y A
/ GUG  6CG  GAG°"GGG | 6
a

Genetic code

Nucleotide base

one codon

o 2
e e Yo, ey

b

Serine  Serine  Serine  Serine
Four different codons code for the same amino acid. Not

difference is in

Codon Amino acid

b

last base.

Mixed copolymers decipher the code

v Synthesize RNA
=-Add A and C at a ratio of 1:5
=-1/6 chance for A
=5/6 chance for C
=AAA = (1/6)2 or 0.4% chance
=AAC = (1/6)2 (5/6) or 2.3%

v Determine the amino acids produced compare
to the expected base upon the reading frame

Exceptions to the universal code

TABLE 12-5 Exceptions to the Universal Code

Normal Altered

Triplet Code Word Code Word Source

UGA termination trp Human and yeast mitochondria
Mycoplasma

CUA leu thr Yeast mitochondria

AUA ile met Human mitochondria

AGA arg termination Human mitochondria

AGG

UAA termination gln Paramecium
Tetrahymena
Stylonychia

UAG termination gln Paramecium

ig. 15.6D Copyrignt & The NicGraw-Hill Companies, Inc. Permission required for reproduction or display.

The Genetic Code

First Second Letter Third
Letter. Letter
U C A
UAU ' uUGu :

U 332 Phenylalanine 322 — %Tyrosme ugc Cysteine U
UUA . UCA UAA'Stop UGA Stop A
uuglLeucine ucG UAGStop UGG TryptophanG

c cuu ccu CAU . tidine CGY U
cuc : ccc : CAC CGC T C
CUA Leucine OCAProllne I CGAArglnme A
CUG cCG CAG CGG G
AuU . ACU AAU AGU_ . U

A AUC Isolel..lclr.le B 1, conine IRE Asparagine ,cSerine c
Aua Methionine; - aca Lysine AGAAr inine A
laugG Start ACG aaG Y A" G

G Guu GCU GAU GGU u

Aspartate
GUC y/aline GCCpjanine  GAC 3 GGCGchine ¢
GUA GCA GAA Glutamate GGA A
GUG GCG GAG GGG G

Large
subunit

Small
subunit

Translation summary

Elongation

/ Ribosome

Termination

9
\Q

© 2001 Sinsuer Associates.Inc

17



Luciferin + ATP Luciferase

Caster beans (Ricin

Hydrogen
H
Amino Carboxyl
group group
“H;N Cq CO0~
R
Radical group

(side chain)

Nonpolar, aliphatic R groups
| i |

“HN 7crcoof “H,N 7c‘7coof “H,N 7c|7coof
H CH, CH

7N
HC ™ CH,
Glycine Alanine Valine
(Gly, G) (Ala, A) (Val, V)
H H H
\ | |_coo-
*H;N—C—C00~ *H,N—C—CO0O0" <
\ | “H,N CH,
CH, H—C—CH, | \
| | H,C —CH,
CH CH,
PEEN I
CH, CH, CH,
Leucine Isoleucine Proline
(Leu, L) (lle, 1) (Pro, P)

Polar, uncharged R groups

i ) ]
*H,N—C—CO0~ *H,;N—C—COO0 ‘HXN—?—COO

CH,0H ch‘—OH c‘H7
CH, SH
Serine Threonine Cysteine
(Ser, S) (Thr, T) (Cys, O
i i /
ngwfﬁfcoof ’HW*?*COO’ *H3N7C‘7COO’
(ks ke e
CH, C CH,
[ N \
S HN" O ¢
| 7N
CH, HN O
Methionine Asparagine Glutamine
(Met, M) (Asn, N) (GIn, Q)
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Aromatic R groups

) ) )
*H;N—C—COO~ *H;N—C—COO~ *H;N —Cl—COO’

| |
CH, CH, sz
C:CH\
NH
0}
Phenylalanine Tyrosine Tryptophan
(Phe, F) (Try,Y) (Trp, W)

Negatively charged R groups
H H

| |
+H,N —cl—coof *H,N —(lj—coof

Positively charged R groups
| | |
*H,;N—C—COO~ *H;N—C—COO~ *H;N—C—COO~
| | |
o o g
CH, CH, C—NH
C‘H CH | o
‘ 2 ‘ 2 ﬁiNH*
CH, l\‘lH
NH,* C‘:NHZ‘
NH,
Lysine Arginine Histidine
(Lys, K) (Arg, R) (His, H)
R H R?

| |
+H3N—CH—C|—O “H—N—CH—CO00"

*H;N—CH—C—N—CH—COO~

H,0

P T

|
O Peptide bond

i ik
COO- $H2
COO~
Aspartate Glutamate
(Asp, D) (Glu, E)

y S g
Wi Y "‘:’\. S

&(. e

v e

R R
ER N B Dbl

0. 158 opyia

Transcription Bubble

Template
strand

5

2l

24 f

[=]
3
Rewinding

mRNA
5’

Tne. isplay-

Coding strand

3

3’ 5'
Unwinding

RNA polymerase

RNA-DNA hybrid helix
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Translatio

Gisplay.

nin Action

Special enzymes charge each tRNA with the right
amino acid ®
P
\, Amino acids

h RNA-
Nsegre AT \ Serine
tRNA h}
site N\ ) ~
/o awe
.
Serine
RNA ‘
synthase
2 . U, /
] o ‘\ »
G / Sl
RNA polymerase DNA i4 ohie awe
S
Val  Met Phe Ser Al
» 3 Y % S Aminoacid
—— tRNA with an
CAU UAC AAA UCA Ccg Anticodon attached
L.
— Codon for attached
5GUA  AUG UUU AGU GeeT couRee
ig. 15.11 opyrigh e . Inc. i display. ig. 15.12 opyrigh e . Inc. i display.

Aminoacyl-tRNA Synthetases

tRNATP ~\I-uﬁgm-n-
Anticodon| | Tryptophan attached
Ly tpotRNAT’D tRNAT™ binds to

UGG codon of mRNA

Formation of Initiation Complex

Leader sequence Initiation | Large
factor ribosomal
subunit

fMet-RNA!
mRNA
Small ribosomal
subunit (containing Initiation|| Initiation complex
ribosomal RNA) factor

4 tRNA binding sites on the ribosome

Small subunit

mRNA binding site
s mRNA
VAN
Il

pe

Large subunit
S———

T = transfer

A = amino acid
P = polypeptide
E = exit

Three steps of translation

Initiation _ Methionine
RNA
Pand A
binding sites —
for tRNA uac

mRNA P A
5.c‘sc‘@ccuu\aumscwutﬁ‘scw

/
Small subunit
Step 1: Small subunit of ribosome binds to mRNA

_ Methionine
RNA

UAC A
5_‘cgnscbwush’m\hggnu‘ccbc ;

Step 2: Initiator tRNA binds to AUG codon
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Initiation

Initiation

Three steps of translation

Elongation @~ Leucine Peptide bond forming
Large
subunit ° A/ AU °
g606ccRUEUUAGEERUCESE, EEOROCRUGUUADOEAVEESD,
5 75 3

Step 1: Large subunit of ribosome binds to mRNA; next
tRNA with amino acid leucine binds to UUA codon

Alanine_
v Peptide bond
&8
» o
> 4 ®  /cow
P > oo A
5 3 5 3
Step 2: Peptide bond forms Step 3: tRNA with leucine
between amino acids; is now in the P binding
ribosome moves one site; new tRNA comes
codon to the right into A binding site
23

Start codon
(5 end ]
mRNA
Ribosome
recognition
sequence ]
HN
2001 Snaver Associaes Inc.
ig. 15.13 Py Tnc. Parmissi Gieplay.
.
Translocation
Elongation factor ‘
tRNA
P

Elongation

Elongation

/ Anticodon
AN Incoming—,
terminus fRNA

2001 Sinaver Associates nc

Elongation

Elongation

Amino
terminus

2001 Sinaver Associates nc

Three steps of translation

a2
‘»w Termination
S l'

$600e. . o0
e
S0 8g Release

factor

N ssesssnussanising, Release factor

binds in the A
Step 1: Translation stops when the site relea%ing
ribosome reaches a termination, ’ e
or stop, codon UAG the polypeptide
= 8. o
X s 2 o
X e

£
>

Step 2: Polypeptide and final tRNA
are released; ribosomal
subunits separate
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Fig. 15.14 oDy
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Protein Synthesis Termination

Release

Polypeptide
chain

released tRNA 5

Small
ribosomal

subunit

tRNA

Termination
Ribosome Stop codon

Small subunit’
e 6 (3]
——TTTTIT

1 2 Antibiotics that Inhibit Bacterial

Protein Synthesis

ANTIBIOTIC STEP INHIBITED

Chloromycetin Formation of peptide bonds

Erythromycin Translocation of mRNA along
ribosome

Neomycin Interactions between tRNA and
mRNA

Streptomycin Initiation of translation

Tetracycline Binding of tRNA to ribosome

2001 Sinaver Associates nc

LLIERER] The wobble rules. indicating which
bases in the third position (3’ end)

of the mRNA codon can pair
‘with bases at the first (5’ end)
of the anticodon of the tRNA
First Third
Position Position
of Anticodon of Codon Pairing
Anticodon
3-X—Y—C-5'
c c 11T
5-Y—X—G-3
Codon
Anticodon
3-X—Y—G-5
4 vorc 1
5-Y—X—U-3
Codon
Anticodon
3-X—Y—A-5
A u U
5-Y—X—U-3'
Codon
Anticodon
3X—Y—y-5'
u AorG 11
5'-Y—X—A-3
G
Codon
Anticodor
o
1 Ginosine) AU orC 5-Y—X—A-3

0o -OOOO-I
Amino facto Polypeptide Large subunit
terminus
Wobble
S S
Anticodon
s ; __—~Wobble
5 I < S T4 Tl 3* POSition
——
Codon
Nucleotide AUACGAGUC
sequence

Nonoverlapping
code
Overlapping
code

AUACGAGUC,. . .,
1 2 3

AUACGAGUC
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Some exceptions
to the universal genetic code

Universal Altered

Genome Codon Code Code
Bacterial DNA

Mycoplasma

capricolum UGA Stop Trp

Mitochondrial DNA

Human UGA Stop Trp

Human AUA lle Met

Human AGA, Arg Stop

AGG

Yeast UCA Stop Trp

Trypanosomes UCA Stop Trp

Plants CGG Arg Trp
Nuclear DNA

Tetrahymena UAA Stop Cln

Paramecium UAG Stop Cln

Amino acid

Amino [z aroup| Carboxyl

S e
*H;N—C—C=0

tRNA

Ribosome
—_—
mMRNA
5’ 3’
Polypeptide
chain
Neeoeg, 00,
®ecce®”®
R
mRNA
5’ 3’
Acceptor stem
3
()
o
L)
5'fe)
Position in red 8 8
(one 2 2
synthetase), olo
Ll
L]
green (more ole
than one) DHU arm L y TvCam
0
°
Blue (all o Extra arm
synthetases)

Anticodon

Amino acid Adenna 0 e
attachment Amino acid A
acceptor stem o)
0—;|:=o-
5
|
C
Anticodon |
C
|
Attaching the Amino Acid
Amino acid .
,'ATP'
40
o
Awe.

Attaching the Amino Acid

o

o
z
+H3N—(II e

(0] H
z
b B e
AEN (|: c\/,,\ Aminoacyl
4 Awe) R2 tRNA
(AMP)
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Dynamic equalibrium
@
s

Large
subunit
(509)

—>
Small ald
subunit u
(305)

(b) 4

Shine-Dalgarno  Initiation
sequence _/\ codon
==

mRNA

Ribosome

IF-3 binds

30s binds to Shine-
Dalgarno

fMet, IF-2 & GTP
IF-1

(b)

© (305

Shine-Dalgarno

sequence

mRNA [

Initiation
codon

=

o

tRNA\
Anticodon %\

f@
®

initiation
complex

mRNA

-Gt
AUGUGE

@

© (305
initiation @
complex =

mRNA AUGUGC

30s initiation
complex

40s binds
complete 70s

+(GDP +®;

@ (705
initiation ¢=§ 5
complex

mRNA AUGUGC

Shine Dalgarno consensus sequences

E. coli trpA gene 57
E. coli araB gene
E. coli lacl gene

L phage CRO gene

Shine-Dalgarno sequence

mRNA 5"

16S rRNA 3’

AGGGGAAAU
UGGAGUGAA
AGGGUGGUG
UAAGGAGGU

AUG
AUG
CUG
AUG

Initiation codon;

pairs with fMet-tRNAfMet

UAAGGAGGU |~ 'YTI4
-~

37

Initiation codon

5

Next:
codon
5 AUG UAA] AAAAAAA 3’

—_— _—
5" untranslated 3" untranslated Poly(A)
region region tail

Cap-binding proteins
Poly(A) proteins

Poly(A) protein

Cap-binding -
proteins 3’ (AAAAAAA
v
5’ AUG] UAA

Elongation steps
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.... RNA charging

——amino scd
A posomal
" Anticodon suburits

@] Ribosome~_
mMRNA
@

/ﬂorand@

Release factors

Termination

Initiation

D,

tRNA charging
Q\Amino acid

=L Ribosomal
_~Anticodon subunits

N\

AUGCCCACGACUGCGAGCGUUCCGCUAAGGUAG

i
\
AUGCCCACGACUGCGAGCG\IUCCGCDAAGGUAG Elongation
oD
Stop codon %
\ ~
} o * %)
[UCGCAAJ
54 AUGCCCACGACUGCGAGCGUUCCGCUAAGGUAG
B AUGCCCACGACUGCGAGCGUUCCGCUAAGGUAG KX )
_4
Elongation Termination |
Release
DD Charged — AAg
Q tRNA @@@ Q@ iexciiay
AUGCCCACGACUGCGAGCGUUCCGCUAAGGUAC 5¢ AUGCCCACGACUGCGAGCGUUCCGCUAAGGUAG X
' 1
V N P v
Termination a
@@@ Hilane Peptide release
) Q factor .’.. @
o= 5y o0
- Py Completed
polypeptide
& AUGCCCACGACUGCGAGCGUUCCGCUAAGGUAG X
& 3 _
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LETTEEEIA Components required for protein synthesis in bacterial cells

Stage Component Function

Binding of amino acid to tRNA  Amino acids Building blocks of proteins
TRNAS Deliver amino acids to ribosomes
aminoacyl-tRNA synthetase  Attaches amino acids to tRNAs.
ATP

Provides energy for binding amino acid to tRNA

Initiation mMRNA
Met-tRNAM:!
305 ribosomal subunit
505 ribosomal subunit
Initiation factor 1

Carries coding instructions

Provides first amino acid in peptide

Attaches to mRNA

Stabilizes tRNAs and amino acids

Enhances dissociation of large and small subunits
of ribosome

Binds GTP; delivers fMet-tRNA™* to initiation
codon

Binds to 305 subunit and prevents association
with 50 subunit

Initiation factor 2

Initiation factor 3

Elongation 70S initiation complex Functional ribosome with A, P, and E sites and
peptidyl transferase activity where protein
synthesis takes place

Charged tRNAs Bring amino acids to ribosome and help assemble
them in order specified by mRN,

Elongation factor Tu Binds GTP and charged tRNA; delivers charged
tRNA to A site

Elongation factor Ts Generates active elongation factor Tu

Elongation factor G Stimulates movement of ribosome to next codon
Provides energy

Peptidyl transferase Creates peptide bond between amino acids in
A site and P site

Termination Release factors 1, 2, and 3 Bind to ribosome when stop codon is reached
and terminate translation

(@) _ Direction of transcription

’ — \\
mRNA © ' v l

Incoming Growing
ribosomal polypeptide \
subunits chain
Direction of transcription
RNA polymerase y <
DNA
Ribosome l
mRN
7

1
e

Direction of translation

@)

Direction of transcription

@
mRNA ¢ '

Incoming Growing
ribosomal polypeptide ~
subunits chain
(b)
2
‘ One gene ’
1

B

“L}

e

PR

region)

Exon (coding

Introns and Exons (1)

Intron

(noncoding region)

Transzl:ription

mRRA r NS
j‘ Direction of
transcription
Ribo‘s’(‘)mes
(b)
o ; =)
.
One gene *
|
5 ‘Jx "‘ l'O‘ . Ve
- } foorN ‘)23. o
{ 5 DNA
mMRNA s 7 3 :
u jx Direction of
‘, transcription
Ribosomes
& 54
Fig. 15.158 Copyria e ey

3' poly-A-tail

Primary
RNA
transcript

Mature mRNA
transcript—{ (EEsoaadu e )

Introns are |cut out and
coding regions are
spliced Iogether
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Introns and Exons (2)

/Intron

mRNA

ig. 15.16a Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or dispiay.

Eukaryotic Protein Synthesis (1)

Nuclear
membrane

71 P

Primary RNA
transcript 5'

In the cell nucleus, RNA polymerase transcribes |
RNA from DNA.

Nucleus

{ | Eyiina i
: ° 2
' &~
, ! f
oM O ‘
4 1
+ Y
T
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Eukaryotic Protein Synthesis (2)

ig. 15160 Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or dispiay.

Eukaryotic Protein Synthesis (3)
5

Small
ribosomal
subunit

Nuclear
pore

Large
ribosomal
subunit

: Cytoplasm
mRNA is transported out of the nucleus. In the
cytoplasm, ribosomal subunits bind to the mRNA.

Primary RNA
transcript

Introns are excised from the RNA transcript, and
the remaining exons are spliced together,
producing mRNA.

ig. 15.160 Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or dispiay.

Eukaryotic Protein Synthesis (4)

E, Amino
g acids

9 w o
@NA

> X

Anticodon

tRNA molecules become attached to specific amino
acids with the help of activating enzymes. Amino acid
are brought to the ribosome in the order directed by
the mRNA.
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Eukaryotic Proteln Synthesis (5)

[5]

tRNAs bring their amino acids in at the A site on the
ribosome. Peptide bonds form between amino acids at
the P site, and tRNAs exit the ribosome from the E site

Transcription and translation in a eukaryotic cell

Transcription

X}W // Cytoplasm

pre-mRNA l
me"‘ umg-}/ ° ° Amino acids
e °
Mature mRNA / ¢ bind to tRNA
S = o o

/ Protein
Small S folds
subunit R & 2

‘g*{:mnm/ /

o
Large S— ,\»f( Polypeptide
subunit

" T Binding site
= mRNA

Translation Ribosome

(rRNA)

ER targeting of proteins

Interior of rough o
endoplasmic reticulum| | SRP bind signal "'é@ ©
Signal L
recognition ;‘MP'“' protein | recognition sequence %
article .
B v 2. Docks it to the ¢
. mRNA receptor protein on >4
¢ the ER
> ~Ribosome 3. Signal recognition
) Cytosol of cell .
sequence is cleaved i

4. Protein is

T ] synthesized into the Ei:;;fd ;
ER \
&

o —

o\
B ‘Completed!

protein
Ribosome
L@ _released

Enzyme for removal of signal

gy e

9. 15.161 Copyright & Gisplay.

Eukaryotlc Proteln Synthesis (6)

Growing polypeptide chain

Completed
polypeptide
chain

The polypeptide chain grows until the protein
is completed.

Slgnal sequences direct

pSlén;E sequences are short sequences at the N-terminus or in
the middle that direct the proteins

Lysosomes Plasma

@ membrane

Protein synthesis in cytosol

2

Exocytosis

To organelles @ @

Exocytosis
Peroxisomes
P\\/ Extra-
cellular

Mitochondria Plastids medium

Endoplasmic  Golgi

reticulum apparatus

2001 Sinsuer Assocites .

Ribosome ijf-
@ @
peptide ER

Signal-

e nanition
rticle

{Sap)

receptor
rotein

cvrosoL P

8 —
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Post-translational modifications

Translation Posttranslational processing

=205

<2001 Sin

Fig. 15.17a opyrig WcGraw- panies, inc. Tor isplay.

Bacterial
Gene chromosome
Information
Processing— 200 :
Prokaryotes | ranscription ﬂ
== MRNA

Translation |

Protein

Cell
membrane

/
———

v Typically a single mRNA is used to make many
copies of a polypeptide simultaneously.

v Multiple ribosomes, polyribosomes, may trail
along the same mRNA.

v A ribosome requires less than a minute to translate
an average-sized mRNA into a polypeptide.

Completed
lypepti
Growing polypeptide

polypeptide
N 1S
N -
= %)\ S
Incoming - start of mRNA
5 e

ribosomal 4
subunits (&' €1 End of mANA
(3'end)

0.1pum

(a) An mRNA molecule is generally translated
simultaneously by several ribosomes in clusters
called polyribosomes.

(b) This micrograph shows a large polyribosome in
a prokaryotic cell (TEM).

9. 15.17D Copyrght & TCompanies. Inc. for Gisplay.

Gene Chromos:)m

Information '

Processing—
Eukaryotes

v In one big

SR ;* . *  RNA polymerase
differences, }' S e ]
prokaryotescan ¢ ;“’,;; Laaion
transcribe and g e R
translate the 2 P !
same gene oz

. g - Direction of
simultaneously. transcription RNA
. DNA /polymerase
v The new protein :

quickly diffuses to
its operating site.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Table 17.1 Types of RNA in a Eukaryotic Cell
Type of RNA Functions

Messenger RNA (mRNA)  Carries information specifying
amino acid sequences of proteins
from DNA to ribosomes.

Transfer RNA (IRNA) Plays catalytic (ribozyme) roles and

structural roles in ribosomes.

Ribosomal RNA (rRNA) Plays structural and catalytic
(ribozyme) roles in ribosomes.

Primary transcript Serves as a precursor to mRNA,

rRNA, or tRNA and may be processed

by splicing or cleavage . In
eukaryotes, pre-mRNA commonly
contains introns, noncoding
segments that are spliced out as the
primary transcript is processed. Some
intron RNA acts as a ribozyme,
catalyzing its own splicing.

Small nuclear RNA Plays structural and catalytic roles in

(snRNA) spliceosomes, the complexes of pro-
tein and RNA that splice pre-mRNA
in the eukaryotic nucleus.

SRP RNA Is a component of the signal-
recognition particle (SRP), the
protein-RNA complex that recognizes
the signal peptides of polypeptides
targeted to the ER.
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v Missense mutations are those that still
code for an amino acid but change the
indicated amino acid.

v Nonsense mutations change an amino
acid codon into a stop codon, nearly always
leading to a nonfunctional protein.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Mutations

Permanent changes in the DNA (@) Deletion
sequence ABCDEFGIEE “ABEEFG
—
. N
Somatic - non gamete cells (lost)

Germ-line mutations
(b) Duplication and deletion

Point mutations - substitution or

13
deletion/addition of a nucleotide I —
ABCDCDEEG
t

Silent (no change)
missense (sickle cell)
Nonsense (Stop) (0) Inversion
Frame shift -
e YA
Chromosome mutation - loss or R e
change in a DNA segment

(d) Reciprocal translocation

—
1) KCDEFG

©2001 Sinauer Assocites. Inc

v/ Insertions and deletions are additions or
losses of nucleotide pairs in a gene.

v Unless these mutations occur in multiples
of three, they cause a frameshift
mutation.
=-All the nucleotides downstream of the deletion

or insertion will be improperly grouped into
codons.

=-The result - missense, ending sooner or later
in nonsense - premature termination.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

wild type

AIANAT AT AIATETAIA

mRNA 5" 3
Protein  [“Wet [ Lys H_Phe [ G | grpp

Base-pair insertion or deletion
Frameshift causing

extensive missense (I Missing
el o o 1l o -

Inser_tlon or
deletion

Extra U

ATA AN AT AT
S

Insertion or deletion of 3 nucleotides:
no frameshift; extra or missing amino acid

@ Missing

Stop

Wwild type

AAAAATH AT AIAN
mRNA & 3
Protein  [Cwet 1 tye J_Phe H_ G | grop

Base-pair substitution

No effect on amino acid sequence
Uiinstead of C

ol ot ol o [l o o e ol e e L

[wet H tys H Phe I Glv | grop

Substitution  wesenee
(ot ol a2 [ e o 1 () e e L

stop

Nonsense

U instead of A

AL AT AIATRIAIA

——
\E Stop

Spontaneous and induced mutations

(@) A spontaneous mutation

I I
| € | Cc*
/I\\“/N /\ITN\H
DNA DNA
o o

Cytosine Tautomeric form
of cytosine

Tautomeric C pairs
with A

Base modifications

. (b) An induced mutation
by chemicals or H
radiation |

N
benzpyrene (Y SH (\(0
Nitrates C || Deamination by U |

N N N_ N
o / HNO, ~
X-rays DNA T > DNA T
UV light 0 0
Deaminated
form of cytosine

© 2001 Sinsuer Associates.Inc
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v Mutagens are chemical or physical agents that

interact with DNA to cause mutations.

v Physical agents include high-energy radiation like

X-rays and ultraviolet light.

v Chemical mutagens

=-base analogues

=-DNA insertion - distorting the double helix.

=-chemical changes in bases that change their pairing
properties.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

v Researchers have developed various
methods to test the mutagenic activity of
different chemicals.

=-preliminary screen of chemicals to identify
those that may cause cancer.

=-most carcinogens are mutagenic and most
mutagens are carcinogenic.

v Ames Test

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Mutation propagation

(c) The consequences of either mutation

| ---AATGCTG--- |
/ - TTACGAC+++ |
| ---AATGTG: - §

v For example, sickle-cell disease is caused by a
mutation of a single base pair in the gene that
codes for one of the polypeptides of hemoglobin.

=-A change in a single nucleotide from T to A in the DNA
template leads to an abnormal protein.

Wild-type in DNA Mutant in DNA

"O00RWRO0L JOORgRO00
dneAAnnr ThAmAnND

Normal hemoglobin Sickle-cell hemoglobin
Fig. 17.23
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- TTAcc-— 4
Newl / icated \m
= | - AATGETG -2+ § ewly replicated L -~ TTACLAC--- §
~ AC--- Sl - TTACGAC--- § strands Mutated sequence
Original
sequence ——» Replication is
normal
Template
strand
o
°
° g
a o
o
F >
(€}
Aminoacyl-tRNA
. <
Overview [ e
|  ACTIVATION

/&

Gvfwimud%
polypeptide’™ "\
~ Activated
e / ‘amino acid

v The one gene-one polypeptide definition must be
refined and applied selectively.
=-Most eukaryotic genes contain large introns

=-Promotors and other regulatory regions are not
transcribed, but they must be present for transcription

to occur
=-must include RNA that is not translated into
polypeptides.
v A gene is a region of DNA whose final product is
either a polypeptide or an RNA molecule.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

31



The End.
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