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0110221 lectures

BIOL10221 Molecular Biology

Unit Co-ordinator:

Course QOutline Dr David Boam Stopford 2.535 0161
. . DNA 2755105 David.boam@manchester.ac.uk

— DNA Structure Prof. Terry Brown 1.012 Manchester

— DNA replication Interdisciplinary Biocentre 0161 3062585
X Terry.brown@manchester.ac.uk

; — DNA repair

* Mutation and mutagenesis

* The genome and gene expression
— Biology of RNA
— Transcription
— Translation

* Recombinant DNA technology

Online resources

= |ts all on Blackboard K
O\ \)

¢ Course resources

- Learning modules Lecture notes, other resources, \e bU L)
.
A

Assessments

= Discussion board
G
¢ Grades \ !O“e:

* Announcements

* Assessment \l\l -‘(O A O—‘ 9\)

— Exam (85%)
— Peerwise (5%

| \S O
- onle )X;LQXQ} P ag

+ Furthefgtudy 6 of unit assessment

Online assessment
type % open Closed
contribution
to unit mark
1S | DNA structure and replication tecture- §1.25% 17" Oct | 31% Oct
based
@S | Molecular basis of mutation lecture- 11.26% 313 Oct | 14" Nov
based
~ BS [ Mutation and repair Further |2% 315 Oct |21# Nov
study
1S | Transcriptional regulation lecture- | 1.25% 14" Nov | 28" Nov
based
(S | RNA biology and transfational regulation | lecture- | 1.25% 28" Nov | 12" Dec
- based
BS | RNA biology and translational regulation | Further |2% 28" Nov | 19" Dec
study
[7'S | Basic genetic engineering lecture- | 1% 11" Dec |23<Dec
based
3
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The amount of 6 + C nucleotides in an organism’s DNA is Cof\fm{ og (7 = (0,\(‘@\{ 13? C

called its GC content

Human DNA has a GC content of 40.3% Vg Spr.0es Nos Z(,o// éﬂ/ 6C Cotant

Plasmodium falciparum 19.0% } Wusual (onfost

Streptomyces griseolus 72.4%

Other important features of the double helix .
P . o0 LAV ' Misoc  Griye a\\g,J @O\dt\l\qt’f
- The two strands are antiparallel [DQQDQ@ alreddn L N J

Qg pands £ nwd@(z%@d
* There is a:fiiajor and a minor groove T ' *
Uil b= ﬁ&ﬁeﬁ&a e helik.

* The helix can exist in dif ferent forms 9
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/Y\_ 4500 e

The culture medium contained 15NH,C| -
chloride
+ All of the bacteria’s DNA became labelled with 15N

heavy ammonium

15N-DNA can be distinguished from 4N-DNA by density
gradient centrifugation

density
g em™)

6 M CsCl
solution

density gradient forms
in the CsCl solution
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In eukaryotes the process is slightly different
+ The RNA primer is first extended by DNA pol alpha
+ DNA pol alpha adds about 20 nucleotides
- then DNA pol delta maokes the rest of the new strand

IEALIIAAL IS st st 5
DNA template

RNA new primase,

primer  DNA DNA polymerase «

DNA polymerase d
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LECTURE 6

DNA REPLICATION
@) l( O

How is the lagging strand copied?
DNA synthesis is always in the 5”3 direction

replication fork.

3 feading
strand

Hagging 3

J strand

- the lagging strand must therefore be copied from a primer placed at the
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Histone H1 is the linker histone

« it aftaches outside the nucleosome %'\W‘&\ Some D?‘{A + /Qj\'ﬂ(ef hrf(::()@/m clq/pm% fome

* nucleosome + DNA + linker histone = chromatosome

a chromatosome
. . LA
»--—-—Imk;r histone (H;) \M -7 h’i a-e ;’\{’_D ) I ond HC
195 @ gy
portans, NUT
N\d‘\/{dda\ \PM’PM.
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Beads on a string reduces the length of a DNA molecule by one-sixth
+ there must be higher levels of packaging anm, L“mmm "Fb(l/ ((\\ﬁ\}ﬁff QMQ 0%

The next level is the 30 nm chromatin fibre

T e e o . ol o o o vem i Iength Otﬁ?lfmmem A\ md%@t\\)

L7 Jony & M@r

&Q& ! \a\g\w\\m WG| g pcomeC
ol 2

e 33

The higher levels of packaging are not understood
- the highest level - the metaphase chromosome - is only found in dividing celis
e ——

30-nm fiber loops

metaphase chromosome

m
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Dividing bluebell cells

Guinea pig plasma cell - non-dividing

euchromatin (Jight areas)
contains active genes
probably as 30 nm fibre

Bilcte @hVhoY

“eenstitutive heterochrdnatin contains DNA that is always tightly pafked - in afl cells
facultative heterochromatin contains DNA that is tightly packed only in some cells 113
X
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In euchromatin. DNA is in the form of the 30 nm fibre

» attached to the nuclear matrix so the DNA does not get tangled up ?\)U(\Q&( N\O\}(!\\l - GJW\QV( (\e’t\,\ﬂ)(\( U%
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The metaphase chromosome is the highest level of packaging

The centromere hold the daughter chromosomes together
- contains special histones - CENP-A instead of H3

The telomeres protect the ends

- from exonuclease attack
« from being mistaken for chromosomes breaks and joined together

centromere
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Metaphase chromosomes can be stained to give a banding pattern
the complete set is the called the karyogram
Pinall A"l

the human karyogram
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LECTURE 9 o
ha
CAUSES OF MUTATIONS ,
Molecular basis of mutation . 07
3?‘7 T
Lecture 9 Causes of mutations i; %}\% . v a
Lecture 10 Repair of mutations D\\ - -
Lecture 11 Effects of mutations on genes A ¢ o {,)
Lecture 12 Effects of mutations on organisms . ’
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The Philadelphia chr isa cause of leuk

ber-abl gene

. Gene is switched on all the time
Controf region has been lost Celi division is uncontroiled
Second messengers have no effect

\/7 L%\'h\ '§ @9‘6‘\ ﬁ\%‘(&& Lo oOfne

ORCNOKRNY
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Lecture 13 Genes, polymerases and

promoters
Keywords
Key concepts « Sense and antisense
* Genomes + Coding/non-coding
« Sense and antisense « template

* RNA polymerase * RNA polymerase
+ Prokaryotic and eukaryotic ¢ Promoter m
gene structure . lntron \l\l "(

pre e\i® age'

¢ Cistron

Transcriptional regulation

DNA s GENES

1 Transcription
N most RN pst RNA
USpd fo Mok l Translation ) }

/

\()(\)‘f&\q Protein U

(ortra) éogmm

180
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Genes summary

+ All genes contain a regulatory element - promoter/enhancer
— direction
— position
~ spacial/temporal/inducibility

 prokaryotic genes differ in organisation and function from
eukaryotic
- cistrons vs introns/exons

+ intervening DNA accounts for the difference in genome sizes

196

Lecture 14 RNA polymerases

Aims

* To show that there are
differences in complexity
and organisation between

Keywords
* RNA polymerase
* Recruifment

the prokaryotic and . i :
eukapryofigrranscripfional MUH' protein complex
apparatus * Sigma
| * TBP
* RNA polymerases in . -
prokc?‘yglfes and eukaryotes TFIIA - T
* TRNA progo (
* RNA polymerase-associated % 1 otel

general factors

Pre . P

C‘ﬁmw Q\C\Ptf 191
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ooy o 100 ok 08" A
N
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L e

Transcription initiation by prokaryotic RNA polymerase

(Sense)
Coding Strand 7
g Q!I|III|II-35-lOlIl!lIIIII!|!|||!IIIIIIII3.
3 3 5

Template Strand
(Antisense) 5

RNA Polymerase holoenzyme

One sigma (o) - \PNM“Q"
Two alpha (o) - q«aﬁ\o\jla«mﬁsqg%(omﬂﬁo‘\

TudberDiey - o COTONET, Dm0
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&

Lecture 14 Summary

* There are differences in complexity and organisation
between the prokaryotic and eukar‘yohc transcriptional
apparatus

* RNA Polymerases are macromolecular complexes

* prokaryotes have 1 polymerase, eukaryotes have 3

* eukaryotic polymerases

- specialised, gene type-specific
- use basal transcription factors

Useful websites
* htip://www.mun.ca/biochem/courses/3107/Lectures/T
opics/euk_transcription.ntml
* http://gator.uhd.edu/~uzmana/webwk htm

199

Lecture 15 Gene Regulation
Aims
Describe a simple mechanism of gene regulation
Demonstrate how intermolecular interactions play a key role in gene regulation
Show how function of operons can be elucidated by study of mutations

Learning outcomes
By completion of this lecture you should be able to
Define and describe the functional components of a typical operon

Understand the mechanism of regulation of the lac operon by lactose and m

Understand the mechanism of catabolite repression

Understand the concept of negative feedback regulation i
Understand the following general conceps ruct

intermolecular

U
interactions and how they apply to w la n by operons ! e

Keywords/concepts
° Concepts ° Keywords
° DNA-protein interactions  ° repressor
* protein-protein ° inducer
interactions ° co-repressor
° protein-small molecule ° operator
interactions ° promoter
° conformational change ° operon
° inducers/co-repressors e cistron

201
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lacQ¢
Pane-A

O (W’(\q‘g\j ° Mutated repressor
oL A
° Mutated operator \’RM&“ : (QXK‘KL’{M

B

%cting and trans-acting mutations - dissecting the lac operon
lacl

loct - ponfdinal fepray or Mo fopresios

(At = gow avags Gaitdned on

T nowan v p¥Ss ‘pnfjﬁzMs

AT
¢ Introductipn of I+...... ° Introduction of " i
o i panarcine
cis- donort oton -,
rlgcue s l5 con ‘e (S Cued

Lac operon - Summary

L]

Repressor binds operator — inhibits initiation
Repressor activity regulated by lactose
Mutations in regulatory elements

— Cis acting

— Cannot be complemented

— Trans-acting

rye©

° Mutations which alter activity of regulat m
proteins %y( O
206
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Catabolite repression

Glucose exhausted,
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Diauxic growth

Glucose+ | i
lactose i
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°Activation of operon ~CQ, {es me‘
M B ppochsdese Lo g
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Lecture 18 RNA Processing

* Aim
- Introduction to eukaryotic mRNA processing
mechanisms

- Importance for regulation and diversity

* Objectives

- You should understand main processing reactions
and how they are carried out

+ Capping
- Polyadenylation

+ Splicing

229

RNA Processing s
A\

Netenuenons puvoar gty (hamRNA)

Ly peatuce @A - ‘\’NM\L
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— o™ 9P
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Mature messenger RNA  [Cap[’ ~
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mRNA capping
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methylation occurs at the 2° position of the first
2 nucleotides and on the added guanine base
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Reading Frames

The sequence of codons from a specific start codon to a
specific stop codon is a reading frame

Almost every protein chain initiates with AUG - codes for
Methionine..but not all met codons are equal! (next

lecture...)
3 stop codons UAA, UGA, and UAG
mRNA

VUUAUGAGCGCUAAAU .
Reading frame 1 polypeptide
Leu Stop Ala Leu  Asn

UUAUGAGCGCUAAAU
Tyr Glu Arg  Stop

Reading {rame 2

UUAUGAGCGCUAAALU

Reading frame 3 38
Met Ser Ala tvs
£ pugpt am
D oim T‘{/é il
Vanaie Yosp
Arnticocks om

7 Wdcts W <oddn
Transfer RNA (tRNA) Structure and Function Mprticodan . [ & 1 puser waich kY

Ginpanotony to M%ﬁfh _\)\k

Et.:e%@g\\% ‘(%'@’\:\\ppmefbﬂz oMo 4¢3
NQ7 DLQgtep 07N

\J
O%@@\ n {Gilg - 600\,{6\9‘01(66 [$
(@ L=g

) Ly toop

Transfer RNA (tRNA) Structure and Function 10 Yo gyl RN S0 dvetase

Function - to specifically link to a particular amino acid and to
recognise a codon in mRNA - ensures amino acid-codon mafch

e aid o(ted Voed on gre , chame | poloity, ofe

tRNA and amino acids paired by aminoacyl-

‘{27 tRNA synthetases (e dw) -t 0ot & Cﬂfa\\gw& TBamerbo

Each synthetase is specific for amino acid Qﬁ_ o ot &CD(\& \O{f(\ﬁEQf\ g\ ond o 06

and TRNA ~ proofreading!
Wy G gele & eRguog,

Some TRNAs recognise more than one
codon; some amino acids have more than 1
tRNA

20 20 CERA
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.

How does one 1RNA recognise more than one codon?

Wobble
(A) 6-U Base pairing

¥ HRNA s 3‘\*‘2'\”‘";5
66
S 1 S— SR L
5 EY 5 it ¥
Alanine codons Alanine codons
(B) Inosine base-pairs with A, C and U
3 mnAn E Wobble - allows unconventional

base pairing between third base
in codon and first base in
anticodon

[ JINS—— 1y Jpo—-

¥

AUA

AUU ¥

TIsoleucine codons 241

A Gl T U weeal of ¢
L7 cuet 'ﬂ{\d\ph{f\) 4 % 3 lage tnthe
Coton,

7 fuane
\

B Tposwe— smldr M Sructuy W quenive,
Ly biks @ A, 0

How the genetic code was broken
Polynucleotides

@_———p Phenylaianing

AR R oo Lysine 1) Polynucleotides +
e Profing bacterial

extracts competent for
[RCA] [CAC) [ACA) [CRC [ExT] transiation

2) tRNA binding

) () ] ] )

%qe

(R (CAR) (AT T M) (AR ()
o] (o] B 6] ) (G (i)

no Stoi s\once b ) pugs ollwing
(pm{)\qmé\‘(aﬁ bop paNNg s ¥ e

A& spocfin poltuclestides vo do et Fuor
006N (orffodng 7 ﬂmwmq\)q\‘awma

QIO At ‘aen\vva oads

N&@ IR2% g/_@{om‘on of 2 Ddipadely (dbeed

%%ﬂ\\\@ it

61 L6l codong code For pmine acd

3 Sep Locln

+ Aims

+ to introduce the basic mechanism of translation

+ how the sequence of mRNA is used to code for a polypeptide chain
- stages in translation

- the role of cofactors and nucleotides in translation

« the role of the ribosome in translation

- ILOs

- Initiation elongation and termination phases of translation
+ The role of the ribosome in catalysing translation and in translation start site

+  The identity and roles of translation cofactors
+ The roles of nucleotide triphosphates in driving translation

Lecture 20 protein synthesis

Students should have a basic understanding and knowledge of

selection
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