Microbial Genetics

and biotechnology




Define Terms

Genetics
Genome / The "Central Dogma" in prokaryotic cells
Genomics
Chromosomes B ransaton
Gene DNA = RNA - Protem?
Genotype U

Replication
Phenotype
ReCOm bi nati On (after Grifiiths et al. 1996)




DNA Structure
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Double stranded

Nucleotide

B Nitrogen Bases

B Sugar

B Phosphate

Base Pairs

B Hydrogen Bonds
O A-T
O C-G

B Alpha helix

5’ — phosphate group

3’ — hydroxyl group




RNA Structure

[l Single strand

[J Nucleotide
B Nitrogen base
B Sugar
B Phosphate
[l Base Pairs
m A-U
B C-G
[l Three types
HE mRNA
B rRNA
H tRNA




Prokaryotic Chromosomes

nucleoid

Location
B Nucleoid region
B No membrane

Number

B Most have 1

B Some species have
2, the second linear

Appearance

®m Circular

B Ds

B |Loops and coils




E. coli genome / chromosome
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Replication Forks

DNA Replication e P

[0 Semiconservative
| Replication fork
0 Single origin
[0 Bidirectional

| 2 Leading strands
] 2 Lagging strands

| Enzymes
O Helicases
O DNA polymerases 5’ to 3’

u I for leading strand
u Il digest RNA primer
| 11 for lagging strand

D DNA Ilgase 188 1)
[0 DNA gyrase -

u Hydrogen bonds broken and
reformed

| Methylation of adenine bases
Initiation sites
Turn on or Turn off

Protect against viral
infections

DNA repair

O OO0

Polymerase | & 11




DNA Replication Overview

213 DIVISION OF CIRCULAR BACTERIAL CHROMOSOKMES

Origin Origin Heplication
e

Two daug hter c hrom osomes

Parental Replicaion Formation of
Chromosome in Progress Daughter Chromosomes




Binary Fission




Plasmids

2% of genetic information
Ds, circular extra chromosomal DNA
Independent replication

Cellular Traits
B F-Fertility

B R-Resistance : inactivate AB, toxins, heavy
metals

B Dissimilation: catabolism of unusual substances
Bacteriocins
B Virulence : enzymes, toxins, attachment




Rolling Method for DNA
and F-Plasmid

Rolling Method

One strand remains
In loop

Second strand
breaks away and
rolls of loop

Both strands serve
as templates for
daughter strand

Occurs during
conjugation

replication
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FPLASMID

DONOR

F-PLASMID

(1) CELL-CELL CONTACT MEDTATED BY F-FILT

{2) MOBILIZATION OCCUR S BY MICKIMNG THE DNA

AT ORIT ROLLING CIRCLE REMLICATIONOF F

FLASMID DNA AND TRANMSFER OF A STMNELE-

5TRAND OF THE DA TNTO THE RECIFIENT CELL.

{3) THE SECOMD STRAND OF DMNA IS SYNTHESIZED

Th BOTH THE DOMOR (LEADING STRAND
SYNTHESIS) A ND RECTPTENT (LAGETNG STRAND
SYNTHESIS) CELLS. AFTER SYNTHESIS IS COM-
PLETE, THE DA TS MICKED AT THE MIC SITE,
RELEASIMNG THE TWO DMA MOLECULES. THE DOU-
BLE- STRAMDED DMA CIRCULARIZES TN THE RECTP-
TEMT CELL.

(4) AFTER THE PLASMID IS COMPLETELY TRANS-

FERRED, THE CELLS SEPARATE. BOTH DONOR
AND RECTFTENT CELLS NOW HAVE A COMPLETE F
FLASMID AND CAN COMTUSATE WITH OTHER F-
MIMUS RECIFIEMT CELLS. EXPRESSION OF SUR-
FACE EXCLUSIOMPROTEINS FREVENTS MATING
BETWEEN CELLS THAT CONTAIN F PLASMIDS.




Transcription

O DNA = RNA

O mRNA
O rRNA (A - i
star stop
0 Initi t.EI tRNA site EIE”E site
niraation v / Y
. 5! EE— !
n Sigma factor on RNA polymerase ple=a———————1 E |_|_5|] BN
O binds to promoter sequence on DNA e promater P — terminator
. - v EmMplate stran
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polymerase BEGINS
O unzips, unwinds DNA v v
O Lacks proof reading ability 3 ———
. 3 I
O Elongation
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O Ribonucleotide sequences Flgma tactor
u Base pairs : 5 growing RNA strand
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| Self
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Sigma Factors for RNA polymerase

Sigma factors

Sth component of RNA Polymerase

70

P ltar growth RNA Polymerase loosely binds DNA and scans
MIP(,H 5’ to 3°. A helix turn helix region within
2 heat shock _ -35 -IEJ Pribnow box
rpoE | I[TTGACAZ JTATAAT| Prokaryotic
] extreme heat shock (=50 C)
’in Sigma factors recognizes promoter elements more
g ucgenmetabolsm Tightly. Alpha helices within the protein fit into
ﬂiﬁﬂage“mf o The major groove of DNA. Different sigma
38 Factors regulate genes for different conditions.
rpmsstatil::mﬂrjr phase
19
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Prokaryotic RNA

[0  Transcription = RNA - Polypeptides

O RNA
| MRNA

[0 Code for several polypeptides
along strand

O Each code has codons: Start and
Stop
[ | tRNA
0 Acceptor stem
0 Anticodon
O Wobble
| rRNA
O 70S Ribosomes

] 50S: 23S + 5S rRNA and 33 proteins
[ ] 30S: 16S rRNA and 21 proteins

O Binding Sites on Ribosomes
[ ] A: accepts tRNA with AA

[ ] P: holds tRNA for base pairing
anticodon to mRNA codon for
polypeptide

| E: release [exit] for tRNA




Translation Steps

L1 Initiation translation start E'tfx 1. ribosome assembles onto mRNA
m 30S ’
B tRNA @ P site
B 50S of MRNA'
B GTP used E 3. folding of nascent

[0 Elongation
= NeW tRNA @ A Slte 2. ribosome translates mRNA
B Ribozyme in 50S new polypeptide made in o 2

forms peptide bond H=to CSerminatdirection: 4.polypeptide release

ribosome disassembles

B GTP used

[0 Termination

B Release factor
proteins

B Stop codon on mRNA




Importance of rRNA structures
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.. inhibits formation of peptide bond)
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Regulation of Gene Expression

[0 Constitutive
B Not regulated

B Always “on” at fixed rate
[0 Transcription
O Translation

B 60-80%
B Polypeptides need in large amounts
[0 Regulated

B Only when needed
B Control synthesis of enzyme : genetic control
0 Induction
[0 Repression
B Control enzyme activity: feedback
[0 Noncompetitive inhibition
[0 Competitive inhibition




Genetic Control of Enzyme
Synthesis and formation

Repressor
Activator binding site
binding site (operator)
oA~ [ [ [Promster [/ | & [ 5 [ ¢ |

\ ]
\ /
.". /

Regulatory sequences

.
Genes transcribed as a unit

Operon Model

B Operator (O)

B Promoter (P)

B  Structural genes

Regulatory genes
B Makes repressor
[0 Active binds to O

[0 Inactive unable to bind
to O

Types
B Inducible Operons
[0 Repressor Active
0 Operon Off
[0 Inducer needed
B Repressible Operons
[0 Repressor inactive
[0 Operon On
[0 Corepressor needed




Operator and Regulation

Negative regulation Positive regulation
{bound repressor inhibits transeription}!  (bound activator facilitates transcription)
{a) () RNA polymerase
Operator Operator ~~
Molecular signal DNA
1 ) canses dissociation
of regulatory protein ) )
T fold from DNA
WO 101d symime 5' 3
GAATTGTGAGCGGATAACAATT ' yt try ¢ ° ot
0 € operator
CTTAACACTCGCCTATTGTTAA P | ' |
. ———— sequence L ] 7
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. mHENA
points
-DNasel footprinting showed the (b} (d)
region of bindin '
g g Muolecular signal '
{ #) causes binding [
of regulatory protein
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mRMNA
~e | ~e
Bl

mRNA




Lac Operon: Inducible

1. When lactose is absent--repressor binds
The operon and the lac operon is shut down

2. How then is permease (lacY) made to let the
Lactose in, (o turn the operon on?

& o F8» % [v[A] ST Ty
THE LAC OPERON [  Regions codingfor proteins 9 '( )
[ Repistoryregions e S
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RN A No mRNA and no pretein regulatory gene
espmes 'il Regulatory «~——— Structural loci —————
“ | gene |
. | Promoter for lac operon

TR e e S B
Operator Structural gy ctyral  Structural |
gene for gene for gene for |
[-ljgaiacto— p-galactoside [-galactoside
sidase permease transacetylase

— lac Operon




Use of Lactose
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TRP Operon: Repressible

Structure of the frp Operon

| p‘ D‘ brplL I krpE kph krpC rpB rpA
Altenuator
clement
High levels Low levels
of tryptophan of tryptophan

I ¥

! —= Attenuated mRMA
tryplophan |
synthesis | -
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Mutations

Define

Types
[ | Silent
[ | Point
O Mis-sense
| Non-sense
O Sense [aka silent]
[ | Substitution
O Transition: purine for purine

O Transversion: purine for
pyrimadine

[ ] Frameshift
O Insertions
O Deletions

O
O

O Causes

[ | Spontaneous
[ | Induced
O Chemical
O Physical
] Conditional
[ | Adaptive
[ | Transposons
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Transposons

DNA Trans_poson
1 M“
End Gene for Another
sequence transposon gene
enzyme
Transposon %
enzyme -

Transposon is cut out

and inserted at

new location
Transposon

T\

Disrupted gene

S daison Wesiey Longman, Inc




Repair of Mutations
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Thymine dimer
distorts the DNA
molecule

Endonuclease cuts out
the region containing
the thymine dimer

Repair synthesis by
DNA polymerase




Genetic Transfer

Vertical
B Parent to offspring

Horizontal

B [ateral transfer to same generation
Donor to recipient

DNA transfer

Plasmid transfer

Types

[0 Transformation

[J Transduction

[0 Conjugation




Transformation

[0 Occurance
B 1%
B Random
B Naturally in certain species

O Haemophilus Transformation

[0 Neisseria

[0 Pseudomonas

[0 Streptococcus Il'—?

O Staphylococcus i v <
O Griffith experiment n 2>—— —
O]

(=)

Genetic transfer \\‘_ "
| Environment k, Bacterial
B Competent cells \ cell

O Cell wall Bacterial
chromosome

D P I aS m a. m e m b ran e Permission pending from Sinaur Associates, Inc.

B Bacterial lysis
[0 DNA
[0 Plasmids




Griffith Experiments

EXPERIMENT

Question: Can an extract from dead bacterial cells genetically transform
living bacterial cells?

METHOD

Mouse dies ~ Mouse healthy Mouse healthy ~ Mouse dies

Living S strain cells No bacterial cells ~ No bacterial Living S strain
isolated from heart found in heart cells found in cells isolated from
heart heart

Conclusion: A chemical component from one cell is
capable of genetically transforming another cell.

2001 Sinauer Associates, Inc.




Transduction

Transfer of bacterial genes via viruses
B Donor to recipient

B Virus: Bacteriophages

Types

B Generalized

B Specialized

Replication Cycle

B Lytic

B Lysogenic




Generalized Lytic Cycle

BREAKUP OF HOSTDHA &
S'HII'IHESIS OF PHAGE DHA
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Specialized Lysogenic Cycle

1 Only certain bacterial
genes are transferred

[0 Example: Toxins
B Corynebacterium
[0 Diphtheria toxin

B Streptococcus
pyogenes

0 Erythrogenic toxin
m E. coli
[0 Shiga-like toxin




(a) Generalized transduction {b) Specialized transduction

% Bacterial Prophage DNA
i /Phaga DNA DNA
A B A e’
Phage infects bacterial cell. Bacterial cell has prophage
integrated between genes A
and B,

Cad &
C =)
]
e — C B

Host DMNA is hydrolyzed into Dccasionally, prophage DNA
pieces, and phage DMNA and exits incorrectly, taking ad-
proteins are made. joining bacterial DNA with [t.

v v

7 C2ey?

Occasionally a bacterial DNA Phage particles carry bacterial
fragment is packaged In a DMA (here, gene A) along
phage capsid. with phage DMA.

'l" LI/\ Crossing over *

prrre

Transducing phages infect new host cells, where
recombination (crossing over) can occur.

_— Recombinant - ’L
iD
A 5

J‘ bacteria
C 4T B > <(rk .

The recombinants have genotypes (A" B) different
from either the donor (A" B") or recipient (A~ B7).




Transduction

Transduction & VP-mediated Gene Transfer
VP-mediated Gene Transfer
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Transduction
No progeny virus production from the transductant

Continuous Particle Propagation without Cell Lysis




Conjugation

CONJUGATION

Define e e
Bacteria <L 9

B Gram Neg : F.pilus s Saac [ B

B Gram Pos: sticky @ o
surface molecules
Types o
B [+ [plasmid] @
B R [plasmid]
B Hfr [DNA]




Conjugative Plasmid
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Hfr Interrupted Stages

F~ recipient

W

Interruption
—-

Interruption
—-

Interruption

Interruption

Recipient




Genetic Recombination

General

B Homologous chromosomes

B Any location

B DNA breakage and repair

Site Specific

B Nonhomologous

B Viral genomes in bacterial chromosomes

Replicative




Recombinant DNA

RECOMBINANT DNA TECHNOLOGY

Palindrome

I_I_I
S GAATTC I 3
IENCTTAAG N 5

b

5 Bz ==5
; G AATTIC .
Y, +e—5
A
) Tré:\ AATTC B3
5 — \G G —N
BT CTMA

U

5 G/AATTC I G/AATTC . 3
SEENCTTAAG NN C TTAAG I 5'

J

SN GAATTC I G AATTC . 3
SN CTTAAG NN CTTAAG I 5

Recombinant gene

1. The restriciton enzyme
EcoR1 recognizes this
palindrome.

2. The restriction enzyme
cuts the palindrome at the
locations indicated.

3. Add a different DNA
fragment cut by this
same enzyme, EcoR1.

4. The fragment attaches
by complementary base
pairing.

5. DNA ligase catalyzes
formation of phospho-
diester bonds to close
between fragments.

Vector
Cleavage site
Foralgn DNA
(a) Gleavageby Ecort  LLLLLIFERVQUUNITI TR FRRU IV PPIAUNTY
"r endonuclease ] ] b
Claavage sites 1 b 3

| Cleavage by EcoRI
andonuclaasa

AATT

T,

TTAA TTAA

AATT AATT

TTAA

Annealing

(B}




Genetic Engineering

O Use
[ ] Plasmids iteiis Praigiis  Excision (Contd
B Recombinant DNA

[1 Applications
B Therapeutic
[ Hormones
[0 Enzymes
[0 Vaccines
[0 Gene therapy
B Agricultural
B Scientific
[0 Southern Blot
[ ELISA tests




Biotechnology

DNA
add Cleavage A
molecule qﬁ"@ - = \‘H;‘w %"Cw' fragments|

NAZ\
Gene /
of interest O

l’ cloning
chromosome-
gene copies
Plasmid
& o
Protein produc
DNA | J PROTEIN
°3
genetic ‘—;\} DNA t-PA heart :0. human
disease |~ _..|"fingerprinting" attack therapy| o | insulin
=~ ]
N [ ]
J3? o
-
o o®
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Questions?




