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Bacterial Genetics

Goldberg

Why study bacterial genetics?

Alts an easy place to start
g history
e we know more about it
Asystems better understood
€ simpler genome
e good model for control of genes
Abuild concepts from there to eukaryotes

e bacterial genetic systems are exploited
in biotechnology

Bacteria

ABacteria review

e one-celled organisms

€ prokaryotes

€ reproduce by mitosis
Abinary fission

g€ rapid growth
Ageneration every ~20 minutes
A108 (100 million) colony overnight!

e dominant form of life on Earth

e incredibly diverse

Bacteria as Pathogens

ADisease-causing microbes

e plant diseases
Awilts, fruit rot, blights

g animal diseases
Atooth decay, ulcers
Aanthrax, botulism
Apl ague, | epeaSyngnf Heskal
ASTDs: gonorrhea, chlamydla
Atyphoid, cholera :
ATB, pneumonia
Alyme disease

Bacteria as Beneficial (& necessar E
ALife on Earth is dependent on bacteria
e decomposers

A recycling of nutrients from dead to living

£ nitrogen fixation
A only organisms that can fix N from atmosphere -
E needed for synthesis of proteins & nucleic acids &,
E plant root nodules
e help in digestion (E. coli)
A digest cellulose for herbivores
E cellulase enzyme
A produce vitamins K & By, for humans

— & produce foods & medicines A — ‘ [ f

—

A from yogurt to insulin SeaN B

/ulua "h

Bacterial Diversity

Borrelia burgdorferi Treponema pallidum
Lyme disease Syphillis

Escherichia coli 0157:H7
Hemorrhagic E. coli skin infections

Enterococcus faecium



C:/Users/goldbergj.SOUTHCOLONIE.001/Desktop/Google Drive/AP Biology Materials/AP PPT Lectures/Multimedia for PPT/046--Bacteria.mpg
http://www.giantmicrobes.com/

Colonie High BIOCHEMISTRY/MOLECULAR BIOLOGY

Goldberg

Bacterial Genome

ASingIe circular chromosome
e haploid
e naked.DNA
/Ano histone proteins
£ ~4 million base pairs
A~4300 genes
A1/1000 DNA in eukaryote

No Nucleus!

ANo nuclear membraned prokaryotic!
e chromosome in cytoplasm
g transcription & translation are coupled

together
Ano processing of mMRNA
E No introns Crtoplasmf
ebut6 Central Dog
. . Ribosomes &
still applies
Ause same Niigiesie

- Plasma membrane
genetic code Peptidoglycan
Outer
membrane

Replication fork

Binary Fission
ARepIication of

bacterial
chromosome
AAsexual
reproduction
e offspring
genetically
identical to
parent

e where does
variation come
from?

Variation in Bacteria

ASources of variation:

€ spontaneous
mutation

¢ transduction

€ conjugation

e transformation
Aplasmids
ADNA fragments

Spontaneous Mutation
ASpontaneous mutation is a
significant source of variation
in rapidly reproducing species 8
AExampIe: E. coli
¢ human colon (large intestines)

E spontaneous mutations

Afor 1 gene, only ~1 mutation in 10 million
replications

Aeach day, ~2,000 bacteria develop mutation in
that gene

Abut consider all 4300 genes, then:
4300 x 2000 = 9 million mutations per day per
human host!

Transduction
(Ob‘ —p a)\/_: f@\v:':> \/;@\ @4

:r ~n S
Donor bacterium +
. o X
Phage viruses (or some Phages carming & °§§ § :
other vector) carry donor genes /%t« %a,
bacterial genes from
one host to another. ) /
s ﬂl*

Transduced bacterium Recipient bacterium
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E Transformation

Conjugation
A Direct transfer of DNA between 2 bacterial cells ABacteria are opportunists
that are temporarily joined - pick ked foreian DNA wh .
e results from presence of F plasmid with F factor E pICK Up na e_ oreign wherever it
AF for Afertilityd DNA may be hanging out
eE. coli fimal ed0 extends se Ahave surface transport proteins that are
female bacterium specialized for the uptake of naked DNA
¢ cytoplasmic bridge allows transfer of DNA ¢ import bits of chromosomes from other
i A bacteria
e incorporate the DNA bits into their own
chromosome

Aexpress new gene
Aform of recombination

. . o
Swapping DNA Plasmids °
], . o
AGenetic recombination by trading DNA APlasmids o
1 3 2 e small supplemental circles of DNA
et ofthe o ard i A5000 - 20,000 base pairs o
can make arginine mm_sm can make lryp_lo_phan o . . .
but not tryptophan strains but not arginine A self-rep licatin g (o]
£ carry extra genes °
arg+ -
trp- A2-30 genes ©
tidont e can be exchanged between bacteria
to seale) Arapid evolution o
Al Aantibiotic resistance o © ©
- o ©
minimal e can be imported O °
media No colonies arg* trp* colonies No colonies from environment o
(control) ::z::::lgn :r‘?:': genetic (control) o
0

fsst | Hey kid! Wama be a Superbug..”

Plasmids & Antibiotic Resistance
Qick some of this info your genome ...
Even Penid"in wont be able to ham ywu,’

AResistance is futile?
£ 1strecognized in
1950s in Japan
£ bacterial dysentery |psnia
not responding to
antibiotics

e worldwide
problem now

Aresistant genes
are on plasmids
that are swapped
between bacteria

Transferring Resistance Genes

Plasmid Donor

It was on a short-cut through the hospital kitchens that Albert
was first approached by a member of the Antibiotic Resistance.

7”‘«'5?‘; b

. Bacterium Receiving Resistance Genes
Bacterium Infected by Virus
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Biotechnology

o ;
pe
T ‘Chromosomal DNA
Fragmant
P

To Be Cloned

bacteria

£ example: pUC18
A engineered plasmid used in biotech
1

antibiotic
resistance gene on
plasmid is used as

a selective agent )

Recombinant
DNA Molecule
Bacterial
Chromosome

Goldberg

Restriction ble
enzyme site
Copy DNA
n . Restriction
APlasmids o erzyme ste
e small, self-replicating
circular DNA molecules fesicten fimico ]
Ainsert DNA sequence into plasmid
Evector= Avehicled into organis

e transformation
Ainsert recombinant plasmid into bacteria
E bacteria make lots of copies of plasmid
Agrow recombinant bacteria on agar plate
E clone of cells = lots of bacteria
Aproduction of many copies of inserted gene

DNA - RNA - protein - trait

Recombinant Plasmid

AAntibiotic resistance genes as a selectable marker
ARestriction sites for splicing in gene of interest

BamHI

Sall

selection |

g
DNA replication

Selectable marker Clal
APlasmid has both EcoRI| Hind Il

faddedo gene &

antibiotic resistance

Pst| >

gene @
Alf bacteria d_o_n @iak(” Ampicillin _X

up plasmid then die \Jesistance /Z

on antibiotic plates
Alf bacteria pick up

plasmid then survive on

antibiotic plates
Aselecting for successful Tetracycline
transformation

Selection for Plasmid Uptake

AAmpiciIIin becomes a selecting agent
e only bacteria with the plasmid will grow
on amp plate

only transformed

all bacteria grow bacteria grow

LB plate LB/amp plate

LacZ is one Screening System

AMake sure inserted plasmid is
recombinant plasmid Inserted DNA LacZ'
e LacZ gene on plasmid
produces digestive enzyme
Plasmid containing  Plasmid without

Alactose (X-gal) - blue DNA inserted inserted DNA
A blue colonies el

b
e insert foreign DNA into TN T
) )
LacZ gene breaks gene (\% (\O;Eﬁ/
. Bacterium with Bacterium with
A lactose (X-gaI)X bD(e inactive LacZ'gene  active LacZ' gene

A white colonies
¢ white bacterial colonies

. . Ead
have recombinant plasmid LacZ' Active ne
when grown on amedium  Snictoiones  © colgmes

containing lactose

Need to Screenteé

ANeed to make sure bacteria have
recombinant plasmid

restriction sites inserted
EcoRlI allin LacZ gene gene
BamHlI of interest

Hindlll

broken
LacZ gene

LacZ gene

lactose X white color

lactose - blue color
recombinant

blasmid plasmid

._.amp .
resistanc
origin of

replication
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Amp Selection & LacZ Screening Application of Recombinant DNA E
lacifze(iunctional) = - Bacterial cell that did not take up plasmid ACombining sequences of DNA from
(O (=) _+¢ Jinonundoona)  (Tgens of interest 2 different sources into 1 DNA molecule
Y &) (@ g
~ (o \.Z Fragment of DNA Lacz R .
’/@\ B\ amprgene - e @2 e often from different species
\ S - t ) . . . . .
Q\@f/j @ \@@@ ) s resisanee Ahuman insulin gene in E. coli (humulin)
iminate calls~ Bacterial cell without : Afrost resistant gene from Arctic fish in
/ e Gene of interest p— f t t t g f Arctic fish
without plasmid| recombinant DNA recombinant i
PN g strawberries
Colﬁ:nser:i\gnh p— D/NA ) .
¢ A --QQ‘\ AARoundemdy o bacterial ge
\ recombinant DNA| i/ J ABT bacterial gene in corn
R - O . . .
LBlamp @ p) - LB/amp/Xgal(lac) Ajellyfish glow gene in
= . Z e b rGlofigshdi GFP!
Cells that did not take up the Cells that did not take up € raorisnol G
plasmid are not resistant to DNA fragments have functional
ampicillin and do not form lacZ' genes, are able to
ies on media ini ize X-gal, and turn blue
this antibiotic. on media that contain X-gal.

Development of GFP 1961, 1994 | 2008

Ashimomura, Chalfie, Tsien Bacterial Genetics
e discovery, isolation, and purification of -
GFP and many fluorescent analongs Reglélatlon o_f Gene
xpression

Osamu éhimomura Martin Chalfie Roger Tsien o
Bacterial Metabolism ' @ff* Reminder: Regulation of Metabolism
ABacteria need to respond quickly to ;/”H; AFeedback inhibition
changes in their environment e product acts o
e if have enough of a product, as an allosteric . Procursor  actuiy
need to stop production inhibitor of m,%’cz
Awhy? waste of energy to produce more 1stenzyme in L ]
Ahow? stop production of synthesis enzymes tryptophan EMY("%
e if find new food/energy source, pathway Gans3)neymes]
need to utilize it quickly _ Em("; °
Awhy? metabolism, growth, reproduction @
Ahow? start production of digestive enzymes (Gege 8 Enayme s}
© = inhibition Qmmpn...
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Another Way to Regulate Metabolism Gene Regulation in Bacteria
AGene regulation AcControl of gene expression enables 4
e block —— o individual bacteria to adjust their
transcription of e Prosurser oo™ metabolism to environmental change
genes for all N [ 7 .
enzymes in AcCells vary_amount of speC|_f|c_enzymes
tryptophan by requlating gene transcription
P{ithW&y ( e turn genes on or turn genes off
Azz\t/ﬁai?iirgg?/t 23;] Aex. ifI ylou havhe enough tryptoy(ajhan in your )
2 ce t hen ou ondt nee
gp&e;icnessary used toMtryptopgan
synthesis Ewaste of energy
°: inhibition / Eturn off genes which codes for enzymes

So how can genes be turned off? Genes Grouped Together
AFirst step in protein production? AOperon
¢ transcription e genes grouped together with related functions

Aex. enzymes in a synthesis pathway
. ) e promoter = RNA polymerase binding site
ARepressor protein Asingle promoter controls transcription of all
o . genes in operon
£ B:ndi.to %’\’L’:nealr promoter region Atranscribed as 1 unit & a single mRNA is made
ocking polymerase e operator = DNA binding site of regulator protein

e stop RNA polymerase!

Abinds to operator site on DNA O
Ablocks transcription T e
trpoperon DNA "R N A TN
" Promoter ! RNA”  Operator
—— Genes of operon . polymerase
LR - N ——r L A S RN mRNA {
- s
m....e% L L1
o
0 enzymes for tryptophan synthesis
Repressor Protein Model Repressible Operon: Tryptophan
Synthesis Pathway Model
Operon: When excess tryptophan is present,
RNA The operator, promoter & genes they control RNA binds to tryp repressor protein &
polymerase : polymerase . .
serve as a model for gene regulation triggers repressor to bind to DNA.
U (blocks [represses] transcription)
K poﬁ%@a | _genel | gene2 | gene3 | gened | o] " po | _genel | gene2 | gene3 | gened | [0l
‘ - repressor protein
t Repressor protein turns off gene by t
Rliomoter blocking RNA polymerase binding site. RICIOLEY {0 typtophan (a corepressor)

tryptophan i repressor protein
‘ repressor protein complex

conformational change in
repressor protein!
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What happens when tryptophan is present?
Dondt need t o mbhuildingtemzynes! o p

LITREANY  NVERANY
l No RNA made

Protein ﬁ —_— % Active
repressor
Cz}i Tryptophan
(corepressor)

(b) Tryptophan present, repressor active, operon off

Tryptophan Operon

-

Tryptophan binds allosterically to regulatory protein.

Goldberg

Inducible Operon: Lactose

Digestive pathway model
When lactose is present, binds to

o an\leArase lac repressor protein & triggers
POy repressor to release DNA
(induces transcription)
) &
" po t;rr | _genel [ gene2 | gene3 | gened | _ oV}
‘ repressor protein
promoter O lactose

lactose i repressor protein
complex

conformational change in
repressor protein!

Lactose Operon

What happens when lactose is present?
Need to make lactose-digesting enzymes!

lac operon

r

— —
DNA I Al e TacY oA TR

e
5 l 5’ 1 J

|

Protein ﬂ > & ‘B-Galaclosidase” Permease ‘ |Transace|ylase‘
Allolactose Inactive
(inducer) repressor

(b) Lactose present, repressor inactive, operon on

Lactose binds allosterically to regulatory protein.

Operon Summary

ARepressibIe operon
e usually functions in anabolic pathways
Asynthesizing end products
e when end product is present in excess,
i cell allocates resources to other uses
Alnducible operon
e usually functions in catabolic pathways
Adigesting nutrients to simpler molecules
e produce enzymes only when nutrient is
available

Acell avoids making proteins that have nothing
to do, cell allocates resources to other uses

Jacob & Monod: lac Operon 1961 | 1965

AFrancois Jacob & Jacques Monod
e first to describe operon system
ecoined the phrase

Francois Jacob

Jacques Monod

Any Questions??
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