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“If it Is a terrifying thought that life is at the mercy of the
multiplication of these minute bodies [microbes], it Is a
consoling hope that Science will not always remain
powerless before such enemies”

Louis Pasteur (1822-1885)




Phylogenic tree of life
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« Through variation in
'DNA sequences we can
distinguish organisms to
the species level and trace
evolutionary relationships

* Three separate
“Domains” of life;
Eukaryotes, Bacteria, and
Archaea

* It is now possible to
sequence and analyze
ribosomal DNAs without

culturini the microbes



Microbial genetics

* Microbes are among our planet's most ubiguitous organisms.

They are present in every biosphere, including some of the
most extreme locations on Earth.

* Microbes, in general, possess genomes much smaller in size
compared to plants and animals, which makes them ideal for
genetic and physiological studies.

« Microbial genomics is largely the identification and
characterization of their genetic compositions.




Classification

Protozoa and

Characteristic Viruses Bacteria Fungi Helminths

Cells No Yes Yes Yes

Approximate diameter (m)’ 0.02-0.2 1-5 3-10 (yeasts) 15-25 (trophozoites)

Nucleic acid Either DNA or RNA Both DNA and RNA Both DNA and RNA Both DNA and RNA

Type of nucleus None Prokaryotic Eukaryotic Eukaryotic

Ribosomes Absent 70S 805 80S

Mitochondria Absent Absent Present Present

Nature of outer surface Protein capsid and lipoprotein Rigid wall containing Rigid wall containing Flexible membrane
envelope peptidoglycan chitin

Motility None Some None Most

Method of replication Not binary fission Binary fission Budding or mitosis’ Mitosis®

'For comparison, a human red blood cell has a diameter of 7 um.

*Yeasts divide by budding, whereas molds divide by mitosis.

*Helminth cells divide by mitosis, but the organism reproduces itself by complex, sexual life cycles.

Virus

Lipid envelope i Spike protein

> > vif—\JCaps.d

Membrane /' ' "\ Envelope
® protein

Bacterial cell




Genomic data-Viruses

Virus data

Genomic data

Virus species

Influenza A virus

Lsual name

Influerza A virus

Taxonomy D
11320

Clinical level
SPECIES

Clinical typing
Unknown

GenBank ID Mucleic acid
AB573799 RMA

Segment Circular
3 M

Sequence
ATGGAGTACTTOGTACGACAAT....

Virus species Taxonomy D GenBank ID Mucleic acid

Terque teno virus 27 687366 MC_D14069 DMA
Acronym Climical level Segment Circular

TTV-27 GEMUS N/A ¥
Lisual name Clinical typing Sequence

mv Unknown ATTTTGTTCAGCCCGCCAATTTCTGT...
Virus species T: D

DengF:JE:virus aﬁ%‘;?}r GenBank 1D Nucleic acid

AB204803 RMA

Acronym Climcal level

DenV SPECIES Segment Circular

M/A M

Usual name Clinical typing

Dengue virus Serotype 1 Sequence

AGTTGTTAGTCTACGTGGACCGAL. ..
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National Library of Medicine

National Center for Biotechnology Information
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Advanced

Pseudomonas putida strain C54, complete sequence

GenBank: MZ361366.1
FASTA  Graphics

Go to:

LOCUS
DEFINITION
ACCESSION
VERSION
KEYWORDS
S0URCE
ORGANISM

REFERENCE
AUTHORS
TITLE

JOURMAL
PUBMED

MZI3el36E 22732 bp DA linear BCT @6-5EP-2821
Pseudomonas putida strain C54, complete sequence.

MZI3el366

MZI3Bl366.1

Pseudomonas putida
Pceudomonas putida

Bacteria; Protecbacteria; Gammaprotecbacteria; Pseudomonadales;
Pzeudomonadacsae; Pssudomonas.

1 (bases 1 to 22782)

Rajabal,Vv., Taner,F., Sanlidsg,T., Suer,K., Guler,E., Sayan,M. and
Petrovski,S.

Genetic characterisation of antibiotic resistance transposons
TnEea8 and TnEs@9 isolated from clinical Pssudomonas strains in

Cyprus
1 Glob Antimicrob Resist (2821) In press
34363955

Help
Change region shown o
Customize view i

Analyze this sequence
Run BLAST

Pick Primers
Highlight Sequence Features

Find in this Sequence

Related information
Protein

PubMead
Taxonomy

PubMed (Weighted)
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N[|®)) National Library of Medicine

National Center for Biotechnology Information

Mucleotide |Nuc|eotide v||

Advanced

FASTA =

Pseudomonas putida strain C54, complete sequence

GenBank: MZ361366.1
GenBank Graphics

*MZ361366.1 Pseudomonas putida strain C54, complete sequence

GeGEAGCCCGCAGAAT TCOEAAAAAATCOTACGC TAACAGTTCAAGCGTCCCOGCACGCCTOACTATAG
CTTGTTGACTGGETCAATCTATCTCOCGGGTAAAGCGATAGAACAAGT TCOOCTCOCTRACCACGTACAAL
TACCCTTCATCGTCOATOGT TACGCCTTCGGCTTEGGeTATACCT TTCAGCAAACCAGCAAACCCCCTCG
CCAAGGAGCOEAAACTCACCACCTTACCCTCOTCAaTCAT TTCAATCAGCAGT T TCGACTCAGTCGCTGAG
CAGOATCAGATEGCCGCTCTATTOATCGAATACAACCOAAGACAAGTCAGT OGCAAACACCTTGTCTTTT
ACTAGGTTOOACATETCOCGEACOTGCAGGRAAACGCCTCCTTCCAGGTTOOCACGAADGCCGCTCACTT
CCAGTAATTOCCGEEEETCACGCTCCTTOETCACAAACARACGATCACCTTTTAGGTCOTAGRCGAGCCC
TTCAAGGCCTTTGTTETCCTCCT TOCCAAGCOCCAAGOT TAGCGC TEAATACTAGTCTAGEC TCAATGAT
COATCAGGAGAAAGCTTACCATATTCGTCOATGGEEATATCCACGATAACCAGGCTCTOCCQCCGCTCTT
COOCAATOACCAGTTEACCATTOCCaGCATAGGACACCOCTTCCACGTCATGRAAGLCATCCAGLLTGTA
ACGTCACTCCACGTCACCOTCACGACTGAGGECCAGCAGCTCATTCAGECCATTAATAACCGCCCACAGE
AGATTTAGOTCAGGATCOAAGGTCAGGCCCGAAAGGTTOTTGTCCACACCOGGAACCGCCTTAGCATCCA
GCTCAACCCOATAGCCADGCAGLCACACAGAGCOCTCCTECCAATCATCTGTGTACCAGTGAGTCTTGAT
CCAAAAGTACAGACGATOTCATTTTCAGAAGACGACTGCACCAGT TEGAT TGOGCATAATGECTGTTGTGL
AGCCAGCTCCTEACAGT TCAATATCAGAAGTOAT CTECACCAATCTCGACTATGCTCAATACTCGTGTGL
ACCAAAGCOAGETEAGCATEACGACGGAGGCTCTATTOCAAAGAT TAGCOGCAGTCAGAGETAGGCTAGTLE
GQCTCTaCaCCeATCAGECEECTACTGCGAAATGETEET TEAGCATGCCCATOGCCTCCOTCAGCGCCGAG
GECCCAATOCCAARAGCTCTCTCCACAAGGCOCACCTCOCCCCTOATGCCGOGC TACAGGCACCAGGGGL

e T T T T T o i T AT A T T A AT T T AT T AT A T AT i

Change region shown

Customize view

Analyze this sequence
Run BLAST

Pick Primers

Highlight Sequence Features

Related information
Protein
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Recent activity
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Microbial Gene Expression

Gene expression analysis - the study of the way genes are transcribed to
synthesize functional gene products

Provides insights into normal cellular processes

Transcription- the process of creating a complementary RNA copy of a DNA
sequence, can be regulated in a variety of ways

DNA microarrays — an array of oligonucleotide probes bound to a chip surface
enables gene expression profiling of many genes in response to a condition.

REAL TIME PCR— steady-state levels of mMRNA are quantitated by reverse
transcription of the RNA to cDNA followed by guantitative PCR (gPCR) on the
cDNA




I[dentification of an Open Reading
Frame

terminator

" T

Frame1 ATGACACGATATGAGATATGCATAGAAAGCGAATATAGATAG Open@
| J 1 J 1 J L J L J L J 1 J L J L J 1 J 1 J

J L J L J L

Frame 2 B AGATATGCATIAE A / | Blocked @

L J | J 1 | | J | J L J L J L | J 1 J L J

Frame 3 ATGCATAGAAAGCGAATATAG Blocked @
L J J ) 1

! J | I J L J L J L J A J | | . J L J L J




Structure of a gene and primers

9 9
5 TTAT o
¢| | ‘ ‘ RV
SACTGY gAATAY
—bﬁ
3 ’ TGAC 5 ’
Given Primers from STOCKS In Sequence Look For
Forward: 5" ACTG 3’ Forward: 5" ACTG 3’
Reverse: 5’ ATAA 3’ > Reverse: 5’ TTAT 3’

Reverse Complement




Operons and Transcriptional
Regulation in Bacteria

NEGATIVE GENE REGULATION POSITIVE GENE REGULATION
promoter gene
promoter gene
DNA N . . \
(W—— \‘F/— o e —
O p e ro n S repressor protein y/ activator inactive txn factor
~ A\ ¥ aciivator
/
m R protein — | e— |
DNA  {mmmy/ v)
R Gene p Gene A Gene B Gene C dissociation -

repressor-activator
complex from promoter ‘

mRNA 5 — @~ @~ @ 3’

&« \ \ o e— e —
A ® 0 ¢ - -

RNA polymerase RNA polymerase
protein A protein B protein C
L ee— A Aee—
—_— N —
Figure by Jung Choi, November 2013
1 transcription l transcription
el o
mRNA mRNA




What if we want to study gene
function?

T-sensitive plasmid @ )
Approach to take: Q I'n5 tran Hr.u 50N O
= Transposon Mutagenesis ,/”/\,
. - - - Growth at
Assess if there is phenotypic change permissive T @ @ )
= Locate transposon Tn insertion in genome, + kanamycin
using primers specificto Tn

= Clone Tn-gDNA junction fragment and sequence Growth at —
= |dentify gene similarity in database (NCBI) eseTIve | <_/’>

+ kanamycin




Cloning of entire gene
—

moh

pBBR1MCS-3_START-kamB
vector
5805 bp

N
N
Ly
A
N,
. )

Xhol ' lacZ alpha
Pstl |

Smal |

Spel

Xbal

BstXI

Sacll

Sacl

Ampicillin-
resistance
gene

Recombinant
puUC8

DNA

lacZ’gene :
insert

www.biologyexams4u.com

B-galactosidase produced
X-gal split to blue product

No B-galactosidase
X-gal not split

\ 14

Agar+ampicillin+X-gal +IPTG



Blue /White screening-

0 Detection of recombinant
bacteria In vector-based
molecular cloning experiments




Restriction enzymes
——




Cloning of gene into expression vector for protein

purification

(5743 .. 5761) T7 Term Styl (5768)
(5746) Blpl _ . Flori-R (99 ..118)
(5667) PaeR71 - PspXI - Xhol f
(5659) Eagl - Notl .~ .\ / ,pralll 245)
(5647) BSIGI —__ - / FloriF (309..330)
(5591 .. 5612) EGFP-C —— / / __Psil (370)

(s026) Xbal
L
(4980 .. 4999) T7 _

{4960} Bglll
AsiSl - Pvul (944)

_TspMI - Xmal (1066)
~— Smal (1068)

BspDI - Clal (1249)
,/ Kan-R ({1282 ..1301)

| T Nrul (1285)

I pENTR-R (1366 .. 1385)

{4562) BstAPI _
=l
{4555 . 4574) Lacl-R

pPET28a His tag-FRB-Venus C
5829 bp

(4238) Miul R—
(4224) Bell*”

(4056) BStENl ~ Y

- BssSal (1967)
pBR322ori-F (1985 .. 2004)
- Pcil (2140)

- L4440 (2238 .. 2255)
<-\—’}f—),l;spi;!l - Sapl (2257)
pRS-marker (2335 .. 2354)

| Acel (2389)
; J BstZ171 (2370)
i3397) PshaAl . PFIFI - Tth111l (2395)

|
PGEX 3' (24895 .. 2517)

&

K 4

(3827) BssHIl -
(3792) EcoRV
{3736) Hincll - Hpal

(of
w

{3181) Bgll
(3160) Fspl - FspAl

BL21(DE3) with rne131

and pLys plasmid

T7
expression




