Molecular Methods in Microbial Ecology

Contact Info: Julie Huber and Nancy Akerman

Schedule: 25 Oct: Introductory Lecture, DNA extraction
Run DNA products on gel

27 Oct: Lecture on PCR
Prepare PCR reactions

1 Nov: Analyze gels from PCR
Lecture on other molecular methods

Readings: Head et al. 1998. Microbial Ecology 35: 1-21.



Day 1

 Introduction to molecular methods In
microbial ecology

« Extract DNA from Winogradsky Columns

« Run DNA on agarose gel
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The Challenge for Microbial Ecology

Habitat Culturability (%0)
Seawater 0.001-0.1
Freshwater 0.25
Sediments 0.25
Soil 0.3

How do you study something you can’t
grow In the lab?

From Amann et al. 1995 Microbiological Reviews



The Solution: Molecular Biology

QNN ON OGN U NG\
Transcription D “DNA
f\/\/\v. ...... MRNA

Translation 1 |
Eglbosome
’\Q(\ Protein

Present in all cells- Bacteria, Archaea and Eukaryotes
*Documents of evolutionary history
Basis of all molecular biological techniques



Environmental Sample

Y Y

DNA RNA

What organisms are present? What organisms are active?
What genes are present? What genes are being expressed?

Target Genes

Metagenomics

Microarrays

Proteomics
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DNA extraction from
Winogradsky Columns

Sedimeni{soil
supernatant acelate + salt supernatant
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DNA Extraction

. Lyse cell membrane
a. Chemically - detergent
b. Physically = bead beating

. Pellet cell membrane, proteins and other cell parts while DNA
stays in solution

. Remove other inhibitors from DNA
. Mix DNA with acid and salt = stick to filter
. Wash filter-bound DNA several times with alcohol

. Elute DNA off membrane with pH 8, low-salt buffer



Choosing a Depth Horizon

16S rRNA Bacteria _oogen (%;w:‘m
16S rRNA Archaea ——

— water
aerobic zone

mcrA Methanogens

— Methyl coenzyme M reductase microserophil
dsrB Sulfate reducers
— Dissimilatory bisulfite reductase [

pmoA Methanotrophs

— Particulate methane
monoxygenase Eonceniraton
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Day 1, Part |1

* Run an electrophoresis gel of the DNA
products extracted from your columns



Basics of Gel Electrophoresis

The gel 1s a matrix (like jello with holes)
DNA is negatively charged- will run to positive
Smaller fragments run faster than larger ones

Gel contains Ethidium Bromide, which binds to
DNA and fluoresces when hit with UV light
(WEAR GLOVES!!)






Genomic DNA

The sum total of
all DNA from
an organism or a
community of
organisms



What to do

Mix 10 pl of your DNA with 5 pl loading buffer
Load in well on gel
I’11 load the ladder
Run it

Take a picture of It




Day 2

e Learn about PCR

« Set up PCR reactions using the DNA from
your extractions and an assortment of primers



Genomic DNA

The sum total of
all DNA from
an organism or a
community of
organisms
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Environmental Sample

Y Y

DNA RNA

What organisms are present? What organisms are active?
What genes are present? What genes are being expressed?

Target Genes

Metagenomics

Microarrays

Proteomics




The Star of the Show: SSU rRNA

*Everybody has it

«Contains both highly conserved and variable regions
-allows making comparisons between different organisms
over long periods of time (evolutionary history)

*Not laterally transferred between organisms

*HUGE and growing database

,E,MAYC—QLM- ONTARIO

RRNA R@RNA

. YOURS TO DISCOVER

CEEmEETS) TEXAS

 R:-RNA  RRNA

BOULDER




Ribosomes

« Make proteins
* 'RNA is transcribed from rDNA genes

‘ < 21 different proteins
< 30S subunit 168 rRNA

31 different proteins

70S

Ribosome _ % f
50S subunit

23S rRNA 5S IRNA



SSU rRNA
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Universal
Tree of Life

Modified from Norman Pace
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Polymerase Chain Reaction (PCR)

 Rapid, inexpensive and simple way of making
millions of copies of a gene starting with very
few copies

 Does not require the use of isotopes or toxic
chemicals

It involves preparing the sample DNA and a
master mix with primers, followed by
detecting reaction products



Every PCR contains:

A DNA Polymerase (most common, Taq)
Deoxynucleotide Triphosphates (A, C, T, G)
Buffer (salt, MgCl,, etc)

A set of primers, one Forward, one Reverse

Template DNA



Typical PCR Profile

Temperature Time Action
95°C 5 minutes DNA Tag
polymerase
activation
35 cycles of:
95°C 1 minute DNA denaturization
54°C 1 minute Primer annealing
72°C 1 minute Extension creation
72°C 10 minutes Final extension

created




. Denature DNA (1 double strand to 2 single strands) and attach primers
Polymerase Chain
—{_}

Reaction (PCR) = 1

Enzyme (DNA Polymerase) creates complementary strands
from free nucleotides

Genomic
DNA — -
]
Repeat

/ \‘., ' . J

primer site / s primer site rd «—
N —

. —

i

Geometric increase in PCR product

— —_— S 30 cycles of PCR creates
— 230 copies of the original template
o > — — > 1,000,000,000 copies

Slide courtesy of Byron Crump



Things you can optimize

emperature and time to activate Tag polymerase
emperature and time to allow primer annealing
emperature and time for extension

Concentration of reagents, especially primers,
dNTPs, and MgCl,

Concentration of template DNA
Number of replication cycles
Etc...




Beyond 16S

» ldentical 16S # ldentical Function
 Target functional genes

B abd B ol - Suu w SJall
species | TCARABATTAAGC-CAT3CATETCARLGT- —ACAAGE COCAT TR - AR - GT5A-AACC3C3ARTEGCTCAT TAdL ——TCA
species 2 TCAALBATTAAGC-CAT3CATETCTALMGT- ~ACAATL CTCTT A Gh--GAGA-AACT3C3ARAGGCTC AT TALL - TCA
species 3 TrAlARATTAARD -CATICATET . CAART--AFABRICTRLAD -FRA-AACC L A AT T AT T A AL ——TI &
species 4 TrALAGATTAAGC -CATZCATCTC TARGT - —ACACNCCC—LTCT GrEA-AACCEC ZAR TGO TC AT TALL ——TCL
specics 3 TCALAGATTAAGD - CATSCATGTCTAAGT- ~ACACGCCG-LTCT GOGA-AACC IO ZAMTEECTC AT TALL ——TCA
specics 6 TCAMAGATTAAGC - CATSCATGTCTAAGT - —ACACGLCF—Ah (T GOGA-ALCCEC A8 THEETCAT TA &8 ——TCA
species T TCGTTETCTCGTTSCoT30-TOTCTAAGT - -ACAAGLCH-ATTC 42 GOGA-ALCCIC A8 THEETCAT TA &, ——TCA
species ® TCAMLEATTALGC-CATSCATGICTAAGT-—ACAAGICr—ATTTRAGH GCGA-ARCC SO AL TG TCAT TAAL ——TCA
species 9 TCAMLGATTAAGC - CAT3CATETOTAMGT- ~ACAAGE CO-ATOT-RaG) GT0A-AACC3C3ARTEGCTCAT TAdL ——TCA
species 10 TCALARATTALRE - CATFCATETCTHHGT - —-ACA--- COTC TG - G6--GCGA-AACCICIAATEECTCAATALL A TCA
specics 11 TCAAARATTAARC - CATFCATETCTAAGT- -ACARGE GLTAT - -C G- -GCGA-AACC3CIAATEECTCATTALL ——TCA
species 12 TLAAARATTAARC - CATFCATETCTAAGT - -ACARGE COCTAGA-C G- -BCGA-AACCICIAATEECTCALTALL ——TCA
species 13 TLAALGATTAAGE - CAT3CAGETCTALGT- -ATAAGE COARATA-Li--GT5A-FACCICIARTEGCTCATTACA - TCA
species 14 TRAAARATTAARE - CATSNA T TAART- -4 AR CRALATA-AAT-RRA - AL S SA N TR T ATTACA —— T A
species 13 TCALARATTAAGC - CAT ZCAGETC TAAGT - -ACATGL TETTATA-TATEE T AL-GACTZC ZAMCGGCTC AT TACA ——-TC G
specics 10 TCAAAGATTAAGC CATSCATCTCTAACT ACACAC CE..E.E CTCA AGCCIC ARTCCOCTCAT TALN TCA
ﬁpl:u‘iu‘bl | 7T TCAadGATTALGD - CATFCATFTC TAAGT - -ACALACCCTACLA- G- -CTGA-ALCCICFAMTEGCTCATTALL ——TCA
specics | TCAMMGATTALGC - CATSCATFIC TRAGT - —ACATGLCHCL -GCGA-ALCC A0 THEHTCAT TALN ——TCD
species |9 TEAsa b 1 lAnFD - Lol s 08 10 T 8lF ] — -1 &1L DA 58] Sl R B I B Y TS, T R A ) 1
species 20 TCARARATTALRC - CATFCATETCTAAGT - -ACACAL CTTCATA-C G- -GT5RA-AACC3CIAATEGCTCATTALL ——TCA
species 21 TLAAARATTAARC - CATFCATETCTAAGA- -TLA-ACCTCOTCT-C6--CHBACAACTCICATEECTCATTALL ——TCA
species 22 TTAAARATTALGE - CATFCANGTATCAGT- -ACALGLCTCACTH-AG--GTGA-AACCICIALTEECTCATTALL ——TCA
species 23 TCAAAGATTAAGC ZALCTCATETCTAAGA- ~-TCATGE CoALAL (EEGR} -GCGA-AACC3CFAATEECTCATTALL - TCA

{Andy Viersiraede |90




16S rDNA mcrA
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Primers We Are Using

16S rRNA Bacteria _oggen
16S rRNA Archaea
mcrA Methanogens

Saran wrap
rubber band

—— air

— water
aerobic zone

— Methyl coenzyme M reductase | microserophilc
< zone

dsrB Sulfate reducers

— Dissimilatory bisulfite reductase [

pmoA Methanotrophs

— Particulate methane
monoxygenase Eonceniraton




Reagent Volume (ul) per reaction # of reactions final volume

Sterile H,0 26.8

5X PCR buffer 10

dNTPs (lOmM) 1

Tag polymerase (5 Units/ul) 0.2

Tube | Master mix | Target Template Vol | Fprimer | Vol | R primer | Vol
ul ul ul ul

1 38 Sulfate reducers | Column DNA 2 dsrlF 5 dsr4dR 5

2 38 Methanogens Column DNA 2 ME1 5 ME2 5

3 38 Methanotrophs | Column DNA 2 pal89F 5 pa682R 5

4 38 Bacteria Column DNA 2 8F 5 1492R 5

5 38 Archaea Column DNA 2 21F 5 958R 5

6 38 Archaea + control M. 2 21F 5 958R 5

jannaschii
7 38 Nothing - control (water) | 2 21F 5 958R 5




