MODERN MICROBIOLOGICAL METHODS

Concepts: molecular, isotopic and chemical techniques in
environmental microbiology, environmental “-omic” insights into
microbial diversity and physiology, ecophysiology, modern microbially
dominated environments, linking microbes and genes to
biogeochemical cycles

Reading: Delong review

Reading for in class discussion on Wednesday is posted (Valentine
review and Milucka et al. 2012)
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EXAMPLES OF MODERN MICROBIALLY-DOMINATED
ENVIRONMENTS
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EXAMPLES OF MODERN MICROBIALLY-DOMINATED
ENVIRONMENTS
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Perspective

Prokaryotes: The unseen majority
William B. Whitman*', David C. Coleman®, and William J. Wiebe$

Departments of *Microbiology, *Ecology, and SMarine Sciences, University of Georgia, Athens G4 30602

Table 3. Total number of prokaryotes in unconsolidated

Table 2. Number of prokaryotes in soil subsurface sediments
Area, Na. of cells,T No. of cells, x 108
* 1012 m2 27

Ecosystem type X 107 m 10 Depth Cells /cm?, Deep Continental shelf Coastal
Tropical rain forest 17.0 10 interval,* m x 108 oceans’ and slope® plains$
Tropical seasonal forest 7.5 0.5
Temperate evergreen forest 5.0 0.3 0.1 220,01 66.0 14.5 4.4
Temperate deciduous forest 7.0 0.4 10 45.07 121.5 26.6 8.1
Boreal forest 12.0 0.6 100 6.27 18.6 4.1 1.2
Woodland and shrubland 8.0 28.1 200 19.07 57.0 12.5 3.8
Savanna 15.0 52.7 300 4.0m 12.0 2.6 0.8
Temperate grassland 9.0 31.6 400 7.8" 10.1 3.2
Desert scrub 18.0 63.2 600 0.95! 3.7 1.2
Cultivated land 14.0 49.1 1,200 0.611 32 L0
Tundra and alpine 8.0 20.8 2,000 0.441 2.6 0.9
Swamps and marsh 2.0 7.3 3,000 0.34! 0.7

Total 123.0 255.6 Total 2751 79.9 25.3
*From ref. 73. Grand Total: 380 x 10%% = 3.8 x 1030
TFor forest soils, the number of prokaryotes in the top 1 m was 4 X *Depth intervals are designated by the upper boundary. Thus, “0.17
107 cells per gram of soil, and in 1-8 m, it was 10° cells per gram of represents 0.1-10 m and “3,000” represents 3,000-4,000.

soil (16). For other soils, the number of prokaryotes in the top 1 m
was 2 % 107 cells per gram of soil, and in 1-8 m, it was 10° cells per
gram of soil (18). The boreal forest and tundra and alpine soils were
only 1 m deep. A cubic meter of soil was taken as 1.3 x 10° g,

TCorresponds to seismic layer T (23).

fCorresponds to subcontinental sediments (23).

8Corresponds to geosyncline sediments of Mesocenozoic origin (23).
ficalculated from the arithmetic averages.

Calculated by extrapolation of the formula of Parkes et al. (33).
Source: Whitman, William B., David C. Coleman, et al. "Prokaryotes: the Unseen

Majority.“Proceec/ings of the National Academy of Sciences 95, no. 12 (1998):
6578-83. Copyright National Academy of Sciences, U.S.A.
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Step 0: geochemical observations
Distributions of
Microbial Activities in Deep
Subseafloor Sediments
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Step 1: microscopy and morphological characterization

Courtesy of MDPI. CC-BY. Source: Figure 1C of Sim, M. S. et al. "Oxygen-Dependent Morphogenesis
of Modern Clumped Photosynthetic Mats and Implications for the Archean Stromatolite Record."
Geosciences 2, no. 4 (2012): 235-59.
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Step 2: enrichment, cultivation and isolation
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Courtesy of John Lindquist. Used with permission.

The Most Probable Number Method
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Step 3: amplification of 16s rRNA sequences, clone libraries, DGGE
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Fig. 2. Results from DNA surveys for bacterial 165 rRNA genes representing changes in community
structure associated with oxidation of CH, in samples collected from 7 to 17 September 2010. Stations are
shown from left to right in order of decreasing reductions in DO. Stations 192, 222, 230, and 211 had DO
and fluorescence anomalies (integrated oxygen reductions of 1.1, 0.7, 0.5, and 0.1 mol m2, respedhel!},
whereas stations 191, 242, and 203 did not (integrated oxygen reductions < 0.00001 mol m™).
Methylotrophs (Methylococcaceae, Methylophaga, and Methylophilaceae) are indicated by shading. The
Other category includes groups observed at <5% in all samples, predominately Acidobacteria,
Actinobacteria, and Verrucomibrobia. n = 56 to 79 per station for a total of 492 samples.

© American Association for the Advancement of Science. All rights reserved. This content is excluded
from our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.

Source: Kessler, 1.D. et al. "A Persistent Oxygen Anomaly Reveals the Fate of Spilled Methane in the

Deep Gulf of Mexico." Science 331, no. 6015 (2011): 312-5.

(Kessler et al., 2011)
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Step 4: fluorescent in situ hybridization (16s rRNA sequences)
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Courtesy of Nature Publishing Group. Used with permission. Source: Karner, M.B et al. "Archaeal

Dominance in the Mesopelagic Zone of the Pacific Ocean." Nature 409, no. 6819 (2001): 507-10.
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Figure 2 SAR11 fluorescence in sifu hybridization image composite. Dual image
overlay of DNA-containing cells stained with DAPI (blue) and the Cy3 probe (red). Cells
emitting a signal for both DAPI and the Cy3 probe are both blue and red, and cells
that did not hybridize to the set of SAR11 probes are blue. The identical fields of view
in the DAPI- and Cy3-stained images show the characteristic size and curved rod
morphology of a magnified SAR11 cell (white box). Scale bar, 1 pm.

Courtesy of Nature Publishing Group. Used with permission. Source: Morris, R.M. et al. "SAR11 Clade
Dominates Ocean Surface Bacterioplankton Communities." Nature 420, no. 6917 (2002): 806-10.
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Step 5: sequencing of environmental 16s rRNA + more
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© American Association for the Advancement of Science. All rights reserved. This content is excluded
from our Creative Commons license. For more information, see http://ocw.mit.edu/help/faqg-fair-use/.
Source: Béja, O. et al. "Bacterial Rhodopsin: Evidence for a New Type of Phototrophy in the Sea."

Science 289, no. 5486 (2000): 1902-6.
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Step 6: genome sequencing

SAR11 marine bacteria require exogenous reduced
sulphur for growth

H. James Tripp', Joshua B. Kitner!, Michael S. Schwalbach!, John W. H. Dacey?, Larry J. Wilhelm!
& Stephen J. Giovannoni'
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Courtesy of Nature Publishing Group. Used with permission. Source: Tripp, H. J. et al. "SAR11 Marine
Bacteria Require Exogenous Reduced Sulphur for Growth." Nature 452, no. 7188 (2008): 741-4.
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Step 7: isolation (if lucky)

Cultivation of the ubiquitous SAR11
marine hacterioplankton clade

Michael 5. Rappe, Stephanie A. Connon, Kevin L. Vergin

& Stephen J. Giovannoni
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Courtesy of Nature Publishing Group. Used with permission. Source: Rappé, M.S. et al. "Cultivation of
the Ubiquitous SAR11 Marine Bacterioplankton Clade." Nature 418, no. 6898 (2002): 630-3.
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A newly discovered Roseobacter
cluster in temperate and polar
oceans

Natascha Selje*, Meinhard Simon & Thorsten Brinkhoff
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Courtesy of Nature Publishing Group. Used with permission. Source: Selje, N. et al. "A Newly
Discovered Roseobacter Cluster in Temperate and Polar Oceans." Nature 427, no. 6973 (2004):
445-8.
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Step 8: physiological and genomic diversity
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Source: Wagner-Ddébler, Irene, and Hanno Biebl. "Environmental Biology of the
Marine Roseobacter Lineage." Annu. Rev. Microbiol. 60 (2006): 255-80.
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Bacterial photosynthesis in
surface waters of the open ocean

Z. S. Kolber*, C. L. Van Dover, R. A. Niederman: & P. G. Falkowski*
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Courtesy of Nature Publishing Group. Used with permission. Source: Figure 2 from Kolber, Z.S. et al.
"Bacterial Photosynthesis in Surface Waters of the Open Ocean." Nature 407, no. 6801 (2000): 177-9.
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Physiology and molecular
phylogeny of coexisting
Prochlorococcus ecotypes

Lisa R. Moore*f, Gabrielle Rocap*1§ & Sallie W. Chisholmt#
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Genomic Islands and the Ecology and
Evolution of Prochlorococcus

Maureen L. Coleman,® Matthew B. Sullivan,” Adam C. Martiny,* Claudia Steglich,™*
Kerrie Barry,® Edward F. Delong,® Sallie W. Chisholmt
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Source: Coleman, M.L. et al. "Genomic Islands and the Ecology and Evolution of Prochlorococcus."
Science 311, no. 5768 (2006): 1768-70.
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Step 9: diversity/transcription of individual genes

Quantifying Expression of a Dissimilatory (bi)Sulfite
Reductase Gene in Petroleum-Contaminated
Marine Harbor Sediments
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RT-PCR

PCR
controls

Unicellular cyanobactenria fix N, in the
subtropical North Pacific Ocean

Jonathan P. Zehr*, John B. Waterburyt, Patricia J. Turner®,
Joseph P. Montoya:, Enoma Omoregie*, Grieqg F. Steward®,

Andrew Hansen$ & David M. Karls
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Fixed substitutions per site
0.1 Anabaana variabilis ATCC 29413 Uga34s
Nostoc PCC 6720 231718
Anabzena sp. L-31 Lod4ag
Anabaena sp. A2 AF124377
Anabaena PCC 7120 Voo
Fischaralia UTEX 1203 UT3140
— Chlorogioeopsis sp. CCAP 1411/1 U73138

Anabsana sp. 1 AF124378
e ET1101 AFososz4
Anabasna PCCT120 sacond copy AR 2326

Chiorogloeopsis sp. ATCC 27183 U7aizg
—— Anabaena zp. L15553
Nostoc sp. L15551

Mostoc commune UTEX 5584 123514
Unidentified cyanobacterium 43440
54 Uncultured nitrogen-fixing eubactenum AFo4a046

Nostoc muscorum U04054

Unidentified cyanobacterium Li43441

Unidentified cyanobacterium Ud1507
Scytonema sp. UT3131
Calothrix sp. ATCC 27914 UT2130
Plectonama boryanum U 584 L15552
Dermocarpa 2p. ATCC 28371 U73134
Lyngbya lagerheimii UTEX 1830 L15550
Unidentified cyanobacterium U73137
Anabaena vanabilis ATCC 20413 U4ga50
Pzeudanabasana sp. UTEX 10038 LU73136
Phormidium sp. ATCC 28400 U73132
Xenococcus sp. ATCC 20373 U73135
Myxosarcing sp. ATCC 20377 U73133
Cyanothace ATCC 51142 AFO03338
HT1a02  AFzoo4z0 RT-PCR *
HT1203 AFOS2e40 PCRH
HT1200 AFOS8B37 poR

1 T

HT1205 AFosas4z PCR Group A
HT1197 AFosoead PCR
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Genome-wide analysis of diel gene expression in the

Step 10: diversity/transcription of the whole genome

unicellular N.-fixing cyanobacterium
Crocosphaera watsonii WH 8501
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Step 11: environmental transcriptomics
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Figure 2 | Tanscriptame sequencing pratecsl for marine micrebial assemblages. Cells ore collected
and processed to produce geromic MA, orcDMA from total BMA®, samples for RNA extraction
arecollected in smaller volumes (less than 1 litre) and filtered as rapidly as possible {abouot 10 min).
After RHA amplification and cemversion to ¢ DN A cDMA and genomic DMNA from the same
assemblage are ssquenced and compansd.

Courtesy of Nature Publishing Group. Used with permission. Source: Delong, E. F. "The
Microbial Ocean from Genomes to Biomes." Nature 459, no. 7244 (2009): 200-6.
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Step 12: proteomics

Iron conservation by reduction of metalloenzyme
inventories in the marine diazotroph
Crocosphaera watsonii

Mak A. Saito®', Erin M. Bertrand?®, Stephanie Dutkiewicz®, Vladimir V. Bulygin®?, Dawn M. Moran®, Fanny M. Monteiro®,
Michael J. Follows®, Frederica W. Valois®, and John B. Waterbury*
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Courtesy of National Academy of Sciences and the authors. Used with permission. Source: Saito, M. A.
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