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Humans Have Ten Times More Bacteria Than Human Cells: How Do
Microbial Communities Affect Human Health?

ScienceDaily (June 5, 2008) — The number of Ads by Google Advertise here
bacteria living within the body of the average healthy
adult human are estimated to outnumber human cells

#1 Law of a Perfect Body

10 to 1. Changes in these microbial communities How | Lost 42 Pounds in 2 Months. Just Obey this
may be responsible for digestive disorders, skin 1 Rule. That's All.

diseases, gum disease and even obesity. Despite Health Discovery com

their vital imporance in human health and disease, #1 Rule of a Perfect Body

these communities residing within us remain largely | Lost 42 Pounds in Only 2 Months. Just Obey this
unstudied and a concerted research effort needsto 1 Rule, That's All.

be made to better understand them, say researchers Eating.Health.com

June_ 3 atthe _1 Dﬂth Gene_ral Meeting of the American 1op pProbiotic

Society for Microbiology in Boston. Restore digestive well-being with a high-potency
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http://www.sciencedaily.com/releases/2008/06/080603085914.htm @IF\E RESEARCH

555555




Outline

AEnvironmental microorganisms
and their functions

APathogens/indicator
microorganisms

ADisinfection

ABacterial source tracking
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Whoos Out T h e

ABacteria
AViruses
AFungi
AProtozoa

AAlgae and cyanobacteria
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Bacteria

A Single-celled organisms lacking a true
nucleus

A Simplest of the cellular organisms

A Most are harmless or beneficial; however,
notorious disease-causing members
occur in this group

A Vital roles in decomposition and nutrient
cycling
Ao Research



Bacteria
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AThere are exceptions!

AVarious shapes
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Staphylococcus Bacillus anthracis Treponema
Photos: Dennis Kunkel, Univ. of Hawaii & @IF\ERE:SEQ&SH
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Viruses

ASmall, obligate, intracellular parasites
AL0OO6s to01006s of nm
Alnfect plant, animals, bacteria, fungi
AGenerally species-specific

ACause diseases including:

AHerpes, smallpox, meningitis
A reseancr



Bacterium Attacked by Viruses
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Fungl

AEukaryotes
AMicroscopic to macroscopic

AFilamentous organisms many of which
produce abundant spores

AVast thread-like networks, up to hectares

AAerobic, except yeasts
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Fungi

AMost are harmless, but majority of plant
pathogens are fungl

ABeneficial associations with plants -
mycorrhiza

AExcellent degraders of organic residues in
soil. Usually credited as the dominant
decomposers in soil

AMinimally involved in transformation of
Inorganic compounds LR RESEARCH



-

I
R e

Photo by Dennis Kunkel, Univ. of Hawaii. With permission.
http://www.pbrc.hawaii.edu/~kunkel/gallery/

Fungi are
filamentous
microbes well
adapted for
exploiting the
soil environment
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Protozoa

ASinglecel | ed fAani mal so.
paramecia, etc. Some nasty human

parasites, e.g., Cryptosporidium
AAs small as 2 em

AEat organic residues in soils as well as

other soil microbes; especially bacteria
A reseancr



Protozoa

A lmportant roles in controlling the quantity
and composition of the bacterial

population
Almportant role in nutrient cycling;

especially in the rhizosphere (root zone)

A Can have very complex life cycle
Ao Research



bacteria-covered
iIron oxide particle
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flagellated protozoans

ASM MicrobeLibrary.org © Begley and Kemen RESEARCH
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Pfiesteria piscicida

http://www.whoi.edu/redtide/foodweb/pfiesteriafishsores.html http://mww.uncwil.edu/riverrun/river_tutorial/12pfiesteria.jpg
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Algae and Cyanobacteria

A Form nuisance
Abl ooms o whe
much N and P get into
ponds, etc.

A Also form slick spots on fEs ===
greens |

A Some produce toxins
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Numbers of microbes in typical fertile solls

Microbial Group Number per gram

Bacteria (10771 109) 10 Million 1 1 Billion

Actinomycetes (10771 10°9) 10 Million 7 100 Million

Fungi (10°71 10°9) 100 Thousand i 1 Million
Algae & (1027 106°) 1007 1 Million (Bloom)
Cyanobacteria

Protozoa (10371 10°) 10007 100, 000
Viruses (10*°7 10™) 10 Billion i 100 Billion

Alexander, 1977, Sylvia et al., 1998, 2004 e RESEARCH



Surface Water Microorganisms

TABLE 5.6 Types and numbers of dominant microbes

ENVIRONMENT

in surface waters.

TYPE OF MICROBE

NUMBERS PER mil

Springs Primary Producers 10°-10°
Heterotrophic Bacteria Up to 10°
Rivers Primary Producers Up to 10°
Heterotrophic Bacteria ~ Up to 10”
Lakes Primary Producers Highly variable
Heterotrophic Bacteria Highly variable
Estuary Primary Producers Up to 10’
Heterotrophic Bacteria ~ 10°-10°
Marine Primary Producers Up to 10°
Heterotrophic Bacteria ~ Up to 10°

From Environmental Microbiology © 2000, Academic Press, San Diego, CA.
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Bacteria in Lakes

Relative depth (m)
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Aquatic Microorganisms

APlanktonic (plankton)
ASuspended in water column
APhytoplankton
AAlgae & cyanobacteria
ABacterioplankton
AHeterotophic bacteria

A Zooplankton

AProtozoa

http://nl.msnusers.com/FunKeyJupiTer/spongebobch

A Benth | C aracters.msnw

A At bottom of body of water P RESEARCH



Planktonic Food Web

Dissolved organic
_ compounds

Grazing

and lysis
Uptake

Excretion

Mineralization Grazing
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Bacterial Diversity

Table 1. Prokaryotic abundance as determined by fluorescence microscopy and total genomic
diversity in prokaryotic communities calculated from the reassociation rate of DNA isolated from
the community (9). Community genome complexity is described as numbers of base pairs (bp).
Genome equivalents are given relative to the Escherichia coli genome (4.1 X 10° bp).

Abundance Community genome Genome
DNivsource (cells cm =) complexi)::f (bp) equivalents Rt
Forest soil 48 X 10° 2.5 qalc 6000 (8)
Forest soil, cultivated 1.4 % 107 1.4 X 10°% 35 (8)
prokaryotes
Pasture soil 18 X 10" (1.5 X 10'9-(3.5 X 10'9)  23500-8800  (22)
Arable soil 2.1 X 10'° (5.7 X 10%)-(1.4 X 10°) 140-350 (22)
Pristine marine sediment 3.1 X 10° 4.8 X 10'° 11,400 (8)
Marine fish-farm LEX 107 2.0 X 108 50 (8)
sediment
Salt-crystallizing pond, 6.0 X 107 2.9 X 107 7 (9)

22_% salinity»



Universal Phylogenetic Tree

Bacteria Archaea Eucarya
Animals
Fungi
Euryarchaeota Binte
Crenarchaeota

Woese, Carl R. (2000) Proc. Natl. Acad. Sci. USA 97, 8392-8396
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What can/do Microbes do?

ADecomposition of organic substances
AAgents of nutrient cycling (C, N, S, P, etc.)
AFundamentaI roles in soil aggregation
ASome are beneficial for plant growth
APhotosynthesis/fix carbon

ACause disease
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Not Only Do Microorganisms Mutate,
They Also Swap DNA

Mechanisms of Bacterial Gene Exchange:
AConjugation

I Plasmids Estimated that ~18% of E.
- coli genome acquired by
ATransformatlon different transfer
I Direct DNA uptake |processes
ATranSdUCtion Lawrence and Ochman, 1998

I'Virus mediated
@RE&EQ&SZ‘



Biofilms

ALayer of organic
matter and
microorganisms
formed by the
attachment and
proliferation of
bacteria on the
surface of an object

http://www.gapenviromic.com/biofilm.html
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