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Some Microbial Issues in a
Changing Global Climate

* Responses to T (growth rate, catalysis)
» Responses to C (storage in/out of cells)
» Responses to water (desiccation stress;
anaerobiosis)
* Community structure and function
changes that may drive changes in
— Decomposition of organic matter
— Nutrient cycling (e.g. N )
— Feedbacks to greenhouse gases

o Atmophere
>y Carben dicxide Carben disxide

Figure 2| A cartoon of the biclogical pump. Phytoplankion use solar ensrayin the upper ocean
to fixcarbon < and form particulate arganic carbon. Most of the arganic carbon is con-
sumed and respired in the upper ocean by herbivares and bacteria. A pproximately 15% of the
organic matter is exported below the thermacline to the ac san interier. where most is consumed
and respired, The flus of the organic interior, and .
enriches the inorganic nutrient pool below the thermacline. Consequanty. the conzentration
ofinorganic carbon in the acean interiar is more than the equilibrium concentration in the
atmosphere. This enrichment of inorganic carbon, called the biologizal pump, is responsible for
h=eping the ocean approximately 300 parts per million byvolume higherin carbon dioxide than
theatmosphere. Cnly a small frac tion fapproximately 0.1%) of the organic matter that sinks
inte the acean interior is subsequently buried in the seafloor and incerporated into marine
sediments and ssdimentary rocks, This burfal represents a ssquestration of reductant. On geo-
i 3 burial is th i
atmosphere. Figure reproduced from ane kindly provided by John Delaney. University of

Washingtan.Washingten USAL |k owski and Oliver 2007. Nature Reviews Microbiology

Climate and the ocean:
what might occur?

* Mixing changes
(turbulence in ocean)
€0, + Higher fixed C leading

ANy water H
w| hon eirface to higher exports
— Tied to bacterial
heterotrophs phytoplankton growth rates
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Figure 5| Changes in ocean thermal structure and the size of diatoms in the Cenozoic
period. Changes X
species richness of marine diatoms (c] aver the past 65 million years. Correlation between tem-
peraturs and the average size of marine diatoms aver the past 65 million years (d). Pleist.,
Pleistocene.

climate — thermal gradients — turbulent mixing — nutrient fluxes — cell sizes

Falkowski and Oliver 2007. Nature Reviews Microbiology

Bacterial growth efficiency

o 5
Temperature

Figure 1. Scatter plot of bacterial growth efficiency as a function of temperature for
bacterioplankton from polar, temperate, and tropical oceans. Bacterial growth efficiency was
determined from concurrent measurements of bacterial production and DOC uptake (open
symbols) or of bacterial production and size-fractionated O2 uptake (filled symbols). The
ordinary least squares regression (regression line shown) between temperature (T) and
bacterial growth efficiency (BGE) is: BGE = 0.374[+0.04] - 0.0104[+0.002]T,

(r2=0.54, n =107, F = 84.27, P < 0.001). Values in brackets are the 95% confidence intervals

f th i ters.
ot ihe regression parameters (Rivkin and Legendre, Science 2001)
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Figure 2. Scatter plot of field-measured community respiration versus computed bacterial
respiration for the Antarctic (+), Arctic (), Arabian Sea (), Gulf of Mexico (), North
Atlantic (), and South Atlantic Bight (). The solid 1:1 line is shown for visual reference.
Using the database described in (34), bacterial respiration was computed from the reported
bacterial production and ambient temperature using Eq. 4. The data were log-transformed to
normalize variances. The structural (reduced major axis) regression (dashed line) between field-
measured community respiration (CR) and computed bacterial respiration (C-BR) is: Log C-

R = -0.36[+0.13] + 1.10[+0.08] Log CR, (2 = 0.88, n = 100, F = 738.8, P < 0.0001). Values in
brackets are the 95% confidence intervals of the regression parameters. The slope (1.14), r?
(0.81), and significance (F = 404.8, P < 0.0001) of the structural relationship between measured
community respiration versus computed bacterial respiration for the raw (i.e., nontransformed)
data were similar to those for the log-transformed data. (Rivkin and Legendre, Science 2001)




Feedbacks

o,
Plant respiration Photosynthesis.

* Temperature increases, then growth
efficiency decreases and CO, export to y s
atmosphere increases, an T increases.... ‘ e i

Monitoring C export can be by RS of . ,
chlorophyll @ and Temperature because e —
they determine Bacterial production, and 1 11
bacterial efficiency is related to temp, and Colagemccon | == s ogsnecamen
respiration and production determine i i

efficiency.
Genomics:GTL Roadmap, U.S. Department of Energy Office of Science,
August 2005, http://genomicsgtl.energy.gov/roadmap/

Organic
mater
transport
and sediment
trapping

(Rivkin and Legendre, Science 2001)

Carbon: Montealegre et al

»

* FACE experiment (free air carbon dioxide
enrichment)

2 plant communities, soil E 5
» Rhizosphere effects versus bulk \ > L -
* PLFA for community, direct counts of . »

AmbeniCO, Elovoied COp  Abient COp  Elovoted GOy

respiring bacteria for abundance Ryegrsss  White Clover

Figure 1. Bacterial populations per gram bulk soil for perennial
ryegrass and white clover grown under ambient (350 ppm) and
elevated (600 ppm) atmospheric CO,. Bars followed by different
letters indicate significant differences in total (upper case) o respir-
ing (lower case) bacterial numbers, respectively (P < 0.05). Legend:
W total bacteria; M respiring bacteria.

et g™ Bk soi (x 10%)

(Montealegre et al. Plant and Soil 2002)

Table 1. Community structure analysis based on phospholipid fatty acids (PLFA) for hizosphere and bulk soil of white clover grown under
w0 CO; levels

]
i Percentage of Total PFLAY
g‘ PFLA Profiles Rhizosphere Soil Bulk Soil
z “Ambient CO, Elevated CO, Anibient CO, Elevated CO,
s Monoenoics 762£08 75807 45aE00% 465015
© Normal saturates 119£08 119£0.6 115402 11.5£0.2
“Terminally branched 40£00 40£0.1 184401 183+ 0.1
saturates
Ambien O, Fleviad €Oy Ambiem (0 Elevaied €O, Mid-chain branched 06£00 07£00 130£05 122404
Ryegrass White Clover saturates
N Branched monoenoics 05+£0.1 05+£0.1 68£02 6.6+ 0.1
e oo o : :
grown under ambient (350 ppm) and elévated (600 ppm) atmo- Eukaryotes 6801 7201 801 a8E01

spheric CO,. Bars followed by different letlers indicate significant
differences in total (upper case) or respiring (lower case) bacterial
numbers, respectively (P < 0.05). Legend: Bacterial populations
per gram bulk soil for perennial ryegrass and white clover grown
under ambient (350 ppm) and elevated (600 ppm) atmospheric CO,.
Bars followed by different letters indicate significant differences
in total (upper case) or respiring (lower case) bacterial numbers,
respectively (P < 0.05). Legend: M total bacteria: B respiring
bacteria.

@Values are means of two replications = standard errors on mean,
*Denotes significant CO; effect at P<0.1
*“*Denotes significant CO, effect at P<0.05.

(Montealegre et al. Plant and Soil 2002) (Montealegre et al. Plant and Soil 2002)
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bulk soil of white clover grown in

Horz, 2004

* FACE experiment again

* T, CO, and precipitation changing
together—what are the effects on
ammonia oxidizers?
— 1st step in nitrification
— Specialists involved
— chemoautotrophic process

Fig. 1. The phylogenetic relationships among amoA gene types

01

Horz, Hans-Peter et al. (2004) Proc. Natl. Acad. Sci. USA 101, 15136-15141

Fig. 2. The effect of nitrogen

i and on the
of amoA gene type JR1 relative to the total AOB group

09 \:l Ambient Nitrogen . Elevated Nitrogen

Relative Abundance of JR1
o
@
i
—

Ambient Elevated
Temperature & Temperature &
Precipitation Precipitation

Horz, Hans-Peter et al. (2004) Proc. Natl. Acad. Sci. USA 101, 15136-15141

Fig. 3. The effect of CO2 and

(A) and i and precipitation (B) on the
abundance of the amoA gene

] Amient oo,
B cewtedco,

Ambient Preciptaion  Elevated Precipitation

18 [ Ambient Temperature
B Eovated Temperature

Ambient Precipitation Elevated Preciptation

Horz, Hans-Peter et al. (2004) Proc. Natl. Acad. Sci. USA 101, 15136-15141

PNAS

Community Structure & Function

* What are the links?

— Does microbial community composition effect
microbial community function?

— What are the relationships between other (e.g. plant)
communities and microbial communities?
* What are the feedbacks and interactions?
— e.g. Structure changing function changing structure
— e.g. Changes due to C then changing water relations




Structure : Function

« Climatic variable can
affect community
composition (structure)
and /or observed function

. structure * Feed backs between

Variable (T, CO,, H,0) structure and function can
SN shape the outcome to
\ function both.

* There may also be feed
backs to the “variable”.

Studying Microbial Communities &
Ecosystem Function

)
¢ Environmental
treatment D D D

1

1 1
« Common garden QA
D o

» Reciprocal Transplant
<

Reed and Martiny, 2007

Soil Water: issues?

» Changes in precipitation causing changes
in frequency / duration of anaerobiosis?

» Desiccation in previously wet
environments?

* Plant-propagated C into soils—directly or
indirectly creating a water “sponge”?

— Feedbacks between moisture and C to, in
turn, change moisture characteristics

Some Microbial Issues in a
Changing Global Climate
« Shifts in disease

— Wider geographical ranges for pathogens
— Variations in virulence factor production

Tarsmission Rate.

Transmission Rate.

Figure 1. Effect of temperature on transmission rates
(the percentage of bites that result in (rﬂnsmlss\orv) of
Western equin alitis (WEE) and
the mos qmm o

Colwell and Patz, 1998,
American Academy of Microbiology

Malaria in Venezuela
during Ef Nino years (0],
2yyears before (-1,-2)

2 years after (1,2),

O Mortaiity 1910-1935
@ Morbidity 1975-1995
B Botn

mean change

time lay (years)

Figure 2. Malaria in Venezuela During EI Nino

Bouma, M.J. & Dye C., 1997, “Cycles of Malaria Assoclated with EI Nino in
Venezuela.” Journal of the American Medical Association, 278; 1772-74.
Copyright 1997 American Medical Association

Colwell and Patz, 1998, American Academy of Microbiology
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Figure 3. Relationship between sea-surtace temperature
and cholera case data in Bangladesh from January to
December 1994,

Reprinted with permission from Colwell, Rita R. " Global Climate
and Infectious Disease: The Cholera Paradigm” Science. Vol. 274,
20 December 1996. Pages 2025-31.Copyright 1997 American
Association for the Advancement of Science,

Colwell and Patz, 1998, American Academy of Microbiology
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Percentage of children <18 years old
with Cyclospora cayetanensis infection

Figure 4. The prevalence of Cyclospora cayetanesis infection in children younger than 18 years of age and the air
temperature in Lima, Peru (September 1992-July 1994). Lima is in a desert region where the rainfall is <2 cm/year.
Madico et al. Clin Infect Dis, 1997; 24:179. With permission from Chicago University Press.

Colwell and Patz, 1998, American Academy of Microbiology
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