Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
Application of Proteomics and Lipid Studies in Environmental Biotechnology

Permalink
https://escholarship.org/uc/item/7mp450d4

Author
Mukhopadhyay, Aindrila

Publication Date
2008-09-23

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/7mp450dz
https://escholarship.org
http://www.cdlib.org/

DOE GENOMICS:GTL

ACCELERATING
DISCOVERY-FOR ENERGY
AND ENVIRONMENT

ESPP2

iEnvironmental Stress
Pathway Project

=y TM‘ http://lvimss.lbl.goV

mmm  Massachusetts

Virtual Institute for | v @ UN IVERSITY O R M
Institute of

OVIMSS Vs o survva | ol m WASHINGTO MONTANA

MONTANA

MISSOURI

M ot OAK RIDGE NATIONAL LABORATORY

Application of Proteomics
and Lipid studies in Environmental
Biotechnology

Aindrila Mukhopadhyay
Joint Bioenergy Institute
Lawrence Berkeley National Laboratory
August 12th 2008

ACKNOWLEDGEMENT

ESPP2 is part of the Virtual Institute for Microbial Stress and Survival
supported by the U. S. Department of Energy, Office of Science, Office of
Biological and Environmental Research, Genomics Program:GTL through
contract DE-AC02-05CH11231 between Lawrence Berkeley National
Laboratory and the U. S. Department of Energy.



@ DOE GENOMICS:GTL
ACCELERATING

DISCOVERY FOR ENERGY

g - - - AND ENVIRONMENT
OFFICE OF SCIENCE

U.S. DEPARTMENT OF ENERGY

Pathway Project

Shewanella oneidensis

Desulfovibrio vulgaris

Microbial metal reduction
- | [(IV+)

U(VI+)

(Soluble in water) (insoluble mineral uraninite)

Figure 1: Desulfovibrio vulgaris Biofilm on metal surface (Matthew Fields, Montana state university)
Figure 2: Shewanella oneidensis CN32 cells on the surface hematite (Alice Dohnalkova, Pacific Northwest National Laboratory)
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Pollution 99

Biomagnification of
mercury — Methyl
mercury formation.

e Biocorrosion

e Biofouling of crude
oil

Fig. 16. Fish killed by sulphide pollution. Dead carp killed by biogenic H,S as a result
of pollution in Lake Palic, Yugoslavia, in 1971 (courtesy of Dr R. Vamos).
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Figure credits
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R h www.fas.org/irp/imint/doe_hanford_fftf_01c.jpg
esearc http://nc.sierraclub.org/images/NuclearPowerPlant.jpg
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Desulfovibrio vulgaris Hildenborough

e Sulfate reducing
bacterium

e Anaerobic organism

e Found in heavy
metal and nuclear
waste sites

e Genome was
sequenced in 2003

Heidelberg Nat. Biotechnol 22:554-9
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Understand the affect of environmental factors
on bioremediation potential of D. vulgaris

Apply this knowledge to accelerate the bio
-containment of heavy metal waste or limit
adverse impact of such organisms in the
environment

Physiologically Relevant
environmental stresses

e Salt

. pH

« Oxygen
* Nitrate

« Heavy metals

Exposure to Air



Pathway Project

EnVironmental & cell WIde data nn
H =

\ ‘.‘" — -—-'-_-
W et S 7
> sZ# o\ N &
.l.'o' \\\ A v
-~ o" ’ . \ \“\' v
S OV Y A\ N\ N
&S & o "\\ //
\II\\ \“-\i"; “- 1’
{;I ~ 2 //‘\ ” \‘. : - s
=S > A x W\
g ’ 'l o B s $ X \ - -

LI { p i3 &

i D. vulgaris P --
,_.!! T2 35,8 ;:‘ HI - -
=4 b ,l =
=\ e \ i ~

- \ s ~ ¥ N 7

S &, + A i3
W, P \ L
4//\“\ ‘ N y/ ‘'S
” N ) \ & '
2 N, o 4 e 7 '
"_\ “ . /.’
: \\m | \ o S
// ‘ﬁ.h .. ..--"' - \ \
/ \'"-: -.-- e \\

Genome sequence indicates
the presence of 3480 genes
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Ross PL, et al., Mol Cell Proteomics, 2004; 3(12):1154-69
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Strong Cation Exchange (SCX) Separation

uv
= detection ggg ggg
() .. Inp J

Salt SCX Column

Absorbance
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3

minutes

Reverse Phase (RP) Separation

RP Trap ™™ RP Column

Individual
fractions

Wolters DA, Washburn MP, Yates JR, 3. Anal Chem, 2001; 73(24)):5683-90
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CSoR o,

H,0
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H,O, + Fe?* — OH-+ HO + Fe3*

DD (- (- - 0 PerR binding motif
br2 conserved hypothetical
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Lumppio et al J Bacteriol (2001) 101-8; 183
Dolla et al J Biotechnol 126:87-100
Rodionov Genome Biol 5:R90.
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ITRAQ analysis of 0.1% 0, exposure in D. vulgaris

t = 5 hours
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0.1% O, Air
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0.1% O, H,0, + Fe?* —» OH" + HO" + Fe®*

/ \ \ edox \
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Mukhopadhyay et al J Bacteriol (2007) 5996-6010; 189
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some interesting hypothesis to follow up on

e D. vulgaris adapted to occupy sub-oxic
environment ?

e Per regulon in D. vulgaris provides
additional mitigation over and above SOR
and SOD based activity

e The D. vulgaris Per regulon may contain
additional members than initially predicted

e And can be experimentally tested
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e The cell wall presents the first line of
defense for microorganisms

— Salt stress/ cold stress/ heat/ solvent

- Optimal homeoviscocity is determined
by the distribution of fatty acids in the
cell wall and readjusted as the
environment changes
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PLFA extraction —> Methyl Esterification — GCMS detection and quantification
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Note: The Phospholipid Fatty acid (PLFA) distribution of a microbe is unique
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But we were missing some important aspects of cell wide data
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relative change

-0.15
Saturated Unsaturated Unsaturated Saturated
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Changes in PLFA to increase fluidity are documented for many
bacteria in both Salt and Cold stress.

Increase in branched PLFA also reduces packing and increases
fluidity of the membrane
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Mukhopadhyay et al J Bacteriology (2006) 4068-4078;188
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e Not only is a change in PLFA profile a
significant marker of stress response

e PLFA studies can help ID microbes in
an ecosystem and provide a
excellent HT method to assess the
biotechnological potential of a
microbial community for a particular
function
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e Systems biology approaches allow us
to obtain cell wide data that can be
used to build models for how an
organism interacts with its
environment.

e These models provide the foundation
to build bio-remedial approaches in
the environment.
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