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Strategy and application of metaproteomics
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Abstract: Metaproteomics is an emerging proteomics technology to analyze large scale protein expression in environmental
microbial ecosystem. It is termed as the large-scale characterization of the entire protein complement of environmental microbial
community at a given point in time. This review focuses on the research strategies and the recent applications in this field based on
the published reports and in combination with our own research experiences.

Keywords: metaproteomics, microecosystem, two-dimensional electrophoresis, mass spectra

)[1]
[2]
3
( (Metaproteomics)
) ( ; ,
) ( ;

Received: February 26, 2009; Accepted: May 18, 2009

Supported by: National Natural Science Foundation of China (No. 30801045).
Corresponding author: Li Han. Tel/Fax: +86-10-66948344; E-mail:HanliCDC@163.com
FE X A SR P} 3 0 H (No. 30801045) %t 1)

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



962 ISSN1000-3061 CN11-1998/Q Chin J Biotech July 25,2009 Vol.25 No.7

1 EHRATHE 2 REERAFHRE KA
[8]’
) ) PCR ,
(3] [9,10] ’
Wilkins Williams 1994 s
[11]
[4] (Metagenome)

[12]

[13]

> >

, Rodriguez-Valera

, 1998  ~2005 ’
(Metaproteome)
SCI 9063 1998 M
(141 2004 , Wilmes Bond
67 , )
2005 2807 o
(Metaproteomics) ,
20 , 4
’ 512005
’ 3 (Chesapeake) ,
> > N 2D
[16]
’ 3 » R A
, - 3 R B RATH— R xR
pH
) 3
, (2D-LC) ,
(2D-CE) - (LC-CE)

(el

[7]

Journals.im.ac.cn

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



963

31 tEmElE

> >

, PCR

[15-17]
, (
) Schulze
(DOM, dissolved
organic matter) ,
78%, 50%""71
( + ),

[15] [16] [18] [19]

290 2007 , Benndord
0.1 mol/L NaOH

>

B

[21]

32 HmaE

LC-MS 2D
) 2D ,
2D ,

B

2D

Journals.im.ac.cn

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



964 ISSN1000-3061 CN11-1998/Q Chin J Biotech July 25,2009 Vol.25 No.7

fit

3.3 ER%

(MALDI),

[22]

(ESI)

laser desorption/lionization)

SELDI(Surface enhanced
(ESI)
(LC-MS),
ESI
LC-ESI-MS
[23]
, ESI-
ESI-MS/MS
(MALDI)
MALDI-TOF
MALDI-

, MALDI-TOF/TOF-

B

((Surface enhanced laser desorption/ionization,

3
MS/MS
TOF (1e]
MS/MS

MALDI
SELDI)-

Journals.im.ac.cn

B

SELDI- TOF MS

[24]

(LTQ-FT-ICR-MS),
(LTQ-Orbitrap MS) ,

>

4 FEE A FH R A

41 EIMEXRIAR
2004

Ogunseitan
[25-28]

E

> >

2004 , Wilmes

2D-PAGE

B

, Rhodocyclus

(151 2008 , Wilmes

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



965

(EBPR) ,
, 111 ,

46 2 b 2

R ““Accumulibacter”” EBPR (31]
291 Wilmes s
2005 , Kan Chesapeake 42 FERAKRRAHEZEBARPBONA
] 2D B
[16]
, Banfield Science

) Richmond , 1%

, 2033 (o, ,
, Schulze

[17]

[32]

2009 , Toyoda
5 ) 5 5
4 Fibrobacter succinogenes,

2007 (331

5 BH¥

B9 2009 , Verberkmoe

cc »3
B

Journals.im.ac.cn

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



966

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

July 25, 2009 Vol.25 No.7

[34]

REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

Hao C, Liu QH, Yang JS, et al. Metaproteomics:
Exploration of the functions of microbial ecosystems.
Chin J Appl Environ Biol, 2008, 14 (2): 270-275.

, 2008, 14 (2):
270-275.

Tyers M, Mann M. From genomics to proteomics. Nature,
2003, 422: 193-197.

Cui JF, Liu YK. The basic technique of proteomics
research-2D electrophoresis. Foreign Med Sci, 2003, 24:
283-287.

, 2003,

s

24:283-287.
Graves P, Haystead TAJ. Molecular biologist’s guide to
proteomics. Microbiol Mol Biol Rev, 2002, 66: 39-63.
Zhang HR, Jiang YM, Zhang W. Status quo and strength
in the field of proteomics in China. Chin J Med Libr Inf
Sci, 2008, 17(4): 68-72.

. , 2008, 17(4): 68-72.
Anouti S, Vandenabeele-Trambouze O, Koval D, et al.
Heart-cutting two-dimensional capillary electrophoresis
for the on-line purification and separation of derivatized
amino acids. Anal Chem, 2008, 80(5): 1730-1736.

Journals.im.ac.cn

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

Tian SQ, Qin GY, Li ZW, et al. Development research on
mass spectrometry and prospect
Biotechnol Bull, 2008, 3: 50-53.

Schloss PD, Handelsman J. Biotechnological prospects

Curr Opin Biotech, 2003, 14:

in post-genomics.

from metagenomics.
303-310.

Amann RI, Ludwig W, Schleifer KH. Phylogenetic
identification and in situ detection of individual microbial
cells without cultivation. Microbiol Rev, 1995, 59(1):
143-169.

Relman DA, Loutit JS, Schmidt TM, et al. The agent of
bacillary angiomatosis: An approach to the identification
of uncultured pathogens. N Engl J Med, 1990, 323(23):
1573-1580.

JC, Remington K, Heidelberg JF, et al.

Environmental

Venter
genome shotgun sequencing of the
Sargasso Sea. Science, 2004, 304(5667): 66—74.
Handelsman J, Rondon MR, Brady SF, et al. Molecular
biological access to the chemistry of unknown soil
microbes: A new frontier for natural products. Chem Biol,
1998, 5: 245-249.

Rondon MR, August PR, Bettermann AD, et al. Cloning
the soilmetagenome: A strategy for accessing the genetic
and functional diversity of uncultured microorganisms.
Appl Environ Microbiol, 2000, 66: 2541-2547.
Rodriguez-Valera F. Environmental genomics, the big
picture? FEMS Microbiol Lett, 2004, 231(2): 153-158.
Wilmens P, Bond PL. The application of two-dimensional
polyacrylamide gel electrophoresis and downstream
analyses to amixed community of prokaryotic microorganism.
Environ Microbiol, 2004, 6(9): 911-920.

Kan JJ, Hanson TE, Ginter JM, et al. Metaproteomic
analysis of Chesapeake Bay microbial communities.
Saline Systems, 2005, 1: 7-15.

Schulze WX, Gleixner G, Kaiser K, et al. A proteomic
fingerprint of dissolved organic carbon and of soil
particles. Oecologia, 2005, 142: 335-343.

Singleton I, Merringto G, Colvan S, et al. The potential of
soil protein-based methods to indicate metal contamination.
Appl Soil Ecol, 2003, 654: 1-8.

Ram RJ, VerBerkmoes NC, Thelen MP, et al. Community
proteomics of a natural microbial biofilm. Science, 2005,
308: 1915-1920.

Maron PA, Ranjard L, Mougel C, et al.
A new approach for studying functional microbial ecology.
Microb Ecol, 2007, 53: 486-493.

Benndorf D, Balcke GU, Harms H, et al. Functional
metaproteome
contaminated soil and groundwater. ISME J, 2007, 61(9):
570-577.

Liska AJ, Shevchenko AJ. Combining mass spectrometry

Metaproteomics:

analysis of protein extracts from

with database interrogation strategies in proteomics.

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



967

(23]

(24]

[25]

[26]

[27]

[28]

Trends Anal Chem, 2003, 22: 291-299.

Cho W, Cheng C. Oncoproteomics: Current trends and
future perspectives. Expert Rev Proteomics, 2007, 4(3):
401-410.

Cho WC. Research progress in SELDI-TOF MS and its

clinical applications. Chin J Biotech, 2006, 22(6):
871-876.
SELDI-TOF MS
, 2006, 22(6):
871-876.

Ogunseitan OA. Direct extraction of proteins from
environmental samples. J Microbiol Methods, 1993, 17:
273-28

Ogunseitan OA. Protein profile in cultivated and native
freshwater chemical

environmental pollutants. Microb Ecol, 1996, 31: 291-304.

microorganisms  exposed  to
Ogunseitan OA. Direct extraction of catalytic proteins
from natural microbial communities. J Microbiol Methods,
1997, 28: 55-63.

Ogunseitan, OA. Protein method for investigating mercuric

[29]

[30]

[31]

[32]

[33]

[34]

reductase gene expression in aquatic environments. Appl
Environ Microbiol, 1998, 64: 695-702.

Wilmes P, Wexler M, Bond PL. Metaproteomics provides
functional insight into activated sludge wastewater treatment.
PL0S ONE, 2008, 3(3): e1778.

Klaassens ES, de Vos WM, Vaughan EE. Metaprteomics
approach to study the functionality of the microbiota in
the human infant gastrointestinal tract. Appl Environ
Microbiol, 2007, 73: 1388-1392.

Verberkmoes NC, Russell AL, Shah M, et al. Shotgun
metaproteomics of the human distal gut microbiota. ISME
J, 2009, 3(2): 179-189.

Yu RT, Wang LS, Duan XY, et al. Isolation of cellulolytic
enzymes from moldy silage by new culture-independent
strategy. Biotechnol Lett, 2007, 29: 1037-1043.

Toyoda A, lio W, Mitsumori M, et al. Isolation and
identification of cellulose-binding proteins from sheep
rumen contents. Appl Environ Microbiol, 2009, 75(6):
1667-73.

Cho WC. Proteomics technologies and challenges. Geno Prot
Bioinfo, 2007, 5(2): 77-85.

REIOREOMREIREIDOREDREODRELDIREREDIREDR LR IR LD R LR DR LD R HEDREDR LR EODOR DR LR KD

(4 TIRSIIR) FHMEHSIFER

>

(Conclusions)

&) ,

) ;

3) )

Q) ; ;
(&) ;

(6) , )
(7

( ) (Purpose)
(Methods)
(Results)
( DNA ATP ), ,

Journals.im.ac.cn

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



