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New approaches and strategies for studying functions of environment microbial

communities
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Abstract; Microbial communities play critical roles in global biogeochemistry cycling of many elements. However, the
classical methods for studying such communities can only provide incomplete genetic structure data, but cannot effectively
link microbial community structures to their functions. This mini review summarizes the recent developments and
applications of some biomolecular methods. These include the use of mRNA and rRNA simultaneous fluorescence in situ
hybridization, oligonucleotide microarrays, stable isotope enrichments, and other aspects of Metagenomics and

Metaproteomics. Furthermore, future trends and perspectives are also discussed.
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TRFE T BN, B REZEFMPRNEYR MR ER AR TMIE T #. AEIERY, SMERDXR
Y HA 1% YR T EFRE, Bk 9% KREEYAEIE TRAMMBRT MARB R4 ER, HhASE
B RHY R R R Wy A R IR . X E R BR 7 B R B R U MR R R A SR T BRI £
A

GIF YT ) R R AR A ISR WREE WA A AR B T BRI, ART, ke
WU YIRS S TR R, R R AEF B A WA T B B S — B2 L AR R RS
FEGE 7 B A0 B T itk Wy BEiAR DNA B9 3RS BE4% S PCR RREDLY 1 2754 DNA $iR(RAPD) fR#I A Bt
KB £75 4 (RFLP) | AR5 2754 (SSCP) (5 8 BE K B Uk ( DGGE/ TGGE) 1 rRNA 5% Jifi7 24 3% (FISH)
S, EAMTAEY B EZHMENIARARER .. (BEX T EBUS R4 R R AR SR e
Vel A EAE R T RE N H A B, B R R T R SRR LA, AR T IR R K
W FEEH e 3% mRNA and rRNA [6] 835 Y6 2 1/ 4238 ( simultaneous fluorescence in situ hybridiza-
tion of mRNA and rRNA) \ZEBH BRI % 3 3 R (oligonucleotide microarray) | fa @ EI M BB S E R HZ
(SIP-enabled metagenomics ) FI3T 522K H i 2H 57 ( metaproteomics ) 7£ 3R S5 A= Wyt ¥ Zh REBIE 53 v B4 LA B R 2%
ARH,

1 ¥4 mRNA and rRNA FBH5& SR G %32

Giovannoni 2 7F 1988 4F 15 Y52 Y6 JE 37 2438 (fluorescence in sitm hybridization, FISH) 2| A 4112 K BF
5, L AR R AR IE [RNA ZERHF BRI R Y . BEE TR ICH KR, B MeAn e g R 7]
fr R YR, 1989 4F, DeLong B AR IC BB HF R IR R M S WA, 5 pAnic R
FRIRET LB MRS B R 2 BA B9, 3F EATEF MR TR, SR AL RFIHFR A
ICHE R RRIRET S 40 M PIFE R B #E DNA 43 T-8% RNA 43 72838, 3 7290 0t B st AR sos i {X
( confocal laser scanning microscope, CLSM) TFWMEKIEES , X E 55 F 1541 4238 )5 9k Y 0 10 40 o 5 40 fig
BT EMME , BH RS E TR B DNA 5 RNA TR RS e Al b e e, HEABE
F4E : ORE i [ 5E 5 QR i R A TRAL B ; @FAZRAE s @IRET FIRE b 28 1 s @ A IR] B R4 22 38 AR A /] iy
P31 ©F R EBR ARG B RE  ORNASLFS , #TERI,

B TR GR35 FIFE A MUK Bt e MR B 4ty , s 2 I T IE R 4t . BT
rRNA 7EfUE Yk I LR T 2 DIReRR E , M EE RAE KT L RAE LR, FE % H
Fi rRNA VRS54 {BLL fRNA YR 53R4T FISH H BB REE I BB 2514 , A BRI 1B /R BEVE 4514 5 T BRIy
%FR, Annelie pernthaler %' rRNA fl mRNA [F]ii FISH K BfF 57 5 5% 40 B 45 1 A3 — AR U ok 2 ] %
R NEA—ABRERST , [F BRI FR 5554 Y mRNA F1 rRNA, M 1BF5E T pmoA ( 4R H5 H Se B EALEE A WA )
R MTEE PRI, BRI SEESHRRE B RER , I, K358 rRNA F1 mRNA [F]#} FISH SR 505
K YRR THRER T 1THY o

FISH $ AR W] 7€ 4 O A AH R b R e B e e L R KRB K, ER A —ric E YR B R F
HHER A2 R RS, MRl B AT RNA BEAT2438. HImFHIRICH R L ZRB T RRM B RE R R G
ZFAZPNAE A, X — AR RARE R ERRE DRV ERRREAFANN TR, A5 S5 EERE
SR FISH SR N F 2 24 ME Yt 85 SThRE M B+ r AR . ZERUE YREE BT Al
Fi FISH S AR R/ 238 ST RETI AR 4 B BRI R JBa S, 1 A 7 B R AR K F AR
2 EEFIHER

WIEFIB AR B 1995 4FH Schena SIS , B BEN R BB SRR F AR M BA N TRAZ —,
BEN—MEE DHNERSAR, S Z A THREYERE . BARAMEEFISARE gSSIA T skt
HiRE ,BEH TR REENERFRE, BN RBEYHER R ERE. BIERE LR
PR ISR R o B S 31 43 O 3 25 T RB B R 1 3] (functional gene arrays, FGAs) | #F 75 &5 B 40 i [ 5
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( community genome arrays, CGAs) AL R B EB TGS . Heb, hee 2B IR B R &b X6
HEEERFS, IR MEYHE PO RERER R P IREEARRBRE. W THEEAERFE
DNA 1) FGAs, &R Z il PCR J5 ik NFFHEAE G 5 ih I 2484, B, X TR A R 3R S5 R i B S AT
BA P

T ER T RS RS, ETHE, CTREMEYESENRENBEE L, R, BREE
R RIE T RER 5P KA &, (B R X Fp 55 $ AR I K48 20 7 4% 1 03X 70 35 55 H 7 AR 19 36
Rhee %" B T —4> 50 MRELE R RBETI TR, AR B 2402 4B MK A WA E SR IMHAE %
FETE 1657 NMEETIR T SRS L YRR I FDIRETE M . 45 RIS 50 MR S BRI 511 1Y
TR A YR E DIRER R R4 T TR B K R AR i TR, TR TN AMER B X IhieiE k.

WIS FAR BT N AT RE KA RGE L, RIS e h e Y2 50 BN AR SR ALE B
FYEA B BTN HE Y 2Rt e YA R RIE L, R Yt R vh 53055 b8 SN A SR B B o)
REFAHE RIS, R @ ar T AR REIE e BUR TS T BRI 5 2 a0 5818 A Y B 95 D BRI 9L i — b
ARTFE.
3 BEMRMCEBRAEZEERARKR

4 ( metagenomics ) 534 3% 2 H 4 ( environmental genomics ) J& 55 %€ 355 P BT A A Y1 B W1 BRI B
L, B—F AR T N TR MEREHS TR AR, BT 1998 4£ 5 5EH Handelsman %1 $11 , 554
J5 IR L, R FE R 4 S R — RSO T4 3 57 (cultivation-independent ) BRI TE, BEEMNINEFM PR
B2 H 4 DNA (environment DNA, eDNA) , LIRS R — IR B s db Atk fr A A T B R AW &5, REH IR
3 eDNA FERERNE MRk b, B8 H R IR B R 40 B8 A LYk (BAC) FIARIZREIM T 18 E SR EIEK,
ARG RGITE SEE BN E SRR ESE RS EhEx" g R i R 2R 43
B, BJaie A F BRI N DI EE , I rT I — 22X TR B BT, NS M= M 4510, B R 4
REWE, FREEAFARBERER LIS R 4 MB35 5% DNA B EERHCEMWE . JHE Bir s
H TR EE MR A=W 5 F AR,

FEFATAREGET RSB BEYREREESTRER™ " HE, Reetsum F sh6e,
RAIRERFFZM TARINER, T HENBFEE SR EEEE RS R BN,
TEMEMNF ST LR, THEERR, HEEREZREHHRA ., REES ZEEHS%N kL
BT —seoRER ) (BRENLE R R, R M R BB A % 2 4 $E R ( SIP-enabled metagenomics ) HJ
KT RRE D AR E 1, Bk
fii & (SIP) Sl #1554 8 i i 72 (Bl 40 F S & 4k)

BC/UNAR D R 8 T IR

R YRR B I EE, TN SIP LR FRBHEC FRELHE

FRCHIRLER , T HA B AR — 4 A B AR AT Bk gﬁwgwgq@%ﬁmmmm
e U oh e Canm Rl sk i 4k RIS E B AR e 2 / l \

B ISR A Y T AR R R A S T E E— 2 W TR e

BN EXHEIRE B AR B W BERE R AL, TR O BRI
HBOFERENER ZEHE, FATHEMNRES

B A C-B R M i 2 2 DX 4 5 [ SC %, 511 40 Dumont RIS b AR

HPE—ARIEM SR, MM CHARIER 24k L
HERE S v R B R B B0 R BRUAY  C-DNA |, 2l 5 F PR
IEmRIEERDAE A TREAMK(BAC) BiF, B B pedRLERss2FansRBgsgE"
}\ﬁ I,mﬁT—‘/l\ ;Pﬂ E‘J@E 2 300 /l\ﬁ %E‘J 923%@ Fig. 1  Schematic approach of stable isotope enabled metagenomic
SO A BN 10 ~ 30kb, EIE5 pmed B (4 technique for linking microbial identity to function!?!]

v
YR ARSI AT
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TS e B AL B A WAR) 2R 38 X0 SCERHEAT I 8 , 3 Horh— T S54R4T 22 38K BAC STRERII Y 40P R EA, P
SR/ 15. 2kb, A& —AEEK pMMO FEF BT AL MR B H (g5 —H7E RRik 5 B AE KT
BRIBER D) o AR E SIP S E B 78" C-DNA, B R AE— N5 /)N B9 22 25 B 4 3 e S P i 3B
MEERIEFETITH.

FRERFMNRKEEEFABARTHTHERRERE(PRERBENPEERR) ANE LY ER
B RPN WA (Y- R Y- A EAER) (R EF R BB AR WS RE sy & Ul A o
BRI ™ TR MR Rh 2 R AT BB B T 32 T BB R o
4 HEEARARA

“EETA S, B B KA RSB Maquarie K289 Mare Wilkins 257 22 B SE4R A9, 2 XN &
HRAR RS HA T REN2MEARAS . IELEAAEER, E—HARANFENSREH
BHG. NTREYRER, EHRAERNEYRET A BEANGE AT, BB B R BRIEHEEREH
AP A IR IS DI RB ) 2R

7o )5 ZE B AR, SR YRR S B — > R PRt B B R E A B D BE , SRR i MR R s e 4
MAENIRThRE SR B AR . AT AT IR AYFF3E mRNA A1 rRNA [F]0 5% J% JRA 2438 FI A8 < 1tk R (7 Bk
A RBEREAF AR, ok YREE Th B8t AEE 33 5% 7 41 % ( Metranscriptome ) 77 B 8155 | BB BUOR B4 B
B BT R T Wiy RNA, #3 16S rRNA R T/ SCPR ) cDNA OB, e — 2P0 98 . AT, BT RNA [k
BB, Te TR AR e L 5 BRI TE I, A DL B R E A R B AR B R R %% R 3075, RNA FIER H R B AR R
P, X BEBHAS T Metranscriptome 75 T Z A YRR IR PN . ERX RG], A HE A RHAFK T ER
BT MREE TR TR RN . 55 A 42 ( Metaproteomics ) £ %] B Wilmes Al Bond ™ #y 4% , #§
KA T 4 8 I A R P IR B AN B H D . AR AR R B8 ARG E S — 45
T U BRI KR AT 0B B AT BB G AT R R R AR 451 S D RRES MK R , R L T K E
FEHBT R B FHR(E2),

Wilmes 1 Bond B3l R F4i4k T 3k B 4L H SR
EYRBEEE RN AEAT, RAZERRABE

A i AR
BRI AT AN BRI E (3R UL AT , SR A1 |
B R AT, B E T LAPS G AT R AT A 1A i A HERI A (g SRR
SLERKIE, B E AR BB E N AMNEE /
(porin) \ZBEMHRS A ZBEFSRENEA ABC U Scpt makmy  HFOW TR
B AGE ALY, X E AR A THHIE R gt st wgﬁﬁ
ARl 3 7% 1) R B R £ 9 4 9 ( Polyphosphate gL 5
accumulating organism , PAO ) Rhodocyclus, Kan 2" 43 | E
MEEIE M MR N E ARk, XA KR 5
HALSH S 4~ 8,4 F R 10 ~80kDa Y E A, EEFHIERR
MALDI-TOF il MR AR SEABERAE TR s rimm %yfﬁwﬁ
{ol, B2t LC-MS/MS Il 1 MSBLAST R, ¥145 %
ET 3R EEEN, FERRTEEMEY RS B2 FHEAREEANEARLTEE

[25]

jﬂﬂ:ﬁ( Bacteroide s) ﬂ] a-ﬂ%%% % ( a-prote obacteri a) éfﬂ Fig.2 Schematic approach of metaproteomics technique
BFR, XREYCKE HRA SR THRKER

He YIRE7E o Maron Pierre-Alain %' 5 8 H BB AI4 AT T Hh4k, He%d DNA AI%R E138 S S AT 43143
B S T —EAME REE R ERE N E AR RS k. W, E A REER TR
AR A
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BRI R R RIS AR, 70/ R AR, ZT BB 8977 1 (#40 Metagenome )
AR IR R MR R SRR o KIUAERFST + 3 Bk W2k B E ( Metaproteome ) BE#R AL 4E H7E 42
BRETHIIRRGELR, BA BLRHEYERR AN ISR REX, ERMEMU, W TARFEH
Metaproteomics #7047 : (1) W] AR HT RIS BEE A 425 (2) ¥ SRR haf XMEH. EHR4A
FECE R R N AR ] A A MR s I i o R L He i BB S R A A i 2
5 HiaKRENRE

TORR R BARTERAE YRS 8T EA — A, BEREFEFZ BN TRRR . MF L EH B
BEMAE (WERAHER  EZRER) &8 B 5706, TITOUE S8 E; R 00T i, R s 2 R 57
o WIESIBAR B TRBAMFHRE, AR ZHEZ. REERERAEANEHARECSE—ERE L
BATIZNA, R T —LIhie 2R , BRI T AR ARSI 2 R % (1) 3535 DNA B4ERIRFE
BiE , BA R —RBRRIERR T, S A R B SRR &, 75 B IRRA R R BUAR A, LR R 4RH DNA #48
B, Bt R SUE R E; (2) R RBMRIERI; (3) FEWER T BeRE B R H3CE, LR Rt
SER TR RBERRE . B BTN A R R SO B 4 K ZHOR A cosmid \BAC B, fosmid Yy, Hoirhl
I e1E E—BRIR T RBIFE , (BHRFAR—MREE N RBERBINRRER RS X, B 15 L8518
FRERAFEESEFERN ST HED RSN S NEFMATLNER, RARFRERPERHN
pLAFR3 /A, AT Se el A i Be2y 28kb, H oy —AN 156 LUK, HERBTE o, B, v- R R B NAEMENE TR
1, BRI T A R ) 0 2 S PR T B e B B E R IR B 40 SRR R P BEAT B AR B R B I 18 55 B BT ST, Mg
2 V] B 2 PR R BT RS MR ZE R 7 R R FF B (K P 2 9 TRV R, SE 2 7 S BA R T S0 TR O B IR AR R 8 L
BRI B A AN E R R KRR 205, RS BT B S BRAR D B B 0 B S R MR I = A BT 5T
Tr A T —ERR , R AR R AR R (BB ) B ELAR TR ELHh 077 B 3 e 20 B M8 R TR B T, EATI VT 40
#1255 th 242 FIL R 52 B A BB7E KX A FF B b AT ) AU R - A W R B I IE ) I 4 P AR
B RER IR (M nif ~ ,nod ~ fin™ ) A R BER RN ZAE, 28 YRR B RO LY
HAMERIBREER AN RSB R AT . Rt R RS B R R AR B SURR BB RN, B
R LR ZA R R, I B R B X IR SERE % e S R T O RERT ST . IR AR A A RINIT 4R
BN, BBA TR, FREARKN RBRANAATZERRNSERE, VE SN B MEO L ERER
o R SERE N 4 22 I 8 H R 2B B R BT ST U RS DhREERF BN I AT, W] LLRR R 410 S D BB K AR
F XA BB A E R BONRER A

MAEYHENTE BN TVAEERRERNE N €%, A TEYEN T ERMAEREEREEF
TEXSEVIT , BRI A WIRE IR S5 B AR S5 i R B R 2 R BB IR S TE RO TR, JL P B0 B B IR SRR A
ik, BHRAFAENPIRRENIIRER , BRAEYIERNE O RAFIELAEH RS, TERBHK
HERARFE, FAR EREKGBF LI, ISR RN E R RANEK G, faE M REAR 55
HARES, ZHASEARARIKSSF. Metaproteome Al Metagenome KBS eI AN IR A WRedE K 3
FEETRETERAEIAR, Eid Metaproteomics )75 % f A Metagenomics 15 B/ K5 R E A 4rH, B
Metaproteomics BB ELHE 1R /R INEERF HFRIE . FEE DRI AETEE A Vi ik DIRE PR IT fe i tH 3T 21K,
W IR B R TR SRR PR AR B g 0 O SE SR , S FR SRR AR B AT 25 9 R 42
HANMERR. SaEFENTRAER, RGHEBSHRE— & 0 TEYERRIMER ME Y EBE BB
BT ik B Wi R B ORH) , BUS B9 SRR B3 B9 (B R ZEFT S SR S A W e S M R T BB 45 20 T AR 2 R
i, RO R B FAEWFEAR T AR BTN B EF TR 8 A i e B R SR i 22 % 55
RERKPWE, Bt NS TEYFSOART BTG &R AT R ot SR, %580 % 8 207
ERARE: REWENEREE , B4 AR RE WA E T T R TR Z5 2R, AU A BRI A TR
fERE,

hitp : //www. ecologica. cn



9 B SRR YRR D RERT I BB T AR SR 4429

References:

[1] Zak JC, Willig M R, Moorhead D L, et al. Functional diversity of microbial communities; a quantitative approach. Soil Biol Biochem. ,1994, 9.
1101 —1108.

[ 2] Daniel R. The metagenomics of soil. Nature Reviews Microbiology, 2005, 3(6) :470 —478.

[3] Maron P A,Ranjard L,Mougel C, et al. Metaproteomics; a new approach for studying functional microbial ecology. Microbiol Ecol. , 2007,53
(3) :486 —93.

[4] Giovannoni S J,Delong E F,Olsen G J, et al. Phylogenetic group-specific oligodeoxynucleotide probes for identification of single microbial cells. J
Bacteriol. , 1988, 170(2) ;720 —726. Erratum in; J Bacteriol 1988, 170(5) ;2418.

[5] DeLongE F, Wickham G S, Pace N R. Phylogenetic stains; ribosomal RNA-based probes for the identification of single cells. Science, 1989, 243
(4896) :1360 —1363.

[ 6] Pemthaler A, Amann R. Simultaneous fluorescence in situ hybridization of mRNA and rRNA in environmental bacteria. Appl Environ Microbiol
2004, 70.5426 —5433.

[7] Pace N R. Molecular view of microbial diversity and the biosphere. Science, 1997, 276 734 — 740

[ 8] Schena M, Shalon D. Quantitative monitoring of gene expression patterns with a complementary DNA microarry. Science, 1995, 270 . 467.

[9] Wul, Liu X,Schadt C W. Microarray-based analysis of subnanogram quantities of microbial community DNAs by using whole-community genome
amplification. Appl Environ Microbiol, 2006, 72(7) :4931 —4941.

[10] Feng S,Tillier E R. A fast and flexible approach to oligonucleotide probe design for genomes and gene families. Bioinformatics, 2007, 23(10) .
1195 —1202.

[11] Rhee S K,Liu X,Wu L, et al. Detection of genes involved in biodegradation and biotransformation in microbial communities by using 50-mer
oligonucleotide microarrays. Appl Environ Microbiol, 2004, 70(7) ;4303 —4317.

[12] Handelsman J,Rondon M R ,Brady S F, et al. Molecular biological access to the chemistry of unknown soil microbes; a new frontier for natural
products. Chem Biol. , 1998,5(10) ;R245-9.

[13] LiY,Wexler M, Richardson D J, et al. Screening a wide host-range, waste-water metagenomic library in tryptophan auxotrophs of Rhizobium
leguminosarum and of Escherichia coli reveals different classes of cloned trp genes. Environ Microbiol. , 2005,7(12) ;1927 —36.

[14] Venter J C, Remington K, Heidelberg ] F, et al. Environmental genome shotgun sequencing of the Sargasso Sea. Science, 2004 , 304 (5667) ; 66
—74.

[15] Tyson G W, Chapman J, Hugenholtz P, et al. Community structure and metabolism through reconstruction of microbial genomes from the
environment. Nature, 2004, 428 ; 37 —43.

[16] Tringe S G, von Mering C, Kobayashi A, ez al. Comparative metagenomics of microbial communities. Science, 2005, 308 (5721) ; 554 —557.

[17] Rondon M R, August P R, Bettermann A D, et al. Cloning the soil metagenome; a strategy for accessing the genetic and functional diversity of
uncultured microorganisms. Appl Environ Microbiol. ,2000, 66 (6) ; 2541 —2547.

[18] Lammle K, Zipper H, Breuer M, et al. Identification of novel enzymes with different hydrolytic activities by metagenome expression cloning. J
Biotechnol. , 2007, 127(4) ;575 —592.

[19] Cottrell M T ,Moore J A,Kirchman D J. Chitinases from uncultured marine microorganisms. Appl Environ Microbiol, 1999, 65(6) ;2553 —2557.

[20] Park H J,Jeon J H,Kang S G,ez al. Functional expression and refolding of new alkaline esterase, EM2L8 from deep-sea sediment metagenome.
Protein Expr Purif. , 2007, 52(2) :340 —347.

[21] Radajewski S, Ineson P,Parekh N R, ez al. Stable-isotope probing as a tool in microbial ecology. Nature, 2000, 403(6770) , 646 —649.

[22] Dumont M G, Murrell J C. Stable isotope probing-linking microbial identity to function. Nature Reviews Microbiology, 2005, 3 (6) ; 499 —504.

[23] Wellington E M, Berry A, Krsek M. Resolving functional diversity in relation to microbial community structure in soil; exploiting genomics and
stable isotope probing. Current Opinion in Microbiology, 2003, 6(3) : 295 —301.

[24] Wilkins M R,Appel R D,Van Eyk J E et al. Guidelines for the next 10 years of proteomics. Proteomics, 2006, 6(1) :4 —8.

[25] Wilmes P, Bond P L. The application of two-dimensional polyacrylamide gel electrophoresis and downstream analyses to a mixed community of
prokaryotic microorganisms. Environ. Microbiol. 2004, 6:911 —920.

[26] Kan J,Hanson T E,Ginter J] M, et al. Metaproteomic analysis of Chesapeake Bay microbial communities. Saline Systems, 2005, 9.1 —7.

[27] Pierre-Alain M, Christophe M ,Severine S, et al. Protein extraction and fingerprinting optimization of bacterial communities in natural environment.
Microbiol Ecol. , 2007, 53(3) 426 —434.

[28] Wilmes P, Bond P L. Towards exposure of elusive metabolic mixed-culture processes: the application of metaproteomic analyses to activated sludge.
Water Sci Technol. , 2006, 54 (1) ;217 —226.

[29] Lorenz P, Eck J. Metagenomics and industrial applications. Nature Reviews Microbiology, 2005, 3 (6) ; 510 —516.

[30] Pennisi E. Metagenomics. Massive microbial sequence project proposed. Science, 2007, 315(5820) :1781.

[31] Klaassens E S, de Vos W M, Vaughan E E. Metaproteomics approach to study the functionality of the microbiota in the human infant
gastrointestinal tract. Appl Environ Microbiol, 2007, 73(4) ;1388 —1392.

hitp : //www. ecologica. cn



	09c102.pdf
	09c103.pdf
	09c104.pdf
	09c105.pdf
	09c106.pdf
	09c107.pdf

