20 6 Vol.20 No. 6
2005 6 ADVANCES IN EARTH SCENCE dun. 2005

1001-8166 2005 06-0664-07

1 2 2 2 3
1. 430074 2.
430074 3. 430079
16S rRNA
DNA
Q39 99 A
0
geomi crobiology geo-
logical microbiology 1954 Beerstecher ! 6
pH 0.1 7
1963 Kuznetsov ?
3
4
5
* 2004-05-25 2005-01-25.
* “ » 40202011

" 2003500216-29
1970 -

E-mail hmwang cug.edu.cn



665

6
1
W MR y%—————
W) 5 4
iﬂl?ﬁf%
Z R 12 HL (DNA/RNA)
PCR 514 —3
wit  Z
chemi- PCRYy™ 4 48 o B 5
cal fossils molecular fossil ¢ R
16 SIDNAT
f?i}tﬁﬁ
;ﬁﬁﬁﬁgfﬂa‘ﬁ*ﬁ
e-) }éﬁ‘cél P E— v
T e — LTl U
1
Fig.1 The flow diagram of nucleic acid analysisin
molecular geomicr obiology
11 —PCR
PCR Polymerase Chain Reaction
DNA
DNA
DNA
DNA
8 10
DNA
1 DNA
PCR
DNA
DNA 11
PCR 16 S rDNA
Fish 2
16S rRNA

11 425 Ma BP



666

20

12

16S

rRNA/DNA 23S rRNA/DNA 16S rRNA 16S

23S rDNA

16 SrRNA rDNA

rRNA

RNA 80

16S rRNA

16S rDNA

400 600

16S rDNA

GenBank
BLAST GenBank

16S rRNA

B 16S rDNA

16SrRNA/DNA

16 S rRNA 16S 23S rDNA

14 17

1.3

15 30
DNA
16S rRNA
Fluorescene in Situ Hybridiza-
tion FISH
FISH
18 19 20
2
21 22
23
2.1 PLFA
PLFA
PLFA
22 2425
PLFA
PLFA PL-
FA



6 667

Petsch % PLFA
3.1
PLFA 40 50 cm
Fe®
s / 200 Ma BP
183 Ma BP
116 Ma BP /
91 Ma BP /
PLFA 27 28
29
s PLFA PLFA
| I |
30 Pancost 3 Ci. I
c u PLFA
181
|
35
.3 36 39
diplopterol
40 613 C
14 C 15 N 34 S 60%0
% Hnrich 4 diplopterol
Boschker 32
diplopterol
3.2

Desulfobacter spp
|



668 20
2-
-1 3 4- 42 45
13 49
Cm C31 C17
133 134 13
50
51
4 1978 Hayes
3.3 1988 1994
1999 52
a
References
Beerstecher E. Perdeum Mcrobidogy M . New Yok Esevi-
er 1954.
2 Kuznesov S| Inanov M V Lydikova M N. Introduction to
Ceomicrobiolgy Engish translaion M New Yok MGag-
HIl 1963.
Ehrlich H L. Geomicrobiolgy M New Yok Marcel Dekker
2002.
2- Newman D K Banfield J F. Geomicrobidogy How molecular-
2- 40 47 48 scale interaction underpin biogeochemical systems J . Science
2. 2. 2002 296 1071-1077.
c 2 c KastingJ F Seet J L. Life and the evolution of Earths amos-
8 s0 phere J .Science 2002 296 1 066-1 068.
27 Reysenbach A L Shock E. Merging genomes with geochemistry in
48
hydrothermal ecosystem J . Science 2002 296 1 077-1 082.
Edwards K J Bond PL Ghring TM etal. Anarchaeal iron-oxi-
4 dizing extreme acidophile impotant in acid mine drainage J

Science 2000 287 1 796-1 799.

Nothup D E Lavoie K H. Geomicrobiolgy of caves A review
J . Geomicrobiology Journal 2001 18 199-222.

Parkes RJ Qagg B A Welsbury P. Recent studies on bacteria

populations and process in subseafl oor sediments A review J .



669

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Hydrd ogy Journal 2000 8 11-28.
Pancost R D Damst J S S. Carbon isotopi ¢ compositions of pro-
kayotic lipids as tracers of carbon cycding in diverse setlings
J . Chemical Geology 2003 195 29-58.
Zhang Xaojun Ma Xaojun Yao Tandong et al. Dversity of
16 SrDNA and environmental factor influencing microorganisms in
Malan ice core  J . Chinese Science Bulletin 2003 48 9 947-
951. . 16S rDNA
J . 2003
48 9 947-951.
Fish SA Shepherd TJ MGenity TJ et al. Recovey of S
ribosoma RNA gene fragments from ancient haite J . Nature
2002 417 432-436.
Mcdady J Banfield J F. Mlecular geomicrobiology Genes and
geochemica cycling J . Earth and Planetary Sciences Letters
2003 209 1-17.
Chrestiner B C Thompson E M Thompson LG et al. Recovery
and identification of viable bacteriaimmured in glacial ice J . lc-
arus 2000 144 479-485.
Dancer SJ Shears P Pait D J. Isdaion and characeizaion of
coliforms from glacia ice and water in Canadas high Arctic J .
Journal of Applied Mcrobiology 1997 82 597-609.
MaLJ CahaineM C SarmerW T et al. Reviva and char-
acterization of fungi from ancient polar ice J . Mcologist
1999 13 70-73.
Zhang Xaojun Yao Tandong M Xaojun et al. Analysis of
the characteristics of microorganisms packed in the ice core of
Mlan Gacier Tiber China J .Sciencein China D 2001
44 suppl. 369-374.
Uobet-BrossaE  Rossell -MiraR  Amann R. Mcrobial commu-
nity composition of Wadden Sea sediments as revealed by flu-
orencein situ hybridization J . Applied and Environmental Miero-
biology 1998 64 2 691-2 696.
Ramsing N B FossingH Ferdelmann TG et al. Distribution of
bacteriapopulationsin a stratified fiord quatified by in situ hy-
bridization and relded to chemica gradientsin the water column
J . Applied and Environmental Mcrobdogy 1996 62 1 391-
1404.
Felske A Akkemans A DL De VosW M. Insitu deection of
an uncultured predominant Bac llusin dutch gassland sals J .
Applied and Environmental Mcrobiology 1998 64 4588-4590.
Pennanen T Frostegard A Fritze H et al. Phosphdipid acid
composition and heavy metal td erance of soil microbia communi-
ties along two heavy me a-polluted gradients in Coniferous forest
J . Appied and Environmental Mcrobiology 1996 62 2
420-428.
Fierer N Schimel JP Hdden PA. Vaiaion in microbial com-
paosition through two soil depth profiles J . Soil
2003 35 167-176.
Farriond P Head | M

Bochemistry

Innes E. Environmenta influence on the
biohopanoid composition of recent sediments J . Geochimica et
Cosmochimica 2000 64 2 985-2 992.

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Kelly 3J H ggblom M Tate IIl R L. Changesin soil microbial
communiti es over time resulting from one time appli cation of zinc
A laboratory microcosm study J . Soil Bidogy
1999 31 1 455-1 465.

Biochemistry

Wadrop M P Balser T C Firestone M K. Linking microbia
community composition tofunction in a tropical sal J . Soil
Biochemistry 2000 32 1 837-1846.

Petsch ST Edwads K J Eglinton T I. Abundance distribution
and 513C analysis of microbid phospholi pids-derived faty acids
in a black shae weahering profile J . Qganic Geochemistry
2003 34 731-743.
Q Hongyan Xue Kai Zhang Hongxun. Phospholipid fatty acid

analysi s and its application in microbial ecology J . Acta Ecologi-

ca Sinica 2003 23 8 1576-1582.
J. 2003 23 8 1576-1582.
Zhang Hanbo Duan Changqun Qu Lianghu. Cultureindependent
me hods for studies on microbia ecology of sals J . Chinese
Journal of Ecology 2003 22 5 131-136.
J .
2003 22 5 131-136.

Qurrison G Albret P. Gechopanads The most abundant naura
products on Eath
25 398-402.

J . Accounts of Chemigry Research 1992

Summons R E Jahnke LL HopeJM
as biomakers for cyanobacterial oxygenic phdosynthesis J
Nature 1999 400 554-557.

Pancost R D Baas M DamstgJ SS. §©C values and radiocar-

et al. 2-Methylhopanoids

bon dates of microbial biomarkers as tracers for carbon recycling
in peat deposits J .Gedogy 2000 28 663-666.

Boschker HT S Nbld SC Wellsbury P et al. Drectlinking of
microbial populations to specific biogeochemical processes by
BC-\abeIMng biomarkers J . Nature 1998 392 801-805.
Hesse bo SP. Mssive dissociation of gas hydrate a Jurassic oce-
anicevent J .Nature 2000 406 392-395.

Hanson R S Habson T E. Methanotrophic bacteria J . Mcrobi-
ology Review 1996 60 439-471.

BowmanJ P Sy LI Stacklebrandt E. The phyi ogenetic positi on
of the family me hylococcaceae J . International Symposium on
Bacteriology 1993 45 182-185.

Freeman K H Hayers JM  Trendel J M et al. Evidence from
carbon isotope measurements for diverse origins of sedimentary
hydrocabons J . Nature 1990 343 254-256.

Summons R E Jahbke L L Foksandic Z. Carbon isdopic frac-
tionation in lipids from methanotrophic bacteria Re evance for
interpred@ion of the geochemical record of biomarkers J
Geachimica et Cosmochimica Acta 1994 58 2 853-2 863.
Hinrichs U Hayers M Sylva SP et al. Mthane-consuming ar-
chaebacteriain marine sediments J . Nature 1999 398 802-
805.

Hnrichs K U. A molecular recarder of methane hydrate dest abili-

zdion J . Geochemistry Geophysics Geosystems 2001 2 1



670 20

2000 G20001 118. of long-chan isoprenad aky benzenes in sediments and crude
40 Rohmer M Bouvier-Nave P Qurisson G. Distribution of ho- als J . Geochimica et Cosmechimica Acta 1988 52 2 671-
panad triterpenes in prokaryotes J . Journal of General Mcro- 2 677.
bHdogy 1984 130 1 137-1150. 47 Smonin P Jurgens U J Fohmer M. Bacterial triterpenoids of
41 Hnrichs K U Hmelo L Syiva SP. Miecular fossils record of the hopane series from the prochlorophyte Prochlorothrix hdlandi-
elevated me hane levelsin | ae Pleistocene coastal waters J . Sci- ca and their intracellular locdization J . European Journal of Bi-
ence 2003 229 1214-1217. ochemistry 1996 241 865-871.
42 Summons R E Powell T G. Chlorobiaceae in Pd aeozoic seas re- 48 Brocks JJ Logan G A Buick R etal. Archean molecular fos-
vealed by bidogical markers isotopes and geology J . Nature silsand the early rise of eukaryotes J . Science 1999 285
1986 319 763-765. 1033-1 036.
43 Summons R E Powell T G. Identificaion of aryl isoprenoids in 49 Fnlay B J. Gobal dispersa of free-living microbial Eukayote
source rocks and crude oils Biological markers for the green sul- speces J .Science 2002 296 1 061-1 063.
phur bacteria J . Ceochimica et Cosmochimica Acta 1987 51 50 Whitman W Coleman D C Wiebe W J. Rokaryotes The un-
557-566. seen majority J . Proceedings of the National Academy of Sci-
44 Yu K Fan P Philp R P. Novel biomarkers foundin South Fori- ences USA 1998 95 12 6 578-6 583.
da basin J . Qganic Geochemisry 1990 15 433-438. 51 Fenchel T. Mcrobial behavior in a heterogeneous world J . Sci-
45 Qice K Scheeffer P Schwark L et al. Changesin pd aeoenvir- ence 2002 296 1 068-1071.
onmentd conditions during deposition of Fermian Kupferschiefer 52 Hilkert A W Douthitt C B Schluter H J et al. Isotope rdio
Lower Rhine Basin northwest Germany inferred from molecu- monitoring gas chromatography/mass spectrometry of D/H by high
lar and isdopic compositions of biomarker components J . Q- temperature conversion isotope raio mass spectromery J . Rap-
ganic Geochemisiry 1997 26 677-690. id Communications in Mass Spectrometry 1999 13 1 226-1 230.

46 Snninghe D J S Kock-van D A C de Leeuw JW. Identification

EVALUATION OF THE M ETHODOLOGY |IN
M CQLECULAR GEOMICROBIOLGGY

1 2 2
WANG Hbng-mei- XIE Shu-cheng LAl Xu-long
2 ) 3
HUANG Jun-hua YANG Jao-yan
1. Biological Science and Technology School of Environmental Studies China University of Geosciences VWhan
430074 China 2. School of Earth Sciences China University of Gosciences VwWhan 430074 China
3. College of Life Sciences Huazhong Normal University WWJhan 430079 China

Abstract Mocrobes are extensively involved in geological processes occurring within a variety of ecosystems
such as marine and oceans lakes soils glaciers caves etc. Specific summaries of the microbial studies inindi-
vidual ecosystems have been partly if not wholly presented in literatures. However This paper overviews some
advances in the studies of the biochemical componentsin molecular geomicrobiology including nucleic acids 16S
rRNA and DNA and lipids PLFA and hopanols . Summary is made on the lipid characteristics of specific geomi-
crobes. Typically d plopterol 2-methylhopanes and aryl isoprenoids 2-alkyl-1 3 4-trimethylbenzene are re-
spectively reviewed in the exploitation as the biomarkers of methanotrophs cyanobacteria and green sulfur bacteria
through the geological time. Itis proposed that new techni ques such as the integration of stable with radioactiveiso-
topes of compound-specific will enhance the further devel opment of molecular geomicrobiology i n the future.

Key words Geomicrobe Biomarker Ml ecular fossil.





