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Abstract The rgpid development of modern molecular biotechnology and its goplication in the field of envi-
rormental study creates nev means and ideas for the research and development of bioaugnentation This article
provides an overviav of recent developmentsof the study of bioaugnentation with molecular biotechnologies fram
the folloving appects methods for detecting and quantifying gecific microorganisns in the bioaugnented systam;
the analysis of microbial community structure and its dynanic changes in the bioaugnented systam; the study on
the mechanisn of bioaugnentation on molecular level; the construction of bioaugnentation microorganisns geneti-
cally and the safe release and contairment techniques for the bioaugnented microorganisns
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Table2 Application of microbial quantitativemethodsbased on PCR in bicaugnented systans

M ycobacterium chlorophenolicum strain ( ) 16 RNA MMN-PCR [13]
D esulfitobacterium frappieri strain ( ) 16 IRNA PCR [14]
Pseudanonas abietaniphila B KM E-9 ( ) 16SDNA PCR RT-PCR [15]
Pseudanonas putida strain mx ( ) xylE PCR [16]
Psaudamonas putida A TCC 11172 ( ) dnpN PCR RT-PCR [17]
Pseudanonas g.  Strain P51 ( ) theC RT-PCR [18]
Psaudamonas resinovorans strain CA 10 ( - - ) caha PCR [19]
1.2.1 PCR DNA ,
cPCR PCR
(
DNA) , DNA , 2
) DNA
) PCR '
DNA
DNA, PCR DNA DNA ’ ,
DNA 21
) DNA
DNA
) DNA , PCR ,
, DNA
DNA, PCR
1.2.2 MIN-PCR DNA ,
PCR , 3
DNA : ( restriction fragment
M N ) DNA length polymomphisn, RALP) PCR-
M PN -PCR PCR (denaturing gradient gel electrophoresis, DGGE) /



(temperature gradient gel electro-

phoresis TGGE) PCR- ( single
strand confomational polymoiphisn, SSCP)
2.2.1 T-RALP(temi-

nal restriction fragnent length polymorphisn)

DNA )
DNA
TRAP DNA PCR
DNA '
CaciliaJemberg  *” 4-
Arthrobacter chlorophenolicus A 6L
; Luc
T-RA_P
4- 4-
L 4-
,Arthrobacter chlorophenolicusA 6L
Lendvay ' T-RALP
' 5
1 y 72 d
2.2.2 PCRDGGE/TGGE
DNA
DNA ., PCR
DNA .
DNA
1 Tm
DGGE TGGE
DGGE
DNA ,
( ),
, PCR DNA

, DNA

DGGE

TGGE )

TGGE DNA

Nico Boon 3-
(3-chloraniline, 3-CA) : 3CA
Canamonas testosterone 12 gfp
DGGE
FIH 3-CA

, 3-CA 2d )

3-CA 4d

2.2.3 PCR-SXCP
DNA
, DNA :

DNA ,
(PAGE)

100 300 bp DNA

SCP :
300 bp DNA (1
RNA :

RNA SCP

Wendeoth 1%

Pseudanonas
putida GJ31,
Psaudanonas putida FIDCC

(FIH)

Pseudanonas aeruginosa RHO1

' DNA
SCP
P. aeruginosa RHO1

, P putida GJ31 P putida FIDCC

16SIDNA,



, P putida GJ31 , , c/c
P. putida FIDCC 3CBA
22 (fluorescence n situ hybr idiza- 1 p putida BN210
tion, FISH) c/c . -
, P putida BN210
, , , FCRDGGE ,clc
3CBA ,
) \ '
FIH
) (29.%0] Enterobacter agglanerans
DK3 RP4: Tn4371, 4371
RNA , )
(271
FIH ,
15 30 bp ,
10 20 mRNA [cell bph PCR DGGE FIH
FIH FIsH
Patureau > M icrovirgula
aerodenitrificans , ,
, FIH , ,
Bouchez ,
(2] M icrovir- ,
gula aerodenitrificans,
. (1) ; (2)
., FIH ; (3)
. ; (4)
: , ; (5)
FIH : ; (6)
3 )
Burk-
holderia cepacia G4
30 , (TCE) ™S
Burkholderia cepacia G4 5223-PR1
TCE ,
? ( ) TCE!™

27,28 .
(27.28] tod D einococcus



radiodurans ,
_1_

[32]

34
2[]

[35]

E coli gef
[36,37]

gef
lacl

gef

$ET

<STPm > ad > ﬁ>A1-04/

iy
o]

1« »
Fig 1 Themechanisn of killing gene

[1] RitmannB. E. andW hitenan R B icaugnentation: A caning
of age Water Quality Intermational, 1994, 1: 12 16
[2] BoonN., GorisJ., deVosP., et al Bioaugnentation of
activated sludge by an indigenous 3-chlomaniline-degrading
Camamonas testosterone strain 12gfp. Appl. Environ. M icro-
biol. , 2000, 66 (7): 2906 13
[3] , : :
,1999,12(3): 22
27
[4] Huban C.M. and Plovman R.D. B iocaugnentation: Put mi-
crobes o work Chemical Engineering, 1997, 104(3): 74
84
[5] Janson J. K., Bjorklof K., ElvangA.M. , et al Biamarker
for monitoring efficacy of biorenediation by microbial inocu-
lants Envirormental Pollution, 2000, 107 (2):217 223
[6] Rattray EAS, Prosser J. I., Killhan K., et al Lumines
cence-based nonextractive technique for in situ detection of
Escherichia coli in il Appl Environ M icrobiol , 1990,
56: 3368 3374
[7] Méller A. , Janson J. K Detection of firefly luciferase-
tagged bacteria in enviommmental sanples InLaRossa R
(Ed). Methods inMolecular Biology. 1998, Vol 102: Bi-
oluminescenceM ethods and Protbcols Humana Press, To-
tova, NI 269 283
[8] MasonL.,Caomeau Y., Bmoussau R., et al Construction
and gpplication of chranosmally integrated lac-lux gene
markers o monitor the fate of a 2, 4-dichlorophenoxyacetic
acid-degrading bacterium in contaminated ils M icrobiol
Releases, 1993, 1: 209 216
Unge A., Tamholini R., Davey M. E., et al GFP as a
maker gene In: AkkemansA.D.L., van ElsasJ.D., de
Brujin F. J. (Eds). Molecular M icrobial Ecology M anual
Kluwver, Dordrecht TheNetherlands Vol 6 1 13:1 16
[10] Tambolini R., UngeA., DaveyM. E., et al Flow cyto-
metric and microsocopic analyses of GFP-tagged Pseudo-
monas fluorescence FEM S M icrobiology Ecology, 1997,
22(1):17 28
[11] TressO., Errampalli D., KostrzynkaM., et al Green
fluorescentprotein as a visual marker in a p - nitrophenol

[9]



[12]

[13]

[14]

[15]

[16] Hallier Soulier S,

[17]

[18]

degrading M oraxella . FEM SMicrobiol Lett , 1998,
164(1): 187 193
ErranpalliD.M., OkanuraH., LeeH., etal Green flu-
orenscent protein as a marker o monitor survival of con-
taminated il FEM SMicrobiol Eocol , 1998, 26 (2):
181 191
Elsas J.D. van, Mantynen V., WoltersA.C il DNA
extraction and assessnent of the fate of M ycobacterium
chlorophenolicum strain PCP-1 in different ils by 16S ri-
bosomal RNA gene sequence based most-p robable-number
PCR and immunofluorescence B iol. Fertil. Sil, 1997,
24:188 195
Leveue M. J., LaBoissere S, Thamas J.C., et al
Rapid method for detecting D esulfitobacterium frappiri
strain PCP-1in il by the polymerase chain reaction Ap-
pl Microbiol. Biotechnol , 1997, 47: 719 725
KaJ.O., Yu Z andMohnW.W. Monibring the size
and metabolic activity of the bacterial conmunity during
biostmulation of fuel-contaminated il using competitive
PCR and RT-PCR M icrobiol Ecology. 2001, 42(3): 267
273
Ducrocq V., Mazure N., et
al. Detection and quantification of degradative genes in
Dils contaninated by tluene FBV S M icrobiol Ecol ,
1996, 20(2):121 133
Selvaratnan S, Schoedel B.A., McFarlandB. L., et al
Application of the polymerase chain reaction (PCR) and
reverse transcriptase/ PCR for detemining the fate of phe-
nol-degrading Pseudanonas putida ATCC 11172 in a bio-
augnented sequence batch reactor Appl Envion Mi-
crobiol ,1997,63(12) : 4708 4716
TcheletR. , M eckensiock R., Steinle P. , et al Population
dynanicsof an introduced bacterium degrading chlorinated
benzenes in a ©il colunn and in sawvage sludge B iodeg-
radation, 1999,10(2):113 125

[19] Widada J., Nojiri H., Kasuga K. , et al Quantification of

[20]

[21]

[22]

[23]

[24]

carbazle 1, 9a-dioxygenase gene by real-time canpectitive
PCR combined with co-extraction of intemal standards
FBM SM icrobiol Lett 2001, 202(1):51 57
Cecilia Jemberg and Janet K Jansn  mpact of 4-chlo-
rophenol contamination and/or inoculationwith the 4-chlo-
rophenol-degrading strain, Athrobacter chlorophenolicus
A6L, on il bacterial community structure FBEM SM icro-
biology Ecology, 2002, 42(3):387 397
Lendvay .M., Loffler F. E., DollhopfM. , et al Bioreac-
tive barriers A comparion of bicaugnentation and bios
tmulation for chlorinated lvent remediation Environ
Sci Technol , 2003, 37: 1422 1431
Nico Boon, EvaM. Top, WillyV erstraete and Steven D.
Siciliana B ioaugnentation as a ol © protect the struc-
ture and function of an activated sludge microbial commu-
nity against a 3-chloroaniline shock load Applied and En-
viormental M icrobiology, 2003, 69 (3) : 1511 1520

. : , 2004
D. F Wenderth, P Rosenbrock, W.R. Abrahan, et al
Bacterial community dynamics during biostimulation and
bioaugmentation experments aiming at chlorobenzene deg-

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

radation in groundwater M icrobial Ecology, 2003, 46 (2) :
161 176

Patureau D., Helloin E., Rustrian M. E., et al Cam-
bined phogphate and nitrogen ramoval in a sequencing
batch reactor using the aerobic denitrifier, M icrovirgula
aerodenitrificans W at. Res , 2001, 35(1): 189 197
Bouchez T., Patureau D., WagnerM. , et al Successul
and unsuccessul bioaugmentation experiments monitored
by fluorescent in situ hybridizaton Wat Sci Tech ,
2000, 41(12): 61 68

DeRoreH., Danolder K., DeW ilde K. , et al Trander
of the catabolic plasnid RP4: : Tn4371 o indigenous il
bacteria and its effect on regiration and biphenyl break-
dovn FBM SMicrobiol Ecol , 1994,15: 71 81
EvaM. Top, Dirk Soringael and Nico Boon Catabolic mo-
bile genetic elenents and their potential use in bioaug-
mentation of polluted ®ils and waters FBVI SM icrobiol
Ecol , 2002, 42(2):199 208

GhyootW., Sringael D., Dong Q. , et al Bioaugnenta-
tion with clc-element carrying Pseudanonas putida BN210
in amenbrane sparation bioreactor W ater Science and
Technology, 2000,41(10 11): 279 286

NevbyD. T., Gentry T.J. and Pepper I.L. Camparisn of
2, 4-dichlorophenoxyacetic acid degradation and plasnid
trander in il reaulting from bicaugnentation with two
different pJP4 donors Appl Environ M icrobiol , 2000,
66(8):3399 3407

W inkler J. and Timmis K.N. Tracking the regponse of
burkholderia-cepacia G4-5223 prl in aquifer microcosns
Applied and Envirormental M icrobiology, 1995, 61 (2):
448

Lange C.C., WackettL.P., Minton K.W., et al Engi-
neering a recanbinant D einococcus radiodurans for organ-
opollutant degrading in radioactive mixed waste environ-
ments Nat Biotechnol, 1998, 16: 929 933

Soringael D., Peys K., Ryngaert A., et al Community
shifts in seeded 3-chlorobenzoate degrading membrane
biofilm reactor. Indications for involvement of in situ hori-
ontal trander of the clc-elenent from inoculum © contam-
inant bacteria Envion M icrobiol, 2002, 4(2):70 80
RonchelM. C., MolinaL., WitteA., et al Characteriza-
tion of cell lysis in Pseudanonas putida induced upon ex-
presson of heteologous  killing  gene Appl
Environ.M icrobiol , 1998, 64 (12):4904 4911
Szafranki P., Mello CM., Sano T., et al A nev -
proach for contairfment of microorganisns Dual control of
streptavidin expression by antissnse RNA and the T7 tran-
<ription systen Proc Natl Acad Sci. USA, 1997, 94:
1059 1063

[36] MolinaL., RanosC., RonchelM.C., et al Construction

of an efficient biologically contained Pseudamonas putida
strain and its survival in outdoor assays Appl
Environ.M icrobiol , 1998, 64(6) : 2072 2078

[37] Widada J. , Nojiri H. and Omori T. Recent developments

in molecular techniques for identification and monitoring
of xenobiotic-degrading bacteria and their catabolic genes
in bioremediation Appl Environ. Biotechnol , 2002, 60
(1 2):45 59



