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AZRTERRKEARRGTAT EZNF LR MAED- MM ERT
Tk WAWAIGT LY., WAXTFHET LD LD FH
TRy £ F A0 S FAHI AR, SR mh BT R 237 R dzal 515
ABARFH @ T,
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S IR (PAHS) B MRS AREO B (L F AT 75 35
BRAAA BEZY kA

(' L RE 2 B AR A EREEAIE 70 O R HER AT 7T =, 5T 100085;
2o [E B BE S T ST LT, ST PR S e AT A rp ot B S SR IR SR, ) 361021)

WE % 32 (polycyclic aromatic hydrocarbons, PAHs)Z2 — X £ P |2 f A F AN
HAT R4, hAEDIER R ZRINILT % 5875 F 6 TR8Z, H569H X PAHsIKAE M R4
R EZARE S BERPA, LU AR PAHSIR A M5 fR 69 B AL A2 RAUH] . L5 R R RALR
89 JRAL AR T 5 5T VAL IR B b J K- B 7 PAHS AR S22 SR P 6 ik e T g i A2, 9% Rk
AEBA PAHsI % 2 #6649 i A 0 A K2 40 K B A= (RaAHE 14, 2 I B0 PAHs R4 g i A2 B o T L4
R A TR, ZXERE T ZAFLAHE K (meta-genomics). 42 )41 F KA K (stable isotope
probe, SIP). & H/RAL4 K AXAK (fluorescence in situ hybridization, FISH). 4% %4 K (Raman
spectra)VA & =K & F i &4 K (secondary ion mass spectrometry, SIMS)% & {# & AEH K £ PAHs{%
2 Y PR AT AT IR L A S A 0 LR A K R AL % . PAHSHR A M 4R AT A2 A AU 49 R AL R
HEF§ Hy 5 % 545 5 PAHS T 42 86AH 5 A,

KA U MY, JRARAE T, BRI ER, R RN R REHOR; 7t
JRAL AT B P GBI, IR BT IR
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Abstract

them are persist in the ecosystem for many years owing to their low aqueous solubility and their absorption to solid

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the natural environment, and most of

particles. Bioremediation through microbial degradation could be an attractive technology for restoration of PAH-
contaminated environment. Traditional researches on microbial degradation of PAHs concentrate on pure cultures,
which are difficult to accurately recognize in situ process and mechanism of microbial degradation of PAHs. Recent-
ly, rapid development of in situ characterization technologies makes it feasible to investigate microbial degradation
processes in complex environments, including characterization of functional microorganisms and genes involved in
PAHSs degradation at genetic and cellular levels. These technologies are powerful tools to promote the understand-
ing of PAHs biodegradation processes and molecular mechanisms. More knowledge on the functions and interac-
tions within microbial communities will optimize our efforts to sustainable decontamination/detoxification of PAHs
polluted environments. In this review, we outline the application of current approaches to in situ characterization
of PAHs biodegradation, including meta-genomics, stable isotope probe (SIP), fluorescence in sifu hybridization

(FISH), Raman spectroscopy and secondary ion mass spectrometry (SIMS), and discuss their applications and limi-

tations.
Keywords
tra; SIMS

% 75 ¥ (polycyclic aromatic hydrocarbons,
PAHs) & — K BA WA S A BLEHR & R S5
() HL Y KF A HLTS G4 (persistent organic pol-
lutants, POPs). H T KM TIRITFE. 157K
W BRI A L IR BE R DL S
RELHESHERA. L8, KESHRENTY
PAHs{5 4% Hia/™ 8 . 45 Zhang®5 Pl 550, K[
B4R 1) KSR 1) PAHs &5 B I 25 77 Sl 3 4R
SRR R TR WY, AT = A i X 3 2
i 52 B PAHs TG 4%, Q175 )M A H -4 vh 158 PAHs
SESFIIL312.5 pg/kg, Sk 3 703 pg/kg, 50%
LA b 352 2 PAHSTS 4% (>200 pg/kg); 734k, KIH
NRC(Nuclear Regulatory Commission) ] ¥ 7,
REAEZIA 13077 WA i i HE BRI Ve o, 3 ™
L IEVE PAHSTG 3¢ M. 1T PAHSAE W) & 2% a It
HEAEREUE . BN D, S8/ 5P #) PAHSTS
G N 2 i N A 285 T 22 4 ) ™ B ) B
Rt S 7 PR B H PAHS I B A 12, R R &%
EIR AW PAHSTS R S8 B RIS IHOR , B
TREEA S 2 4

TUAEYDAE PAHS Y B Al 72 o b e g/ DY,
REW UL PAHS N BRURFIREIR , EAT B S T R4 JF:
BRI, ATk 2 PAHSH) H 89 ©. I,
B¢ PAHS A A2 0 B8 e ox T3 B3R 358 Hh PAH Y5 4%
BAHEZENIESE L. HAT, 2o eEp ik

PAHs; microbial degradation; in situ characterization; meta-genomics; SIP; FISH; Raman spec-

TR BOR 7> B 435 1 Refi UL PAHs Ay ME—RR YA E
PRAEAC I PAHS B T B 17, 06 B — Gl E M IR R )
PAHsF# M1 L T HLEIA T BOVRABIAR .
SR, FRAUAKSELL B TREARAT ¢ PAHS I 2P B iR
FAAE—E BRI, SR TT 45 R DL EH N S bR
I PAHSHIME R - Ho—, 70 BB IR (B 1A PR
SRAE SEI0 S AR M 2 T AT BO5R IX) PAHSF# A Zh fiE
{ELRE LA TR IR B r 10 B SR JF AN ELAR 101
=L FEBA R AT, W s IR MM A R
FERTED R SRR 0.1%~1.0%, 1715 5
B IR I S A T R LA 58 PAHs F B i BE D
FLU = PAHsHJE AL B MR R RE S X 2 R A
e EPE U, A S B A BRI B AR (1 45
Ro B, FEREVE KT BT 5T PAHSTE R I A8 h i) ok
AR R, SRR AL E A PAHSs B ff Th BE 1 S
Yo B ARG, 56 S AERA 1L O\ N PAHSTS Q3R 8T T
A4 2 FEPETE R R B i1 RS2 D RE Bl A 0 A HE AR
FIEIBRBN R -, AT LAfS PAH ST 42 B A4 FH 7E 52 2%
MBI DU KA -

AR IB D PR 1 R RAL BRI T B
S TR S T, AT RS S A A R S
TR —FARMER, R I EMAK L3R
L R PR BERE T Rl A e v 1) 2L ORI A HRFAIE
BEWE F] TR RAE L3R BT PAHSFE R 1) 2 5 % LU
JePAHST AP BEMRIR 73 1L, AT T PAHSFEfif T
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RETUAE IR A I F B AR SO R 26 5 7 R AE T
BLAFE B R 4 R (meta-genomics). F2E [ 3
BREFHIAR (stable isotope probe, SIP). %6 JFAL 43T
Hi AR (fluorescence in situ hybridization, FISH). $i7 2
TR (Raman) PA S IS % 452K (secondary
ion mass spectrometry, SIMS)Z5 1] J5i B )z H.7F PAHs
T AR P 2R A S5t 9 AR PR AF DG S L A7 AE 1) ) i A
RIEEHFEHATREN A,

1 HEFLEZF (meta-genomics)F A

Bk R 20 2 DU R I vh A ik AR s A A5
BTN R, i EA AR A& AT, RS
IKF 2 G R AN [F Bl A2 0 A SR 2 B B v ) AR 3 i
T R HOAH B 5200 ) 43 1 AR AL T30, AR B FH SR
ANIE], PR AH A0 7 mT R T 81 3K 3 1Y) (sequence-
driven)F1 Il B8 BR 5 ) (function-driven)F A (& 1),
J7 B BR A 1 7 JE R A 2 R AR A8 3N EZD TR MR
BERE S R PR EUR AR D B IR 4 (2 R R AL @ i
B F AN 223 R DNABHT I . PH%E. 1R,
RAFAFER A MG B 856 7 500 X i E P i g
SER L DhRe B HEAT 20 b 10 ThRE IR BN 1) 7 B R 41
LRARAFEAN F B NIRRT R S EAEY)
R ¥ R 2 DNATE R T AR ik fikE
AR RS B G B TE 32 DU L B R S 25
G AR TR LR A, M PR ST 26 Hh i ade 38 1 ) e ik
PR =5 ) se A el

LR 2H 2 4R B8 =l i b i 48 AT PAHs
VR ThRERIHTEE R, A T R )5 A7 PAHSYS YA 555 7 Ty
REBELA (1) Z A PESEfE T K& 15 & - Brennerovai !
M PAHsi5 L L3 HR BUDN AR & 1 K Fy Bt i
(Fosmid)siRiJ A e, 4 T JL 2% ) 2,3- XN 2 (cat-
echol 2,3-dioxygenase)fg 1 {14 T (L1 KA ) LA 9
SN AR S R ) 2- 72 FE R IR - T (2-hydroxymuconic
semialdehyde) i & 2 () 5 HE, 87 0004 78 - Fh i
1% 3 2354 B A XN AU (e A vE M B o XX
235/ T - R BT A I A U AR B A R AT
7B bk B i 20 (1 8 1 R EAT B2 2 b, R I
AN TR b R YR () A7 — B U R B LA AR AL P S 0 14
PTG, XIS 7R PAHS I A P gt F2 T eV K 24
M EIEH . Sierra-GarciaZs: 'S ] Fosmid Jifi i
SRR T vl FE AT S DR 2H SO, N S R v R
T-HATThREIFIE I P 5, RIL T —/ ¥ PAHsF#

fife FE R 1 . Wang 55 UOUE J 17 3T et T 7K ) 5 4
BRI 2H S 93t 1 % 5 B Je B A Wi I ) e sy R 4%
2 L], X 6 4% SR 4 1 W BIF 7R A B T h
i DR TR A ok DA S 3L 7 = DR S P v PAH s o e = [
el L. BEE N TEARKRE, 7ok Eh T
T DR 2H 2 4 R A N 3 37 D e 2 R R I
Singleton%s X Pt 245 7744 & T H2 U DNA H #2
HEAT BN T, A LT 15 2] 7 6N H A ek
XU 4 B (ring hydroxylation dioxygenase, RHD)Z:
D], X 64 B PRAE KT B v 308, IR 2~53
PAHs HA P e

b5 7 i R 20 T 7T O ANITER N, ABA B A
PIREAS HR 1) 8 RN AR B 1 B ORI A0 R0 %
21 %~ (metatranscriptomics) B AR R 72 5 H Fi 4H 2
(metaproteomics) B AR T 412 FH 2 PAHs J5UA % fif
SRR A (B ). de Menezes&E P E il 1 A5
I I B SR 2E B AR 3 S 1 A B A e A g
17709, @5 B, AR R AR rh, Lt XL
IAARGHE DR 0 A8 AH O 25 IR A mg AH DG R DR i 36
IRE R E NN, XL %) 3 R H T Actinobac-
teriaZN 40T - YagiSs PR 22 i sk 2 BORTE 2R
15 3 B R KRS AR B T 5 ZE R A A DS XU
AN R HIF A . GuazzaroniZs: Pz B H A
SHORWEIL T A58 AL (bio-stimulation) 5 12575 44
LI B R ARG, KA A AR
238~ H & [R5 & 11 7% (cluster of orthologous groups,
COGs) R IE T i E 4 &, 1EF I L8 5 B )
FE Ak B HG 0 AT REAE A5 A= Py v Ak 1) RS T 2R R PR
fift o IXUCHFCULI , SR E RN A A
225 AR AT L2y 5 M mRNA 7K P F1EE 1 5 7K P BF 5
S MPAE JC T g B DR ) S AL SRR G L, BB KR E oK
PRI AE R Ve LD REER R B — &, MRS
PAHs R A7 B FE AN IR

SR, 2 R 2H A HOR H AT AR AE VE 2 HR A
o 75 BB 1R 7 5 DR 20 2 R () A s AE T 308 o
B o PRBERE it R AR A 20 RE M A FG A i Rl e
CLRN R R A5 A PR, I B PR R R 40 (1 4t
TR RE RN A Az i s T @ = R R R Y
K. DRI, TGS Eodls, Pfe. Rt
— B BT B R A KBk ThREIK B ) 2 ik
PRI AR M RUFE T D REHE DR () ikt . Ty i 2k BT ) 28
2 T AR B AR A 4 i R SRk, IR HLR R
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Microbial community
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Fig.1 Research procedures of metagenomics, metatranscriptomics and metaproteomics (modified from reference [13])

FBIRIR, s TR, BRI, I K&
WENAILNRAFEE. £T1H, KemildiE. &
R L PRI ] 5 R 0 8 U 1k AR A b L,
S, BB PR . BE 70 i BoR K D e
PRI AR I AT, 7 R R A A 5 RAE 46 75 PAHS
PP R R U 2 18] TEY) SIS 2 T8 AR
BAE UL A AR A AR SR D e S5 7
T LA T ] R L FH R

2 FAXE[RMIZER T (stable isotope probe,
SIP)# AR

FaE AL = REF AR — M R R ER B,
BB I R B RE S RN R A R ARG B AR
Y (W1 PAHs), FHig H 4> 7492 F BOG Re g TR At A4
Yo 25545 B e R R AR e B AE D bs )
(1 DNA. RNABGE & 5 )T 70 #, B SR B
an DI REIAE A 2O ARAEAE YRR EMIAE, SIP
$ A AT LL4» Y PLEA-SIP. DNA-SIP. RNA-SIPAHIEE
1) -SIP%5. LA DNA-SIPP R4 | FI| FH SIPE AR HEAT
PAHsA P AR S AT ZRAE I AR B 2R A 55 (E12): FHBC
PO PAHsES 77 -3, + I8 B PAHSI# AR ) BE
EED R bR ic IS AE K I & il PC-DNA; $2 I+
A 3 IR 4H 5 DNA, AL 35 PAHSs 4 i 4= 1 1)
BC-DNAFI A FIFHPCHITAEY) C-DNA,; i =i

B0 Ji5 T A B 2 PR P Xy, SRAR R B A
[F] - /1% FE ¥ DNA; X # 2 DNA(PC-DNA)H @ £t
XA R 23 5 A5 o A (AR g e B SO A% ), o
Z 5hRc AR R AR PR

VI % %23 18 FI DNA-SIPH AR G R FH 3, j5 4%
T RVE . KA R AR IR B S PR R PAH (Y
FEZE. B FE. HRLACRI [a] S5 B B D RE A
HEAT TRRFL PN, RAE T VF 2 AR DRI ARG R,
WK 5 7 HAT PAHSPEMFE I RE(E H i A 7] 73 15
REFRMIAE IR . B0, Peng’ VR i DNA-SIPH
AT HERE S FE A R R AR B AT e, KIR 7 5
FEIIAR 1 B 1] (Proteobacteria) & 26 i | ] (Actinobac-
teria) (G O TE EE ) SR B Al 2 R BEVE . 534,
SIP 5 % L R4 24 454 . mRNA-SIPLA K & /i -SIP
IR SR AR AT PAH S fif D B 0= P i) ik R 2845 B
FAEREE 2R P IERAE O, A B T X PAHs R A7 %
SR 73 FHLEEREATIR AT 7T . Wang B3E H STPAN
TR AR LT 2575 Yebh N 7K A4 o 25 B A B R
R LA, i Xt SIP RIS C-DNA AT % 45 R 4H
WF, KIFFUESE T —AN 8 25 B R I\ T nag2.
Chemerys%5 B BCHRC 3R 77 L34, FIH
SIPH; AR $K75 PC-DNA, Xhric it DNAZEAT % %
M, I T AN B 0 IR 2 A XU 2 i L R
X AN R AE KA B Rk, I XS 2~3 38
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=== Low
densityl 7.2

Labeled/‘ \DN A &
substrate extraction . -HE
(ISC) %

In field lable | denity—

application E

Isotopic seperation
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[E2 DNA-SIPEAREE (R1ESE SCHK26] 18250
Fig.2 Schematic diagram of DNA-SIP (modified from reference [26])

PAHs B A (MR GE 71, X 43R PAHS AN B A [ iR BE
Huang%s P25 Fl mRNA-SIPH RHREE 1 # R /K25 (4
fift it FE M e S P D RE 2RI, &5 SRR, Comamonas-
RZERIN AN R R L = R ERE, NmEZET
JE A7 fp it AR R B AR . Herbst&s PIE LT
B TR ST, R 8 B B-SIPE AR R /K
ZERE MR FEREAT L, RILT B 2R T RE I
WAL &2 528 5 A BRI B AT, R 25 B
R A B I PCFEFEIEH 50%, 7R IAZE MR E
YI80% HIBHIR K H T 25 1B A -

SIPH AN FH T PAHSAE 4 B fRATE 52 1 — A3
TET 1 8 G BRI R B S G IR ) B4 G | 8%
TP R IR I AN PChRC IR IR 2 | 7= A2 H bR
WA CCARE A AR EV R 2 | B T RE T S
PRIV RAE B . SR, AR ALl AE
VITE SRR B 1 AR BRAR G I A2 LR S )R AT BE IR
JEARIRAS, BRARAN RT3, (R, BEAR 8 97 S0 2
KR AT RE D 1) BChRC R R FR ISR &, (HIX ]
BE T S A s S R BCHI bR T B 1 X L4
B3R5 . BT, R PLFA-SIPHRBENS 70 B &b &
BEIPChRCY), TIDNA/RNA-SIPH A M LAR ) 73 B
PAE CChRC ERIZIR . 54b, e A HER
B []6) STPHE A PR e T B A 443 G . K H%5 97
B[] B AR T DA I A= P 4 PO i, (R TE
B el i, FEEeC A A ] Rl i [ 4K PAHS
BRI AR 0= A IR SRR AR P T i P C e, B
A& XU (cross feeding)™®, MM S5 ESIP 285 - H B

RRAME . R, fEREAT SIPSEE 2 /i, — Mk 7R il
TS50 W ) S FLA P M ) AR AR, B AN
[l Seier H B, RS IR 2 1F o BeAbh, Sl AR PR
FE, LU RIS FRIN 8] R AR o i A (e e,
AT DA 25 3R SIPSEAR IR AT 5 BT, AT DAL, ARk
SIPH ARG AL E [ K 48 PAHSTS G55 i AN BE 73 2 5
FrH BE B fif PAHs [ 2l e il A2 0 e e B fgg i R 1) 2
R LIV € RS (DR

3 R 2K KR I 2+ 3 (Raman-
FISH)F AR

%GR AL A4 A2 (fluorescence in situ hybridization,
FISH)/2 201t 28 705K J LR I — T SR 87 2% A2 15
A BT B DA SRR 1C [ 55 % 1 R (DNAELRNA)
VERREL, I8 AL A28 I 5 1%, KR 2 1) DNAE#H
RNA T HITELHHE A 7R ok, 1T DLTE G R4 i T 25
FERENMERI AT, KA & b A 8 AL IR e 91 I A7
e FEFEAL Y. FEIREEAE Y 7, FISHAY
AAT DAF R %5 2 B RE S R A . B E &
) AT A B0, HEH R AEY16S tDNA.
23S rDNA L B AT (1 B@ X % e 17 41 B A fa
SE PRI o AR S P T, DL 6 [X 3 (1) A% 1 IR 5 97 S
BR, VLT 8 AR PP ) AL T B IRET, T DL R
ALRT RS S A E PR BE BOAAAE . T2 Roar At

P12 (Raman) Y i AR 0 FURE 5L 2> T 4540 5
SR — RS 5, B REEIC A RS TS
FEL IR FMRSORIT RS S J2 5 ], J e %o 4 P PR AiE
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WS ST UEE PR 0 1) B VAT, ) AT BBIr R AR o 2 T 1 (1)
AREERW FEAEY ST, RamandGigHARA
AT DAAE Ry — A 25 4 A R D7 32 WA s 8 v A 4 i
HgH M ZH o (A% IR SR oKL A KB R 5F)
(5 TR BNE R S Ak AR A e iy HLIE R 8 % il
A2 B AU D REEAT SR R AE 7. A Ramand't
T HEAT I P A A T eI AT ) R AR SR R AR
JRAL B T SRR R IR W B AR R
R E S HEFME (NI CE) AR, B
A AR Th e B S A A e % 2[R A R B Y
[FAY 1 B AR E IR A7 2 1R A P 48 i ) Raman i Y U
AT ARARIC TG0 MR K AR <20 H8 (K3 T )134%1,,
DRI S, 308 3 56 A= 4 4 B 1Y) Raman'e 3% 45 A7 7T LR
AL BA TRAARUR D RE A1) o

Raman$i A 5 FISHH AR HX A (Raman-FISH) 1] BA
J A7 R AE PAH s P fifg ik #2 vh 5 AR sk A2 P P 1) 23 Al
FARBIFAE (K1 3). Huang® WIE 2575 JL i th T /K
AN BCRRLINZE, 14 °CHER 72 b, Bokig
F FISHH A GHE 52 M AT B J& (Psuedomonas )i A )
(2 8] AR AT R, 2 )5 P R A KB5S 10
PsuedomonasQ i #47 Raman¥1. 45 R 7R, Psue-
domonas i} 1] Raman Y 13 o 25 J5 P 2 IR W AL 0 ¢
AR EAHR, XU Psuedomonas & 114 AE P 48 i
W BCEH EREFEW, MIMTUESE T Psuedomonas .
AL PR fRZE TS . Huang®s Yk — B0 Hrik
RKIL, Psuedomonas )& BT AEMIE MK HA AR
HIZEAC ST, X % W Raman-FISHIA A] LA T4
YiRh N RS TR, 4k, —SeHfF 7 F ] Ra-
man-FISHE RIS AIE 1 K 73 5 355 77 B A= 4 vl ek
PAH s 5 AT B fif 58 B 22 5240, Huang %5 B2 g J6 A
FISIPECAR K I, AR 73 2§ 55 T K VE T J& (A cidovorax)
WAEY A Re S 5 T KRR EALRE R RE . 2 )5
A1 X iz H Raman-FISHE AR B WA J1 ik 178
I EZE(3.8 umol/L) it R /K IREE 1, Acidovoraxit
ZEM B 3 SR, T AE iR 2 22 (300 pmol/L)
o N IKIREE A, Acidovorax 5 PsuedomonastEZ5 1] )5
Fr B R b A R S B R o XSS T U0 AA,
4 Raman$i R FI FISHE ARBR AT, 72708 2 24l
A T A S5 0 5 D RE IR TR, REEAE JRLAL
BRI A B A A Y%t PAHSHIAR S AR, IR IR R
B A L o

Raman-FISHH; A FH T PAHSs Ji A7 4 fif 1 2R A1E 14

AT REA B, HRBUEIAZ LR A BCH ZRIK
A DA 0 EBEE SRR R R, R
BRI k. B4, ia H Raman-FISHE A i 3715
IR T A A B s A2 2H Rl LA S AR it it #2455
SR, BEBT B EE PAHSH D REM A,
itk — SRR AR G FR K DI Re A Y (8% 2 4
PE JRA D Re g 1 S AR B AR S AR PO,

4 TRBEFEIESIMS)HEAR
TIRE TS H K (second ion mass spectrom-
etry, SIMS)/2& 44 RIS fe i i — PR TH 2 HrHoAR
© AR B T R (Cs 8L O ) 2 o [l 4 v 1y i 3R THD
(RUZE DAL ), R AR it 2 T W S Hh R i) — IS
T (I '2C . BC. PCHUNT, RCUNE) G| NRL R
Iy W, AR B ) O AR A BT
28 AT A A1 R IF AR, 19 o M R il SR T
MIFEA R FE S o0 S s B B A SIMS
BORBEAT JEAL PR P Bl 2R MR 2R T e R AE A 32 22
BN AESER T i B IR B R AL, HIAR
7€ [F 7 2R B TR [F) 67 3R PR i 1 IR (4 PAHS) 1%
FrEINITAE i B TR SRR, 2 R I IR Ar
ES S USUR S EI G IR Y TR R NI R E
75 G A I R S HEAT SIMS A HT . AR 4 SIMS 43
A A5 3 (AR ot 2 18 (R 3R = B2 45 U2 AT B AL 1 )
FAT AR Dl R R Gl A 0 4 i B 7 8] 43 AR AIE , P
SEEROGIRAI A (FISH) . AR 2 DU IR AL
Z A (catalyzed reporter deposition fluorescent in situ
hybridization, CARD-FISH). X/ % Jii{iZ 4432 (halogen
in situ hybridization, HISH)% 45 A B3k 15 1) H A5 5
AW A 3 A AE S, R BE % 1E SR AN AR KT SE IR
R € IV AR AR 5 B AR RO B E
A IR B (K13).
SIMSHAFA W e ) RBBZ AN A3 18] o HE 5, ]
LIk B0 i 0 A I AR 3R 4T 5 B ARALE , 7E PAHS R AL
AP RO FE o o BRI /). DeRito55 B
FE IR PChRC AR 77 12 dJ, FIHI SIMS
XF SR SRR AT AT, RINAE PC-R AL HE ) £
b, EYIPCHIE SR (PCHUNOARELT R FRIC R
My A 3R ) LB R T 10~401% , T B 3B P R D RE T
AP SERE ISR PCREML R B AN o IZITE T RN
HH SIMSHARAE 1 11 RAE L5 b PR A= P 7 T B
Ko fg B, Pumphrey s PR H SIMS 7 A X —
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Fig.3 Schematic diagram of SIMS-FISH and Raman-FISH (modified from reference [52])

PAHSsF#fi# 16 (Psuedomonas putida NCBI 9814-6)3E4T
WEIE, KILSIMS AL B PCHME 5 5 5 2l T 40
H BCHY R 2 W35 B IEAH R &R, IR B e it 5%
FH AT LR PCHAE 5 58 B2 R Tl A 0 i (L
)b SCHYEE L, kT AT LA SR B 2 B SR A ) AR
ML, R, SIMSHAE AJ g B T B Az 4 3%
R A= AR Dh RE R sE B0 A B8, T HL, BEE
SIMSHEARIK J& , Fef BN IR B 1 i 1% Nano-
SIMS SOLAHA T 4u 1) SIMSH A B = ¥ 43 e 26 ¢
(8] 73 3 A OO AT DL ARG it bt o 5 4 A K T e
AT EENE . HA6, Wi SIMSH A 5 FISHE R 25
G 7, NTIET] R R AL R AR PAHSs RIS A2 1)
AN F) I A D TR PR A 1) 9% 2R T L B H AR A A 1 26
FEOARUIS AT S LA YA S5 AR DR
HEME

HAR SIMSH; AR 7E PAHs 19 Ji 457 42 47 B fie ik 50
R R R R AR AT IO 35 R0 B L R R, (HH
PIAFAEAR 2 1] 3 20 (1)FF b ) % R o 72 ) 25 Pl it
SIMS 73 Bt BIRE S I, [ 7 A0 7K S5 72 AT g 3 304
SIMTIITC R R AR« IS0 I R T A 4 1) 1)
Rr g 2R, AT 5% e AR ) Dh e i TR 20 AT 5 (2) 7
AVRRAINAE. B, HT SIMSEARMAEF S RN R

FrRic AR A, Aric i B2 rh i AE 3 SOl
IF) 57, 25 A A R T XU, T i 3 s f 2 A S ) A i 1
e FIk, BARTE SIMSAr T 2 7l LARI FH FISHE,
ARARAR B IR b A2, (H R FISHE,
R EUE 5 SIMS 73 #1 (1) EUE GE #f hBE R 78—
ECARH A, RAEAFAEIX L 0 J, Rk H: T SIMSH,
ARHEFATIH A BT8R B AR o = B RUIRE AR
PAHsP4 fift it 72 b k45 55 B2 D RE TS ORI

5 GESRE

TR R HE R (meta-genomics). Fa 7€ [ R IR
EFHR (SIP). FL2 M1+ R (Raman). 2 R A7 2%
ZHA (FISH) PA K — B B HOR (SIMS) &6 KAk
J7 I R @ R 5T PAHs I IR AL & i 72 A 43 1AL
HIFRAE TR T RENE (R 1) {H PAHSTIUEYIFE
I FE B SR AL R AEATI AL T A2 P B B, A5 i 6 s 9 5
BORERSEIRRER: (1) BV 20 SR H SIPH A K
7R F AT PAHSPEf# D g AH E DL 3 2 55 9% 1l
AR, (0 H RN X L D e A I AL AU IR i
AR TRE. PAHsPEMNLEESE 2 H . 8 A
SIPHIAR Y RN A B G 1 T7 1, W KPR
PES R PAHS B MR T e 2B ) A R RV AH A5 R



WRAAINAE : 2234 55 K (PAHS) (W A ) B A (4 SR s R AE T vk

175

R1 TREIELLRAES AW

Table 1 Overview of different in situ approaches

Jiik FIIE L B
Method Information obtained Disadvantage
Metagenomics Identification of novel functional genes; Assembling, annotation and data analysis is challenging due to

Stable isotope probe (SIP)

Fluorescence in situ hybri-
dization (FISH)

Raman spectroscopy
(Raman)

Second ion mass spectro-
metry (SIMS)

Information on whole genome of collective

members in microbial community

Information on phylogeny of functional microbes

Information on the abundance, identity and

distribution of phylogenetically defined microbial

populations and functional genes in the environ-
ment

Identifying microorganisms based on their
cellular constituents (e.g., nucleic acids,
proteins and lipids);

Detection and visualization of metabolically
active individual cells

Detecting and quantifying microbial metabolic
activity and metabolites at the single-cell level

massive datasets produced by sequence-based metagenomics;
Screening techniques of novel genes are limited for screen-based
metagenomics

Determination of suitable substrate concentrations and incubation
times is challenging;

Cross feeding may occur during incubation

Application to complex matrix (e.g., soil) is difficult

Sensitivity is too low to detect the microbial cells with low
metabolic activity

Sample preparation is difficult;
Identification of microorganisms is challenging

e BRI TR 77 ik A P A ERACH 2 AL A )
T H; ()8R Raman-FISH. NanoSIMS-FISHf{ AR fié
5 F B2 0 B K T A A A IS R B o A= ) 4
e R G5 RA5 B, H H RTRO T R 32 2
L RAETIAE YRR U 2 2R ME AR I AR v, i R
AL FRAE T 5 2% AP o (4n 1358 ) 1) PAH s P i
T FEK A Raman. NanoSIMSH A K & 77171 (3)
Ak, Raman. NanoSIMSH; A5 HLYH g 7 55 57 AR
LR ZH A 3 R DL A B 4 BN R (OIS R Ik
A, K] e e R AR B A AR T R A M A
Mo AR RS S, N TR — A A B AR A 38
A8 R ALK (1) 3 - R A L3 85 e JL Al (4)BE A %
FhIEA RAEFC AR R R, 4 Ja BRI 708 5N o3 20
BEP - npH. 7K 4r MEESERT D e B A I 45 M RRAE
Je 23 [A) 43 A g2 ), 33k T DA DA Ak A P 6 At g e 1)
PATHCR AL EIS KR . 27 1, RIEE R BENE
B I JE AL 7 M 7 ORAE R, i IR A
PAHS ) R A7 B g ik 142 S e 431 B LA & S it PAHSs
TR R 515 SR IR 2 2R
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