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Fig.2 Schematic diagram of DNA-SIP (modified from reference [26])
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JEARIRAS, BRARAN RT3, (R, BEAR 8 97 S0 2
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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,
R DA 25 5 v STPSE IR (1 I (5 2 BT TBAFIUAL, Ak
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
AR LR SRR L K 5% H IR (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

$i 2 (Raman) Y6t 5 AR SE B 7UFE 7 45 5
SR — RS 5, B REEIC A RS TS
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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%
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AT EENE . HA6, Wi SIMSH A 5 FISHE R 25
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HAR SIMSH; AR 7E PAHs 19 Ji 457 42 47 B fie ik 50
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SIMS 73 Bt BIRE S I, [ 7 A0 7K S5 72 AT g 3 304
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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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