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Application of FISH-NanoSIMS Technique in Environmental Microbial Ecology

Study

CHEN Chen'?, BAI Yao-hui’*, LIANG Jin-song’, YUAN Lin-jiang'

(1. School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. State Key Laboratory of Environmental Aquatic Science, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China)

Abstract: With the development of microbial ecology techniques, it is possible to analyze the distribution and function of
microorganisms simultaneously in complex ecosystems. To explore the application of FISH-NanoSIMS in environmental microbial
ecology study, our study used the stable isotope labeled compounds “C-C,H,,0, and "N-NH,Cl as C and N sources for cultivating the
pure culture ( manganese oxidizing bacteria, Pseudomonas sp. QJX-1) and environmental samples ( the shallow soil and anaerobic
sludge) . FISH-NanoSIMS was used to detect the distribution of microorganisms and relatively quantify secondary ions(?C~, “C~,
PCMN™, "C”N7) in cultivated samples, in order to explore the utilization of C and N isotopes sources by the pure culture and
microorganisms in environment samples. The results showed that the contents of °C and "N in the area of bacteria were significantly
greater than the natural abundance in all samples. It indicated that Pseudomonas sp. QJX-1 and some specific bacteria in environmental
samples could metabolize “C-C,H,, O, and "N-NH,Cl. Furthermore, this study revealed that for Pseudomonas sp. QJX-1, the
manganese oxidation only occurred when the carbon and nitrogen were consumed to a low level. For environmental samples, the
bacterial nitrification and denitrification were both observed in the shallow soil and anaerobic sludge. In a word, our study demonstrated
that the combination of FISH and NanoSIMS could simultaneously examine microbial distribution and microbial metabolic activity in
environmental samples, which will help us to obtain the eco-physiology information of microbial community.

Key words : FISH-NanoSIMS; microbial ecology; isotope labeling; carbon and nitrogen sources; manganese oxidation
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¥, 0t SRR AN AT G, AT AR B A ) 0 A
ARG LGRS AL R T B0 40 i 7 I A
R RRAE R ARXERE PCR 4R STUEY)
TS SR R ok, P e i e A g i A
YIS RS RE

FISH-SIMS, R 41 %¢ Jt J& fii J¢ 5 4% K
(fluorescence in situ hybridization, FISH) 5 —IK &+
JiEH AR (secondary ion mass spectrometry, SIMS) A
454 FISH £AK G YRR 10 19 SE 1 IR IR 4T
SR YIRS AT A5, I PO G B AR 4T 26
i (CLSM) WS E RIpE il FP A BZE S PRI SIMS
BORKM b3k O MM AEIR N TR /i 5 F
2, W IR R 52 BEAE JRUAE B[R] L% 3 SR B
SR A T R M RIE S SR | R oA S T RE A
587 2001 4E, Orphan B YK FISH 5 SIMS 4 AR
a7 I A SRR R AU Y e ARG B H
SIMS A 1 53 B 3 AR, A BE A R0 R0 G Ak
w2 ?Wﬂﬁ:ﬁ%%}ﬁi%ﬁﬁ(nano secondary ion
mass spectroscopy, NanoSIMS) A9 B8, 78 #h T SIMS
(A L. B NanoSIMS 50L HAT H 2[Rl 43 HE % | 755
LR T e 1 R Iz N bR, R
PR | 2 S5 U I g L S BR R
NanoSIMS A 45 & Fa € R R AR, 54/ iE
S (SEM/TEM ) | % Ol Jit £ 2% 3¢ ( FISH)
SEUORI R A A A SR T B
SNy

ABISE S0 LALE T B TR R S I 2R IR AR 2R h
1, BT T ANl F) F FISH-NanoSIMS £ A 52 30 76 J57
L[] I WAV AR ) A e 2 (] A1 T R URR S T g
R B AU R TE SRR U E W) A 2852 B R
I Ay 2 A

1 #RE5FE

1.1 FERLEESR
L11 4RI R

AR . ISR A B R QIX- 1 ( Pseudomonas
sp. QIX-1) , % Pk oh 9 mi TV TS B 1Y 1 39 40
BIAlAAE B BB R AN B AR AR U R AR
(KAH ).

Be R k. T MR KR 3R OR A PYGU' B 3R 3L
( peptone-yeast extract-glucose ) , H AR R4 A 8 H I
Hi%iWE | BERFE 4 0.25 gL' ,60 mg-L™'H CaCl, -
2H,0,0.5 g-L ™" MgS0, - 7H,0; X5 FIf FH 2% vh i
K 4 ¥k BE A 10 mmol-L™' % HEPES ( N- 2-

Hydroxyethylpiperazine-N'-2-ethanesulfonic acid , 4-#%
CHENRVE TR ), 2 8 KT (0. 22 pum JIEFEE) J5 n
B R KGR SR 5L pH Hol 7.0 ~7. 5.

FRTG AL B3 mL PRFFT - 80°C vKAH I TR K,
INZEXEA 27 mL FEE PYG R 37349 100 mL 2
B TEREEAR(30°C,170 romin ") IRIGHGFE 24
h M3 mL B3R G MWW, R EIRIRAE IR, 58 i
PPRIE L.

FIRERT SR B 10 mL 3G L )5 B, N 23 hA
90 mL B PYG £5 3234 250 mL HEIEIR H, in A
Mn® " (AW E RS meg-L7"), M APC-C,H, O, .
SN-NH, C, i 3 ¢, N JFidt b2k 100: 5, B T16 5 3%
JR(30°C,170 remin ") Ho33lHRZ 1% 2 d, 10 d,
20 d. [RIEFEE 3 A Mn® " [ 2 FRAE S X B
1.1.2 BZREMRNIAR

TR A8 Sad s e AR o SR S X 52 g
K AL AR YRR R 2 1 3 06 PR TS e B F TR TS
FRACER i F R TE . o AR 4 ¢ 3 (IR
) M4 g WHPECRER) SR EFRAG O, K
B FKZE 100 mL 15, 3 in AP C-CgH,, O,
SN-NH,Cl, i F € N JFit Fe 2k 200: 5, FEA RS, filf
HAR T DRARCIRES B B, 43 1) & T 30°C H i 35 7248
HhEE RS 10 d.

1.2 FESHALEE

2.0 mL B85 55 )5 BFE TR0 A,
8000 remin~" B .0 2 min, ¥ UL H 1 mL 50
mmol-L ™" ) B B2 £ 2% #l I W ( phosphate buffer
solution, PBS) V& ¥ 3 ¥X,8 000 rmin ' Z 0> 2 min;
BITTER T 0.2 mL %9 PBS 1, A 0. 6 mL 4% [
Z R W [ ( paraformaldehyde , PFA ) &, 7£ 4°C T X
B3 hJFEH,8000 g B0 2 min; KT HEET
PBS R iR 3 W, PO 2 B R UTTE 58
42T 200 pL PBS H1, IF A 200 pl Jo7K 4B,
- 20°CPRAFE .

1.3 FNENI AL

P EAR R 10 mm 0 BE #3E A A TCK Bz
HIR, PR AT IR IR A B 10% + KB R #%
BRI RS R 2 b R BUH  E =R AAR (18
~25C) FJCE 12 hy B2 wL FaRANFEJS AORE A,
BIo)ik T b, BRI E KK 50% |
80% . 100% Y Z.EE/PBS 47K 3 min, H ARG
HATHACIALS.

BRI T FH A% TR AR AT B X 7 11 el L
1,4 FR A A0 28 mf i FH BRI (FA% ) W B AR 3 1
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B 36 4

PN #E AT 2258, BIMR IR 42 3¢ TBD1419 | EUB338.
MR, UL T A A g = h kT, H Uk
YT S IR T AR B A RE A 24 S T A 2
mL 2238 5% vl ik, U8 4R A TV . B IR R Y
BRI BE T2 b R EL 9 Wl 2% 28 2% i Fl
1 pL(50 ng- wL™") MIRENR A J5 I8 16 4060 2L 3kt
o, A 46°C 2 229 AR 30 ming ZRJFHL 9 pL
TG R IR A W S TR AR AR A b, B Il 2 58
R E T2 (46°C 12 r-min ") 43 3.5

b [R) A7 Db % o VBRI R 4% 1) 2% 58 % R 2%
IR 3.5 b AR UE B S R, R
45°F F IR A AR T 5 2% 28 2% o L ik
PEGE MR 4°C 27K B R To0E ke, FH OB 4R
TG EIRCE 12 h; BB HE Tk E,
DAPI (10 mg-L™", Sigma) i 4 {4 10 min J5 JH 8
4l K Y2 2 450 DAPT Yek), TG FH ug 48t 17K 43
KLERE 12 h JF¥ SR BB 26 KR, B
MER.

F1 KA AT RS R R

Table 1  Probes and dyes used in the experiment

i FH1(5'-3'51) SRR VA FERANE Bkt Bt
EUB338 GCTGCCTCCCGTAGGAGT 338-355 EIEES Cy5 ARG
TBD1419 ACTTCTGCCAGATTCCAC 1419-1436 SRS LA B Cy3 gfa 18]
ek FT A 4 DAPI 1]

1.4 FISH WS 5545001

FH 06 30 3 #5588 B R BE (CLSM, 7 [,
LSM780 ) Wi %A= A8 5¢ i 2 3 v, S A% 85 (10 x )
FHGPERL 7 x 7 14 ] 3 5 40 BT £ X0
07, SR B AR5 (20 x ) o o7 IX 341 3 1A
1.5 NanoSIMS Y XRE 554k 43 Bt

FIH o R 27 B b 5T 55 b 3R ) BB 5T BT 1Y
NanoSIMS 50L %Y 44 K &5 48 £ B % AL (32
Cameca) TR 4081, FEmH N™LLCN™ &+
JE A, 15 TR R I 2 A — R 0
BCT L PCHNT L PN B R E S 1 2k A it
W Ab P B TFREMIEN. JEHZ 1 nA (1S L
I PO SR 2 100 nm ATREE , FEH 1.0 pA —
U IR Cs ™ IR FE i, BF i 3R TR I 5 1 7 — R
B ki RO R R B R R
HTEG. SN A 150 om, FHRE N
256 x 256 , 15 I A BHR R 20 ms, BIERSTHE 10
pm x 10 wm ~25 wm x 25 wm Z 0], F4 250 #
i REEDOE RS R R ST T A5 B A 45 SR O R
HAR]L AL PR R 2, XS w2 &N
B IE 1M Y.

WRPEFESHTE CLSM F A A% (5 A SR 40 M, 21
R TR, s R b)), vt 7E
NanoSIMS | FYWMIEL X 38, X FaiBs Feke i, Mkt
LT o [R) etA7 7E BF, 30 80 0 IX e A R (X ek, %o T
SAIRBEREML, 2 CT B (PCPNT ) IR E R H
WAL (SR ak () [R] I A7 e B DB 428 12 IX I 1
FEE KB A 8 U = R, R
Image J BIEANFE A5 HHARRIJC R HUE R XA

TCR (IR T) 4340 B A2 B K/l EHROWLE8 A5 4
FEm R RBRA (C, "N) AR5 5 R
FrC- 5% KPCPNT H5PCHNT ZE W A E RN,
BILARC/C, "CPN/PCH N HUE R SRR
3 AT AT g i, IR S = AR R
("C/"C=0.0110,"°N/"N =0.003 70) FEATXF EE , 43
B AR Poxt [l o 22 ik A A 1B .

2 HR5iITE

2.1 4iFERFRIERR
2.1.1 NanoSIMS i 437

J T FISH-NanoSIMS 5 AR 7E 4l 1 55 37 4k & b
IR F HE 1. S i ik, 4R UL X8 (I
K1 s A, B) 7 NanoSIMS 501 W%, 45 5 W &
1 41 Al ~ A4 Bl ~B4. WEEL B FISH & b4 53
X2 MR ERBRE(PC, "N) B FEE R
ERTIARFEAE, 64 A A TR e i 1R 5 R
P EA Y C-C4H,, 0, FI"N-NH,Cl. Amann %"
B o HZ A ARG 235 F5 K 2R v 2 AU R X i D
(ARG 0, T 9% 2% BH 2 S8kt v B 8 AR P C-
[UG[i78

S} T 4R FISH-NanoSIMS H7 A X 4f [ 15 55 14 2
R R S R I E R 22, LA 3R 10 d 5 A9EG
AALEE (K= Mn® " AT M) R XF 42, 43 5]
S H 3 ASEAT I e/ 0, PCON/ TN TSR
b, R 2. 4 U8R MXTIR Z /N T
10% . tH FISH-NanoSIMS 75 & 20 5 35 7 0E 5 ik
R R 22N, e W H A 4l 3 55 2R R 1
e HA A AT,
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A, B3935 10 d B Pseudomonas sp. QIX-1(A; FiFRFEM Mn2* | B: A Mn2* ) a. b g%t FISH &, % (5 15 5% DAPT Jek); 206
N EUB338, 4N, Al ~Ad, Bl ~B4 4 A B XJ Y NanoSIMS [&] , [l #4464 2 60 1 0 38 = B A

Bl 1 Pseudomonas sp. QJX-1 HJ FISH-NanoSIMS %3 #f

Fig. 1 FISH-NanoSIMS analysis of Pseudomonas sp. QJX-1

%2 Pseudomonas sp. QJX-1 B NanoSIMS 3 #iR &
Table 2 NanoSIMS statistics analysis for Pseudomonas sp. QJX-1

BB B FREETE M )

i AL TR (BR300 M2+ )

g Th% T « bl R % ah% T = b AT %
18 809. 00 25 099. 00
Be/ ¢ 22 073.00 20 189.33 +1689.21 +8.37 24 345. 00 26 038.67 +2311.49 +8. 88
19 686. 00 28 672.00
10 039. 00 9337.00
2CBN/2CI4N 10 282. 00 9 822.00 £598.76 +6.09 12 407. 00 10 346.67 +1784. 42 +1.72
9 145. 00 9296. 00

2.1.2  Pseudomonas sp. QJX-1 %f 58 A1 2 M HXT
[7i) o7 2% e LU ) AR

W AR T T Pseudomonas sp. QJX-1 TEA [A) i
] R SR A IR G, DA LA P [ 37 2% i 280 75 e B
AR . X R R A 3 AP AT XA -2
HHAT AT, WIEL 2. 45 R B, BEE B 95 ) (A1
o A R R R 7 R R B e s sl b 8
7220 d J& , A 200 AU I s A 53 A i
G IHATIES, K A IRAER: % 20 d J&, W IT
A A A (ORI S 8 AL ), B B SR AL AL
HIHAS 78 Mn® " FAFEARPET 0 EH FE 2 IRk

BARKES | Pseudomonas sp. QJX-1 A 2 #1744 A Ak,
X — RS T A AR O oR 4 R i e AL A T
Pseudomonas sp. QJX-1 J&Z 8 FWAEY), XA HAE
PO RTAR K | HEHG R RAR /N | AT R 3 32
WR(b) Bk, WAFER(K,) BN, HAEZEE TR
AR R
2.2 KRR
2.2.1 NanoSIMS L 44t

N T i FISH-NanoSIMS $ A7 52 23 Bifk 2
H T, FE R LS R TR U v R O IX
(WE 3 1 C, D), FH7E NanoSIMS 50L |- W%¢ , 25
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BRI IO E i KN, IR ZEEREE 3 A PATHE S AR IR 2
B 2 Pseudomonas sp. QJX-1 EFITRHPEANFNERAIETL

Fig. 2 Contents of carbon and nitrogen isotopes during cultivation of Pseudomonas sp. QJX-1

C. D Z}5IAEEFE 10 d BRR)Z 13 PRATS IR ¢ d X FISH [, 03 5 DAPL Y4k, 21624 EUB338, E (L4 ; 4k (54 TBD1419,
BT REILAN; C1 ~C4, D1 ~D4 2 €, D XFRE NanoSIMS &l , 8 A4 IR € 4 A 2k B TG 38 R (1
3 RS RHERAN FISH-NanoSIMS 53 i
Fig. 3 FISH-NanoSIMS analysis of complex environmental samples
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JWE3H Cl~C4, Dl ~D4. WEELM C,. D
L AE A AR (S fa) |, RUIRE AR E
Terh e AL A 5 75 A ik & B FISH [
YA TR 43 A IR (20 ) R Z A (PC L PN) 1
FEMERERTIHARFEME, REZ L HEA
IR TS R ae A AR °C-C(H,, 0, . “N-NH,CL. 1%
FORAEW 52 52 2% 0858 0 3 v A 0 X [ 67 286k
PR AR R B A R, 0 i 4R R % R IR
B B N7 i 52 A A 0 R O T R R TR R 8 AR -

CH,OH.

J T R} FISH-NanoSIMS AR % 52 4R 5 1A 2
rh R B A R B B N TR 2, DA AR 10 d SRR
JZ HHERRE TS5 U6 X 42, 3 B 3 A4S P47 Xk
HC/C, CON/PCH N B T T b, 4 R LR
3. 4 QB AHXTR 227 10% ~20% Z [8],
W] FISH-NanoSIMS 7Eil it 52 2% FREEAE A I A iR 25 4
LR R IR, e BB AR X 4l B 4% 3R 5 v ]
5 ZE B 1 (A0 3 BL 52 2 PR A TP R Ry v

#®3 IFEHMAM NanoSIMS S iR

Table 3 NanoSIMS statistics analysis for environmental samples

WK RE T4 REERERA
B/ % EHIE + bRk 22 AN IR % TR/ % SFEEIE + bR 22 HHXF IR 25/ %
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