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Abstract: The relative abundances of bacteria and archaea in major oil-shale mines ( Fushun Mine
in Liaoning, Huadian Mine in Jilin and Maoming Mine in Guangdong) of China were investigated
by fluorescence in situ hybridization (FISH) method, and three types of samples were collected
from each mine, including sandy soil, freshly mined oil-shale and weathered oil-shale or
underground sandstone. The optimal hybridization conditions of TRIzol and lysozyme were
beneficial to increasing the hybridization rate when the hybridization temperature was 46 C , the
hybridization time was 2.5 h, and the volume fraction of deionized formamide was 20% . In all
samples, the relative abundances of bacteria and archaea are above 50% and below 5% ,
respectively, and the relative abundances of bacteria and archaea in the freshly mined oil-shale are
the highest. The relative abundances of bacteria and archaea are different between any two mines:
bacterial relative abundance in Huadian mine is the highest, followed by Maoming mine and
Fushun Mine, but archaeal relative abundances are just the reverse.
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FUABAERBIRS A A S A TR, U A
240 A T R N AT AR U, BE R SR
(Tt A S S AR ) — 0%, B IR AR AT 1
17T 2 1 i AR BRI Fp ) A1 AR A TR X

FISH A — R AR 1 12 6 iU 2% 52
FOAR AT PR B 2 e BRI AR MR VR
AR S o3 A B 25 FIAR X 8 25 A AR AR, E N
PRBE (o A= A I 14 58 A 77 TR AR SE ) FISH
PR A [ 32 2 e B X (AL TR 3 AR
M) R ASEAA ) 10 A R R o 0 T 1 AR X R
ZS [l A RORE S T AR Y8 SR \DNA il 42
PCR #8717 A A fin 22 , 2 ot 3 [ 3 02 B 5 v
AW IR BR B9 AT £ 4D 5T, o R i 5 Y A W 0T
R AP B A 2527 5

1 SERAR N T ik

1.1 KIa#A

FESR AL THEM (41°50” N,123° 57" E) |
TR AR (43°007 N, 126°47" E) FlJ ™ &K % 4
(21°41' N,110°58' E) il VUAH". B4 R4 3 F
FE i TRMTR F S 2 0 R 8 R IR, RAEHT I
T (R A FX R MX) | XUk i 00 (kR
FF 1 MF) f15" X b+ (KK A FT Fll MT) ; #¢
T I T IR, TR TUA, PRI oR S 37 fif
WA (HX) B X8+ (HT) A5 8ok S i A
BB RS (HS) . BAFEARE 3 MER,
SKAEHL AN A 20 m x 20 m, [A] 7 £ 500 ~ 1 000 m.
KEERFEIRIZ 2 ~ 10 om, £ 55 BURE LR RE.
B A SE R, TR IR 2 52 4 mm
i, DU 43k B % A 50 mL JC T B0, K
AT S g . BT A B 2 m 78 RKHE
Ja MLl . SIS B i il A TAEY T
TR A FRA 54 . EUB338 (4 R4 .57 -
GCTGCCTCCCGTAGGAGT -3 ,5’ fpid S Hi A
fREh DR (FITC) , WK 492 nm, & 5
Pk Ky 528 nm; ARCHO15 (15 40 & #841) .57 -
GTGCTCCCCCGCCAATTCCT -3 ,5° tnid b i
3(CY3), Hmg ek & 4 550 nm, & 4§ K Hh
570 nm'®’.
1.2 XWHZE
1.2.1  Z=58T7ik

1) BARILEE. 20 g #2454 A 100 mL PBS
(8.0 g NaCl,0.2 g KC1,0.2 g KH,PO,,1.56 g
Na,HPO, -2H,0 ‘&% 1 L) 1,160 r-min "' 7%
30 min, i A 500 wL 4 100 mg - mL =" ¥ B B2k 4L

$7%% 30 min; 600 r-min " &[> 5 min, K 1§
13000 r-min "' .0 15 min, & I PIIRULEE ; BT
VEFE BT 3 mL PBS H, il A SEIR R i 4 ECh
60% [ Nycodenz % FE#f E4r B W, 4 CF,
12 000 r-min ~' Z5.0> 40 min, WE FIE WA E
;4 T12 000 r-min " &> 40 min, W EH A DT
VE ; TR TRRR B2, i OD 2970 1. 0.

2) #BE R AbEE. 2 g BRI 500 mL K,
TN B B 0 T 15 3R B R O B S T
12 10 min,60 CTHET 2 h, il I 2 BE A

3) ZRHEERE . KL BR 1) R 3 f5
DL ERFUAECH 4% B2 R PEE 4 C e,
12 000 r-min ' #.0> 10 min, Y5 H 4. PBS i 1k
B, 12 000 r-min "' B0 10 min, WEFIA , B
3 W CBIBE R TR RS TE PBS 11,4 TR

4) REFHTALER . B 20 wL 3R 3) MRS
TAHBE2) W R b, AR AT ik
FESHE 1.2.2 45, F - 20 CHA ) 50% ,80% Fi
100% B BEK 3 min, H2AX T

5) ZRAE 20 wL BEEF 2L AW (7% 0.02
mol-L ™" Tris — HC1,0. 1% {9 SDS,0.9 mol-L ™"
NaCl, 25 2§ F B Wt e ) 7K R P I 45 2 pL
(50 ng- wL ") INFEA TR 4) RS, FIRE R IR R
HZRAC. ZRACTRIE I ) AR AT Ze 58 b 25 1 1 H
Pk fie v i 2 10 1. 2.3 5.

6) ZACIE VR . B A T 48 C HH Y
50% HERE /2 x SSC %51 (50 mL % &5+ H e
10 mL 20 x SSC E %L % 100 mL;20 x SSC:17.6 g
NaCl,8. 8 ¢ C,H,0,Na,-2H,0, ¥ pH £ 7.2 J5 &
2% 100 mL) PEZ 10 min x 3 YK ; 7T 48 CHi
I SSC (20 x SSC #ii B 20 %) 1% 10 min x
3UGAKIEVEE RT3k 6) 545 7)

7) DAPI 341t ; 60 L DAPI YL 7E 8035 A
Fedb B %3 ~ 5 min; PBS ¥ 3 min x2 X,
Al K VRIS FAR T I 10 wL H96G e K B A
W B S T BB 29O B UEE (Leica, #218) T
1 0001545k
1.2.2  FRE LB =01k

W 2 SO0 A AT FXT . — 2 ok 335 1T
(10 mg - mL™") 37 CAb# 30 min; 55 —4H K
100 wLTRIzol & 7 % AL B 5 min J5 757 15 B
(10 mg-mL ") 37 C4b# 30 min.

1.2. 3 ZMsCiR | 2% 5 e [) A 25 7 R I g ok
FEPAL
FESCHR[ O ] FEml b E AT 2428 R B | 2% 28 B ]
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I 18 PP T v J38 25 2 S8 AR A, IR 1. P,=A,/A x100% ,
1.2.4  FISH Fa I 2 B ANty 20 B AR X = 5 Py=1-P -P,. (1)

SCERE S NPT FX, FF, FT; #fa B~ HX,
HS,HT; &4 MX,MF,MT.

JriklE 1. 2.1, B & A B R 100 wL
TRIzol 7] % IRALFE 5 min J5 P& (10 mg -
mL ") 37 CALFH 30 min, 24320 K 46 T, 2438
BFR] A 2.5 h, 238 ik b 2 8 Y IR e A AR R B
h20% .

BEAFETBENLIEE 10 ALEF x 3 4N FA7, i
SRR EY 2 TRTRR L ot A PR BORN A TR AR B A 2
AR ERE(P)) AT A ARRXT FBE (P, ) KSR AT
Uy 20 B A0 H A B A X S (Py) TR
Uiy

P, =A/Ax100% ,

KA, A, A G AT | 4 T 4 T 1 4R
H, Hatah
A= (A +4,+A))/3 . (2)
A RN G A E AR 3 AT
an P IECH | j AR o A B2 T A, ~
Ay AN ol A0 A T Y 3 AT RE Y S
H.A ~A, it5ELCh
A, =(a;, +a, +---+a, )/10

W10 (i=1,2,3) .
(3)
Ko, ~a, K ATATRE 0 10 A~ 0L8F

T ST IR A TR 7 0 T R A TR

x1 ETEHRL
Table 1 Optimization of hybridization conditions
Ak 211 22 413 4 4 45 6 M7
FacE/C 42 42 46 46 46 50 50
=22 El/h 3 2 2 2.5 3 2 2.5
FeACW T 2 B T W SRR A8 % 30 20 30 20 40 25 20

2 ZER5HE

HmBETRMIL

FIA FISH Ao il AS [5) 2B G A= sk, e 4
(R SRR RE i v fC2E 0 200 R RE (Y 4% ot R
KA N HR AR 45 & R4 I RE 1 34 4 AN AR TR], 5
Fe AL TR 5 e AN ELR e e A, A IR EH
A B AMB IS 0 AF A2 IR 4 28 1) & R Tz
FAE ) B —PERN A HEAK I T 2238 I $h Wk TR
JEE RS ) 5 | DR M i e 0 4 38 S A A T R A
AT VT 37 CTAL3E 30 min
(¥l 12) 5 H TRIzol & AN 5 min J&5 PRI 14 i
37 CALEE 30 min (& 1b) AH EL, 33X P A RE & T4k
PHT7 A Z4 28 B0 25 5 U Wk T 2 A0 R A, A
2520% , H 9 5% B R — (&l 1a - FITC, [F]
—Ff 5 DAPL YR AE 2 EME Y, FITC Ytk
TEAHTR ) ;1M1 J5 5 A4 28 R AR w3 29 40% (&l 1b -
FITC, [A]— ¢ DAPI %t {6 & F 4 3B i Ak 9
FITC YL {0401 ) . T WL, TRIzol FIi i fil 34k
7 AR A B S R S AL R 1 4 28 .

2.2 ZEXRBRE ZXHEMESFRBEER

SERN
MIRAZIRE Hy 42 C (F2) F1 50 C (K 3)

2.1

B, 2% 2 HE T SIE 56 1) 2 38 SR S R B, 2258 5 0y
HUIETF 50% F130% , H2¢ 50 B 4 B s A —. 24
FATHRE g 46 CHF(E 4) 554 F A 5256 Y B
TEAFEISCR 5 42 THI50 THIEL, 24385 1 i
PR, DO I AR Sk IR A A TR
EEE AN N S SEAE TR 45 &, 15 B 4% 38 B[]
2.5 h 2428 A B R R AR B A3 5k 20%
i, 24384230 100% (B4 Hgl 4)  HEdese g
BHZE3 5] | S — A A PR 2 38 2 k.

1 HSETAEA AN
Fig. 1 Effect of sample pretreatment

(a)—VA i 37 C/EM 30 min;
(b)—TRIzol /£ 5 min J5 % % i 37 C1EF 30 min.
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BRI E AT | 4 32 BRF ) R 4 22 R Hh 2 B P
J¥ig B AR 3 B o 5 W 22 58 S N ) S B TR R
A Tl JE e i AR S AN e 4 (T 4 R 3) 0%
AL TE] 5t 4 23 10 Al 5 i TC LR AN R 2O T
SRR SR (1B 4 4 5) . 2R 5 A il
HAE 37 ~50 CZ[0]  RAEEREA R BRI A —
EZES (HE R 50 T, W TR R4 I A o8
NAERF 2 RS T BB A R, 7351, 2858
TRCPP TSN B AR i) 25 1 A mT A

RIS S TR HE R TR R, 42 g A s e

#11-DAPI

#1-FITC

#12-DAPI #2-FITC -

B2 #TEEAH42T
Fig. 2 Hybridization temperature at 42 C
4113 h, Z 8T B AR ECN 30% ;
4 2—2 h, KE T P B AR ECS 20% .

#6-DAPI #H6-FITC

#17-DAPI

#7-FITC

B3 HXEEAHG0T
Fig. 3 Hybridization temperature at 50 C

2 6—2 h, LB F P BR8N 25%
M 7—2.5 h, KB T H BRI E08 20%

2.3 FISH#&MMTIAPHEBFEN G HEMEIFE
E

BT B e A4, DAPL RAEGAEY)

%4, EUB338/DAPI #ll ARCH915/DAPI 435l %

AR A it o 2 T R ol A o A B O L A B

#3-DAPI

#13-FITC

#H4-DAPI

#15-DAPI #5-FITC

B4 #ZBEHI6T
Fig. 4 Hybridization temperature at 46 C

2 3—2 h, LB T HEBRAATR 508 30% |
2H 4—2.5 h, =BT H EIARTL 500 20% |
153 h, BB THERATRECH 40% .

ARG EE. T S 2 LG 30 00 A A Sk Y
AP Y 55 i B R RN R £ 9 FISH & i &
8. MR R 6, KR B AR DS 4 iR
EUB338, H: 5 sihric B9 9 e ek FITC L4k,
PEEYe Rt DAPIL R0, —H B NG L ME @, FH
P A TR R R €2, R R B AR A W 2SR R A T
REF ARCHO15, H 5/ s bnic U 2EOG YLk CY, &2
7140, Ykl DAPL 250, — XS hiE 23 H
6 % 2000 T Ry 40 T =22 A0 S K SR S DAPT
P4 €51 5 T 25 B 0 B KRG T 2% ot

Bl 6 A&FEMANTE (P,) A (P,) FIERIX
Wi SN A (P,) AR 2. T4 E, 165G,
JITA RS AT B AR 2 I TE 50% DL L, Ui AR
AN X R R ZEAURE S S RIS v AR T
SRR T A B R i SCk [ 2, 107 W]
M AW AR b, LR MT Fil MF, 4016 2 4+
PESHAWRE AR He g 22, HHL B K (4.83%  ~
5.09% )l pH (3. 14 ~ 4.79) HE A%, WESE
Sl 5L IR B T A0 BN A A B it
R P RORAT FORLA o AR 2 RE 0 IH 41 B 11
A AEE R S TR, A X TR 3 Rl
FE BT DA A A AR = B A, B
TR - ARSI GO S iR, X AT fig 5 7
MU B SRR FRE R A i B A K 5
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JERI, B FF &35 2. 25% ,FX B 5k 4. 53%
M AR 4055 o iy 200 T A X = B e LA P {1
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5 HEHMIUER M FISH
Fig. 5 FISH image of freshly mined oil-shale sample
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Fig. 6 Relative abundances of microbes in oil-shale

samples
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Hh 25 B HH IR A AR R 53 880k 20% B, TRIzol FH
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