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PR 16S rRNA FE[H 7o SCPE 2 [RIFEAE B 25 22 5, X B AL PR (L34S B y—Proteobacteria, HENB AL BRI LK BESE Bacteroidetes ,
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Impact of the Treatment of Oily Sludge on Microbial Communities Structure by Composting

WANG Xin—xin, HAN Zhen, BAI Zhi-hui, ZHUANG Guo-qiang”

(Research Center for Eco—Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China )

Abstract: The degradation dynamics of total petroleum hydrocarbon(TPH ) and the structure of microbial communities were investigated
in the process of composting oily sludge. The removal efficiency of TPH in oily sludge was 53.3%+9.5% with compost treatment after 90 d
incubation, which was significantly higher than that with control treatment(P<0.05). Average well color development(AWCD) of Biolog ECO
plates showed that there were significant differences of carbon substrate utilization patterns between two treatments (P<0.05). The high
AWCD value of compost treatment suggested that the soil microbial activity was enhanced by composting, which might be responsible for the
enhanced degradation of petroleum hydrocarbon. The principal components analysis of the Biolog data indicated that two treatments were
clearly separated from each other. Furthermore, 16S rRNA gene clone library analysis indicated that dominant populations of microbial com—
munity in the control and composting treatment were y—Proteobacteria and Bacteroidetes respectively. Marinobacter and Alcanivorax which
were abundant in the control treatment might naturally monitor degradation of petroleum hydrocarbon, and Pusillimonas and Agrobacterium
which were rich in the composting treatment might also involve in the degradation of petroleum hydrocarbon.
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GBS R FIHENE I A B B Ve A T Z A AL
AP AL k2 —0, SR B RSR AT b
5 TR AT IR 2 48 TP E R AR AL T T ™, X HEAE
AT A MR TR S AR R A T DL ARGE , XA I TE
R R AR A E AR+ A BR

AT SR FHHEAE I AL BT U, shAS Wl &
£ {42 (total petroleum hydrocarbons, TPH ) & & 454k,
PLY f AL x2S e i A iR i R AR SOR. o [RIB
k% Biolog T AE Y A 3l /3 HT RGEFN 16S rRNA P 5
R SCRE S T B T A TR IE S5 R AL AT T ISR
VUSRS A 2R RE R, 8 T S5 TR HEAE
SEBRA TR M AE S T RER R R

1 #REFZE

L1 gkt

PR T5 YRR B 5 H o SRR AL 7
T E T R R 2R A PR IR R AR A
RER EK B pH (B A TRAL MR, 45 Rk 1
PR

F* 1 il &ihiTRHERELHER
Table 1 Physical and chemical properties of the oily sludge
R YE| e
2Rg-kg! 1.2:0.1
APLG/g kg 210.08.5
WA R /g kg™ 45752
BB img kgt 10.8+0.1
B Img kg™ 336.0+48.1
K &% 30.4+2.9
pH 7.8£0.1
TPH &8/% 12.3+0.5

12 AR

B HEALFIT RPN b3, HEAEAREE(COM) ¥
15 kg S MIT5 U8 .10 kg Z %K .5 kg MAEFEFT .2 kg 44 3€
11 kg IREBAZERIFEH (K 60 cm, Fg 45 cm, 7 45
cm), IRAIIE], AV A EKEE 55%, HREZH
B, MRS . HEAEFGRAEE | A4 3 d Bl 1
W, Z IR 1 IR DL B AR S5 Ve Xr
HEALF(CK) o433 F46 0.30.,90 d SRAE FEF 23 R P
43— RT, AT BAMEE 'O 75—
FETF 4 “CUKAH , AT Biolog S M R TERE SCE 34T
1.3 TPH £ 249

TPH & ERAEERWE Y, FREC10 g M+
i, 5 1 g JoK NaSO, 185 . RA] 100 mL IEC 48—

AW LEREN; 3 ESHE A R4 20 min, i3 3814
WM. FTOK NaSO, BR7K, BT EMERRBENT,
FRFELAZEE, ERENE TPH § &,

1.4 Biolog 4%

% F Biolog 1 4= #) H 3l 43 #F & 4t (Biolog, Hay—
ward, CA , USA ) 737 - 302 Mk IR FHARE . FREX
YT 10 g Bt HEAF 38, A 100 mL JCE&
f 0.145 mol - L' ) NaCl ¥5 %% , 180 r-min~ LRI
20 min, #+E 5 min, 2 FHER4RWK, F iR NaCl
VRS R ZE 1000 £, F 8 Sl TEAAE d ks A B
JAZ] Biolog Eco S LAk H, LA 150 wL, 25 C
fEE S, B 24 h BE2EL 590 nm JEK T HWREME,
FrFrmta) 3t 240 h,

FLAGSFE 282 €8, 25 4k 2R (average well color develop—
ment, AWCD ) {3 E 0T :

AWCD=X(C~R)/n
K C A FLROEIE, R Xt AL RSB . n
A Biolog TR IBRIEFIEEL , Biolog ECO SfLARA
B-F B -D—E A HE 5 31 FhBRIR , n B 31,

1.5 16S rRNA E X 52 E 2 17
1.5.1 H3EFENZH DNA 948 BUM SR & B i xR B g™
3 (polymerase chain reaction, PCR )

R Zhou SFMHRIE Y 75 ¥ M 3R A FR AR UG
DNA, >RH] Omega ZF IR HHEERE i) £ 2 AL H 52
.6 DNA, DI4lifbf5 i 135 DNA Rt , AR
59 27F A1 1492R #4T PCR ¥ 35, 5|4 27F
A :5'- AGA GTT TGA TCM TGG CTC AG-3', 5|¥)
1492R 4 :5’'- TAC GGY TAC CTT GTT ACG ACT T-
3', PCR ¥ 34 s i {2 (50 pL) 4G DNA 54 2 L.,
10xPCR Z& #P¥A¥ 5 wL.2.5 mmol - L™ ANTP IR G V5K
4 pL.10 mmol - L 5|4¥J4% 1 pL.5 U+ uL™ Taq i 0.25
pL K EHAEK 36.75 wlo 84 ROMAR Ty : 94 CHi
25 10 min, 94 CZF 4 1 min, 55 *CiB 2k 1 min,72 °C
FEAH 2 min, $t 30 MEFF, B 5 72 CIEM 7 min, R
1937 REWHEE S FL Ik AG PCR 4 o
1.5.2 16S rRNA ¥ ¥ r= ¥ a0 % BEE 1L

¥ b3k PCR 74 ] Omega BrIEFEEEAL RIS
aaifl, BIKEIE, F pGEM-T easy vector system iz,
¥ & (Promega, Madison, WI, USA ) PCR Zlifk ;=4
55 pGEM-T easy #iA i 8 , Ik 1k E. coli DH5a
A, WeA5 A4 Amp/IPTG/X—gal MIBEHERRETAR
37 CHiFF 12~16 h, AR B BEFT L4 75 Bl
PLBEHL 400 ~FHA:TERE T
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1.5.3 ¥4 rDNA [RGB 504

K HP 3 rDNA FR il 14 B 7] (amplified ribosomal
DNA restriction analysis, ARDRA ) X} BEALERER A B
SRETHAT T, I pGEM-T easy 44 50 A7 53 /Y
b FUERERAES Y TT F1 SP6 E B I IE A B,
B UEPHPETERE . U4 Msp 1A Rsa 1T XY
E VIR AR Z 20 pL 45 : PCR 73474 10 pL, 10x
B UI2 ph ¥ WL 2 wL, 10 U~ L™ Msp T BRI 44 9 V) i
0.25 pL,10 U+ uL* Rsa T PR YT 0.25 L FIK
PABLEK 7.5 wlo 37 ‘CIRVA 3 ho BEVIF=MIF 2.5%35%

BRSPS o Tl U] P A ) ) B R U A —

VRS BIT( operational taxonomic unit, OTU ),
1.5.4 JF3453Hr

% F ABI 3730 XL DNA analyzer il] 7 {8 2
SERESATINFY , B bR ER A Y EARA R A R SE AL
R 153249+ 51 A Bellerophon F2 7"/ Mallard 214
AT, IR AP S . AR T 9%/ 55
K [F— OTU, 3R Libshuff #4534 e SCPEZ A
25, A BLAST #£ /%5 GenBank+EMBL+DDBJ+
PDB %42 P Hh B I P S HEAT LUX , FRAS AR U
i 16S rRNA FEI P51 @il ClustalW BRFFHEAT 25
F X, F§ MEGA 4.0(Molecular Evolutionary Genetics
Analysis) /4% F Neighbor-Joining J5 ¥ #1 Jukes—
Cantor IEBIFAT RGER B 40T B RGEHAN . [
B B &2 BURE 1 000 YR #E4T B B (B (bootstrap value ) )
Mok PEAl RGEFE A RTINS AR E M. AT
C=1-n/N (H:A n Ry SO H B — I OTU %
BN ASUERES) HREEE G, #id Analytic
Rarefaction 1.3 AL HIFBIE L . AP H S
¥ 16S rRNA JE[H /7 5 7E GenBank %48 P2 i) % 5%
54 :HQ727562~HQ727662,
1.6 ZitsriR

K FH SPSS 13.0 for windows Gt 384Xt Fr 8 5048
HEAT T 2250 M R A FAE IR 3 HT

2 HRESH

2.1 BRI EMEESS

SR FAHENE T 0 S5 e b T AL B, A i R i
SIS 1 iR, Zat 90 d BUMERE LI | 7 TR K
3K 53.3%9.5% , BN R R 22.1% , =57 BB B &M
(P<0.05) . X 56 FHEAE AL FR AT LA B 2B S5 e
HIA IR . IR E N 12.3%0.5% ) f iHIETE
of B Ah B v ok At SR I Ak PR [B) SR R W, 90 d R

R Ik 31.2%+1.9% A% THENLALBR  3X Ui B &5 75
VErF AR AT LA SRS , (R A R B8

REMGERE TSI A AL PR
IG5 VR R A AR 2T 115 d A3 R AL BE R 1 R 3k
2% AETABF PR R ., XFZRTERMHT
ABFE AP HEE B AR LU BRI ALY, R IR A
FEI7ESCHRHERA ROV R LA ™, ROTR 2R 30
AP RENE R EE N R —, SRR s A
TSR , BRI &, & ORI A, TR
R BN A R AR AR B 1o AP 5T
RIS AR R LR AR O R R AT ks A
BT HENE BB A LRI, O 15.0£0.7, 55 SCHRHERE
BIBR AR LB R, I BRI R AL AT RERA
BT R R R R R R D 22—

-+ COM
-@- CK

0 20 40 60 80 100
Bt Ta]/d
IRELFR 3 REEAAHEZE, T, Error bars indicate the stan—

dard deviation of triplicate determinations, the same below.
B 1 &ihi5iEERLE TR A A R RS
Figure 1 Dynamics of TPH degradation in the period of treatment
of oily sludge by composting

2.2 Biolog 4%

Biolog J5 ¥k VZ b Fl F L S A B S i S AR
VeV D REAFIL A 53T o L ARE Biolog 244114815
) AWCD B AT A e A B A M %o o TR F G 72
BE s A ARENE . AR BT R Y
AWCD HAELINE 2 i, Z5REH: HEAEAHRY
AWCD B3 58 2 5 FXF B AL 38 (P<0.05) o X —Z5 54t
B AR AR PR 5 T A AR, AR T
ST AR . Lin SEUEXT S0 TS T k%
fEAIBFF T R, BRI YD SRR FIZE AL BRAR S T
AWCD {8, 3458 T T3 W ARENE . E it , 4386
A AR M A2 R TT BB BT TS U8 P A AR R
FERMERNZ—,

R ERI A HITEE, $EESR 96 h RFLAHXS
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WAL R G R (FRY), DB AL
BN TR T S RERHIE AR, S5 25R AN 3 PR
RBART 2 o177 2 RRTTERR N 79.3% ,
HR B — 2 R A AR S a0 o A R R B T 2 G
62.8%F1 16.5%. MIE 3 ATLIE i« 0f AL ERAL T4 1
SRR, THEAE AN F55 4 SRR, X BR AL B 55 3 AT b
BARGFHIX 3 TToH o X—Z5 AR HEAEAL B AR T
AP BEHBERHE, AT SE T AR R BRI
o XEE—ERIME I R BN 31 FhERIEAENS R
EHATHRAT R 55— 8 BEMERKE
B-HEE-D- A DK FURERR IR £ e 3L 3 Fif

121
1.01
0.8
0.6

AWCD

04
021
ok

50 100 150 200 250
B} 18)/h

o

121
30d
1.0f
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0.6

AWCD
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02
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121
90d
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AWCD

041

02F
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Hif [E]/h
-+ COM -@-CK
2 HERRAMIER & IS IRAIEY AWCD EEIRM
Figure 2 Effects of compost treatment on AWCD value of microbial

ol

communities in oily sludge
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3 AR IERAE B E X IR AR E R S 557
Figure 3 Principal components analysis of substrate utilization

patterns of microbial communities with different treatments

WelE; 558 RS BEMAXNAE LA . D-F3
PERERR | L- KA Bk D—H SR i 4-HHE KR D-1
iR H & B EER D, Lo~ BERR H- I A it
9 PRI . X — 25 SR HL R HE AL AL SEFT B AL 3 A A
YIBHEALEN HRBRIR A FRE T LB 2R
2.3 16S rRNA EE =& ES T

XF 90 d {44 A A FEAF: 5 AN BE A BEAE T 43 A
% 16S fRNA FFH FEFESCE, KA Msp I Fl Rsa I XX
i YIE4T ARDRA ST, #F— 20 XA 3R S B EA T 7
50T A R RRIT AT R R, XIS FERESC
FEHAFRIAE 41 A1 36 MRS, 4351 b T SC
FERY 18.3%F1 18.5% . MHEREAL AL 5 1 3Rk45 51 4>
OTU, MXJHE AL FEAF 5 K45 50 1~ OTU, Analytic
Rarefaction 24545 SRR B, B 5 b SR F A gk
PRI TR (E 4), #E— MR OEE =
R GERRY R SR SO SRR 87.4%,
Xof B Kb 38 e R SR B 5 3R 84.3% 0 X RPN B2

0 25 50 75 100 125 150 175 200
T

4 REIALIE 165 rRNA EE 52 e R A B 2k
Figure 4 Rarefaction curves for 16S tRNA gene clone libraries

derived from different treatments
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R SCPE PR AR ER , PRI e e TR BB B S e ot
S BRFE R TR AE W ZAEE o Libshuff 8443 M it
R B 2 (A FF 1R B 1 22 57 (P<0.05) , B
B A AL 2 U T U YRR 454 o

K359 101 4~ 16S IRNA LR FFHIHHT RS L
BT, R (B 5)RMIRBI T 13 K8, 35
Fe A om0 B BB 258, #7100 “Unidentified bacteri—
a”o X HAES BA RS NMEY SR, 495 Verru—-
comicrobia. Planctomycete \A ctinobacteria., Chloroflexi .
Bacteroidetes .7y ,6—Proteobacteria A cidobacteria F1“U-
nidentified bacteria” Xt 9 N2EEE . HA y—Proteobacte—
ria BRHEIRE, 5 TERESUERR) 52.8%, HEACALBEAE
R B B AR Y A , 345 Verrucomicrobi-
aDeinococcus —Thermus | Planctomycete .Bacteroidetes
a,B,y—Proteobacteria. Firmicutes F1“Unidentified bac-
teria” 3£ 9 NKEE  H P Bacteroidetes AR, &
TLRESCER 31.1%,

XF3RAFH 16S rRNA ZEH PSR R G LB,
ZEERINE 6, X FEFE 5L y—Proteobacteria ZEFE Y
OTU COM694 5 P& CER) 19.5%, 5 Marinobacter
sp. PR52-13 B 97.9%K[EEM: . Marinobacter |12
G ART R RS YL i) 3 R YR RN K IR T R
MRS, BN+ ke . — ke JE ZEFH
FRELE  OTU COM696 (5 FafESCER) 20.1%, 5 Al-
canivorax sp. Oha—1 HAA 99.5% 1 [E1IEM: , Alcanivorax
[FRE 20 A0 T RIERIG Y T, AT LU= A A2 4
RIEEMH, BA MR 2 e e G i ee >,
R R — LN FKF EUESLT Alcanivo-

Verrucomicrobia CK

Deinococcus—Thermus

Planctomycete
Unidentified bacteria
Actinobacteria
Chioroflexi
Bacteroidetes
a—Proteobacteria
B—-Proteobacteria
y—Proteobacteria
6—Proteobacteria

Acidobacteria

Firmicutes

—

rax A B ML @, HI, Marinobacter F1 Al-
canivorax W] LU A MR R AT R IZFIREDR , AT
FHAEEMIERT REEMH ., X—45RER T Mari-
nobacter F1 Alcanivorax V] 885 & W15 Ve H A TR Y
H AR AR R 2K

EIhT5 Ve HENE AL 2 P 4 Bacteroidetes J2& 1% 3
SCEF R RHSERE (B 5), Green 5T K I Bac—
teroidetes J=ZEHERE H DL HE , Takaku PR
FRH Bacteroidetes J2JF R LI E R MR LHE
Bacteroidetes HE)Z TP I TT LARERRVERY . SFER
FULT BSE R 5B, BI40 Sporocytophaga myxo—
coccoides™F1 Cytophaga hutchinsonii® H.745 5% K #J £F
HFERETT, TR 4 R . AR
T E H 4R E SR E AT B, AL
KRB LFYEZ W] BBSE Bacteroidetes B A RE ISR
JRIHZ— . Bacteroidetes " {73 (U Y A FEfE
FBAEWIRIBES , B0 Yeosuana aromativorans 7] LA
FEEE RIS, (ERABIFIRIGH Bacteroidetes
2% 16S rRNA 75 A R4t 5 A IR R AR R 15
B, Bt Bacteroidetes TE5 115 Ve A i AR R 1 R v
HIFE R AEAHA

G Ve HENEAL B AP () B—Proteobacteria {UTE
SERESCPEH R B, TEXT B PR R A (B 5) . B-
Proteobacteria {38 COM420 X—~ OTU, 5 FEfEC
FEWY 6.0% , 5 Pusillimonas noertemannii BN9" B
97.3%1 [R5 M (8] 6) . Pusillimonas noertemannii BN9"
BRIRST B T 6- R EZE -2 TR M PR A, T AR
fift S-REIKGIR 3-BERF RN B ERPRE

COM

60 50 40 30 20
L 4il/%

0 10 20 30 40 50 60
HBl/%

Bl 5 RE4IE 16S rRNA BEE TR BE iR B a b

Figure 5 Comparison of microbial groups identified from 16S rRNA gene clone libraries derived from different treatments
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100

Figure 6(b)
97 COM466§ HQ727588 g ]
100 COM487(H()727589
COM470(HQ727590)
99 Uncultured Xiphinematobacteriaceae clone(FJ542907)
COM608(H)727657)
410()‘?9—': Uncultured bacterium clone(FJ625341)

CK737(HQ727658)

1 ncultured Deinococci bacterium clone(HQ183955) =
70 COM488(HQ727577)
80 Uncultured bacterium clone(FN436167)

100

100

100

70

COM485 H%7275808)
COM491(H0727581)

10 COM440(H()727582)
) COM463(HQ727579)

79

» Uncultured bacterium clone( GU056044 )
T o0 G707

COM435(HQ727591)
Uncultured bacterium clone(D()833492)
Opitutus terrae PB90-1(CP001032)
CK700(HQ727656)

COM473(HQ727578)

Uncultured planctomycete clone( AB491825) T
99| COM454(HQ727592)
Uncultured planctomycete clone( AF515635)
CK602(HQ727659)
101 Uncultured bacterium clone( EF683084 )
CK794(HQ727660)
100 Uncultured bacterium clone(FJ479202 )
9 COM447(HQ727593)
10 Uncultured bacterium clone(DQ513104)
CK648(H0727661)
100| Uncultured planctomyceteclone(D(Q811897)

Unc}l(l)tured bac%lﬁg E:{-([)gg (Zkz .? 66? 5) 628) =

COM407(HQ727598)

COM428( Q727597 )
Uncultured Gemmatimonadetes clone( AM935022)
COM404(HQ727595)

Uncultured bacterium clone(FJ152618)
COM458(HQ727596)

727649 ) 7

10 CK658(HQ727650)
Uncultured bacterium clone(FJ905751)
—100: Uncultured Chloroflexi clone( HQ397034 )
CK725(H(Q727648)
100 CK741(HQ727647)

100
IOQ|: Rubricoccus marinus( AB545808 ) 7
CK676(H()727630)
{Uncultured acteroidetes clone( EU328052)
100! COM484(HQ727599)
10 — Uncultured organism clone(EU245148)
CK625( H% 7633 )

99

100

100

100

100

83

100

Uncultured Chlorg/lexi clone(HQ397026)
10 CK740(HQ727654)
Uncultured Chlorgf)lexi clone(HQ397403)
CK779(HQ72765.
85 100

Uncultured Chloroflexi clone( HQ397231)
CK711(HQ727652)
CK722(HQ727653)
Uncultured Chloroflexi clone( EU266881 )
ured Chloro{lexi clone(DQ811871)
727651

0

100— COM494(HQ727600)

COM401(HQ727601
Uncultured bacterium c?orgggj674652)
Uncultured compost bacterim clone(DQ346479)
COM486(HQ727602)
Uncultured Flammovirgaceae clone(FJ517065)
CK736(HQ727632)
Uncultured bacterium clone(GU119029)
COM718( H%2763 1
7 COM568(H0727611)
79 COM514(HQ727612)
Uncultured Bacteroidetes/Chlorobi group clone( EU266899 )
100 Proteiniphilum acetatigenes (HQ727588
Uncuftu:red bacterium clone(EF586021)
10 COMS558( H?727610)
COM481(HQ727608 )
100 COM464( HQ727609)
Uncultured bacterium clone(EU369141)
100 COM433(H()727606)

100

0.05

100 COM411(HQ727607)

Aequorivita sp.(HM485318)
COM418(HQ727605)
COM415(H()727603)

COM432(HQ727604 ) .

(a)

Verrucomicrobia

Deinococcus—Thermus

Planctomycetes

Unidentified bacteria

Actinobacteria

Chloroflexi

Bacteroidetes
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W‘__%Uncuiture bacterium clone(EU287335)
99 CK645(HQ727620)

Roseobacter sp.(AB166982)

CK620(HQ727623)
Rhodovulum sp.(EU440956)
To0L CK657(HQ727624)
100, A grobacterium tumefaciens Yw12(DQ468100)
COM459(HQ727584 ;
Devosia sp.(FM955869
COM412(HQ727583)
kordimonas gwangyangensis (AY682384)
CK710(HQ72 622?
Erythromicrobium sp.(FN397674)
100 ' CK679(HQ727621
Rhodospirllaceae bacteriym(FJ357426)
COM445(HQ727585)

8

100— Pusillimonas noertemannii BN9"(AY695828 )

7
100

100

— COM420(HQ727587)
CK713(H(Q727616)
CK682(HQ727617)
Thialk alivbriothiocyanode nitrificans ( AY360060)
100 Alcanivorax sp. Oha—1(AB053130)
CK696(H(Q727619)
1 Halomonas sp.(EU308356)
CK644(H()727618)

89

99

94

100

410%: Uncultured delta proteobacterium clone( AM039962)
C

C
101
100

41()()'1Uncultured Acidobacteria sp. clone(EU373941)
CK623(H(Q727636)

— 99 Uncultured A cidobacteria bacterium clone(DQ139451)
CK773( Hg727635 )
100 Uncultured A cidobacteria bacterium clone( EU328008 )
100! CK643(HQ727634)

70— Marinobacter sp. PR52-13(EU440976)

CK694(HQ727614)

101 Uncultured Marinobacter sp.clone( EU328029)
CK798(HQ727613)

Haliangium tepidum(AB062751)

CK662(H(Q727625)
Uncultured delta proteobacterium clone( EF076130)
CK785( HQ72762E )

K754(HQ727626)
Desulfuromonas alk aliphilus(DQ309326)
K742(HQ727628)
Uncultured desulfuromonas sp. clone( EU328027)
CK787(HQ727629)

COMS70(HQ727567)
1001~ CoM543(11Q727568)

97

94

L Hdlocella cellulolytica( X89072)
Uncultured bacterium clone( AB234499)
COMS517(HQ727574)
Acetivibrio celluloyticus (1.35516)
COM506(HQ)727573)
1 ncultured bacterium clone( AJ853621)
COM564(HQ727576)
Uncultured bacterium clone( GU112196)
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