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[Methods] The compositional and functional changes of the indoor activated crude oil samples were
obtained with the metagenomic data. The potential endogenous core functional microbiota related to the
production of gas and acid were obtained through bioinformatics, multivariate statistics and network
analysis. [Results] The co-abundance analysis deduced that Bacillus licheniformis, along with
Coprothermobacter proteolyticus, Marinobacter spp., Anaerbaculum hydrogeniforms and Petrotoga
mobilis that clustered as a group, were the core functional bacteria relevant to the change of the pH value.
Functional analysis of strains in this group through draft genome assembly indicated that the pathways for
acid production, including for lactic acid, acetic acid and formic acid fermentation using pyruvate/acetyl
coenzyme A, were enriched. Enterococcus faecium was considered as the core microbe in another group,
which had Shinella zoogloeoides, Paracoccus deniticans, Paracoccus spp. and Enterobacter cloacae.
Among these, Enterobacter cloacae was positively correlated with total gas production. The assembled
bins in this group had the ability to produce nitrogen/sulfur/carbon using nitrate (nitrite)/sulfate
(sulfite)/petroleum hydrocarbon. These two groups both had a small number of microbes that have dual
ability for gas and acid production and the two groups were negatively correlated. [Conclusion] We had
screened out core acid/gas producing microbiota in a crude oil sample through organic activation and
metagenomic sequencing technology. These findings provided potential strain targets for further research.
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P RE % F FH I 6N 78 5 7 S R G S H
FEFNEER (Y5 KEGG Bl A 5CHK) , RS 77Ut 12
FIEAHSRIN E. cloacae FLA 7= 55 i/ R B AR r
RN RAFEEY(K 4), E. cloacae &FEAR T
T rh o — 5 2 % 50 B Hb R R v b 00 B R £k
V. i i £k % Ak b i Ak & B JC AL [] 46 (Inorganic
Sulfur Assimilation)#E (T . FH KEGG %48 /%
HEHHT 2 FBEMmAERHER: SO—
APS—PAPS—SO,—H,S i&12(PAPS i&4#8)LA S SO—
APS—SO0,—H,S BIR(APS &%), i% 2 MUh&i
(K55 — i ik PAPSS/SAT/Cys ND ¥R £hi%
&> APS PAPS 142 14 5Eidi it Cys C/PAPSS % APS
¥eAv oy PAPS, SRJGiESd Cys H AL PAPS B4k N
WAHLERER, 1M APS 12 Bkl Apr AB ¥ APS
AL R ARIRER . LA, E. cloacae Wik HAT (A1)
fitf BR £ 38 i 2 A X (NO3;—»>NO,— NO—N,0-N,)
1Y S il Ak A8 JR B JE [ % (Denitrifying Reductase
Gene Clusters)BH | B (GRS ER £ 4% 1L W A AW
()il R ER b (Nitrate and Nitrite Ammonification)
8 e DL R 7 A A ik 1 PR B & B (Formate
Dehydrogenase)fi ¥, I FLIZ A & A 19 5L A B 8
R L Y S8 AR AR . EAR — 1R
HJ&, Cluster 5 fil Cluster 6 iX 2 PR FFLH
FERAHICK R, W MREHET M B. licheniformis
F1 Marinobacter spp.5 7= E. cloacae PITTE)E
Z(Cluster 5)H P RAFARTT 2R FHAN PR EL A E 5,
PR 2 DREWHEZ AT RRTERS IR R FAAAEE SR
PR
3 W54

Ji A7 YR JR G- 0 FR T A TR O AR 46 HERA 43
BT 20 o8 55 T Ry SR AR R 1 R M o A T AR A L
BIRPOIGRR , 456 22 SR A 00 3 55000 A3 ik T 4%
HE LI AR ) B R R RE TR TE A%
IR, TSR R 1 B R TR R A0 9 H AL
B, A B Ryl e SR RO I A R T 2 R A

BT,

AWFFEHIA A I, BT B AT A 3
e M Dhae (s BARXT B =, BRI B R ik 1 7
THUBAE A 11 2% 56 K2 17 9] B Xk s A R B 1 7 4 g
PR, HREFRENAR T D B UK 2 REAH DG IE #
SR T 422 1) T 56 K1 2 o Rl A A 7 R 2 B 5 ) g
BEAEAE R R I o S AR 2 R0 ) R, e
FIER A3 ot A PR 2 A R

T SR ESE  ABIETE S MetaPhlAn2
X 2 B D A A T8 PR LU X, TR AT BE S 34 2 11
A= 0l S 1) KRR R = B AR S 5 Pl o R T R A
A XU HE TR A T SRS , AR IR AR 18] Y AH B
KA IHMRIE AR SR PRIXER,
WS PR IIBE R RIS R UIREN
P, 3 A 2 e i 3 DR 2 R PR R ) S R TR R 1 T
RGN I EMAGER, S hRE Y
PhFEZRE . BT XA BT RS, AR B T
FEARTFLL B. licheniformis A2 .0 ) 7= TR T RE IR RE |
LL E. cloacae %O SINRERERE, LUK ENTTE
PSR PREEOCR

M AW FE ) 2 B W ERIT iy F- R A
BV TE D RS A P00 7 3 | TR I A % 4 i 18 7
BRI T UK S e S E ,  FUR XS A )
RETLA: WD REEAT T SCBRA & o 7R A BRI 7 IR T4 A
W, 45K B. licheniformis MER Z , AW BN
T R ELA 7 LR AN I R TS A Bl o i
Tt A R R R = & B AR R Thfe, e
SR A s C. proteolyticus W X PEA K ¥ 1R
13l EERY; Ruan 289F 52 Marinobacter spp. LA X
WA AR, Kem %5 F WAL A0 A 1 B i 2o B
IR AR & B P S B B T, Ristuccia 45 W
23| T E. cloacae Fib# K& B MR VL RGA I (GIF )R
HRRIS, R R MBI AL S AR
4, E. cloacae HAEREF ARG FRAE PG N E
FVIER KDY, SRR R - B A<
TR BE 1) EE B4 B P Bai S8 & B S. zoogloeoides
HA I St A A DY Si % PR
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Paracoccus "FW) P. denitrificans 834G S A HAE
FHPOY, i B K T AR R A 45 SR 1 AT (S
PEARAE T AL

AT K I, T RRERES T R A
PUE SR S50 T S, ek [m] R ] 5 fr
W AR Y A B —E FREJE B N fiF R
L NERR . CWEEE A SEEFRYRTE S, I
HyP S W R OB M T #, ™
M2 5 P SN RETE B HE IR B — & LB S AT BB <5 HOAH
P, JE AT RS SR B R AT s B TR
TR A B AN o 3% 25 R AR P R B AR Ak
S AT B AR LB
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