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Environmental factors influence the microbial growth
characteristics in marine sediments of methane leakage areas
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Abstract: [Objective] To obtain the enriched groups of target microorganisms from the natural
environment of the study area and establish the pure culture, improve the key link of the basic
research on bio-geochemistry in methane leakage areas, and provide ideas and references for the
enrichment and culture of other unknown microorganisms. [Methods] Microorganisms in marine
sediments from methane leakage areas were isolated and cultured, and a sound experimental
methodology for marine microorganisms was refined, including on-site treatment of microbial
samples, preparation and sterilization of anaerobic culture media, and enrichment, culture, and
isolation of microorganisms. High-throughput sequencing of microorganisms was conducted for
gene sequencing and microbial identification, and different experimental conditions and
experimental cycles were designed for in vivo microbial culture experiments. The short-term
experiment (1.5 d) was conducted with the single factor method to study the effects of
environmental factors (light, medium concentration, temperature, and pH) on microorganisms. The
medium-term experiment (22 d) verified the results of the short-term experiment and determined
the more suitable culture conditions. The long-term experiment (more than 250 d) was carried out
to further study the growth status and activity of enriched microbial groups under specific
conditions by real-time quantitative tracking of microorganisms.|[Results] In the short-term culture,
the activity of anaerobic sludge microbial suspension significantly increased under natural light
(reached the peak at the time point of 17 h, with the iron concentration of 16.7 mg/L, four times the
initial value), while the buffer period was prolonged in the dark environment (0—15 h). The activity
of marine sediment microbial suspension was better in the dark environment (with high values at
time points of 14 h/35 h), and the activity in the acid/base environment (pH 5.0/9.0) was higher
than that in the neutral environment (iron concentrations of 4.3 mg/L vs. 11.1 mg/L, respectively).
In the medium-term culture, the activity of anaerobic sludge microbial suspension was stable under
4 °C and acid conditions (with the decrease of only 20% in iron concentration), while the marine
sediment microbial suspension preferred higher temperature and alkaline environment (with the
activity increased after adaptation to pH 9.0). The global analysis showed that the first 15 days
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were the temperature adaptation period, and then temperature became the key regulatory factor. In
the long-term culture, the activity of anaerobic sludge microbial suspension fluctuated periodically
(first decreasing and then increasing after change of the culture medium every 50 days), while it
declined irreversibly after 150 d. The marine sediment microbial suspension showed strong
adaptability (with the activity peaked on days 117-145 under high pressure and the estimated
doubling cycle of about 130 d) and maintained serrated stable activity under room pressure (iron
concentration of 3.0—-10.4 mg/L).[Conclusion] Anaerobic sludge microorganisms are sensitive to
light and medium concentration. Their activity is improved by short-term light but inhibited by
long-term light. Dark environment and 100% concentration medium are more suitable for growth
of anaerobic sludge microorganisms (4 °C, acidic environment, doubling cycle of 15 d). However,
marine sediment microorganisms under the dark+100% medium and high temperature+alkaline
environment conditions demonstrate stronger adaptability. Although their short-term activity is less
affected by light, it takes about 130 days to double, and the adaptability to the high pressure

environment significantly affects the growth process.
Keywords: methane leakage areas; anaerobic microorganisms; microbial culture experiments
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B . oA XS S AR Yy Hb R b A R R Y
FEENO,

AT e 18 T X 3R 2 DUR YA i 1 T
AT, T A R A WD AL S E, TERUE Y
ZAEPEWF R R BE A b, X A& SR E R R A
AR AL TF R SE W 3G 95 S g . JE e R MR S
Be, BN TSR TR, FEER T
I P KISEA R SR N A Y
AR ARG S I BLE] . AW 7R T ok
H e 2 T X8 T A ) A e S B PR i v
AR R AR A, DUTh & R 52 i M i
HEESE,

1 M5

1.1 #HmEE
FEMSS A1, C1-C4 3k A PEAR AL TS
HEsBieIX, MBS T 2020 4F 1 A B2l

®1 HmRESERERIT

Table 1 Statistics of sample number information

PSR RV 57 VKSR DURL B )i LRl
P IRTG . FESL SRS B1-B6 K [ o E g LT
Rt B w X, B R R A 2 2
TAEAE IR, BA —EnE EIE R
fill, HARFEEILZE 1 A 2,
1.2 HmIAIE

CTD ZK#E 1y G A= 9 53 5l 0.45 pm F
0.22 pm FYUEMEIEA TP I8, 2048 5 L KAE
B LKA RS, JF R IR B T TR
ST, FERigE, Cl1-C4 FERVRIRERT, %
FBRAE S R IO ARG 1RT5 5, PR G
AL RAETEVT T IR . AR5 YL PR
Y, BETREELERTHEN, T 4 °CHl
—20 °CHRATE . 4 CCORAFRIRE S T P B
FRALE, 20 CCLRAFRIAE A H T3 B 4L DNA,
HEA TR A 0 v 3 ) R R A O
1.3 HEMEISEENF

FETF R GUAE W 3G 95 S 00 2Z 1, Je X RE i i

Sample name Sample number  Source

Remarks

Sample type

1-CTDO1 (conductivity, Al
temperature, depth)

Sampling at sea

2-sediment 1 B1 Shanghai
University
3-sludy B2 Shanghai
University
4-sediment 2 B3 Shanghai
University
5-sediment 3 B4 Shanghai
University
6-sediment 4 BS Shanghai
University
7-potl B6 Shanghai
University
1-GC04 Cl Gulf of Guinea
2-GCO08 C2 Gulf of Guinea
3-GCo07 C3 Gulf of Guinea
4-GC12 C4 Gulf of Guinea

CTD water sample

Anaerobic sludge bacterial
liquid
Marine sediment bacterial
liquid
Hail#

Anaerobic sludge bacterial
liquid
Hail#

Marine sediment bacterial
liquid

Muddy sediment sample
Muddy sediment sample
Muddy sediment sample
Muddy sediment sample

Raw untreated sample

Enrichment culture of several
generations of samples

Enrichment culture of several
generations of samples

Enrichment culture of several
generations of samples

Enrichment culture of several
generations of samples

Enrichment culture of several
generations of samples

Enrichment culture of several
generations of samples

Raw untreated sample
Raw untreated sample
Raw untreated sample

Raw untreated sample
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Table 2 Detailed information of the sampling sites

R"3 HE@EXEEE
Table 3 Sample related data

Sample Longitude Latitude Water
number depth (m)
B1, B4 115°03'36"E 19°28'48"N 1560
B3, B5 115°34'12"E 19°36'00"N 1 240
B2, B6 114°27'00"E 19°31'12"N 805
Al 5°24'18"E 3°34'31"N 1 400
Cl1 3°34'15"N 5°24'30"E 1377
C2 27°52'50"S 13°24'53"E 2 464
C3 2°2927"N 4°30'57"E 3654
C4 5°0020"N 2°47'35"E 3423

frmiE iy, DRSS R A G . AL,
B1-B6 # il ELH2 R KRR 33 A= 4y v 3 £ 0 )
Jik, TR T B, AR . U
U B4 9 DNA BEBCEK b IS A9
=25 B H A R A A JF R . 2 B DNeasy
PowerSoil® Pro Kits (Qiagen 2 #])fdi F 3 B 45 42
HUDNA. 8 T 3/ FAS [ R T 6B 5 1 Ak 1) i
2=, Fr AL DNA $2H0, 16S rRNA H "
H8 A R S 4 A R ()RR P, R TR — S8 =
] — A [a) BedE AT o B B BT RS, A S mL
Milli-Q 7K (Millipore 28 ) B UTFR Yy . Ay 2>
SR ZE, TR 3 E A, IR
KA M9 DNA 780 1R &350 o FF 5 AH 56 50 3
W3 3,

XA R AT — 20 S IR A il o PCR
AT 16S rRNA JEH Y BEFIM Y . § 845 16S
rRNA BRI V3-V4 522X, 5% 338F
(5-ACTCCTACGGGCGGACGCA-3") #l 806R
(5-GGACTACHVGGGTWTCTAAT-3"); #1477
B 16S rRNA FE K V4-V5 X, 5] % x%f & H
524F10extF (5-TGYCAGCCGCCGCGGTAA-3")
' Arch-958RmodR (5-YCCGGCGTTGAVTCCA
ATT-3)""121, PCR i i 36 AR W R 2 R A
BN T SER . (RIS DNA $52 50 [ 0 B 4
7 PCR Y738, DIPHALSZITE Y,

h TR BEOK, iZ1THHR IS DNA MR
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Sample name Sample number Concentration (ng/L)

1-CTDO1 Al Low
2-sediment 1 B1 Low
3-sludy B2 0.10
4-sediment 2 B3 Low
5-sediment 3 B4 Low
6-sediment 4 BS 0.10
7-potl B6 0.12
1-GC04 Cl 0.23
2-GC08 C2 0.13
3-GCo7 C3 0.13
4-GC12 C4 0.10

# PCR G R B Ny 27-37 I, FFAERIE PCR
S5 PR ST PCR ¥ I a4 th £ . oA
B BR R R TR AR P51, Bhih A%
¥, 7E Hlumina V& E#4T PCR 973 . R
Tt G A VR M L K 2 R T DN A 58 28 4 R 43
PE, KIS ERE N 1% BB, BE
5 V/em, KEFE] 20 min, HEE A L A B
Mk B 21 SILVA %405 J (http://www. arb-silva.de) i#F
f743280H)& . 7E Illumina MiSeq PE300 -4 [-ffi
A i X A B P S P2 5t S A 5 I P
3T 16S rRNA FEH Y Tllumina I 5557 240
PRI TR R RS 28, DR iR i A7 A NCBI %k
P& ¢ (http://www.ncbi.nlm.nih.gov/), RIFE 5
43512k PRINA716136 1 PRINA716149.,
14 FEREIEH AR SEH

R T A R I A R SR SR PR, S0k
FHBY B R 30 2216E R4 +45 8 IR A 4 & K5 97
K. 2216E JRAESEFH(g/L): HAME 5.0, Wbk
Bk 1.0, S4kih 1945, L-2FERtEBRER 0.01,
JIRTF 0.001, FeERAESE TR (g/L): L=
LIR—HN 0.01, TWKEAME 0.5, SKEAML
£ 0.25, FALEE 1.3, Ak 0.1, JokE LR
0.1, R 0.1, —I/KHHER4N 0.25, 7N/KALE
0.25, RN 0.25, FALE 1.604 7, BEIR — A
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B 1.560 1, SALH 1.118 3, SAk#h 5.854 4, #7
IRk 2.204 5, FLEAEH 0.7 mL.

R IR A SR I ALy SO BE W 2, 7257
IR T RUE YRR SRR AR FE AR (S S
L4 e A SRR E L B LK (total
organic carbon, TOC)¥¢ & . BAES T (S04 . CI,
Br). PHE T(Fe*". Zn*", Ba®. Na'. K")%(5
B WAk, MUY 2SI N T Z B A
e B R T AS I 98 Bk W B 3R S R
B R 1 B AR ARD L Ol ik — 2 i I o
AP PEAEE, SEFREEECHISE RS, T 1.0 mol/L
e 9 HCL B 1.0-5.0 mol/L & J¥ Y NaOH 7y
B3R LR TR B (pH 24 7.6) 1 T H
Yok B IRE IR, A 4 S0 o R A AT
PRFIR SR o AR/ NS iR 22, B AF 1Y 35 5%
FEISL B %6 B as RER F M, JrFrei
AAAR, SNSRI ES ), R
BT R T TG %

1.5 WMEVEEERSHEILR

BT mL GURRAAE A, AR R 28R K Ak
P R R RS, e BE AR B R 107" B
R, RHHS, &M EIRAFRMSET,
AR ) A R VR T 5 R R A A [R] 1Y
4°C, 0.1 MPa M85 I, 4% B4y IR A8 0% 77 0
FEEREFG °C, 80 r/min H53E 10 min), HUE
£ I 1A SR W E o DR AR A T 2216E B 57 3%,
PRI Y5 K00E 50-100 4> 22 18] 1 15 55 5 - Atk 7
IYESEFE

ZEWE LGB, B2 mL MEY
PR EFP 2 50 mL R IRAS TR, RAH
PR, EERIRLZW, LIRS Al R 3 1
VIR
1.6 A REEEAE IS TR0
1.6.1 FEHAEEFRSCIE

AR SRR BRI AR vk, R
ZA SR, W ENDERE | B . IR E
S RIS 4 A RBE PR R X GAE P i A A 52

BN BEGEDE . 100% B3 =
. pH{H 7.0. SCE4 8. 36 h, HUH: MRS
3ho JEMEXTHE: 834, AR, B
W . — e IR TAE & AT sz e
IR 20 W), HEFRILIRAENTIL . % 3 41, lh
100%. 75%. 50%. WJEXTI: & 3 4, 5l
4°C, 45 CHIZER(ARIIEE T, IR
EEARL) . FREREXT . ¥ 3 40, pH 2% h
5.0, 7.0, 9.0, HARSZIG/M2HUNFE 4 Fis.

B 100 mL 1% RAABE SR, A 60 mL 15
FREE, SR RZE VK (0.1 MPa, 20 min) 5 7
. HEaia <3 20-30 min, B, B
5 mL & LR B80T, A 10 mL
e B2 mL R R 3L AR i, 1E b aH
XTHEZL, 2 h 555, RR% 3 h B 0.8 mL 3557 I
W, 10 000 r/min Z5.0 5 min J5, RHLEIEW
Ok f 18,925 DA K43 6 Y6 T 5 Fe® k3, It
W5 EBEE N 36 he NI/ KR 2, E XA
— NIRRT 3 41475, HAR4
SCERITRE 2 fe, BT IES T A, ADF
FILHFEARR 751
1.6.2 FEREEFRSCIE

MRYE RS IR AR, B i AR 2 ) i 1 5 0
IR FROEAG PR PO SR S FE 100 mL THs
REFEFIMP AT, R RAEE S mL w44
. 60 mL AP REIE SR A 10 mL HH B (41
JE 99.9%). el RigRIEueEE | IR, pH 45T
95 25 A S A I SE B A R], SEEG R R 22 d,
HUREIATBR 6-7 do
1.6.3 KHAEFRSIE

TR W E D (T . RS TR)
FEFREE M T AE K, FEXEASTE R ) (F R
0.1 MPa Fl7 % 5.0 MPa)ifE i I i M K W A
K B E A T S AR

B A IR i A 1 256 43 51 AE 250 mL i
25 PRAR R TRV ) 8 R 48 b A T (2R R R
250 mL), KIASEFRSLIR ARG KA : 15 mL &
FERT W . 180 mL 4 #7452 Bk 15 7 Jk Al
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=4 LHIRE

Table 4 Experimental setup

Number Bacterial Light conditions Medium 7/°C pH Remarks
fluid concentration
(%)
Comparison 1: 1 Sludy Natural light 100 Room temperature 7.0 Default
Sludy-+light condition
2 Sludy Keep away from light in the dark 100 Room temperature 7.0
3 Sludy A certain amount of light 100 Room temperature 7.0
Comparison 2: 4 Sludy Keep away from light in the dark 100 Room temperature 7.0 Default
Sludy+rT1'ed1um 5 Sludy Keep away from light in the dark 75 Room temperature 7.0 condition
composition
6  Sludy Keep away from light in the dark 50 Room temperature 7.0
Comparison 3: 7  Sediments  Natural light 100 Room temperature 7.0 Default
Sedimentsight 8 Sediments Keep away from light in the dark 100 Room temperature 7.0 condition
9 Sediments A certain amount of light 100 Room temperature 7.0
Comparison 4: 10 Sediments Keep away from light in the dark 100 Room temperature 7.0 Default
Sedlmet.n.s-*-medlum 11 Sediments Keep away from light in the dark 75 Room temperature 7.0 condition
composition
12 Sediments Keep away from light in the dark 50 Room temperature 7.0
Comparison 5: 13 Sludy Keep away from light in the dark 100 Room temperature 7.0 Default
Sludy ttemperature 14 Sludy Keep away from light in the dark 100 45 7.0 condition
15  Sludy Keep away from light in the dark 100 4 7.0
Comparison 6: 16  Sludy Keep away from light in the dark 100 Room temperature 5.0 Default
Sludy+pH 17 Sludy Keep away from light in the dark 100 Room temperature 7.0 condition
18  Sludy Keep away from light in the dark 100 Room temperature 9.0
Comparison 7: 19  Sediments Keep away from light in the dark 100 Room temperature 7.0 Default
Sediments+ 20  Sediments Keep away from light in the dark 100 45 7.0 condition
temperature
21 Sediments Keep away from light in the dark 100 4 7.0
Contrast 8: 22 Sediments Keep away from light in the dark 100 Room temperature 9.0 Default
Sediments+pH 23 Sediments Keep away from light in the dark 100 Room temperature 7.0 condition
24 Sediments Keep away from light in the dark 100 Room temperature 5.0
Contrast 9: 25 Blank Keep away from light in the dark 100 Room temperature 7.0 Blank
Default blank group group
30 mL HIBE(ZEE 99.9%). SLEa S IRATIASL  FILE, WO B 20 mL B b gtk B Rt

B, HEMERE 3 411

TS, HOPIE

SRS, HORARERD , I TR TR

DA /NS B0 1R 2 . KIS IR S50 R i B N
2%d,ﬂ#@@64doﬁﬁﬁ%ﬁmﬁiﬁ,
KIS 5075 A2 FE 50 d ) B FR B S A B A
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SRR, Gl AT R B TR (R JEE 24
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Sample microbial community composition. A: Bacteria; B: Archaea.

http://journals.im.ac.cn/actamicrocn



2726 WEI Xueqin et al. | Acta Microbiologica Sinica, 2025, 65(6)

0.50F

037

B:’;@‘{Al
00f B? 4 E‘A

0.25¢

=N

0.00

PCoA2 (19.29%)
o
o]

PCoA2 (19.29%)

—0.25¢

-0.61

-0.25 0.00 0.25 0.50 0.75 -0.6 -0.4 —0.2 0.0 0.2 0.4
PCoA1 (29.29%) PCoAl (29.29%)

B2 HmPCoAEIRPZIFIED . A: 411A; B: HiF.
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