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Abstract: Dissolved organic matter (DOM) in the ocean encompasses complex and diverse
organic compounds, and heterotrophic bacteria, the main DOM decomposers, also exhibit high
biodiversity. The interactions between heterotrophic bacteria and DOM play an important role
in biogeochemical cycles, which, however, are not fully understood. [Objective] To explore
the dynamics of microbial communities with the addition of marine-derived concentrated
DOM. [Methods] DOM with a molecular weight exceeding 1 kDa and enriched from coastal
seawater was introduced into microcosm culture systems. Illumina amplicon sequencing,
dissolved organic carbon (DOC) concentration measurement, and bacterial isolation were
performed on different days of incubation. [Results] The addition of DOM significantly
influenced bacterial community composition, inducing more pronounced changes in the
high-DOM group. Specifically, the relative abundance of Campylobacterota, Nitrosococcales,
and Nitrincolaceae increased in the high-DOM group on days 3, 10, and 30, respectively. The
alpha diversity and evenness of the microbial community decreased during days 0—3 and
increased during days 10—30, with a transition point occurring between days 3 and 10. The
network analysis revealed that the high-DOM group exhibited a more tightly interconnected
and complex network than the control group. In addition, bacterial isolates from the culture
systems added with different concentrations of DOM were distinct. The specific genera of
different DOM treatments were identified, which may be key groups in DOM degradation.
[Conclusion] The addition of DOM triggers the succession of microbial community structures
within microcosm culture systems, and the community composition may be associated with
specific DOM components, which influence the direction of community succession.
Furthermore, the varying DOM concentrations select for culturable bacteria with diverse
survival strategies. This study provides a basis for enriching our understanding about the
mechanisms underlying microbial responses to marine-derived DOM.

Keywords: community succession; dissolved organic matter (DOM); microcosm experiment;
heterotrophic microorganisms
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A schematic flow chart of the experimental design used to establish microcosms.
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#®1 WFEHEFRERL DOM KIMESHIE DOC K E (300 mL k&)

Table 1 DOM addition amount and initial DOC concentration of microcosmic culture system (300 mL
system)

Item Control Low DOM Middle DOM High DOM

The amount of DOM added (mL) 0.0 0.3 1.5 7.5

Initial DOC concentration of culture system (mg/L) 3.84 3.89 4.02 5.00

T B TRIEAE Y S, GO AR R TR 45
FREERSR. MEREFRES 0. 1. 3. 10,
20, 30 KREFXSREFRAK ZR d % 7 A Pl (DOC)
SRS T . eAh, TEEE 0. 3. 10 A1 30 K
mF, 2 BT ERZH AT 3 4 DOM Kb B2 il 4
KAERES,, DL A e IE A i . A
53 A AEBEAN B[R] 0 3 B 3 AN A AR O B 2R
0 KN 24 FA7), HL3RAE 47 R
1.3 DNA $2HUF DOC iR E N E

B 100 mL fCF AR REE SR, FH 0.22 um
LA B B s R 1B B (Millipore 23 W) , BL4% 47 mm)
HEAT BRI 1 o BB AR B R B CRAEAE 2 mL fR A
Brp, S RVE WA R, M5 %R 280 °C
VKA TRARAE . FEAY DNA AYIRHEUK IR DNeasy®™
PowerSoil® Kit (Qiagen A )i HUEAT, ¥
0.22 pm JE A TG B 71 59 /b, A S B A
e B 0 B A . TP AT R e (MP
Biomedicals 22 ®])LL 6.0 m/s B3 IR 60 s,
o T 240 R P B e J K PR Y BT i DNA T
A—80 °CUKFERAT

B 40 mL fUFWHIKRIE SR, LmLke
(450 °C, 6 h)[1) % 38 21 4 1+ JiE JBE (Whatman A w]
L2 0.7 pm, FAZ 25 mm)id g, EWRTE T4
I, B T-20 CUKARAE . HHAHL
e 73 BT ASL (5% A ) 3 o v A Ak R AR 7 D o
FESL 9 DOC e BT
14 WiEFHEENSBSIEASEE

NG REAR DOM AR, B85 71k
RATMTESS 10 F1 30 R TAEAREE IR . fL10KE
FRIEEAH T FE 210 mL 2 = iR K R B i 7K

ks DOM (591aR # AR, FERhnat 5 £5%
IR, P w3 FORFEWER DOM
By, ZJEMA 90 mL ¥R G TRk R B35 35
WA TR RS . BARCRUL, 7E8 R 25 10 K
I, P IRIREL RS 2 DOM iR dkrp, 4k
SRRESE 10 d I, FEAT—IREFEE 10 d GBS
F%, MIEC 2 k. 5 30 R, KR SRk T
— ARG, RIS UREE SR 30 do BEFREER
J&, L DOM A Ayl — i il i B A 455 57 2k
PEATVRAT, NITIRAS 2 R ERIAR T AR 57
251738

ME— Bk IR B IR 55 77 3 (g/L): NaCl 24.470,
Na,SO, 3.917, KCl 0.664, KBr 0.096, SrCl,
0.024, NaF 0.004, MgCl,-6H,0 4.981, CaCl,
0.950, NaHCO; 0.192, H;BO, 0.026, NH,CI
0.067, KH,PO4 0.011, Eifg 20.000, KiFH%
121 °CK & 20 min J&, 3l hisin o, 1.
5. 25 mL DOM ¥#Ziik, LA+ HA AR[E DOM
W R BRI

R BT AT BE R RIS, 40 iR
AT LKL RAG . . B EE DOM. Ay i
— iR AR L, 7E 28 °CHEFE 72 hE,
250 3 WAl BT o B A . SR AT
PRI BRI DNA, LDIE#E DNA WA 16S
rRNA S 75 AT RSN 3 . PCR 5 H
i 16S rRNA K& [H ¥ 41 i H 514 B8F
(5-AGAGTTTGATCCTGGCTCAG-3")Hl BI1510R
(5'-GGTTACCTTGTTACGACTT-3")**1, PCR 2
MWAKZ (30 uL): Premix Taq 15 uL, . FiiE5]
P)(10 pmol/L)4% 0.3 uL, #&f DNA 1 uL, —7&
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7K 13.4 L. PCR LW A2 : 94 °CHUALE 5 min;
94 °C7EME 1 min, 55 °CiE K 1 min, 72 °CZEfH
90's, 30 MEFF; 72 °CHEfH 10 min, ¥ HGA R
2 AL BN AR IR R A BR A F AT
Sanger M J¥, WJF45 R KM Chromas 2 {4
135001, F¥ P 514E38 2 EzBioCloud (https:/
www.ezbiocloud.net/), %% B KK B9 43S HA .
1.5 Tllumina 15514038

W56 1Y) DNA FEASHETT 16S rRNA LR
J¥ . FH 4B R R E A B 51 515FmodF/
806RmodR™ J\ DNA FEAH1 P4 16S rRNA I
A V4 X, PCR WA ZR (20 pL):
5xTransStart FastPfu 2% W% 4 pL, dNTPs
(2.5 mmol/L) 2 uL, F. FHE5I4#(5 pmol/L)5%
0.8 uL, FastPfu DNA RA&Tf#(2.5 U/uL) 0.4 uL,
#itlt DNA 10 ng, —7&/K#M78 % 20 uL, PCR §”
HERERF: 95°C WiASTE 3 min; 95 °CZEYE 30 s,
55 °CiR ’k 30's,72 °CIEfH 45 5,35 MR ;72 °C
FEAH 10 min, P HGAESLIELE FHESE S AEIR 2,
FHEABR A B Tllumina MiSeq PE300 &
(Ilumina 23 @) ) HEF 5 BUA it ) B0 0 i 45 51
H JEL B 51 3242 31 NCBI £ SAR B E, FF4)
5 PRINA1165822,

JEA T ALEER ] QUIME 2 JiAik b 3B,
HARKBE, {1 QUME 2 i) DADA2 475t
¥, BRI G IRAURET )T A . B SRR 1Y
o TR T A BE 100% 8 AR ALY R 43R b 1
¥ 51| 25 K (amplicon sequence variant, ASVs).
PAFH ASVs fLFR T X 2 Silva 16S tRNA
(v138) i FE AR FL Y A 43 2645 B (TE T T8
FH ICSP #EFF YR 3 2K 44 ) o WS, IMBR#EEE
E MR RAR R ASVs, NFE— AR FFE
R P R B, (S EA A il TR MR L, M A BT
HREM B NTF A E(36 391 reads) X B NEE S
o, 55 31538 6 691 4~ ASVs F TR 8240 #r .
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2 EREQM
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SRR REALRL(E] 2A) S0 IRAAH L
DOM S5 SOl A= Wy v 2 i A 1 W g 78
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Figure 2  Variation in microbial community compositions in the mesocosms. Relative abundance of
dominant prokaryotic groups at the class (A), family (B), and genus (C) levels.
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Figure 3 Richness and diversity index of samples in different treatment groups. A: Sobs index. B: ACE

index. C: Shannon index. D: Simpson index. E: Shannoneven index. F: Simpsoneven index. Bars delineate
the median, and the asterisk indicates statistically significant differences between groups (P<0.05).
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Figure 4 NMDS plots showing dissimilarities in
the community composition among treatments
based on the Bray-Curtis metrics. Different colors
and shapes represent incubation time and
treatments, respectively.
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LRVEP R A (K 5), R
DOM (YA AT RE ff {26 U1 3 9 BB A 30 3R o
B, HAERREE . SLAh, XA R R
B Ml & '] (Pseudomonadota) 5 # #F & []
(Bacteroidota) Y #H BA/E FH LWL %5, Tis; DOM
PR IR T AT T ], SRR
RASREUWEN .. TERKF L, = DOM AbHE ¥
R EREHMN F LR o B EN . v BIEH
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(Rhodobacterales). #F1& H (Flavobacteriales)
# #F I H (Caulobacterales) & K ¥¢ 2 F H
(Oceanospirillales)Z 3 B E(A 5).

* 2 NTREME DOM LIBEMMEYREHL
IR 2% J

Table 2 Network parameters of microbial
community co-occurrence patterns in the control
group and the high-DOM treatment

Parameter Control High DOM
Nodes number 139 173

Edges number 327 1217
Positive.corr number 311 1147
Positive.corr proportion 0.951 0.943
Negative.corr number 16 70
Negative.corr proportion 0.049 0.058
Average degree 4.705 14.069

Average shortest path length ~ 3.854 2.681

Network diameter 10.461 8.343
Network density 0.034 0.082
Clustering coefficient 0.610 0.786
Modularity 0.621 0.323
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Figure 5 The co-occurrence network topology between the control and high DOM groups. The node size is

proportional to relative abundance. The yellow and blue lines indicate positive and negative correlations,
respectively.
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Figure 6 Composition of culturable strains isolated from two culture systems and different DOM treatments
at the class, order and genus level. A, C: The system was transferred every 10 days, with a total of two
transfers (10 days to 10 days to 10 days). B, D: The system was transferred every 30 days, with only one
transfer (30 days to 30 days).
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Figure 7 Relative abundance of cultured strains affiliated genera in sequenced samples.
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Figure 8 DOC concentration of samples on
different days.
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