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W —: HEHEDFERIEEHEAR
PREIFIE RS (LimDIR) FiEHEERETE K 32 i
IR A AL SR AT

X AT RaR?, BEE, FA3, aél kER!
(I @ KFEBEMEFHEEFIR, MRA 610041; 2. H T k416 EIZ ) E £ &K
FBE, RAH 610051; 3. RAMELEIEKF T RAKFR, RA 610225)
*i@IMAEH, E-mail: liuwenbo0532@126.com

WE: w5 EREEN G 1kGy) A NRZENL T EA BRI K, E
H R KEE I PR . BRI & B8 (LimDIR, 2-50 Gy) W] S
TR A B CRANAE IS T, SETHE Gl IS Pk AR BCR,, SRV )= 1 1
RSN SZ B R AN B . AW TR s LR SES . 16S rRNAEE EIFr . 753
R ZRe s o2 S RSN AR N (MAG) 70#r, IR AR T LimDIR
e S IE VRS YRR B B N L S5 R TR 5 20 SEALA .

LKW, LimDIRFEAR G VA AEY Z B P R B E . 5
IR IR AR L, LimDIRALBRZ] FPNH N2 B ka8, AL (LS EHLIBRTOC
T ZBRFEN64.5%38 271.6% . FiHFHAER Y, BEPUSIRE 1R T
Foft B KA B 5, 17 A2 ren JEE AR R T T e B R Bk i S IR B &S T S T RE U R 1
TR, B 2E RecFORIB AR T K [R5 A RIE I DNAT: BEfEHt
MRS (A B, AR RS (ROS) AL
BRAh, BEREER (QS) « MU RYE (TCS) « VIS ANEAY (EPS) A
RV ELLRA Bk, DA S B IR iR B AR I 2% , FERISR AL T BT KT 1 22 e

ST MAGHIRBERENT, AHTETCRIE R 1 —Fh“#ZLo-fk £ (Core-Partner)
AR SR, R, BRI RO B R 4ES T DNABE. Hi
SEACRI A B SR IE AR SC B SE B T REEE AL, I A SURE R AR I LA 52015 ik
Z SEHE N BB FR AP AR L A R 2 (LPS) SEAMsE S iy AL,
AU BN R YR R AR E M . KPR IR S0 LE&1E, A
R T AR S O T E VIR I



ZR b, BTN 1 TS Ve ARV XS R 5 B B AR A I S LR, TR
R T B A R B A ) A B R A T A A R AR IR K B T R AR S L S
.

REAE. REE R EARS, BRI e, WSS, v EACH

WARAE Bacillus sp. RE35 5R4L /K TEHR R 458 B WO L

Ll
ALY, XEAE Y, FE 1Y, T3, $&;% 12 12 g2 BT, X
ﬁﬁf* 1,2

(1727 A R LA F IR R TR E TP, dF 210014; 2 KA RAFIRKIL T a5-F R
RIYFFEEFRE, @F% 210014; IR RFFREERLTAZFE, HF 212013; *EH K
R KRFEGHFFR, @x 210014)

BINER AR *iBIRAES, yeao@jaas.ac.cn

WE: KRB (Cd AR R ™ E U & 2 N R R . e A WAk
B (PGPEs) 7EZMAM VIR MING 7 R DL RAFHIE 77, (B H A TR N2
(RERI S AL, AR ) 2 R T AL - S R ELAE A DG 43 T AR AT B Z IR AR FT
AT MK FEAR 2R P 43 Bt — iR Sife L TR 49 {12 A= B 0 9 P9 A= ZE AT B (Bacillus sp.
RE35) , ZHERAEERA IR WE-3-288 (TAA)D , FEAEMR 305 41 A 4 18] il h
SEGE, REMRERAR RPN . RATFHLATOCE RS BRI
DR 2k DA s BELAH DR R IR 40T, UIESERE3SREMS o e il TR R AMA . 1
WEFATS, ZEARELIAAR MG SRS O 25084, A RURHER &
JEAER . FMRE3SE, MM A48 00 7040 R A W1 AR AR B v &85 5 10 4
R T 64.7%, MR AR R RS T24.1%%49.7%. X1
S8 14 03 7 MA BRI T 8 AR T-RE3S 5 S 1 4H M BE R ek 9, RS Y H &
ZAREES (WILRR-RLKsAILysM-RLKs) , 3 EiZ 5 R, L4 R MAR R
B GBI R B ik . b Ah, RE3SIEIE T R 48 WO s B At A
(OsNRAMP5., OsZIP5/9) J LiHBIEIX btk B OsHMA3 IR IA, {218 X}
W EIE . 5 EIR, AWFFER T AN B A AR T RS IR R e S N 2
P AR TR B I B R AR RS T WO S AU TR SR A M B A5 A, SR AL
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FEJFAMA R [E 58 o AT TR B G S v G T3 b S e 4 L AT RF R K AR AR
SEAL T BV U AN, B i o

R KR W WEE; MEEEY, RAENER

ETFAKREEBN T anammox B IKE FHHHE

FRAT 7, S AkA!
(. FEAFEIAASR, LRI XS, LXF, ¥E)

WIRAEH . 87232640@qq.com

BWE: ([RIEAE T RAZAMNE (AnAOB) Uifig ki, =&Hl4 RAZ AN
i SRS A AE SR v 1L DCHE ™ N2 R Lo, 7 224 T A 5 ol A ) 2 e £ R
BRIV ME R o A X I AT PR s, ASHIE T SR AR B E W Th RE TR 1208 BOAR
SRIE T AnAOB ThRESZ IR HEZ O AV B 5 BRI e 20T & R vEmT
T, B TARR R A 52 P Bt e B ok 1) 5 AR FEAR

WHFR I, (RS EAEY) mRNA 45, PRAFRZ R AR IR 515 & G 8
B RE, 0] AnAOB REEACU B & BE B, A& SERA R AN E R R L)
REREIR. T, AWTTEIH 64 T IXEh H) LC-COF/Anammox A4 4L 4%
Wk &, EIEAMNEOE RS IR EE AR R, % AnAOB fIRIRA A7 S
AR o 12448 2 AR HE ST PP I B e B b4, RREEIR R 7 8 ) CspB
FaE Rk, FTRIAR R B 1A A R o

FEFIRAEHLEI T, CspB 2P mRNA —Z0&5H), W IRIA%BE 14 5 4 4 A
TIRFAE A G A FIRAKFE S T8 DnaK/GroEL . 52 1R AL J5 B MsrB
Mo EIVER, SEOUREERE T2 RO AR = AUE 5, M mRNA A f#-
R A - AT B - AR A S R e R AR D B 1 RS TR BE 2%, SX8L AnAOB
MR 387 I 3850 K AR S T RE R IR I S e A

HARRH BOSOR#E, RIE 4°CIR AR 21 IR s e e, &
REGEIL 87.2%, ME ML 1.66 kg N'm=-d'. AWFFEHEER 7K
PREE VT RE G 1 P FEALA,  F T 55T A v YRV B T 1 B it T B



AR, NFER X RN SFARERIG BRI 1 208 A B Sl MR 2 B i 5 R
B

KW R ER REEENL; REBZWLE]

A 2 58 2 A0 IR B 48 R FLAE WS R R e P B A
Bk, BAEE, 487, £5
(REF I KFRFLIFEIZ, XF 300384)

* 245, E-mail: tjutlmt@email.tjut.edu.cn

*3% #, E-mail: huanglei@tjut.edu.cn

E: W% (Ericaceae, Vaccinium sp.) RSEEFRFE . MMME:, (HR5HK
GNMAE R G R A IR, Hh s e (Aspergillus tubingensis) F&F
B R R R E SRR E Z — . HAT, RJamE B % E Z AR 2 R W
A, ABHAIAE T 55 51 A fr it 22 A e B J b U2 VR A5 el i, PRI, PR 4
R IR (0 ARSI T A R AT B B LS

AHF AR ZHlE (PVA) FIGK —AAbRE (Si02) NMEEA, 47l
fift VE Ky 2F MK B ( Bacillus amyloliquefaciens ) SQ-2 FIt 7= I 401 T % ot Al
Pseudoduganella sp. ZMN-3FT=[Ifas 20 (EPS) , RFHERIMAE S %2 &
PR I A RN BE . KRB R MRS SRR, RET
WrHEA RS RN, DURESR, MR, JEICR. A ERY S R NN R
b, 2 50T HEON WA AR SR i 8 O PR S

KW AERKRY, EaEwihEs B A BRI EEE. JFH,
PVA/SiO/EPS/SQ-2E G IR ER G IERE S, A ICRA R AU G5 B ANE 1Y
IKZETIHRRPERE, o035 T ih 2 R DU B R A SR I o AEdE 2 REE ST P, 3%
G BRAENE AT AR R S R R AR, AEGRA N B, At il ik
Y&, BEEK 7R,

AN FE R IR A0 R 0 o A B i DR RLRRD R TR R TSR A1 1 B R AR AR
MEARSH, RN BIT RO RA A0 R E A AR TR 13 R
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R : AP HE: TR, PURBUR ACRREE

cAMP-Crp R G U CAM B3R Z CCR B4R+ HIAF
T RAA

FAEY, AT
(1. A5, Fin kg, s, g, FE)
B iAE 4 : haichung@zju.edu.cn

WE: HBRIRT (cAMP) RHZMAHER (Crp) Gk NcAMP-Crp R4,
REE T FERZAEY i BRI RS 14 R R — . cAMP-CrpfE 5 &
291 72 A R AU AT IR PR rvCo 2 R 15 70, 72 W A0 B AU 5 PR R A0 97 4% A U5 T
RIFFENLOAER . BRI, X6 F AN [F] 7K 1 c AMP Ui 2 525 - i 3 A LA B 4
WA KA R 2 B Rk KGR . W SerE il EcAMPE A
SEAE KB, FRAIRER T AFEHE N AMPK T AR A R N . BATRD, X
A Crp )i & c AMPRI IR W] BE 23 Y M) R BOR GAR Y, BRI T-WFh . TEBR
ZCCR (o AR REIE) M s b, FRAT TR DL B cAMPIEIT b i K & A
IR TG XA ST RIE B A M ERIE, R BRI NI TCATERR, JRsh4l
BRI AR TS AR BEAT IR . SRR S BERAIR 7 B SR AR HL 2R R R
BETEA ST TR A K . X ERIMR ], cAMP-Crp MU T H i 7
sk, s CCRUI B AR MR U A1 3 A AN 8 1 T4 20 FE R PR ), g PR
A JE A5 5 IR 8% e B A A0 1 AU R FR AR TR I LA

KEE: cAMP-Crp R%t; UM 4HMIEE ¢

TRV B AR 25 25 B B 4 2 A TR 22 BRAZ BHIRR T
SIE T ARG TR RIE B 3 5 i AT HL A

R, ZHET, ERRE Lx
(1 TR IRFRF TSR, TP TP AR LA, T, 100029)
i@ IRAE# Email: xhwang@mail buct.edu.cn

BWE. I PkI5Ye (Aerobic granular sludge, AGS) & —FM TG KAEY
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WEERFEAR o AT H AT 2 N A GeiE TS Ve, AGS BAAVIREIERELF . A&
ORAFRE AR AT TRIA Btk BRI LA A S 9 PR 470 G A oy AR B2 o a8 e 70 5400
e MR IR K BOHS Gia B b B RAFIRL T 7T 28T, AGS 1547 7ER0kL
P SRR S REFE = 5 0] . AW TR 1 OAM 150 d [sEge, $RFUTHLLER
(Mycelial pellets, MPs) 72 15 BEf FE(R K W34 (Superficial gas velocity, SGV,
0.4 c/s) F&AF TR BE IR EUIURLIS TR T8 4R R GUAR B 18T .

PRI R, T L BREERD 5 Ol 3 i, 120 RAE KIS A7 i b A AR A 3]
BAIE . BB 2 IRAREKIR T, HIHIRIE Bos b TR, (2T 20K
TSVetREE, PR T RS TR IE . FEVS TR 23R VAR (RD) 1, 58 44 RHD
T J I BT PR 4 2R TS T, R IRAL (ROD $RATZ) 21 do RREBATHYEL RI )
TN. COD Fl TP £Br#H 4> HIEF] 68.82%. 96.42%F1 69.30%, & E T RO
LITERL T UMM RE R AFITRLS U, 5 RO AHEL, R1JERIBRIRAR B /N, %
MR A B%E. EPS MR, RLJER T LUEAMR (PN) NEMMINESY
%, PN/PS LL{H B &

TR S oy THERS S o3 i W, TR 22 R A8 25 253 1 A e v 2H R
HAHHAE 5 & . Pseudomonadota AU RURLG Y6 IR F 1], H20 AR
WX 2% 1 A4 Ho R, Thiothrix 75 R1 H T3 5 48, 75 Pseudomonadota. Bacteroidota-
Acidobacteriota 1 Bdellovibrionota 11 ) 2 AN 7 s A7 £ LA KT . 7 FE DK 20 43 pr ik
—H IR, R RN IR L EPS B AV BUH S D REVE /)
BRI, FETIEA DN, 75 R P % E B =F 1 B K Thiothrix Fl5%
BRI MAG40. #E—BThEE TR ], MAG40 #5751 MR iz 55 T AY

W2 $hid J5 B — F A BOL JF A A AL AR R R, & 12 P B R i A& R
I HA UDP-GIcNAc. UDP-Glc. UDP-Gal.UDP-GlcA .GDP-Man Fll UDP-ManNAc
VAR AR 1B U 7T

AT AR 2% A N o S8R5 e L 2 i PR TR i 5 A s 18 47 # it
15%,

RGPS YE: WaLBk; (RRIWE; oS, RS

]



RACZCH WS A YIRS PR PR R MURE /) B TE FH Rk FR
R

B weE", EMEY K#, AmanKhan®, EfHAF"
(R X FAEPHF TR, B RE 150400)
RERAR, BMERERF—EH, WAL TTARAAR
*i8 iMAE%, E-mail: wdwang@nefu.edu.cn

B R AR NSRS SO IR B S T KA AE (R AL i 43, B2 —Fh
BRI T B, B4R GUR B B I D Re M M R A e 2042 08 o AR T VPAl T 25 4
HRRE (KP) FIEHRKEE (KC) BRI Gu 5w it S xt o IR IR I /N B 1R 97
1, HET HMHR RS HIE R LS IR TR R E . 2R
7~ KPALIMTEREE (SUA) /KF (152.64 uM) BZK T S RERMLE (HUA) 4
FIKAZL (4351°58309.56 uMAI313.30 pM) . MLIEAEYIbREY D Mridk—BiEsE, KP
MK CH AR DhRe s b & (LR BALED . HH4Ehs (ALT) A fis
SRR CRUIR B A =8, 3% B B o Al B PR R OB I 22 28 B R
PHER . BAh, BB RRE AT oK, KPAFEREG IRE AR HE, WIAATHER

(Lactobacillus). R CHJE (Weissella). XUEAT & (Bifidobacterium) 1%
[ J® (Roseburia), [FIIfHIHIHLLPESUR HHEERE R (Streptococcus). THRETH
Mo BT, . AR E BB 25 T IRER o AR DL & & R R
AR B 15 EARUNERL . AW RSNy, ARG a8 AR R i i i i i 4 Qs B
SO 1 B R T, 0] PRI IMUE R PR A R AR, o R AR 9 Th R M & i i
H RT3 o

R : o wIsE, R, R, mIRIROE, SRR
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SR e PR R MUAE ) Zh BE PERR Y 19 /) B i U R AR A

B B EME?, 7K4E, Aman Khan*, EfRFF*
(R X FAEPHF TR, B RE 150400)
PEMEE, BAREAXR S —EE, HALTHAAR
*i8 iAE%, E-mail: wwdcyy@126.com

PRES: S A 1 0 PR IR PR E 1 A9 3 2 500, (H TR B MRAE KAk B i it
JoE R R AL L AT A R o AHIE S £ — 3 BAT 5 PR IR MIURE 22 A FH 1) T e Atk
i AR B WY, RFUHGS va PR IR MURE A AL /N BRR R AR L I B 40 05 S T R AR S
PRIV OR o JE T ) e PR MILAE /DS SR, 1 BT IR YA | I R
FRZH L o) W T B 1 0 2H Je Ty R 2 A TR R W A, Anill ifn 35 PKIR - LI JR
RAGAATEIR, WIS H LR TE A I W il R i AR 45 SRR,
e DRI TLRE A5 4 2H 15 38 3 PR 91 4 1L 375 R TR 7K1~ 23 il A 396.64 pmol/L F 372.68
wmol/L; Ty M 2 A= R R Y 4 55 31 e e 201 1375 SR R AR 2R 2 7 T BEAIG 38.80% Al
42.69%, RIS REFUKFRE TR, BNEG0 . HE AN RMERIE
AU S S50 FRAS 0 W) S 9% s Pl B RE 0 T s, D ReVERR WY wT 4R T 7 4 e it
R B B A 8, R RE AT B B . AR TCIESE, 1% Th R SR A R Y T
R v PR IR IMURE /S B PR BR AR 2L, DRI B IR 05 R A T i A A, B
FF Rk PRIEZ Ty e 28 R S 7

ReiE. MYy, AW, mRERMGE, JRERACH, MIEREmRE



Predatory Quorum Quenchers for Dynamic Membrane
Biofouling Mitigation: Foulant Precursor Degradation and

Biofilm Formation Inhibition
R, A/
(1. THRKFERIAAGRRRTER, T 315211; 2. ZHKFRRSIRE TALS
K, &% 211189)
*i8 ilAE4, E-mail: yuran@seu.edu.cn

#Z: Membrane biofouling remains a critical challenge limiting the widespread
application of membrane bioreactors (MBRs) for wastewater treatment. As a
progressive biological succession process involving microbial attachment, extracellular
polymeric substance (EPS) accumulation, and biofilm maturation, membrane fouling
is strongly influenced by early microbial colonization and biofilm development.
However, previous studies have mainly focused on mature biofilm characteristics,
whereas the dynamic regulation mechanisms underlying fouling progression remain
insufficiently understood. Although biological approaches have attracted increasing
attention as sustainable biofouling mitigation strategies, conventional methods based
on enzymes and bacteriophages are often limited by poor operational stability, narrow
host specificity, and inadequate adaptability within complex microbial communities.
Quorum sensing (QS) is a key cell-to-cell communication mechanism that coordinates
intra- and interspecies interactions and regulates initial cell attachment, EPS production,
and biofouling development. N-acyl homoserine lactone (AHL), produced by Gram-
negative bacteria, is a typical QS signaling molecule that induces substantial biofouling
formation on MBRs. Accordingly, quorum quenching (QQ) strategies have been
explored to disrupt QS signaling; however, their practical applications are frequently
constrained by limited stability, high operational costs, or potential secondary
environmental impacts. Bdellovibrio and like organisms (BALOs), as broad-spectrum
predatory bacteria, can prey on diverse bacterial hosts and disrupt biofilm formation
through biolysis. Moreover, their extracellular hydrolases and predatory activity may

enable QS interference by degrading AHLs and reducing QS-active bacterial
9



populations. Nevertheless, whether BALOs can function as living predatory quorum
quenchers to regulate QS and mitigate membrane biofouling throughout the entire
fouling trajectory remains unclear. In this study, four parallel MBR systems were
operated to investigate the antifouling performance and underlying mechanisms of
BALOs. A control reactor without BALO addition (MBR1) and three experimental
reactors supplemented with BALOs at different inoculation dosages (MBR2-MBR4)
were continuously operated under identical conditions. Each MBR had a working
volume of 9.0 L and was aerated at a flow rate of approximately 1.0 L/min. The
membrane module comprised a polyvinylidene fluoride membrane fiber (Watercode
membranes Co., Ltd, Guangzhou, China) with a nominal pore size of 0.1 um and an
effective surface area of 0.14 m?. Filtrate was extracted from the membrane module
using a peristaltic pump at a constant membrane flux of 10.3 L/(m?-h). The hydraulic
retention time of the MBRs was 6.6 h, and regular discharge of activated sludge was
periodically discharged to maintain the mixed liquor suspended solids concentration
within the range of 8-12 g/L. Transmembrane pressure (TMP) was continuously
monitored using a vacuum manometer and recorded manually every 24 h. Once the
TMP reached 35 kPa, the membrane module was physically cleaned with tap water,
then soaked in 0.2% NaClO + 0.01 mol/L NaOH solution for 2 h for reuse. To ensure
reproducibility, each MBR was operated at least twice under the same conditions. The
results showed that BALO addition significantly mitigated membrane fouling, reducing
total AHL concentrations in both mixed liquor and membrane-associated biofilms by
up to (29.7 £ 0.7) % and extending the filtration period by up to (86.4 £ 2.8) %, with
stronger effects observed at higher inoculation dosages. Meanwhile, BALO
introduction slowed the accumulation of 8 out of 10 detected AHLs during the MBR
operation, with the strongest effects occurring from the middle to final fouling stages
in the mixed liquor and from the early to middle stages in the biofilm. BALO addition
also reduced protein- and polysaccharide-based foulant precursors, extracellular
polymeric substances (EPS) accumulation, and biofilm biomass compared with the
control during the same MBR running time. In parallel, BALOs altered microbial

community composition and decreased the relative abundances of QS-associated
10



genera and the relative copy abundances of QS-related genes. Positive correlations were
obtained for the typical AHL concentrations and EPS content or biofilm biomass, which
suggested that BALOs probably persistently disrupted AHL-mediated QS and regulated
microbial composition to suppress EPS accumulation and early biofilm development to
mitigate the membrane fouling during the MBR operation. Overall, this study
demonstrates that BALOs function as living predatory quorum quenchers for dynamic
membrane biofouling mitigation. By coupling microbial predation with QS interference
and foulant precursor reduction, BALOs provide a sustainable and in situ strategy for
controlling membrane biofouling in MBRs and potentially other biological treatment

systems.

% 8 6 :  Bdellovibrio-and-like-organisms, Membrane biofouling, Quorum

sensing, Fouling control, Membrane bioreactors

o B WA VTAR BT A R BT A R S A R R G L
fil

ARG, AT, BB, KA,

(1. RBUAE M EA B REIE, HL A BRI LAMARELELIRE, B¥ K

2 Fi 310030: 2. MALABKEALREELRE, FEALE ST HITE B G5
KA, @w 210008)

*i@ iAE4, B-mail: jufeng@westlake.edu.cn

WE: JUERPERR (ARGs) | ZIRA T RREIATIARY), (HEEER
JE )R PR A B 55 SR AL i AN IR o AT U S TR S N AT, W
i T R SR XA 1 17 3 T 225 ORI b 2B 4T o b, ARG 1
ARGsHZAEYIBERE 5. Fm D 2 b fig Bk, SE80E 1L IS2F ARGV, H A=
FEER R, H i F B ARG AR BEARF L ARGs Hy b A1 HL L R o il
FUARMATZ G AN LR (SHAP) 73 Hrk W], FXIFKE. TEHIEZE. £
MR A EAHER S ARG F 5 5 F LI 1 EE AR &, R ATt AR
JER ARG 73 A ) 1= ZEASE T 5t i NSRTE S5 B R ARGs F B, B
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1557 5 ARGs 2 FEVE I S I i P B NS08 B0 3 BE 17 5 o« ARG HEVE AR DL i b 381
PRSI I A, ELAE s EEWAT R R B AR S ASKIER BN SREA R, FURLA 5
[T A S SE R 5 bl H124.8%3 £238.8%, 7% HH Ry ik B2 N\ 2RV 2l AT $2 FFARGs 7K
I KRS IR 71, OOKIR S BT G s o 25 43R 14,2317 4%
JHe D] 4 2H 2 B R 20 9 o rp A TR A E A B 5, b S 427 M4
CAIARGs (=80%)FFIAIMLRE, >70%7 655 HIHEHRIA, HA189.5% LA S%
B PE b s = SRR, R T IR ARGs TR F B I 2 E A 2 .
ARGsTE F B 7 20 ¢ 1 FRAE FE04 mnifE SR b R I H U A i e VEARAE, i 7E IR
1% .52 5 N 835 30 82 00 BRI R e b 3R 30 HH S s B AL R . 25 B, AR
AN T AREE S NS RIBIE I o E AT AR R A A Y RS S
PR R B AR B IR AR Y B R A B, /K IR HT A 2R 0 U PP AL A 43R5
276 B IR 20 PR 1K) 78 3 SR A G B B0 S5 B S H

R PUERPUERRL WRATORY): BV URBEE, AKiESh; RHERA

TR IS £ 4 3R AR A AR TR AL B D> R B AR R IR A TR
Zemin Wangl (EFK) , Zhenming Lingl*(4 1 K.), Xiangkai Lil *(Z44%)
(LEMNXF AGHRFFR MILEHH 5L HERHFHEEERE, HHZM 730000,
+E)

*E-mail: lingzm@]Izu.edu.cn; xkli@lzu.edu.cn

WE: FWES0Em. AERME AR, 2 REEE EN 0 EZ AR ER,
AL LA v 1) 2T 44 o0 22 ) T R o) ] 285 e 2 v JER D R TS 5 R 2 T 7 3 22
AP T AW T DL R R PR B I i 221 Lactobacillus delbrueckii
GR-8 NINRETAME, #8 H FR R FRALHE SEmE , 2R G00Al Hu 75 R 1 T R I o 72
TR YIREVE . AR SR SR I RE I . 255K B, GR-8 TilAb B AR {2
TR R T R S A BRI AL, TIOAL B (R 41 4 22 SO R R B, O SR J 2 A
2, IAFR pH [FDFEAK, 00 Ak TT 50 B URE b AT R R A (R TR A
AT R G, GR-8 PRI LK IR ST, IR IR & & fou) fE

HI 4.87%IE A 7.47%, HEH 50.55%2 58 54.05%, A4 Z 43S
12



A TR TR A B T B v 7 R T R T ) JER A R P 3 R P T R I o A P 2L 43 A
IR, GR-8 TACFHAR T KL AR I AE IRV S M AN X, FTRE NS
SEREA I T RIRTE BOIE T A F A SRS . AR AR A 45 Rt — Pk
W, GR-8 ALFRFZMY | R WA R AR R, 22 5 R AIE 32 2500 K R 4

SRR ARG LR AU S I R, o o 75 BRIV R B AR U 0 246 LA T T 1
FER MR R AT R, GR-8 ACFRTERE T4 7= 18 2R T [ B FAAE 17 3508 20 KU X
DRV &, Hoh R TEE. IR T REA R R =M O B e A RS R, PR
MR T, 255, L delbrueckii GR-8 TilAbHE vl i it {72 it 75 RRLF 4 i I W %
s SRR IR AT R . 42 e I SR IR R AR R 2 T R I
AR AN T e i AR B 7E A% Gl 1A 2 P (S BR AL TR BR L

R FRWN: SR, mdw

WETR F T B VK B4 3 DNA 3245 BB A
K, £EAR, KTE, EWER, PIA s
GUAKRFRAEVEARFRR, LAAFHTIRSERXEL LKL KE 725, 266237)

*i@ iAF 4, Email: huanggihong@sdu.edu.cn, yulgshen@sdu.edu.cn

HE: BB (Sulfolobales) /&2 12 73 A T4 BRF Hh HA SR I I IR IV 44
RS, HEaEAEKEE A 75-80°C, H3& pH 4 3-3.5. Bt B HA 20
AR BB N T B DNA AREHLAS AR 1], A s e B R R R . TR
IR EEA Z) o A i S 2K 1) DNA 5455, [RGB I B 9 A AR A O i
P2 R R P HL () BB B 2 RAE A AT B R IR AL B BT DL A R TR R
Orc1-2 Ay ) DNA #5755 % (DDRO#% 5 il 45 2% : /£ DNA #4577 42 J5 Orel-
2 WS, BSR4 SR A . DNA 224 JAB S S5 BRI 5% i, i 4t P 3
MISCIER 3 T SR, Z R 2 A NG 2. AT EoR, & A
R 25 THiLM P DDR i FE. @i XK BB (Saccharolobus
islandicus) BERILE AR, ZEHE T2 DNA 4548 & A M &
AR, HRRAOIREE ML DNA 458351; 54k, BRI A 'S Fork head-
associated (FHA)ZE M8 11 5 HAEAR S FAAH ELAE A, AT 50 DDR 5 R %% 5%,
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ZIRAEIALT Orel-2 TR Ak, TATE K IE B Eg A5 17 DDR 2 &
LGSR AT T3 HIFEME. £ DNA 500, BRATIZE A R AR AT DA SR am g 28
. DNA 5&# LA Jz DNA B4 05 & AR, Mk 4i i Arig « FATHIRF AR
W, B M R A AR R R SR A% . B B S B U 55 22 T SR RGP B e

A VERGAH . BOILTEE, DNA BV, BB, HRiRE, &
FiRsh

Biotransformation of 2-Aminobenzothiazole by a newly isolated
Rhodococcus sp. YQ-4 eliminates its toxicity to sensitive

organisms
RN, AMEE !, ZAR, A& ERE S, B, T, el gEE LT
(1. RERMERE BIFEHAEDE ERBELATRERFEGHFEFR, BF
210095; 2. RMBRLEBRFIREF T, #IM 225300; 3. mMFRED SR ®IEFRL,
78 1 234099)
* @RAEH, BRE E, E-mail: giujiguo@njau.edu.cn

Abstract : 2-Aminobenzothiazole (2-ABT), a representative heterocyclic

compound originating from tire wear particles, was widely detected in diverse
environmental matrices. Due to its persistence and potential toxicity, the removal of 2-
ABT from contaminated environments has become an increasing environmental
concern. However, studies on the efficient biodegradation of 2-ABT by pure cultures
remain limited. In this study, the abundance of Rhodococcus increased significantly
following enrichment and acclimation. Subsequently, a 2-ABT-degrading pure culture,
designated Rhodococcus sp. YQ-4, was isolated. Under the optimal conditions of pH
7.0, 1% NaCl, and 30°C, strain YQ-4 achieved a removal rate of 98% for 50 uM 2-ABT
within 24 h. A key metabolic intermediate, 2-hydroxybenzothiazole (2-OBT), was
identified by liquid chromatography-time-of-flight mass spectrometry (LC-TOF-MS).
Based on these results, a possible initial biotransformation pathway involving

deamination and hydroxylation at the C2 position of the thiazole ring was proposed.

14



Furthermore, toxicity bioassays involving the green alga Chlamydomonas ellipsoidea
and mung bean (Vigna radiata) demonstrated that the biodegradation of 2-ABT by
strain YQ-4 significantly alleviated its phytotoxicity, thereby restoring the growth and
physiological vigor of the test species. Collectively, this study provided a novel
bacterial resource for the bioremediation of 2-ABT-contaminated environments and

offered new insights into the catabolic pathway associated with emerging pollutants.

Keywords: Biotransformation; 2-Aminobenzothiazole; Rhodococcus sp. YQ-4;

2-Hydroxybenzothiazole; Detoxification.

TR AE W2 B IRIR B 12 T IR B TS Y PR iR S SR e B R
Fug 12
(1. B RFITHE%, M 3100305 2. &#HAKFAESFFR, 4 310030)

*i8 M AE4, E-mail: jufeng@westlake.edu.cn

WE: PUEMARERE SRR DRI, Z00E F % KM EY Rk S
BEL D B, MLREE. S E B8 E DRSS, 2R dlpiE <5 TR R,
WCEVIREE AL TTRIGIA . 19 AWM K AE - 6 B2 O3 A AT AR R
AN T 20195 A AR Hh ] ) B AR ML B ORI 5T RO R, YFR ML s it
AR R ILVE R B RE ST, B R GUET DT L VENLEI B T

PRI B AT SR T — IR AMILEE s SES BAETT ROBT RUAR 24, R4 AL RES
WEFMRALMEG (PVC) . FSRR-Hk SRR B A Fr) sl , FRAT I
TE TR rh R R SR A R S B SR AR B AT 22 P R 2 B
T IR TR - SR SR B A () =D kAR, R RO DIRE AN A AR, A
i SURE JI3RTH23% . 7 T E AR 17%, SEAN T3 R AR SR A VIR R SR IR S

—ARIR I T T FRATV 17) 2% U B ) FE ) B 2 1 . FRATI AT -
AR H R A, I 2 4 P BRI R SR S A W S S i G .
B b, BRILATR B Sy B R HURI SN, SESCHE 2 B d HAE IR S IR 1 3 il 2 1 o
i 2 1 Bk B EMBL-3 AR (4 20 B 7 AR W5 Wk %, W05 15 32 ARRGE % b 1A i 25 i
UGT2Rik. FT ik, R 7B A A WAL R & (MPST), 1%V & fl

IJ
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G AR FE S POREOR, DLTOKE A B Rr  PE R T 1 5 25 R, SEBLAA
M I 7R R e PR o T T MR [ AN [ R A TR R W pR AR AR R, REARHETS BR T Ui iE
AT DL 55 2t . HIANARAIESE, &P GRPa BRI 7%, TR E
TR FEAR82%, SEIL RIS R AR . AL TR B

ZR ERIR, FATUL R R u B, il 2 4 A g AL S ARV SR 2 3
A3 AL 2 2 1 R ge it e o AN ERAIIT R 1 — &l i R I A P 2 D Th e o
HE I G IR FEAZ YR ATHESE , I Rifi 82 N2 FH 998 JE 4 11 5 e 128 ke PR 8 A 0 XU PR
AR HERUN 5 A B, RIS T AR B8 RE S A D AL A ot o I B3 S B,
SRR 2 5 A A (R RRR AR L 1 2 T E AL B T 6

KB BUEMIAL BREEIR, BRI ETIR, SEIE, VRN, K

W, B2

MCP4250, a Novel Chemoreceptor, Mediates Chemotaxis

toward Halogenated Nitrophenols in Cupriavidus sp. CNP-8
Jun Min (%] &)*, Yahui Zhang (5% 7% £), Yanhong Xu (#3%& 4r), Suyun Fang (% % =), Lingxue
Xu(# % %), Xiaoke Hu (#ABEFT)*

Key Laboratory of Coastal Biology and Bio-resource Utilization, Yantai Institute of Coastal Zone
Research, Chinese Academy of Sciences, Yantai, Shandong, China
*Corresponding author: Xiaoke Hu, Email: xkhu@yic.ac.cn

Abstract: Bacterial chemotaxis towards synthetic halo- and nitro-substituted
aromatic compounds has been observed; however, the molecular mechanisms by which
bacteria sense these pollutants remain unclear. Cupriavidus sp. CNP-8 is capable of
utilizing a range of halogenated nitroaromatic compounds for growth. In this study, we
demonstrated the chemotactic responses of strain CNP-8 to several halogenated
nitrophenols. Genetic deletion and complementation experiments revealed that
MCP4250, a methyl-accepting chemotaxis protein (MCP), is involved in bacterial
chemotaxis toward monohalogenated and dihalogenated nitrophenols. Isothermal

titration calorimetry (ITC) analyses indicated that the ligand-binding domain of
16



MCP4250 (MCP4250LBD) did not bind to halogenated nitrophenols, but did bind to
cis-aconitate, citrate, malate, isocitrate and a-ketoglutarate, with cis-aconitate as the
tightest-binding ligand. This suggests that MCP4250 triggers taxis towards halogenated
nitrophenols by sensing TCA cycle intermediate. Genetic deletion of the LBD fragment
of mcp4250 gene indicated that MCP4250LBD plays an important role in chemotactic
responses. Furthermore, the key amino acid residues within a putative LBD pocket were
characterized by site-directed mutagenesis and ITC assays. Phylogenetic analysis
suggests that MCP4250 has a unique evolutionary origin distinct from other
functionally characterized chemoreceptors. To date, MCP4250 is the first
biochemically identified chemoreceptor that mediates chemotaxis toward halogenated
nitroaromatic compounds, extending our understanding of chemoreceptor diversity, as
well as providing an example of how bacteria may sense xenobiotic pollutants through

metabolic integration rather than direct substrate-receptor interactions.

MBS MR SE T KGR R BE N AL A
Xim, AR
(1. % RIETLRFARFIR, % RiE 150096)
8 A%, E-mail: dxing@hit.edu.cn
WE: Tk, WIEMAEY SR N AL DA G2 B 72 560, KR #H AR
fRpEK 24 b B EEEH . &40 (Ultraviolet, UV) $& IR A—FI L 7 # itk
FUGFIRAREIE R HOR, O Z M TRAABE R . SR, RSBk,
RIS BNV | T R A RS F S5 AR BRARRAIE 1T e S5 35 52 UV JE 380 [FIR
9K EkL (Nanoplastics, NPs) ZEf/K Rk HARZ A WG I, H5 UV il
BRI AR B 1 FH A 0T A W PGl A 4 RIS PRS2 M AT L] v S A o AR S DAL 2%
FUR BRI (Pseudomonas aeruginosa) T AERIE R PAO1 KL TV BUE
BRI R (ApilHD FHalH: SERIE R (Uchpa) HRTTERN G, HFERK
CATRAKIERL (PS-NPs) XA [FIzshiétb e IR AEYIRE UV-LED W HTPER
SO o B P AL 2 e & 5 S SR AR R AR AN 22 S S M3 70 9 B e B OB R,
X AR PR T O FE AT SR Sy W, 45 TR B PS-NPs 235 PR T K /b0 AR
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IR KGR, JCHXY AchpA 5 ApilH BORE FHEE RIS, KI5 R T
27.59%M1 32.54% . & & ¥ AL 70 A, UVC SR I AT 3411w Re 4K DNA
B FEIRRL 208G RS S PEAR DG S R AR R E AR AL, JHIESE NPs i |
R 22 W G RSO PR 10 2 2 AT 184 56 A2 W Rt 58 AR TR 52, oK Bl R 4t i AR )
SRS AE 4% S TR AR AGTR A T B AR o 5 ) 2 3 4%

ReE: HUOKEEL, MR, EVIR, B, Hd

RN Bk WHEERDE AL E BT se E IR R ALIZ 3 /Y
Frie
F & 12
U EHFRRKALFHEEIREWETATITAFZALRFELRELRRE, K
A, PE; *KAKALRZADHFNSHRASG, K&, TE)
BIMAEH W 4G . beili@ciomp.ac.cn

W (£ SIRIZIR S B BT T, =GR IR A€ Th RE T PR A HES T il L
FIRIRTSE o & S R E PR TR B vy R B AR IUAE . REG IR )
RESSUE SRR SR, AR N4 1 — 8 1 2 3K ISR A 5 RS 2 HoR AR
o RS20 B R e T EOR, B AENEIIEA R
SEAEMFEAAIT 575 21 Dy BE I8 UL A AR AR R T 5

AR SR A e W ], AEAN R JE RO e 1 N AR RE . A2 1A
VIR, LSR8 F8 QU IR sk B Az K AR, il i
B T A BRI 7 2R S R R BRI, A5 B TUAR D03 1R 10 RN S 25 SR T MG 2 B
AR, RAFEEREFR 5T RURACE . £ AR T, R RF 261
RIARBRIAERAERE 7, SEIL H Am i 4 B RS HE R 0 o E & 2 M 7] 0 a8 55 Tl
FRARG, KL T WA SR B D e bR AL BRI AS, 3738 1 AQIER A
- P40 i kR 4. Ty E 0 T PR ) AT B 2

PRATAE B ALt PoRS 1HE E A 5 78 MR AL AL BRI, %07 St — D A
FEIRE IR AT . 1R R BENE S N SR AR BEIRAE . AR B
BRI SR B, I BE A A B KPPl O AE YA Th RE RS2 . XA
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B i 2 T W FUAT R, NTRE R BEIEIT A PR KU Al B e BREALAR A A 42 3t
T ARHEAL AR

R w2 AY ThRERUEYITEL, RAirk; LIFT; b8 W%

ZEEFRITHNERAMRFTMNINE (Vibrio natriegens) HJ
HE ML

MkE L, FRRE!, EfHH2, BSE2, REH™
(I Rl P BREAEE AT ATT, PE; 2. AeHFRRLE, EHTBLE L
g, L P )
i@ iMAEH . bszhao@163.com

WE: Vibrio natriegens VCOD-2 & — IR TR 5L 14 o FE g Eh 2
FA ARG | ARUNE T e SOB AL BR AR AR RAEN 58 38 5507 15, (R m Sh R AR
PRI T8 B TR A W 77 T R B HE R A R S FH A 77 BT AR AR — o #h
SEAT AR R A i 1 P 2 ) ST FR P R T R SR, H TR T
V. natriegens TEANIF)EEFE S5 AT TG S HEHE AR EBCH A IR, EkZ R MR
HIBI TT

£

U

)

NARGUENT RGNS, AR R FAF N ITE T Tandem Mass
Tag (TMT) &€& & A4 AL R A 2T, W RIS A
[P 24 B BR A2 TS G SR o i RERFAEFEAT T R G B AL A SRR,
b T, ZREREA L EE L TERIEREE 510, feRE S
L Risim s ThReid sk, b 20 5 EVEE & A IS e E H R R LR,
R A it — P Bor, DUEMENEAE s Eh 2 PF TR AR, AN, 2R kiR
AR a4 B ol AT AR A I KT A i 25 A2 Ak, 3R 4 e i A o 4%
FAL, NI P R s B BB 2R IR SR R BER SR . A A S
B G W RY, V. natriegens LRI IEAE T I AR — N FF 42,
11172 38 T AR ARV BUAR 2R L AL R A ™ LA rhCo AU 70 C 45 22 MLl

FIVERS, DA4ERF I AZIE RS SN0 i A= # T RE .
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FE 2 A2 o A I A b, AHIE St — A M DY S e AR ) g 4 v ) O
BB ectC AT INRERNAE o B I [FIVF BRI AectC TBHEK, FEf HAKE
TR AR T WA HEAT 1 43 HT o 45 SR WIAE 2y SR 25 10 1 B A2 Y TR K v R A 38
PUSERE, 1M AectC RAEMRAZ YN, FEFERERTR Noy-ZBE-L-2,4- 2 J
TR, B ectC SRAFHNT 1 VUEMERE ALY & BOS R I A I Fe AP IR, IE
I 2% A= R £E DY S g & o A o A OCBEAE R . B3P 4 Escherichia coli
BL21(DE3) 47 i aRik sk, FREIN ectC WFRIE T A AL Y 171 1Y
SmEnE AL, JFERE RN 2 E AR, AL D RE)Z Mk — P IRAIE | 123 K g i
eI EAL TG . AectC RARMRAEA R BB N BEME ERFHE A IEH 1 A KRS,
VLI DY S E BUARTE V. natriegens WIERE NI FR HH R FEEE/EH, (HIAFIEE
U 25 3L A M — DR 3R o 12 B X 2 Ul R I 8 B8 T B AR T 2 AR A v A
AT WIS RS VKR T RS RN Z B PRI &

AW FENE FRA S AR SO R D e SIE S5 2 AN R T, BON R Giihb
/N T V. natriegens VCOD-2 F#hi&E NI FE, HE 1“2 4l 2A 0 k—oc b Bt TR )
— RN ThRESRUE W FUMEZE, D it — 20 ] W] o G SR T R & LR, B
R T T A4 B MAR VA o AR T FE St 1 S A PR AR

K& : Vibrio natriegens, VU MENE, RGN, SwEBAY, i

GEMSERLIR S 1 i PR A& B FEAD 2 S5 it IR A s DL
X RE, KianE*
(RERTRFNITHEFEEAGFR, TLASESRBEIHAAFTIETLELRT, £4F
124221)

*i8 A%, E-mail: KL, zhangxw@dlut.edu.cn

BE: AT SR A A B R b, A G SRS SO o — ) e 2k e
R o ART, SRR TR A RAR R AT S AR TR B L A TE S, 2RI AE
S o TR R T R L PR S D RE SRR BT D AR, B R G A IEIE
AR BB A B N AR U AR . A SR A G AT A kA v A
AN HRIRYE, KIC A BTG AE S RIORR A I B e, MR TSI AR
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JEARBIEAY (GEMs)  # SR iR it 5 sh Tl BT ot (dFBAD TS
AR ETRINESE . BF TR TARADS B A T KBS M i 7 S &7, B
TR S LT TR B R T99.8% 1Y iy o R A AR R 45 . £ I SMETANASLY,
AL 7 SE IR AN B (] QB BRI S (MRO) AU I AR BE (MIP)

o R AR 1 SR PR, ASHIF 5T 5] N A 23 [ 25 B BR 1) 5 5 T8 7 2 1 IX
EAWAFBATHE 515, X256 ME RIS G 10T 1 360/IN0F 1IN 75 J B ARl . A
T 5 R ARG K T 7 SE 30— SR B : ThRETURMFI I S N IR IR B e &R
M5, SHARGLEMAWENZFE-ES RGIIRE (Negative BEF) K R.
Tt 0 B 8 0 14 HH R S B AR ZHL3 5 P R B VR Z 1 AR — s & UV, HLAE
15K AN BB IS PR AR R 1568.1%. 5 G LM UM (k- (GC-MS/MS) 576
UM IETRES FR LI, B R T R e B AR AR AL B T R ZH L3 TE A
Je A T DAL PRy il B 0 R A BRI, ) AR SR R AU LIRSS R A LR s D
P RRZ VA AR RIL, 38 3 32 SO FREE ) [F) A6 B IR AR, A U IR T 1
AFS R GRS I o AN T I I ) e DR AU R A I PR B,
S 2% SR A 35 P B U D T T S ) ZEL 2 BRI T B AR A S FE R S A

REW: SRR R R, ShaidsE o wmii
iR R AEMBE

I A4 R PR A B UL B D> AR B IR IR A TR

Zemin Wang' (E#FR), Jingli (ZFd%), Zhenming Ling"" (4 #l K,), Xiangkai Li'"(Z=#£4%)

W2ZMKFEGHFFRmMEETHE LR ETHFIEEFRE, HH 2 730000, F
)

*E-mail: lingzm@lzu.edu.cn; xkli@lzu.edu.cn
PE: WP RN R RS R EAN R —, P& R Y B S R
P2 MLRE B2 08 JRGER) 2 e BE AR 9 5 T A AR R ML 2 R AT Ml Jre 1) B BB S 75 5K
HHT IR PERRMSTORAFAE W] = IR W) BEIRCR G B A5 07 vk B ) 55 LT X
R P it 5, AR 25 AR ™ A B v, DR TR A R DU i W A= P 2 4 k4
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B, HE DL RN SHe BRI S0 7 it AR B 22 4o SRIE U ABAR SUA B K
IKZE I E AR B T A (R A A AR 5 S 32300 T e i 28 T [ R AR A B B U
JE o AT FCLLH I 22 AR SR A O TR R, SR P W A% D M — U R 7] i e
W, I B ERAT i SR AR R T VB TR v BR TR (Pediococcus acidilactici) GR-5,
FENL CPRIGRERE LRI +GR-5 Ja KB 17025 R R 2 ] & IRERe M, 4
L 5T B 7 M 5 B iy J P R 20 5 URARFAE , e 22 20 “ A A 1 P AL AR,
3 3 /1 B, S 6 AT % 4 S 18 A PAY B2 R SO SR o 0 g T MR e A 11 T 24
Mo @8R E7R, GR-5 Al 12 h WREER@IRE . S, DIHF =% 0E
s G KBFALER 5, MR & PR 80.15%, BEMR SR TN 41.91%,
HXSEEREIEE REOEFE LR E . GR-5 REEAHETHE K& KB 2K R+ 12,
BEARAS RKBRZL 73, 4~10°CH ek I N AR 8 BRI RS E « ShSEIn R, 1%
] TR PR 1 ML 2 AR/ BRI TS PR IR /K, GR-5 ReB /N imiE e e, A
WIE RS, 1552 I B R AR RE ), 45T EIERe AR . Bl bk i,
GR-5 B KIL deoD F:FNEMAZ TR ACEE, RAXE 70l Dy T 125 TR v il
A RS 1 B MSOMI R i ) S I P MR 25 B PR v R B A1 . AR E ST IR
MR R 2k A SRt TR R an AR R PR S BORTT R O GUR BEA S AR Bt
AT R AN EE SN

TR A G SR SR R PR R B A A I s A I T R F &
FROBER . EARE L, At AR 3. & 24, FKiERg
(MLFBEEHKREALTASR, KLME-110122; 2.k I K5, #FE-110870; 3.4b
AKX EEMR, HME-110016; 411755 ES7AHA RN, Jr-110170)

*i8 iAE 4, E-mail: yanzhaozhang@cmu.edu.cn

TR PR R 500 B S A 51 A 2 Il R S B 4 R A R
BRI 7R AT ARG, XSGR AR AR A B BOR iy S 1), Xk DL A2 83 A=
WIS BT PR FEHERISERRT oK. IR HEAKRL T (MNPs)
HATNARL R 37175 TR e % RSP, T 5Pk 5 DL U s AR IR A A e . 255
A Ja P IR RN, KT HIAT WISt RN (R IE K, S BB RS S B, s
SR R K55 A A D LA 5 A L B AT S B BT (0 5 1 5 0
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KAt LR 52 R B, Ok 1 B )iz N A S B AE s IR
T, HRORBEER: OBE TG SHBIER, ik tRmmE; @
FENL T S IR B A AE AR R AR A R S, RS T MINPs i & (1A
P ST @R T RGETEA RN WEEHE T fEE: @K
T ARBARH N BRI 3 IRRCR, i 7 E S8R L OFFK
TERERM, dia N sel sl E S5,

AREARTLI 5 e g (59 18 10-30°C. 30%-80%i FEFAEE T R FF
FORENEAZ, Bl SrT IRt Ak 1B e R R BE S, X
W B RS (LOD) #J3& 500 4~/mL, HIV-1 2000 A~/mL; KRy
W A O A ERE A SE 10°CFU/mL a5 e, R&mAmtt. &
BORF- & Ok Bk e 45 B LA, $RAE 1 m T MR T 5, e IR IE I
AP M AR R R

REEE: WAKKL T ATRIFIJE /K50, Bl PRl G fan %

Investigating CyaC-Mediated cAMP Synthesis and CRP-

Dependent Growth Inhibition in Shewanella oneidensis
RE i, msh
1. & &4 F 1 3 K4 AU ¥z China

i@ iAE 4 haichung@zju.edu.cn

Abstract: The cAMP—Crp system serves as the core global regulatory hub that
enables Shewanella oneidensis to respond to diverse electron acceptors and coordinate
respiratory metabolism. This study addresses two unresolved questions: (1) the ligand-
sensing mechanism and biochemical characterization of the class III adenylyl cyclase
CyaC; and (2) the molecular mechanism by which elevated cAMP levels suppress

aerobic growth.

Through molecular docking, MD simulations, and site-directed mutagenesis, we
found that CyaC may recognize quinone/flavin-type molecules. We plan to further

validate this by incorporating purified CyaC into liposomes for in vitro assays.
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Transcriptomic analysis and functional validation of Crp variants suggest that elevated
cAMP does not exert direct toxicity; rather, it suppresses aerobic growth through
aberrant activation of Crp, which in turn downregulates the TCA cycle and other

essential physiological processes.

Keywords: CyaC;ligand interaction; cAMP-Crp ; TCA cycle; transcriptional

regulation

From High-Throughput Enzymatic Assays to Al Predictions:
Revealing the Molecular Mechanisms of Reductive

Dechlorination for 209 PCB Congeners

(1. FREAFETAEE, PLKRE, ST, S A4, vE)

*Corresponding Author, E-mail: wangshanquan@mail.sysu.edu.cn

Abstract: Microbial reductive dechlorination dictates the bioremediation of
polychlorinated biphenyls (PCBs). However, mapping pathways for all 209 congeners
is bottlenecked by their structural complexity and low-throughput conventional assays.
Here, we developed HINVARD, a high-throughput assay achieving a 30-fold efficiency
gain, to screen 61 PCBs across 12 cultures. Integrating this empirical data with quantum
chemistry (qairshfeid,clmoai.) and machine learning (XGBoost), we built a robust
predictive framework. We reveal that physicochemical properties drive dechlorination
reactivity, whereas RDase-substrate steric interactions dictate pathway specificity
(para/meta). This model successfully mapped the entire PCB panorama, predicting
pathways with 98.3% accuracy and identifying detoxification potential for 11/12
highly-toxic dioxin-like PCBs, providing a roadmap for microbiome-based

bioremediation.

Keywords: Microbial reductive dechlorination; polychlorinated biphenyls

(PCBs); high-throughput assay; machine learning
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ETERABRASEYT MRS (UPILS) KESHREFER
5k A 5 2= 0 25 SR B

MRik2, RE2, SER, FXF, B, FHT
(1. F BAF R AT AT L STRE LT3, AR 610213; 2. BHRBRFEF
I, AR 610031; 3. BEXRFRBEAY TAZFIE, RA 610039)
*i8 ilAE#4, E-mail: dongjuan@cib.ac.cn

HE: HoS Bk (Candida auris) & WHOD E [ 8 i 018 5 22 5l B0 B 0 s A7
HAEZHM 2 =300 &b N A R G RFIE . Aok, HAETRE K& AFRIEH
DAL B RSB T, S0 RE MR 24 2R i 90% LA b, i 1 TR Z i 24 AR JR S TR B
X I R0 L B VR T G ORIk o AT, 244 T R T (i 24 A B AR 4
HORBBCEEF Y, AR AR WA ER A UAR BY SRR I, HE DA AL I
IRPRSHENE 1 248 5 S 256 A IR a D) /% 5k o FAS I T, BARPCR T2
RGUZ e, HZRTREERRERS, EEZdMAYs b mfE: ma SR
I IGTTVEAESNP X 43 75 AT I IR B AR I . AW FLAEHTIAICR-LAMPAE IR 5 S A
FUELAl b, BE— BRI FHLAMPA 2 HICREF S VB UIRe I, 3l 75 b 48
BRCTE SN, 207 T ICR-LAMPE@EH4R%H A & (Universal Probe-based ICR-LAMP
System, fRIFRUPILS) , JRH T H- 23 Bk B SR LR 1 181 3R 2R 245 W0 AT 245 %
ARSI o A 2230 F SOGERET IR Bt R IR BEAIS T 22 SERR AN AR BT BT AEBE 5
BRI A RN A B K IR X S BT 5Emg, Sl 7 —BELAMP S| 0% SR =
AN#GHSNP (ERG11 F126L. Y132F. KI143R) WA s, HEBEHE A B Rl 25
SNP (FKS1 S639F) #R%t, SB[/ B XU 25100k, 1 — P BRAK 1 Al s A= - 8]
WA . UPILSAMY W] i ik S 56k 5 77 sUgEAT & BRI, BT e AN B ik
£ AL AR AT PSR AT, 40538 4 B AT 58 BRI 25 73T, RBUZIE 1045 D1
JuL, LR BRI N100%. AN, 1Ey—Fn] R s R i S E A
P&, UPILSIRH & #1 Jie 22 H e S 48 0 It 245 3 A IO RE 0, T 9o IR A E
I PRARSH 2 W7 5 IR A% 3R I M B B 28 IR M BAR T B, JF A A4
TR 245 11 A 9% U o 10 S FH AT I B A 46

R HOIRE; SRy, MR, PR 2 A, RIS
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B AU T e M 5 73 B BOR R BE PR 58 Sl A= A LB
FER BRIZ IR

R
(1 FEAFERH S AR EIAZFLH, LEHLH LT .0 KA%% 189 5,
266101)

*Email: xujian@gibebt.ac.cn

WE: MR ERZFESRERNMEMHZ —, 4K
73 i B 7R o MR AR AL T 7T — EL DACSRAFAE ORI —
PATC 50, DRI b SR B R A p e R A BN, =R DAIRAS = R i
JEE 1 R 20 i A TR A s o SR A D RE BRI AN B2 IR R AR T, R AE
B ORS FE R A R oW A RUIEAEPRATIRLEARE Dhae (ffift 4 - doing
What) . #2#E (- Who)  AMPATIXLET HE CAfHA-Why) « 257740
B (A FEY)- Wealth) [l - When PLR T 4b- Where. 2 2HAE A R A7
Gl 7 B SRR M AR B A I AR, W] LUK g AR i 2 7ok i 2 B
i P Dy A B AR L D R 2O L PR B N AR Ok B AR
5 31, ] R SEI AT AR M ROAERE VE RR 5 ) S AR DI REE R
ETHh s HERTAR B DIREEHKRLHEEHEHEAREKR, O
T RN A LT IFR T N E AR B S E I o E i B A E
RO DB IR ZE YD 40 B, T A R Ik 1 A% 4 5 ik v H b 48 i 2 A0
Kk DA 2H B SR R A . Dy T AL R 6w e, AT R T
FlowRACS (f2fitmid & fbric iR R A /04 540i%) - RAMS (5K
3B DL B B4 B8 22 A A T AR S M 93 10k 5 e 7 i P RE DRV AL ) S5 AE N Oz
S A DI BE T 5 e ER o A TR 0 55 £ 5 G AR M 12 4
W K JE A G [ B BIF 7T T K b RS A Tl A A2 i A 5 T R AR
BRF 67 Z 0N H 7 5 Ihh 8 4V S BOR S AR BT B R,
e A A 2 B R ) < TR A T 3 T 2 - 35 5 4 - Ak DR A ke 8 U A
Pt 22, MR EE A BE S AR S LI 05 A V) BRI 2 9830 1) S A RS 2 5 ) et
[ RIFTIAR, HES) “ AR AR ThRE, BERS ATk AT 23 AT SR AT R ISR AT

[ =L
BN o
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R BAMCHTIRE: MEMIBIRIEE; w2 40K

o R B AR E A R BRI HIBT 5

xle
(1. BAF5 e AR £ 5 AT, AR 610213)
*i8 ilAE4, E-mail: wuheng@cib.ac.cn

BE: mAZRE (TAN) #HilREMH L (AD) , UES M FERADK)— M B
ToVETE AR . A SR TANFR ) A Rhizopusii & KR R, 7]
B B e K R e R P R g . S5 R, FETAN#IH] (6870.97mg/L) K44, Hkk
FEEEIn6.46f%, HEHITEATANKAD REMI21.10%. B SLI6E LA
E IR G A R B R, TANSIHIVE S, b4, B T DUKMBA R
JAAYGGO1 sp. f1IDTUO014 sp.. F=ER4HEDTUO1S5 sp.. DTUO013 sp. FIJAAYLOO1
sp.~ 7= B e i B Methanosarcina mazeiFlunclassified Methanocluus A 3 ) #3 [F]4X,
WA TR, DAHRPUTANAN G % 3 DR 2 2 45 A o e S A S i A P B v
#5r xynDAIbgI B 5 JRAD /KA, I HEREE . TR AR iR, BA
ey TR TEYE AT/ i i BEF42095% PR 12 R 3 B8 S8 IR BU& 2™ ik,
22 o1 1 01 o o FE AR A B S B[R 3 o IR B T R 1 SR LU A% GE Y ADSRAS B
EMAETT L, ENERESIIR SR, WTRCRAS)  ReE - B R E .

REEE: REHL, BB, EHEEA

PR AL RIS TR YL RSB T R 5 N A

B, mAR*
(RAEBBARARLIZ LWEKXF,FHT AR, FE)
BMAEE : jieerbu@sdu.edu.cn
WE: LGRS — T S SO S A L 6555 B i
BEE, TP M AT B T . AR S I A A A A B B A A R
PRI, BA5 5 R0 e 515 5 e 5 oA R B 8 A% g L A P A S P 5
UL AR D ) SER L SR SIS IBER A BT RS 15 e S s I A 4
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AT s NAIH B GG MR S 5L R 5% D8 745 S0 B rh O AR U 1 3 245 TR
RGIFRE TN RYE . (5 58 SR E SaE S H R L. 52 7 & T
b 25 52 IR 20 25 P R A S A7 e S ek 2 e R s IR 5 o D 9 R BT A i S )
L-2-F23k . (L-2-HG) Wi¥:s¢iiE T LhgR: fEULEEA B, $RH 7 DAARH)
WA 28 2 M A AR SR A T T %, KR BGE R R 2 L- RN L-
AR L-rst @R S-IRH-L- i R 5 S B AR . it — P S T
FOCIIRAE B 5 HOR EHEO G A A RIS A R, TR H R 5 = 1 Rt
gD AL A, S ISR A B FR A I S SR AL R . BEAh,
5 N R ST T35 A G R O AR ) A IR (0 SR A A ) P 18 B 1 R L2 8
W&, EEINEAMPEA L-2-HG Lhitkfziz i H SLC1AL, ] 7 HA T
LRk L-2-HG ST RSN A =R . BRSO T IR o2 i —
BT R —Z T RGNS N e B R 4, A3 DA B R I (AR U 7
WATBER. AT RAAMBISE S, N5 R PSR AR At T 6 i TR A4
AR5
RG] BAE IS PO R AR TEAH R

H TG H A1 T8 S M R L

kT
(1. AT HE ARSI, RALXS, m, L7, FE)

lizhong302@sina.com

WE: WEMEM (Microbiologically influenced corrosion) FF4EE 42 BR i i
B FRTTA TR, HAZ ORI S &8 R A 1) i1 52 ad 72 . L4
RYCH, AP ENE M P (IR HaS) B Hy VN B3R R B3t
170 SR, FATMIBFREE 11X —IAH, UESE T HESR-MAEMBE s T2
HIEMERUEY) (U0 Geobacter Shewanella) J&TMANEEANSE TREM RN £ BB 1R,
IS B AL 2T B FATRIZ I B T RAE P AMNE ) 2 AR ¢ AR
(41 OmeS. MtrC) LUK SHEE (e-pili). XUEEHE MK 1 BEAEY)-FEED
TH ) LT3 T8, Az 28 4 3R T IR 2 4 IR fit e B B9 1) i k45 1845« IR,
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PAVE DR v IWEERE" (FesOu) REAFN—FIRAR ML 2487, S i1
MG IR TR AR A A A s, S RSN S JE b ) I S AR A o 36 T BT BAL BB O AN
HUETEAE YRR 2 p A BET MAESIA R M ECH 1 CrOs #itLR, JFord
PR, TR ER R R A QNG SR BB AR 72+ BET |1
WAEDE Az O], #on T ARG R SRETH SR, BT RRES
JEIR T T A I 2% o A ST TN A8 T AR s A 2 TSR R R et T
L SPH RSN T RS BB AR .

Re@iAE: SN RIS, AR, ARt RER; BTEE: R

Fe .5 TF-90KPUB/N B 25# S Pseudomonas inefficax
AHA40 B INTE B 4% 38 b R SR i EURAH AL

FROEHR L2 il EeAl A D Fa 3 BRAMK, Ak 2 REZ P RBEW ¥
CZBPERFASERES R, LA 241002, F EH; 2 P BIREAFLHRIETREL AR
BENGFIRABRELERT, %, 100012, PH; 3 #EHKE KFAZEREARE,

HBAERITHEX 999077, FH)

PE: U A TE & 05 JoK A ip R PE B BRI R %
B 4 T AR B AR AN R PR . ASHIE SR o B 3R AR 0 T AR B AL B
Pseudomonas inefficax AHA0 5 51 %% Fe B.J5 F-4KBURL I N B 2200 KL (FeSA-
NP/CND A&, W AY-ARE M AL R I A 1A 2, DLasAb B UM RE . 25 SR R,
FeSA-NP/CN-AH40 & & & & Itk 7 KAt sh /)i 18 7£ FeSA-NP/CN #5 i1 &
N 60 mg LN, ZARLE 10 h N NOs—N Rk F] 94.5%, 5[ B M & #k
TR R L 32.4%. ML HTRI, %580 0E A 3 ZJH K F FeSA-NP/CN 4 51 Ha
THFR SR, HABAT N (38.63Fg!) MTTif Fe*'/Fe EALIE R Gy H
T SR 7 A A0 . FeSA-NP/CN (5] N HE T Wy BR-1-FR IR (7=
(P21 30.2%), W& A B T1LI6EE /) (ETSA #2m 110%), JFHEREE X
AL IR B S R A3 T, 255 NAP. NIR. NOR 1 NOS i 44 25 17.06%-
68.50%- 12.12%AM1 51.45%. [Fif, #RH8iRER, S L. o
FEFACAR SR ThBE L N FRA I B #ESePris KA HE) /K (C/N=6:1)
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IAESESE Y, FeSA-NP/CN-AHA0 14 22 50 5 b MR B 2H SR 30 S SEAR T e 2
FRAECR, TN. NOs—N Al TOC ZERF 7 AIEE 12.81%. 27.88%41 20.75%. %3
E, AR T —FhiEETF FeSA-NP/CN 5148 S il 1h B # A5 (10 £ - AR A= 4 2
P SR, T S e A R IR S L K IR R, sk
Psa A I BRI AR AL 1 3T ) R

R PR SRESMRL BARE BT RS

Rpo kA F AT EBER TN EORAEHR
FUF, BRSO RTE, MR
(1. e ImE RFAEGHSEFRE, KX 430079)

*i8 iAE4, E-mail: xiebo@ccnu.edu.cn

FE: RpoNAMIRpoSIE N4 RRER T, fEEEFMERYL1-351 252 5%
PRV S IR TR M AT 2 o ASHIT 9T B LR R A S T TR 4R T g
FERAT I 22 TR PR A . W R AL, B R AL S i R R R, R
GUfRAT T o 2 R 45

FERA M RN, MERYLI-35%4,618 M mdRE A, HAr1149/N85 ) AH G 3
HEET W RS SREIEEIT  VEEESEIRR I, BRI #E L 50: 1 By AR Y
TR N89.24%  ArpoN{X 3.23%; 25: 11 B A RN A R £25%, 1M1 ArpoSiE95.92%,

N b

UESERpoNIE 2 . RpoS 7 A8 14 -

E AR AR, RpoNSRpoSHTTESS #ath Kz Uk AR i i 2 3 H AH S 1)
Z SRR ArpoNHT6SSHRL NI ARILE I &b L ii; ArpoSHHT6SSHEIL
TR R BT R AR F iR BTtk X T2 1 che AJE [A] |
T6SSHE 1 MFE2 I tssMIE LR, DA K IR G AU Hh 52 1 428 1R I IS AZ 00 385 (R 2 Sl ) 2 %
AR, VEIERDNSE BoR, cheARSMRIR K 5 4l tss M B R 768 3R 35 10 25 T B IRERAR
U AN A% 0 2 R AR MRV .6 ) R S 35 3k, BT SR IR 4 JE 3 P S 28 B A
Ko ARG JIIESE, RpoN-SRpoSiliid % 5 T6SS #afh Kk =
S B P S TR P R RS L
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K4&A: RpoN; RpoS; WEATE; HEAMAY

FREFME I P P A R DUPEE R 1%3% RALHIHTIT

R
O A5 FRERFEKRE, L& LE FEH)
1561710773@qq.com

P BRELFR A R Z IRz — R NS AIBREL ) 2%
AERERRAEYIE G T, H O IR A YRV RO T B8 (5 R TS AN W Al . AEA
Wrge, AT, T = A2 A8 B R R ——R H B (glyphosate) g
% (glufosinate) FIZ R (dicamba) , 2w HIRMAEWA A RPIMERER
(ARGs) AR #8hiE Lol (MGEs) FFE, MR Am & 3 2R
AR = A B R RS o ML R, K b2 BT B B T ok 710 i 52 44 B i
BRI P2 A T AR MR A, X e (R BUSRAT T 2 AN T Ok e A RAE I 5 R
BN SZVE RIS UAE B A G EE D K A o e b, BRI B EE A0 I 1 A
WEVE, I T 2 EIN A TR e S AR, et 1 HiAE R iR 7E
M AR AE R 11 AN iAol g rh, AT T R IR -
5 2Rt P o3 A9 6 g TR S L, I ) P it FH DA B 3 v B IR B KT 1 T
s IS PUE RS R A] R St AL T L R BGINAROC . 8 BRI, JRATHY
WHFEER B, R B A o IR AE M B R, & R TR R hiE
LA FI ] Bt AL To i, AT AT BEAN AR MY P58 o 1) 4 BRET B 25 P 245 178 1) 7L

KRG AR BREGT JUERPUERER,; ACPIEE R
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WEBZ: GREYZSHEIRE
MBS 28 H B EL AN R & R B U R 25 B PR R
B R oA R SAE

WRAL, AT, kS, RAR, HEE"DT
(1. Lo KFIRFAFF I, KB 030006; 2. 1754 IR A £ FIRIEAEH A A3
s, KR 030002; 3. h®RFHFEFRFE, KR 030006

*i ilAE#%, E-mail: zhengxy@sxu.edu.cn

WE: HHE (MeSH) & — MR R ALY, 0I5 kA 35 5T
Wk, FRHTSRAEAS RS . AT BT A b 3 R 4y 25 HH = Ak MeSH 22 B AR 14 40%
M E B, 2 REE D NNRITERILALIRE (Agrobacterium cavarae)
W& BFE  (Mycolicibacterium neoaurum) 7 SR B M (Pseudomonas
gingdaonensis) . B FHEIER HIEA T R4 (KEGG) HHAT 7 3R HER
RIN, BT B AR ES) H A EE R AN e R A e 1) OB, R LA B
MeSHI®¥ /1. £ edtis stk 2, A. cavarae R15P. gingdaonensis CELA5: 1]
o4 & B B PR AR PR S, 2RI 6 K197 )5, MeSHERRFIAS7.2%, H.SH M
HIE98.7%, FESEPL &S (NHs) 58426k (100%) « f£=Judt Rk R/,
A. cavarae R1/M. neoaurum CD/P. gingdaonensis CFE3:2: 1513 1: 25 F EL 5] T 3% =
it B bR R B R e K BB . Horr, 3:2: 1 EU B R R X MeSHE B
MR R IEF94.7%, T 3:1:2 LA ) B BRI NH [ B BRACR B 391.7% o 1X B4t LR 1Y,
A5 FH 52 T A A o 4 1 P P B R 4 ) AR TTAT I

KA TRREYEE, BRSO, GRETE SN, s
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Pilot-scale insights: Dynamics of successional patterns in
microbial communities and remediation of petroleum-

contaminated soils during bioaugmentation
Jiawei Jing (3Al4£4£) !, Peng Gao (& M%) 2, Hongtao Zou (4F %) 1"
(1. Fa R Kk £ BTFESLR, LIEHHANERIAEAL TS, KiE 110866
2. PR KRF TAZFE, Yl 110866)

*Corresponding author, E-mail: zht@syau.edu.cn

Abstract: Petroleum-contaminated soils pose serious global ecological and health
risks. This pilot-scale study (120 days, 25 m?) aimed to evaluate the field efficacy of a
compound microbial agent, ECT (composed of Ralstonia sp. CP, Rhizobium sp. BX,
and Acinetobacter sp. FL), for bioaugmented remediation of heavily petroleum-
polluted soil (initial TPH: 45,178 mg-kg™!). ECT achieved an excellent TPH removal
rate of 91.61%, with exogenous strains successfully colonizing the soil and maintaining
high relative abundances (Ralstonia 42.1%, Rhizobium 10.0%, Acinetobacter 12.3% at
day 120). High-throughput sequencing revealed a dynamic community succession,
where introduced strains were associated with indigenous genera (Sphingomonas,
Thermomonas, Microbacterium, and Pseudoxanthomonas), suggesting the formation
of a degradation network. Post-remediation, soil quality improved significantly, with
increases in total nitrogen (11%), total phosphorus (28%), available potassium (35%),
and enzyme activities (dehydrogenase and polyphenol oxidase). Although the a-
diversity declined temporarily, by the 120th day, ecosystem stability showed signs of
recovery through reoccupation of the niche by native bacteria. Notably, colonized
exogenous strains stabilized in abundance rather than proliferating indefinitely,
suggesting ecosystem self-regulation under the conditions tested. Temperature was the
most influential environmental factor governing community succession. These findings
demonstrate the field potential of ECT at the pilot scale and provide community-level
insights into microbial succession during bioaugmentation, offering a reference for

pilot-scale bioremediation of petroleum-contaminated soils.

Keywords: Petroleum-contaminated soils, Pilot-scale, Bioaugmentation,

Community succession, Microbial network
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RNV R FYIAE 5 Je R A M B R I R F
J&

mME2, A2, FARER?, FMELET
(Ll R XF X 5RB S, Jf 110866; 2.k fmR LK F T A5, W
110866)
*i@MAEH, B-mail: jiawei95915@]126.com

WE: ke LR E LAY, EEPRTAITR. Bl 125
L fitia iR P R I 5 R A 5 r R YA B T S ) SR L B 5 ) A
IR, B B EE & S AR R AR TR XU o (2 E A8 S DR A A X 8
% ok 3R SR AL S P BN BUINIT 32 2R ORVE, AEAESERR BT AR T i = 38 5%
SRAG IR LTS G AN Gl A i 1 DA S SR ) e A R L PR A [ R ARl AR
PR KRR R T, CIEEYIRSAT . B & S LA oI LR Y%,
ABNFENAYURAEFRTUR, MM EHE AT 2 fLaH, almad =y T 58K
R NIRRT R A R ok IR S SRR, e R T4
R i AR T A AR o« ARS8 1 A RIAOI R ST s A A il T5 G L3R A=
RN, ot 7 AFSERAO R YR B R R B E R, IS
PUETRANG . BCEVIREARE R . SRR S e AR S 5505 T, SR
T AR S et A e B E R A CHLAR o AEBCEERR b, WHE T ST
FEGr THLRIMITER BE . AT GR R ENIMICRZ 7t LK AE S 2 2 vF i 4
JiHA fy kD RE R A B A BB IR Ut R S LIRS,
BUAF BRI, AR SR A s G AV B i & BN RS

R fesd, WAEMBE, HREE, RWVEFD, BRI

A A B AR VIRV AR 3 A T TS B B AR SR E
et Kiane”
(ILKERIRFRIEF 5L 432, &4 124221)

*i§ ilAE#%, BE-mail: zhangxw@dlut.edu.cn
WE: WK EIZ B A TG 4, Iz s AW e, A4S m
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I E KBk & RAEYIRETE (SynCom) 1EN—FhHI MBI, AW 3R
155 7 K AR o L A A 2 B R ) - L 3 R U5 (1 AR AS RE TR NI 2 o AN UK I
SN R b B 0 SR PR S R (WY) SR SR AR
A, 2RI ANAE KR A4 N A s LI R E 5. RallE 1A
PR . AR . B YA FRAR RS AR PR R RIS S 0 SR )
DIREWE 1. GRBW], BATWYRBE R EI & 1AM BEMRcs, JEEm 7 Ligh
WA GRS LRERETE, S T RIEFRRL. IR, WYHERP I T 5
ERK, A TSR AR AR A S R, BRI T RS, K
WA R T Aa sE RS . EMAEMAESZEm, WYRZHE T
IRFREM B BEVR LK, & 2E T Achromobacter Marinobacterium®s B 1 B& ffTE: 7110
J&, FFORBNTE R 2 A B AN 5 Ik i R 1) B AL I R AR, 48 s PS5 U 114 22 i
AIAEZWKE WHERE . THEETUN (PICRUSRAIFAPROTAX) IR, WYHER S T
Fer el BEmE AL FIFIRANERAL G VWP S A G EE R IR TR B, 52Tt T IR
(Rt ERAEFA S J) o iR/ TPk AEHE A (PLS-PMD i —b#7R, #EFIWY
JG, BRI ERAL TG G 2 B - G - A R B 2 R A, F AR AL
AT AR IR BT B TR A K 2 ) 2 AR R A A%, AR T SRR
MASHERPL. 251, REAREBFWY NMUE RS A MR, 58 HE PR
R A IBETE S5 . AL ] B 26 R ARG IR RN, (et T -t
VIR IE S, SERL T V53 £ B AR IR o AT T 96 U AE YR v AL
T AT IS GAB S AR S R A R A T BRI A SE S

KA ARMEYIREE . A g R, Bk, ARERRAEmA: A&

HEBRVEMZERE Rhodococcus opacus PD630 48R _—
B 1,2-BUNEBRILER, PSRN EAIARH & RA RS B

A, WA, HEHE
(1. P HHERFEGHFERRER, AR 430074; 2. EPHHKRFRFEELT
$1z, AL 430074)
E-mail: zhenzhen_cai@hust.edu.cn
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P A=A ER R R A F IR AR, R R MM
U PR S EAANAT R T IR PR o ABTR I R AT 2R B AR A A dE e A i <
AR A R BT T & A I 7 A A EE R R PR, kD A AR
12-XUINAE B (C120) F/EEAR R —f32,3- WU RE (C230) FFIARMF . ek
B (Rhodococcus opacus PD630) A& A 25 AE %A A LR 75 77 10 1 5 B
B, SR B R A0 R 8 12- XU A B B R Ceard) HITUARTE DL MAS BB, il
LN LT B IRA SRS AR AT IR, PR T IR AR AR AR 5T 3R B AL
AR o ABEFARDT TEMAIRE T catd FERZHIT LPD06568 (catdl)
Fl LPD06742 (catA2) FiE VAN @t b — F gnfis B Thas, RIL catd2
FEG TR RN 2R RAE Wy FIRBE catdl N catd2 IR (R.
opacus PD630 AcatA2AcatA 1) FKILH —E AR MR R he /), HRRE R ZEC
THWE. W EEF X 5 RIERIARIE, =% H (LPD13005. PcaHG A
LPD00266) #iiE S H A 4128 1 1,2- U0 AU Bt 1, AR gt B R AN 2 40K —
My Lo HeAh, BT RS EAR T, R VR LD R TR AR A e 2 R
HEANSARBABGIUD. 42878 8 4 5 8 & i TmTyrS4 78 [7] i 52k
catA T gludWIVEIRABR B B AR PQOO1 HH iR L, RTh AR R MR =2 —
M QIARB AR &R T A2, &N 15.8 mg/L.

R ABIER, WKW L2-XUNANE, HERTUAR, FEMERE, L
&=

IR 3 BB T5 Rei5 G LB AE VI o R R SL ik e
BME2, ALK, JAE?, SR
(LitlaRak X5 L3 5FFIE, M 1108665 2. 70K bk F TAZFME, ki
110866)
*B A, E-mail: jiawei95915@126.com

WE: £H 5% (Polycyclic Aromatic Hydrocarbons, PAHs) & 15 i,
IR AMER NS 32, B AY) RAPERERE, XA R AR fd B g e
R AL G EAE S A = ELAS SR R g, A 2B R BIRIZL W]
BETI R 59, —RUEE E NWAEIE DR S ok PUivE A 2 K 3
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P AHs e fiff VR S5 ) f, 1B B RCRAEEAEAEE « BRI, JPARS G SR a 18
S5 O TP AHs TS G4A B BLSE /5 2. AEWR-TE VI S I B A A
WAL FLBR S M AN 5 IR T RE ], JyPAHSPEME R TR A S 8k IRy 7
BENVE TR A, I I R B - - A P B A R 3 25 I R A 5 e I A
SHAL, (RIS 98 o R[] T S TR AR AR S, AL RAZ U FE R 2 1)
BRTT 2 — o ARILERR T HEW) BN 35 P AHS IR W I [i] 7 R0 S FLE A e 7 4
i, MRS e 58« LRGSRz . WP -FE MRS S . AR 45
AR E R - -5 BB A AR LA TT T, A 1 AR L
PAHs ) = RN 70 R EE AR ERGRECEH 7 AR [ e (i
MBEEDR-MAEN R & = RIEEERNTFERE . SRR a5t Jf
MR TAREAL A, 34T % BRI 1) 22 5. A SCE B R b A 1B R
FIPNAENLI S BT BRI e R ME, e 8 2L . St AL Ia B R A O- A
SV A RIS

KW Bk, WAEMEBE, 2357k, HEESE, hEL

ARG %R Z UK RES R RAEYREE & B
R—a, FEMN, LFmwk, SHE, #HHd
(P HEXFE FHFEHRFIR, XX 430074)
*#t % &, E-mail: shangxian xie@hust.edu.cn

TR ARSTET YR AW A R AL 22 1 B e A A 2L 0 TN IR R
KA I T A FRAJEAT 45 H SRR AL, 36 AT RE S R R 354 AR
U EPERE S A AU EYILRER G R, X FEICNR I YRR R
PERE M ZE S AL T BE AR RS HEIS N, T AR E « AR REAS Y A4 B 45 75 A A 0o L3
AHIE T I8 I AR AR A O ARN AN T RE BAA A4 43 O (0 DGR A, R SL
T EFRATRREIN T RE RS ZRFEL T HEE . ARBEAMATTRATATT R
WAV R B it Se 4, AN RIBR s i AH L 58 4 e A W [R) LA o 7222
KPrBG ASFRIBRIE D D) i ANEMRAQSR B, SE b ReR; RN &
B, IR SRR R E [, IO RN R B IhRERTA & 5 IR BR 4L . AEAN RS
ISR RTARRYD, WO AR AT 42 RIR AR AL 73 JERER P DO e R &
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F £ 10~80 mol %yt Fil A 1%, fEA4 A RSl JEtE R S VE R AR . X R GUFRIN 1 X &
JRAS NIRRT A RS, TR SRBE 1 ThREHAR S N LI 3 T B AR PE R i 94K
P EIBR M B FCEE R, AR EFGEE 10 5 Bk IR AR A0 BR (AR AL RS, T2
AR R A B B IR TSN R AL 0 A B 24 S AR 55, 22
5 AT A VAR T AN S B b ), TSI AE DAL R L SRl B S AR
REMI O R F2 T

R ARFETYER, EMEERIERL, ARG

ZIFT7 R R R R R A S 5 A Yy RS 2 R Bl BB
AR, SRR, T
(1. ¥ EBHFRMEDT TR EN L ZERH AL E, LK 100101; 2. LT
R T4250, L7 100029)
*i@ A%, E-mail: yub@im.ac.cn

HE: LI I52 (Polycyclic Aromatic Hydrocarbons, PAHs) J&—35 12 f£14E
TARAL A BRI T R Tk 3t p () BB AR LTS A S SR AR R B
B6-21E AP AHs = B B fif Rk, RN Se B ZE BRI R/, Wil 20 i 28
AR IE 26 K5 25 TR G B A A K IR I o ) =4, L& R 1A 05 & IR I Ak g
71, R REPAHSIE AL 715 TR uE B AR AL bk . AT R R
{5 H2 i B Pseudomonas putida BGRAVE IR TRER MR, 1% BRI R A0 5L AR BR i
B6-2 (14 5 R 28 MUl A AR B A, L R 28 e 2 3R 5 IR B A e 7 o S 23 05 )

(PAHSs) 5 Wi E VNG 5 B AR IR B0E R AN 2 (0 ) 3, AF 7t LAP AP 14
PR BB I BGRAJNJRAL, MR T Bl itk e s A6 L2 g bR 56 T 7K A R i L
JE TS T AR P R DA [, SeEL T RE BRI AT 45 2R K o 1 Je 5 B AR BGR4
PR IR N 3 B HB A K AT B SR Vi gad BCTT R 2 5 -5 MG B 2 /K BR B Sk Y shikat
M FIE R, 2 SR T IRIARI R i APTI P R s 55T NahR-Psal 4% R Gi i K9
R R E 1AL [l H, A5 A TetR-PreoPHLIE R H 5 EcoRI/Doc H AR, SEI T
FERRR I T 4255 9% . AT F0 R (0 H2 TP A Hs [ fit 3% B 15 Pt 7 0308 1 e A 26 )
iR %, APAHsTT Y E A A WIE S A4 T BB FEall 5 H R S

R UK BREAME, BL K. EMEE. AR
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KPR A T 515 SV AR Y o AR AR

R
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WE: TIPOKEAWEOK T EE mEER 258 2058 kUi
FAPGRA, RSB R ™ . ERiR R AL
SRR ST N, RGUAEMEE SRR BDE N M 22 675 R R KSR
MERT o BTXT FIAXER, BUAART T ZE DN TR RIS T R (1D MFIRA
Ba g i ide 7 oy B 52 MRS A HLIG AP B R S R E VAR BTIR, AT
JHC TV Py ) AL DA K5 G AR A R B , A B T AR S AR ME B 7 aE
PEPEZE [ 1R 8 (2) SRR RE R g — sl DB WA TS 9, (RS2 h
AT RDIAT, Z TG AU TRE T ik R AE M B g e, /i) it
LN TR R, TRBORIR WAL AL Arig e il B DhRe R o [H h 2
TR SIS R A VAL 5 A MBS0 B br, RIFCL IR FC TAE: D
RGHZARPAT 2R EA M Rl = SR ATE LA TR0 78 ) B 75 Sl e 2 o g AR
2) IRNFENTIEEE T 22 R I8 55 S 55 X B A DL B A 10 201 LG, 92 Hh =g 0
FER AR RRE Py U SR B B B AR E M TR SO R R s 3) A E
B IR R s AT N TG B R TR A 41 VCOD-15.
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JR R, Fgp el E LT
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Ak, BN TR E TR EMALE A . A U AR AR
P BT € M BN 0GR DU X B /K I VOCs IR 3R e )15 Bk, 53
MJE TRE R G PEVOCS IS SRR IR AE J13G I150%,  LAXT RN 25 BR A 5R
MR K PEVOCsIFLRE /115 I83%. AR, #HXTEA, 479K, KM, IECkiss it
RVOCsiZAR A MR RIAFAIHIRAR . B iE AW E 5 224 8 DR 30 22 ik
PR3 A i B 4 2 1) L, ASHIE T € [N IR K5 2 28 R 3 7 IR 42 AHLAS 5 AL 71
RIE CRIZEIER - aiio) , A HALZRIE Ja v] DL 220 AL V) Je 55 o j 41 7 i) (EPS)
MG BRI SR, qefp s MK iaeiatr. sy
Bx TAVOCSANF R M 4« st e KRG . Aoy it
DR i 8 (1) 5 92 X A B AR B4 TR HEAT TR R BN, TR 1 R A AU g S
PERAE DR R R 42 (KOO A 5, 48 R IR IR B A DA 5 rR R R 5 I A= 4 11
KT 1) 5 R
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ERERETHEMEMR 2R N ZRET A
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WE: SRR E T AT A A &5 8 U S 2 T, Befl RGTi T
ZA TR, R UGEMAE R R R E M TR . AR E S04 R R R 1
TSI T 52V L 7 L e K AR TR H e D0 A5 R 2 R A G T ) D e S AR
PUHIHFJE RS 70 . TERCEM BROE S, 4 R sk Bl FRpiR LdE I | ifkatE
A mrsBIR /D IE P EA R, FR AT EmE A, TS SR AR« AR AN LR
& o RpiR 15 LRSS A H S AR FEN 182 FIR 234 98 45 2> (i 2 14 1% 2k 40 il 5 LR AN
AT GRS, THFOM R R AR SR s e R R & T T, 43R
16 53 PRl ¥ RpoF 7E 4 S AR SR M BT r 4y S22 AX A, e e A AE T Al 1
Wy B IR A5 i DA R IE R B A RN, R 45, S 3B R TFMEFCs I~ Fa i P, £E3%3h
il R SR R H322%; 5] NEsal/EsaREN A4 RS0,  Fa e nm [ 41 fif 2% i A
RSB RIFOCEE , TE8% e #h 2R A AT IR KR i Dy 2 % FE . EE IR 1 5T, RpoF
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TENE R AT, B AR RIS 22 2 O 7 25 1 o 1 2R
R B AR AR . i 3R IARpoF i, BRI LB A B 7165.38% o [AII,
RpoF th ELFE BBl 1% 1 ¥ & . BRI E | c-di-GMPART R4 N S5 A1
RILR RIS, [RIFRFAEVE R, 47 b, &% A FR i
S, OO eE A R S R A A0 TR o 20 OO T MRS HE A PR A
IS L s EN G

S RREEHT, WOARZE, iR, AR, SR

E T CRISPR-Cas9BIARFIRHA R K TIE W IR K HAEE
YRR 2] P R S

FEAL, AR, S ser
(LREXSF FEMFEIALSR, RE)
244 4% E-mail: liweihua@tju.edu.cn
FRETEFHXRFAFAAFEKK 59
WE: VI RAT AN, (quorum sensing, QS) M4 B [H] 3@ it 43
WIS 5 70 T B AR, TR EHA R RSt Ia 1T 40, RIEF A K
(quorum quenching, QQ) N/FEH R H| LML L. BEHVEKAE 570 T HIQQ
Wl AR RF 227 A QQUE R AR VE KA, ol 42 ) AR ) s I s Hh A= WD B )
TR (SR QQE HIRFAVE K BE ) T IEMRYE L bRl KA AEAR A, IR T Ht
—B N Pk, B TTRERARNQQIE AL & AN 17 53 KR 4 1o
HIA] RE

AW FAE BICRISPR-CasOH A M QQIEH (aiiO) FFIEHEK (GFP) K
AR BW25 1139 M 3 T 4 A 9Ot hRic . ThRedE (RIS IA 7] 32 7 P 56-B-D-BiAXF
FLBEEF (isopropyl-beta-D-thiogalactopyranoside, IPTG) 4% K M TR E . 7E5%
UEFF PR IT TARE R 12 TPEREJS 4 AT 17 AR SEBRE 115 Y A & rhont A PR (1) 1 i
Je H & TR 5o . BARSE AT

(1) (ESIE TR B & BUHERRIE S, HQQUETEM P I B A3 B 1IE . £

0.40 mM IPTGH)# FAEM T, TRERMQQMIOLIEREINE 2 | R KR, ik
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BHIPTG-1t: BEHG 50 5 AT B D i 2 e vp H B E Rl R I

(2) 1.00 mM#E & AIPTGHBAEA I EE, FFHif € IPTGH iR 3 /] 4
10ho B4k, IPTGHEE SEAERE 25 RS S AT 75 R RS B PR M R R 1 o
F o ABARSEERIGAIE 7 A% B b4l N0 H 3 R B st R Ae e 1, i B RIK P 4%
o PRSI 5 D e R e (1 B A5 Fg o BT T B0 B AR R TR A 3 o L A Y
A QQE (ZLEKEBH4A) A LA IQQAE /), JilE [ IPTG-1H REIG s ITF O U T 1 Sk
o 8 FH 7 S

(3) Bl NERIRM LSRG e e, TREA DU T #ik LAY
e R, HX YIRS S, 2SR RRTE. A S HR S RS
PRSP AR B I SRR s WS I1.00 mM IPTG I B 2 385 T TR 1 % A= P T
JR 5 MR RS . CRE R (A B2 5 s RIS e AE MR IQQiFEE, X 3
AR RE /T BT A 2 o X VEY S e b TR 2 R SR AR e A A K L
B R B A7 2R 0 BT 78 0 UL T IPTG R TR AR BB P AN 2 45 A B8 7l SR A A 14 RS

BEREMHE S KEERNZEFR TS RIENHIF R
KL, AREED, ARRTS!, TS, R, aEE!, & 2, s
(1. £PMERFEGHEFRR, XX 430079)
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S0 G PR AN A K BOR SRR AN A AR B, AELERF KR AL ST L KRR S R GTT
B A HEKEMAE A A AR TR, I, IR A 18 i B
FEYR AR BN AOFR TC , REXTIRN B R AT A= D ) D e DA S J 4t A DR % 38
BORRA BB L. 2RI, TR T8 o AL R o e e . &
BNV R M ANETRN o AN SIS S AT 70 B 21— ) W PRI B (0 C AT 1
XA Sl R S A T M B A B MR BE T o ASHE T, BRATRAZ I RO T
e RGVETTRE | IE R R ThRe 5 L AT 5T . A FT s e 2 2 2 A
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H SO SOK AR . HEB S W AR GURT AR A A 5022 DR X 410 ) 3
AR . WETCRIN ABL,  CFF R 1 5 2h RE 32 2R po i 5 (K] 7~ DAL HeAt
PEWAFAE BRI S T A S0 35 DR A 302K 50 B B A 14 45 R 0 (0 A o ]
RIBHAAREW, FFal D 5m O I ISR HI HE 7T . BT TTET RORAN
WRICKABE R RNE SR IE A W TAH AR LR O 7 s i, RIS
BN E AR EY A P R St T B S %

Rhodococcus sp. AH-ZY?2 1EE 74 PAEs V5 3¢+ 3% i ) B
R REVBERE T

F8 NRF EFE EER AL
Gz Td K%, A4 ITREF%, #irim, 310032)
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WE: A0 WRRES (PAEs) TEAR A3 20k, H2HNE Ei5Yext
R RS B0 Pk s . AT 8 DL R ZH 5 %k 3R A9 1K AL PAEs FE R
Rhodococcus sp. AH-ZY2 B7n%F %2 PAEs [ R UFBEIREESI NN %, RGP H
AR A5 Y 3% 6t 8RR & PAEs(DMP. DEP. DPrP. DBP. BBP. DEHP.
DnOP. DiNP) HJFEMERE ) S HRHE 5~ FIH R A EY A PAEs #3122
S, FEAEB) 16S rRNA 9738130 7 B8 N AT 2 1 R £E AR B - 338 v ) 5 B e
Je R 2 AR A A R

AH-ZY?2 " ¥ K B + 3% 7 i 5% PAEs (DMP. DEP. DPrP. DBP. BBP)
1E 24~72 h WEEIR 5E A4 MR, MK EE41 5> (DEHP. DnOP. DiNP) [&fi 5. 1H
FERAUAR KR 3% rh, KBE PAEs R REMN T KW L%, LY AH-ZY2 5+
F WAAEAR BAN—— MR B K i B, L35 B (e P24, B IR SR A
. EMEVEEEM T, AH-ZY2 B3R T ZIAEMMmN 2 RE. TR
LI, 300 mg/kg V543N AH-ZY2 ACFRALAEE 7 K R bk i 28 B 2 AR
TARMNGEG G, HARCRY SOV RF SR 2 vk I, 2 B B PR AE DG Ba i JR 0 FURA &L

HIJ& T PAEs 7314 . 13RS 16S rRNA ¥ 387785 T AH-ZY2 78 L3R
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AR E I . PAEs 15 JMRK T LI o 2RV, BeFh AH-ZY2 52
FEVERE— 0 T 1%, [RIRAMIEAL S 8 48 FAB SR AE S AL PCA 3T iR T2 it
REERFH G L E S E, RUFEINSIRETEL . 8K L2
P78 Rhodococcus JEAE T2 HEH 7 KRR FLIL 22%~33%, 5 12 RIAUG4ERF
12%~26%, 1k H A AL PR o [R5, 4 325 P AR 7 J& (41 Pseudomonas 1 Cupriavidus)
MORFF—EF R, U AH-ZY2 FHIRHERITA 138, a5 DiRe it I .
Rhodococcus sp. AH-ZY?2 £ 415y PAEs & 415 44 W I AE W18 2 A e B HH s
IR 77, NGB TR BIZ 1B B TR T RS AR A K
RG] : ALK HERNE, ZLBRE: AWREME:  16STRNA §7I T EGEMRH

SN e X p R YA i e oY g
A
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WE: SRR B & 5t 224, LGIRE MG FIFE
GUE . G R S An 0 Ja ME L B BB S . mAEMSR B HAK. B
W SR AT AT AL AR SRR L, MM SR AT SRR R  ARHR A T
WAt . AR SRR IR T A B B i 08« B8 b A sl AL A A T K TR Ak Dl e 4
SRIETT o WTFCR I, R P M A SR S YT RO I B e FE A R, R
FAem R k. IR E, UK Curli Ve FELT4E N AT AT 2, Rl
Glmai e g, B MIEEANR AR E M, JRE IR AT A N
WA A e bR, SEILER 90% Y J& ihlii X% . 3t — 3B H|H SpyTag—SpyCatcher 14 5
SE M NG VR B, WA RET . BEE . IEIM 32 A B P v ie
HRE AR AR S . MW IR 1 AR TR IR 2 2B BT 7T S A T
AR RIBORTEBE, e e a5 AR 85 5 Bt O ARAR . RS B RERT 44
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Fto WEFER I, H2R RIS e B IMPAHSI R N R, JE8 A TR Thag L 1
IFFACXUIN AR . Hr, PahAT 1 5THMW-PAHs IR EAL, HAbEE 7))
Z 585> T RPAHs RNy T 5 B IR IVEAL . S5 BT R, PahA BAGROK#E
o ERAN TR IR E , AR T SRR E NG & o HE— BT TR Ik
BgPahBFIPahCH) S fASEH, KI =& 7 i@ Gk Al e IT IR, RIS AL
PTG BC AR FAPAHS 1 ()44, s SR SEBRrdE— 20 B 1 5 i JER A E ) R £
TEVER) BN Ao FEBELEERE b, ABEFUR & A2 g, 72 KT B v A
PAHs B#ARHNE RS . 25 RR W, VIR G 2205 & B FR AL /2 5 A
WA E BT . 3B HE T Genebank B4 F h FO 4 R 4T R RS KR,
RO D B R F I 4% PahA . PahBAIPahC = 5CH i, B {EHMW-PAHSs
26 PR BT B VR M B . AT T AR SR A TR 200 S BRE 45 4) Th RE AT ) N T AX
WUREBR R, R T X HMW-PAHs 2 B IE SE AL LA AR, A e 25008 ik Bl 7
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BB WEFCRIL, 2,4-DAEREAGKAE N B Joil il Bk W 22 A a2, 4- — 50K, B
J5 4 LT JF N SO R A Bi4- SR Y (4-CP) MIZER), BCIRIALER R ERIE SEoR )
AT A SCHAMIC Oy, SEI2,4-DI¥ 5844k 3883 Th kB 3 4 5 3L I 41
AT R I, A WL B Dehalobacter (Dhb) 7RISR EAEH, SLIL T RAIR
358 o LUK AR B9 4-CP IR (KU E P AL o DhbIE TR 2 v 45 40 MEFE L Lt
PGSR, o 2 AN 5 OO S S5 b B B A AU AR, BRIz
RIS AV . B R T, B B S ORIy EE R
7 RS B TR I S AR P R DG R o DRbIBIE S I SRS, M8 o e e o 1
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Construction of a Programmable “Sense-Degrade-suicide”

Smart Platform for Environmental Remediation
Sicheng Yan', Jiali Wu', Haiyang Hu', Hongzhi Tang!*
(1. State Key Laboratory of Microbial Metabolism and School of Life Sciences and
Biotechnology, Shanghai Jiao Tong University, Shanghai, China)
tanghongzhi@sjtu.edu.cn
Abstract: Synthetic biology enables engineering microorganisms for
environmental pollutant detection, degradation, and biocontainment. However,
crosstalk between functional modules often disrupts metabolic regulation and
compromises system performance. Here we present a proof-of-concept orthogonal
genetic circuit that sequentially couples biosensing, biodegradation, and
biocontainment. Using salicylic acid (SA) and phenol as model pollutants, the
engineered E. coli autonomously degrades target compounds within 16 hours, followed
by effective cell killing within 20 hours. Circuits for different pollutants are maintained
on separate plasmids; upon transformation, these circuits enable orthogonal target
responses, selective degradation, and self-elimination. This work offers a practical
strategy for synthetic biology-based environmental remediation and establishes a
framework for designing interference-resistant metabolic networks in future

environmental engineering applications.

Keywords: Construction of a Programmable “Sense-Degrade-suicide” Smart

Platform for Environmental Remediation

B P ] AR B B SR AL 1B R i RS e IR O PR B R
A

FER”, FHW2
(1. PR KF X HERFSIZ, M 1108665 2. LM RL KF ITFM%, Kia
110866)
*8 Ak, E-mail: jiawei95915@126.com

FE: AR Ts Qe R AR B R TR ) e 11 5 B IR -5 /K AP TR A% Jo PR
il 0 RACRAR T o ASHIE T AR MU R 57 420 T R D i s, 3 3 B PR [ e AL R S 384 i
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J&920484.71 mg/kg ) SEFRiG 4 38 Ao R, BB H IR (NAD L iF B & (FB)

KFEFAE (SMS) B+ 2 H (SMS-FB) K[ ELH# A (M) F 44,
7T I20RIMEE S, RGN 7T TPHER: . 3B b ME R . B 1k B 4 T
WIHE . SRR, IMAFE120K 5 TPHZE: R HiE79.25%, .3 LT SMS-FB
(57.88%) + FB (44.91%) . SMS (24.41%) KNA (16.25%) . [EEALEE R
FEWTHT g SR QERBEKT, JEEE T AN . AR ITEAA
Big s P, L P B AU O 1 0 0K 34.56 Ulg. mBEN F Eos, IM4LF
Pseudomonas = [ W1 45 0.09% 8K T+ ££10.29%, [H i} Chitinophaga (2.83%)

Lysobacter (4.72%) « Sphingomonas (2.67%) #2554, BIEL BV
(V1528 75 A 8 W DA AR D e A% I B R X 2% o LA 3 BT B, Rl B i 2 T
B R, B A S IR S m AR B R AR R TR AR
ST TR FIR T, s RAE TR G [FIRS, BRARZEREMI. & B Mg, Fe%s
WMERIGER, FFELBUEAARAKBLE A FOCEER Ml 22, IR T2 4E R IR E) 3
AR, TSI 1 < Fi i e S —5 77 IR Bh— g 0 PR A — TR 9 T RD 10 22 ZRER B LB
AT TR AR R TP G RAG T FH B A e G 3 1 SR A S B AR A T B R
R 5 B Al

R Aol i, W, BEEAMEY, EWeE, MEYRRE

T AR T Z K R HK A3 5 B EL
Z A b EkaR eb, fRE ab, TR ab
G BB b T AR RN AR E NS, LARERETRERXGHZ5% 306 5,
257100;° + B & it TR A RN S A YR dET ERBE, WA FE 257000)
Email: 935955347@qq.com

FREE: BT I EE e R Hh 7K A 38R A7 A T AR A R A R SR 1 B R, 5% 3
HR K BAT A AU T 240 8], A2 5 17K T8 dr 457K, oK TIRE
R TFRE TN 200 m?.d i ks, =SS 1 R K & F ) 5l
TERG Y RCR, HR T RIBIEBKE S 3R BEN 7K He LI A7 2h 2
HIREI o 45 AR W] A AL AL S B R K P i & W) & B S IS el Lo o8,
P R 22 AP 38 IR E N 0.0000462 MPa.d'; 3 K iBIEHEK K 114 S8 K
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FIGI. BOEER I E R KR ES FEC KRG, 5 &Y
. EERERET . AR K EHEN 0.63 mgL-1, #BIEERIFYN
02mgL"!, RBEEF/KEFHRA 81~245uS.cm™, A LB 7K SY/T 0097-
2016 WA HIEH X S BV 0 SR bR 1 KR

R 1 TEHEKEZMN

TZWR fWE B WA B /(mgL pH
/(mg.L)  /(mgL™h /(mg.L™h) D!
Sk 127 50 18100 1440 7.55
A4 0.63 19.92 7.32
e 0.2 0.2 7.31
Ri5i% 0 0 81 0.36 6.86
B 4K <2 <2 <7000 <0.1 7.5~11

e Ak
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Hk | SiF | B P e [ R || HIE [ RiBiE

' st Il
T— e oK ?

TSI i

B1 TZHE
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1. WR7KEE A% FE T A A0 BUBE T2 1 FH S HE 7K A PR 5 B8 YA [ 7). 90 1 T =
iR, 2021.

2. Wk 45 MBBR-EUE T ZAEAGSZE M H EAK PR AT AlS R
SRASAGT, 2019, 48(4): 111-116.
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WE: SHMEZHESIEY R (PFAS) K EAHHRIRR-3 (C-F) $Lki,

FEEE R MR E tE SR A, MR A BN S 2 R, DB Bk
VRS B ia B . A FL FEI G A 0 PRAS (P Rzl S . AR A (e
2 5RWIEEHE, REND THIHEIRRE R . EED BT, T
RELT W C-F BIME R, IRk 3R B A B B Bk 273 (Pseudomonas
sp. strain 273), 1% Bk e DA ARLE I mME— Bl AR K, FRREIGE 90% 1 982
T, IESEHAIB AR 7). I LR S S AR R B, % OB T RE
fifi—ife IN4U (alkane monooxygenase), 23 Hy HAth 48715 AR LI D ) At SR 4
B, NEARE N A R A T Wsi . ERWEE T, RIS
AR ZE R TREATEIS, $25 PFAS BRI MAN, B 0] Gl R Al
Fo SEEGESE, Bk 273 ERAAVIEIRFA T, BelE& e S BENE TR KX
R, BN SR AR S ZAMART S, o8 T PFAS Z4EMA
AR HE N 20H M 45 460 () A T3 A% o I RR T E RS IR FE T R AR, R AR U5 PFAS
HA T EERER, A H A2 5 PFAS $2 4t 137 ik .

REW: PFAS; AMBE; LV BALAER
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REY eI Y SR A R
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(FIR 5 2R 5 BRAL B ONAZ L, B AT DA B AN B R P S M O R R 1
e SERNUEp bR g et |k (VAR VIRl D@ Ra SN oy VAN N me 2% R B by R e
DRSE R A7 E S B0 17 28 4 T i R A AT i B O LA A, X SR R 2R )
(RO REL L 799 B AR B A, R4 T LATRT 2208 i 23 B s B pRs S A 1t o #n 17
SRR R, B NV} - 30 J AR R RS BRI 1 (R (i R 5 56 o RIS A
X PET S8Rl AR ENE 2%, ARG S P AR, &
e B A sife L T il AP U YRR M5 /K Ak il O T B ) R g, AN SRR -
WA - 701 ES0E - B AR 1) A X i B AT R SR

SR FANE: REIRL RRE T AR

FHER T AR A B8 AR E BRI 55
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(1. FR BT L R, SHR L K, 08,5408, F B)
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WE: FUHRAGERET R LIAME R, A R BUALE A= iE 4
AL TRIE SRR ANE EAPAE S35 22 3, (LT D e Ao R o R AR G R 1AL
WA . AT 7L LB T = R R R R B R AR R I (PTC) X R, A
PR 121 R fR B Mycobacterium sp. Y-3 1 Sphingomonas sp. AJ-1 NF-, &7~ T 4
WAL IEFEMEAS PTC X BMAR) 7 FHLH . R Y-3 o, epEdrsse 74
SAM i1 FH L EL AL B (Pmt13. Pmt58. Pmt76. Pmt80), ‘B 1M1k PTC ) C=S
AL A AR TS 4 PTM. i, Pmtl3 fRSEHAL(R)-PTC, 5B MR At
—F; Pmt58 ML SEH4k(S)-PTC. 20 T3 /12 BEAUAT SPR SZE6E B, Pmtl3 3%
PEREH Thrl16. Pheld8 Z55%JE 5 (R)-PTC MR A2 5E H B /KA ELAE F AT SE AR
H LB RS 2= (MR, 454 5 A0 i (S)-PTC 5.58 fis 1 PmtS8 NIiE It Phe78-
Tyr189 25k IEAL A8 58 (S)-PTC. FE B IE AJ-1 1, KI =/ I IEH R (ProS18.
ProS32. ProS38) {hFEIA SR BUAE B Al . FEDR 5% 5 B #MIESE ProS38 /&
TR R AR S AR = 35 X0 A (S)-PTC HICHERE . 457K, ProS38 i Phell 5
(S)-PTC Tl n-m HERR, (AR R T RGHEFE 1) SAM HI3%: T (R)-PTC K] Trpl6 =&

[A]37 P 3 BUR N FR I . I E MRAS, BATFS ARSI 4.66 f5HIR
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Ak, JEt— DR s R AR FIIW [E T Cu-MOF, il 51 [ 78 10 B E 52 B
R FAKHX PTC HFRF W EHEN 16 500 b, HRBIH MR = 24 M.
ERHT TR 7R TR TR 2 A e A% Bl LAAN [R50 I M - 1) A Q08 2 PR
2 7O, TR TS RSB AL 1 R b B IR A B A

R PUERZY; PUEIEENERAL, WIREEBRE: 2L

Meyerozyma guilliermondii Wyslmt B PR S EAR KT EY)
FEAR: BT s I e ffad A i) 1) B

EETY
(1. AT E B A A B P 51 9091, A8, R Ao, 1)
w18245147075@163.com

Abstract: The continuous and extensive use of pesticides has negative impacts
on the environment and human health. Microbial remediation is an eco-friendly and
economically efficient technology, which is of great significance. In this investigation,
the degradation of the herbicide Diquat by yeast Wyslmt was studied in medium under
different conditions. The degradation rate of Diquat showed a pattern of first increasing
and then decreasing with the increase of the inoculation amount of Wyslmt, temperature,
pH and the initial concentration of Diquat. The biodegradation transformation products
(BTPs) formed by the microbial degradation of Diquat in the culture medium solution
were isolated and identified by ultra-high-performance liquid chromatography coupled
with time-of-fight mass spectrometry (UPLC-QTOF-MS). The main pathway of
microbial degradation was C—C bond broken, hydroxylation and demethylation. These
results lay the foundation for further environmental risk assessment and provide a

reference for the bioremediation evaluation of bipyridine herbicides.

AR L (R RPN T2 A% R R PR B AN A 2R eI B T F T s o AR B e —
FRIA R HA G AR BEEAR, B R o AR TIEARF KT, B
WysImt 7535 % o R B AR i BB AR - 45 R, BEE Wyslmt #2
FieE . TR, pH fEH A EEIRYIGG IR B3 N,  H PR I G BTSRRI
o I8 IR OB 3 - AT ISR BUE BCAH 5R (UPLC-QTOF-MS), X573
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WP AL PSR DRI A (R R R e A T 1 (BTPs) #EAT 1 /b 5 40E
T RAEE R, BE 1 =R B R A SUAEI AR I s A C-C
Wit . SRR F Al S o XSS RO R SRR RS VR B8 1 266, I
NERIENE SRR F5R I AE B R VP 326t 17 2%

A TUHLL; Meyerozyma guilliermondii Wyslmt; W[5 f#; AL, 4)

#1 & Cupidesulfovibrio sp. SA-9X Tk iz FF %M () IR &6 A= ) e
iR AL

X EEL HUTIAL, XAV, T2
(1. RBRLXFHTREFRFER RMELLAEREEEN R LHBEELERE,
B2, 2300365 2. B RAL KA GAHEERRLARHPRETEUAENE T ERRE,
#%, 210095)
*i@MAEH, E-mail: wxw@ahau.edu.cn

M E: The widespread use of sulfamethoxazole (SMX) has raised significant

concerns regarding environmental residue pollution and the emergence of bacterial
antibiotic resistance. Anaerobes play crucial roles in the biogeochemical element cycle
and the degradation of organic pollutants; however, the pure-cultured anaerobes
involved in SMX anaerobic degradation and their underlying mechanisms remain
largely unknown. In this study, a novel anaerobic bacterium, Cupidesulfovibrio sp.
strain SA-9, was isolated and characterized for its ability to degrade SMX. Strain SA-
9 preferentially utilized lactate or pyruvate as electron donors and sulfate, nitrate, or
carbonate as electron acceptors to drive SMX degradation. The degradation half-life
(T12) values of SMX at concentrations ranging from 10 to 800 uM were between 6.0
and 17.2 d under optimal conditions which included pH 7.0-8.0, 30-37 °C, sulfate as
the electron acceptor, and pyruvate as the electron donor. Strain SA-9 degraded SMX
via isoxazole ring cleavage, acetylation, and hydroxylation, and the ECOSAR-
predicted results and bacterial growth inhibition assays indicated that these pathways
was detoxifying. Multi-omics analysis and heterologous expression revealed that strain
SA-9 degraded SMX via a reductive transformation pathway fueled by electron donors

oxidized through the TCA cycle, with electrons transferred through a chain involving
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flavin-dependent SMX degradation. Furthermore, the degradation 71> values of SMX
at 10 and 50 uM were 1.7 and 1.8 d in actual wastewater. Strain SA-9 significantly
enhanced SMX removal and mitigated the dissemination risk of ARGs su/l and sul2 in
actual wastewater. This study elucidates the anaerobic microbial resistance mechanism

to SMX and highlights the potential of strain SA-9 for the bioremediation of SMX-

contaminated water.

A Sulfamethoxazole; Cupidesulfovibrio sp. SA-9; Anaerobic degradation;

Resistance mechanism; Bioaugmentation

R fi PR S ER SR A D R A AL 1) 2 2R e

XNEL WAL, SE, kIR EFSHL, T2, 2R T
(1. ZBERLKFRREREFE, S 230036; 2. @7 REKFAGHFFER, &R

210095)

*i ilAE#4, E-mail: liujunwei@ahau.edu.cn; wxw@ahau.edu.cn

R : BT AR e (SMIXO S FH 51 R IR 5 B s e S i 247 1 3 1k ) R
AHEFE LTS e b R YIRS — MR UK B &M Mk Cupidesulfovibrio sp.
SA-9. 1Z AR AE LAHER £h . BRRR EhAIBRER 2o HEL 5244, AT IR #h AN FL IR #h A He
THEA, X 10-800 uM SMX WP ZE AN 6.0-17.2 K. BEMFIRII K& bt
JFHFIR, R BRI R I Bk, HA AR R B .. SMX 4 ABC #ig
FIEAMIA, ATP GEEFI IR 73) /136 i ATP DLIKSIARIT, iR s i 5
e[ FDTS/Fd /S HFAEIL, SORUEiE. Btk SA-9 FESLPRIEZ /K Hxt SMX
BB ORI, R AN BRI TR R sull/2 (ARG« ASHIF S 1 K B DR
SEUMAE YRR SMX [ 53FHLHI, ARV AL NS 1 83, IR/ B
Rl R BT R R B E AR T BRI S5 HOR S

RG] ol BB IRESAENYIRE AR . Cupidesulfovibrio sp. SA-9+ F&f#HL
fil, A
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ALK Fe-S (WY 5N PR AR RS, AT
H T 7K A D RABR R 58 2 B S

BTT, RWF, bR, EEe
(Upah k%, FREAF 5 TSR, M, 510006)
wangshanquan@mail.sysu.edu.cn

PE: VUSELAR (CCl TENILALY) DNAPL (R EEKARRMAO 5949, 18

M T KRR AARAE s S AR PRARRT N\ A4 R AA) F ™ s bl . AT, IR BB

NI AN (OHRB) = B LA CCLINBRETE, BN B4 R B RE

IR CCle, EAAEERH T =Tk (CF) M & H L (DCM) 2 H 5m 1

[, Toiksc Bl e e hiss . B, JFR—Fh&i s CCLaE 4 i s SEng 175 /&
PRE G 52 AU EE KPR

BEXTIX—MERR, AHE T 1 IRIRAE | —FhARAEY)- AP [F) R 5 g, R
FIHB 7K AP R AR =E w8 FR Bk /A B0 A A Bk AL ) (FewSy)» FE5%E 1R OHRB )
REPRI AR BC, SO CCLIBAZ e M . FenSER I AWK EESE: (1D JE4E
YIE G KM E NaBHo/Na:S:0 0 BHE N B 8 L3 (20 A&k, FIFH R
iR 5 H# (DIRB, Geobacter metallireducens) 551 R #2148 J5L B (SRB, Desulfovibrio
vulgaris) FEFEFRIEALIKE .

XPS. XAFS J DFT iH5SERAELE KRN, AR A ) FenSa AT HIAEAT
FF i) FeS/FeSa 5t i SR A5 K o 2 5 i3 195 1 CCLA) SR N RE /s, JFRa 1
PAE B T E R N 1 T 0 OSOEAE, AN R TR Y. (HERD. 37
SIS 7N FewSafE 5 RN CCLIE 23540 A TriCM, 3 /1% 3 K=0.915 day ',
FCAY ] NaBHAER (5 R 2 (K=0.246 day) $RTFIT 4 1% . K SEE AR AL &
IR (KIE=1.12) #E—HHEsE, RMUNEHEBTFEEAE, MiEETFES
Az

A, & CF B HE Desulfitobacterium 1 DCM K4 Dehalobacterium
ft) OHRB L5554, £ 30 KoK CF 4 DCM B4 [N H e, S EBRIEFIL 2.86
UM CI/ K. 16SrRNA & E7N, TR RH Desulfitobacterium = FER ARG F7
Pt 7.7 4%, R X E IR ] DR EE B U8R . ERLIEA b, TR 1k

55


mailto:wangshanquan@mail.sysu.edu.cn

A=W FemSallil S F e/ 5 B DA REZE S A2 TR -OHR B AW A =B B R R 2,
SKHL T CCLM5E e i &/ 501k -

3 b, ASHIE TR A R 7K R R AR R AL B IR R AL A 2 S BN FemSa, 775 OHRB
DHREF A NG, Oy CCLIT It TR ESRML 7 — MR WIS A
SRS, OV EEARAEY- A S AR L SR 7R WA

R WURH b EWBE. AP E . A/ AR K

AV =4 Fa R R GUE B & BRI 25 BOK R AR AL A KL
) 5 R E R HEH R

BT, ATHT, &
(1. P LhkFEFREHAFEIALSR, M 510080)

*5 %, E-mail: lvhui3@mail.sysu.edu.cn

WE: hTEaisan. KEERIIR (LCFAs) FIHNHIER, LA/
P ARG EVE TR G R A, B O RIS 24 P A A BT T I Pk A
ASHIF 7238 s EA TR AT 1) & SR RE S I Fe/CHR 5 AL 58 — i R GG, Mg T —
Fh=4E i AEY I Nids (3D-EBR) , BESREACEE. 455K Y], 3D-EBRX}
VAT S T R R B RIE B 1 85.4%, I LbAE G RE R G M il R4
P 131.7%M11.8%. th4h, 3D-EBRIEHE [ i) F{EFe/CIEEL ERIUTAT (AlFeS
FISO2) , NI 1 AR ER AR, JFRYuE 1 LB e AR EAC . TR
SHTEIR, & RN R AFIERENEZER, Hh3D-EBREZEE T
SRR SRR e b o E IR T KB, 7E3D-EBR&RGH, S HB-HA M
FGRIR $h I8 IR A JE M B 28 ' 4 o ST IR AL I o o i itk — 20 e th 2 R g s
KA AR 7 1 A5 T T 0 S A S T R RR BRI JR B, o 2 T e AT e L A M i T
WG R EEAE . SRS, 1X L8R I N3D-EBR s AU RE SR AL T8 1
AL 252 0 7 FE PRV 20 2 DL, I R8T A A 2 e ) 5 i Tl oz 7K IR B Ak 2
SR BRI 77 6

KA BIZPOK, ARG, SR, SRR
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H TRl Y A AR SR AT R S R P S S 5 BR L
HH I

RAE, B, A8, FET, REE, KEH, BRS
(THREFNSFRUACEREERBE, FFRFREMFEETELFR, LE 200092)
yinguangchen@tongji.edu.cn

WE: ENST, HAERSHE HHAS R AR )L, ST E A4
PIEBREIE T T Z MR AT IS A Cn i 2RI ER B Re 8 Se B
iz PR ST e (SMIX) R 1% 3k 1) 3 23 Bk, AFLRE 3k 25 B A3 2 B A W v AR
(NADH /74 H-FAE B ANEAE) BOBRH] . WFARE, B B Bk 5 75 PL KT
FLEIRI, SMX LERZFM 48.9% %] 1 94.2%, THEL#h2:ErtA pridin, R
WRHER £ 5 N2O FOFH 2 A B 1K

BE— DA TTR Y], 2 RR B S Ay PO IR S IR, R BRI B B
T30, A BL R Pt o P4 i 260 A T X ] W ANk (KD SN E 0 AT A 17 S i
AT A, AT B 0 2 K R 8 X B PR 5 SMIX [ K BRfie /1 I
B A H st D A A BT s A SR AL T L AR IR B AL, ZRR W, A
FUIRTE 5 S A B Z A AR AEAR I crossfeeding . SR AL B 17 5 L IR R S (175 2
Wt frie AN LI T RSUBR G R AL 21 3R IR T A 2 2 Tl s 3t U BR 1 SRAS T
B0 T P A 1R At R i 3 R S B ) R (2 NADH 2B AR
WAENANIIRE sigma P72 T A SIS I A, (Rt R &9 1. T A1
MM oo R RAEES SR TR E ARG, A et E 75
M. WAL, A LINE G BGTR I RIS EPS B fieidt 1AM AR . B
Jei s SR S SR A BT 7 A2 ) LR AN A S Bt e 72 15 91y B BRI 17 S A A 1 2 17
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WMozl PR AN E A ORGP R B, B OR 1 SO A B ISR 2 TR A
AR o RGN Ja I R 2275 QWK B [F) 25 BR300 10 S8 s

R Rl PEME, AL CEYITAE, BT cross-feeding

WL 555 IR 5 SR RE I/ 7~ Dehalobacter | 1 ) R BE R &
A2 B48!, &2, ®44!, Frank E. Loffler’, #&!"
(L.bhEA SR m g AASFLA, 17 kM 110016; 2.+ B2 K5, %
100049; 3. £ B BMH KFiE M ERIREAMALAIA G LEHRFR)
*i@ iAE%, E-mail: yangyi@iae.ac.cn

HE:. & H 4 (dichloromethane, DCM) & —Fh i s A HLIT 4, ©
PN E B S s RS . DCM) 2 F T DB e RIma s, 4
BRI 100 50, 2 B A R s AR AN . RS, DCMT]
WY WY A R LIRS R R . T IR BORE ISR S AR AL
DCMJ 23 AR T RS KA 3RS, 4% [ bR iE 0 T 31 2 A B0
Y. JEAESR, AEABEMREIA N 3L m SORR B A Ui, 7R SRS Yeiia 3 2 3
[Tz ORVE. H 19804 LR, £ Bl AR 5 LLDCM Jhy ME — B IR (1 47 S0 AR
Hyphomicrobium) HARIE, 1M PAADCM MR FIAH A IR, H B0 0CH 4l 5 7% 6 bk
Dehalobacterium formicoaceticum DMCH(AR1E . Dehalobacter &K\ Jy 2 LA
(LM B AL IR B, AR SR R I 43 B R LA 738 S B i FNDCM™ 4k,
BT BRI, 1% & P B AR L B A WL AL RE IR R F B MEC LR B AR S g
()R8 R B e 183 A% FE AT AS B - ASHIE 98 & IR ) Dehalobacterit % “Candidatus
Dehalobacter formatiformans™ B #RJ1, HA VLA HDCMBEAT K EACH, KrDCM%;
W TR TR, PP BE IR EERE G2 N4: 1o AR RS BT T ZE ST R D SR & Bk &
AR BFIEE (>80%) , FEAETCAHMNE H TR S A T 4ERp A Ko FER AL BTk
W, NEAPA 10K 4 B0 7 & (methylene chloride, mee) A {24 K]
75, 3515 A AL S e B R AR 4R, 4 PR T AR R L, R H AT RE AR
K Dehalobacter™ 5DCMARHHH G IR SF RS BEAL 45 M) . BLAb, TUBRR 852 (1 AN
SR A IS, KBNS R AR DCMARNE 1, RIL T H e
V& HAERARBMR I . ASHIF 58 B 3T 3E T DehalobacterJ& AR RIS, R
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T ARC L IR AV e BACH BB s, T IR DCM#EAL I A2 75
FERI 3L SR AL 1 B B

R Friviy; &b BUEYREE, AENLE; AR

BRI PEAT Se AR YR [ L ZLERE TG-1 SRR FER &
FCHL5 T

(1. PRI RERE T K, RET RET,FEH)
1545873692@qq.com

B E . Biphenyl is a typical hydrophobic persistent organic pollutant widely
discharged from industrial production. It exhibits strong toxicity, high bioaccumulation
potential, and a long environmental persistence, posing serious threats to aquatic
ecosystems and human health. Microbial degradation represents a green and cost-
effective approach for biphenyl pollution remediation; however, free degrading cells
often suffer from poor stability and low pollutant bioavailability in complex water
matrices. In this study, a newly isolated strain Rhodococcus sp. TG-1 demonstrated
high efficiency in biphenyl degradation. Transcriptome analysis was performed to
reveal its molecular response mechanisms under biphenyl stress, and seven key
degradation gene clusters were identified. To further enhance the degradation
performance, iron-modified magnetic shrimp shell biochar was prepared and used to
immobilize strain TG-1. The immobilized TG-1 system achieved a biphenyl removal
efficiency of 98.9% in wastewater, exhibiting significantly improved stability and
reusability compared to free cells. This study, combining functional strain screening,
transcriptomic mechanism elucidation, and biochar-based immobilization technology,

provides a promising strategy for biphenyl bioremediation.

SRR Tk A 7= e iz HE TS S B R K A R AR B S, B iR ERE
e AR B RIS R A, X K AR A S RGN AR R e B F b
TP it e 1 BRI G () — b (0 B2 B KR A%, AR, U 120 i 4 i
FER A OKARIE R P ARG S PR 22 V5 e E M T A PR AW FT 0 B 2 — PR A

A = AR PR AR BE T 8T R ——213K B (Rhodococcus sp.) TG-1. @itk 4H
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ortfriEzs T HAEBORME N B TR ALR] . R ERE 7 SRR AR . N
B DIRTREMRVERE, & BRSOV ERA RN S AE R JF [ e AL R R TG-1.
[ %€ AL TG-1 G IRK P ICAR [ 5 BR AR IE 2 98.9%, Silf BAiMtL, Fa
FE AT R A A P PRI R 2B B o A FURE DO RE AR TR . e e LR i 55 42
Vi B [ BRI ES & , NIORAEYIMB R AR 1 — P w50 50 .

R WK, VIR, KR, SEEYIR

Identification of a bacterial NCS1 family transporter
enabling high-affinity uptake of the antidiabetic drug

metformin
wIEF
(1. L@ RFAGHFERFR, L@ RFE, L)
ZhijingXu@sjtu.edu.cn
Abstract: Metformin is a widely prescribed drug and emerging pollutant. While
its biodegradation requires bacterial uptake, the transport systems involved have
remained unknown. Here, we characterize MetT, a metformin transporter from
Aminobacter sp. strain NyZ550. We demonstrate that MetT is essential for growth on
metformin and functions with a high affinity (Km ~15 uM)—orders of magnitude
stronger than human OCT]1. Structural and mutational analyses suggest a substrate-
binding mechanism based on cation—r interactions. This study identifies the first

bacterial metformin transporter and expands the functional diversity of the NCS1 family.

Keywords: biodegradation; metformin; nucleobase cation symporter 1; transport
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—RFAE N REEAKREEY BB KR H] 5 SMNER
VB12 % 5%

EEF 12 RER2, 412
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E. & FHE (dichloromethane, DCM) AL T, #l25. KL T
I AE R SEARE WA, B8 K HE O N AL B R Gt ISR PR K R A A
R, AR & R A LS SRR K, H DCM 5 E A e E $ i
FERGEZAN. IR B AR R AR, R E S TN SRS &
B L SR K S G i T PR R RBSHLEIT R BFFL .

B, s 1A DCM radsn PRAEUAR 2877 B e i R A X0 E A AL EE
DCM FEfif G5 AR ARG i ok r e e 5 R S e A8 i R S8 il i s At b e 86
FERE IR Na*ShHEIS 77, AE4H 5 22 WS i REAR B T i Rt — 38 XD
HIHLEEIC G ™ R BE D RESZ IR, SEUH G B T . CRIRRM AR GRS

Hx, @IV VB2 % DCM YIS 7 ) B i A R fE RS2, ) B AR
VBI12 56 #h A T R4 DCM AR VR RIALEL, R0 OB £ DCM. R fi#
FKHf. Wi VB12 J5, DCM s KEMRIEAEE 7.7 + 2.0 pM/d KEE 15.1 £ 1.3
uM/d, (R E 7 R FEAN e AR B o T Ik 22 5 DR 2 2 4 A R H 485 o R G 5
H MR mec ZEFER D MAG.168 257, 1% 1] 283K Dehalobacteriaceae
T £h DCM B SAE, 1577 FGE B () 2 7™ 2 R T R R I T T S P 1 P 8%
SLRAE T B AR BT R E . RIN VBI2 J&, S e 0 A ot 25 DA o i 4 3
mecA BT RGN RIER mecs F/2Tt i 57%H 34%, F£W] VB12 diL/EH]
AT PR R B 4, 1 B I SRR e R R PR B R A A A
ENpil eSS

HE—25 K AMEA I VB12 54k 5ms 2 m A LT [N 28k 22525, B T
AMNJE VB12 BEHEAOINEH T IR B HL g i S ASAE . B R B, 8 &5
HHLE L EKH, VBI12 TR B BErT {23t DCM BN 7= H e it 725 B T
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i THE, VBI2 JERFFSESCE A RFEE, RN T VFAs BLRFIE R K F.

Y. ZEEESRAA MAG 0T RN, VBI2 BNING B8 DCM A7 F g
D BRI e B A TR, B RIS BRI . A DR S 3 & RAR SR I 2
Dhae REACE 2850 VB12 P2 A TSI R, fe 24330 VFAs TR Ja ZEHFE R

S o
it
>

NG
=
o

KW TG SEAVURK RAEWARE; 445 B12; RHERA
2RSSR A KA

PR By A BUIRE R PR B (Klebsiella pneumoniae
Serratia sp.) 3 R R AL 34

kEm L F e
(1. LW RFFFEEFRFR, KRT 0300065 2. LdKFARFAFLHF LI, KBT
030006)
*i@ ilAE 4, E-mail: zhengxy@sxu.edu.cn

WE: W A BHEM AR (BADGE) AU A (BPA)FIFR S S0 it £ U A
WARAELE S SO BT 2 N TR P33 B A MR R & i 3 4540
(i o 7k SR1, BADGE JLATAMITEA 7= A FH AR 77 1 7 o 2 BT 3
W, FEAE KR, RIERTTR P RS RR, K IERUKARE KT . A
W72 B 48 MG T 8 07Tk i AL %A% BADGE (KA 038, 149125 1) W) L
Mlilo @ NE T e E Il E R TR . e aifh. A stieimid 5 pkEak
TR, PR AR 22 25.2%-30.5% . 8IS AEBRAEAL 04T S 16S tTDNA PP EEXT, 31X 5 B
k% 58 N Klebsiella pneumoniae F Serratia sp.. WA E-FIEREH (LC-MS)
AME AR B 2T 61 (FTIRD 4387 & B, BADGE W[ fiftn T 3 S8 B A T 3R K
figE i BADGE-2H.O, DL TkSH I 24 slont i A B ok s EAVE 2, A
Serratia sp. B ARV R I EI6 R — R, 22 BH P B PR T RE A AE S 5] 0 B A B A0
WAL, IR K AR S PR 5 45 R R, R AR Y BT R e i R,
W1, Klebsiella pneumoniae 75 fEVIIARRIE KV B 5o 5 BRI 2H 2 oy A it — 20 48
7> Klebsiella pneumoniae TEANJEY) T M AR B I s 52 (10 5L TR 10 250 DA &% o5
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Lb35) 5T Serratia sp., XV R Klebsiella pneumoniae 1B fif28 B = 1 R . A
W5ty BADGE WAV BEMAR AL 1A 3, R, B se AR ] = T
ARG T LB o

KA W A BHERE, WMEWIBE, Kiebsiella pneumoniae, Serratia
sp., BEREHLEI

Enterobacter asburiae A103{23#48E _ FERERIIE FE B4
KHIHF 5

B, AL, NFRY, P&, ZHEAD
(1. Rk RFEPHFFIZ, %5 RiE 150040)
*p %, E-mail: llu@nefu.edu.cn, *E4H %, E-mail: wdwang@nefu.edu.cn

FHE: AR HEREE (PAES) 1E ) 2 AFE T AR LI 3 XA HLIS Ged,
A TR A KR B I U AR S S N e . RFR{E4ER (PGPR) 1E
SRR LI DT T R A AR, (A HAEPAESME T N LE AN 2 . A
T 5 LAR A 50 55 0 B (AR PR {22E B Enterobacter asburiae A103 A% R, $R7TH
EARE —HIR — (2-2.F 0% s (DEHP) MIALZE — R — ZFs (DEP) AT
X AR AR BRIMAE SIS0 o 25 SRR W], 1B AR AT T 32 PAEs B (H AN HL 45 [
fRRE ST, TERMIE A A CR KRR | W5 Mk R S kA= 58 ) . fEDEHPHIDEP
SEMIEFMT, HEMAIQREREEEEYE., e SR S5, s
WHERE S R EKE, RIS B S &, ZRE0hiE. oh, ERA1033EF
WL T LIRS BERREG A T A AR T, G LI AME M S AL
JEIREE, AR AR AR BR 2 A s Y 45 R BN, HERh Bk
AT03X AR Br L e 40 B o 2 REVE S A B35, (A 5 35 A AR PR AR M B VR 45 14
I & B Pseudarthrobacter- Mycobacterium Luteimonas 1 Hydrogenophaga’® B AT 1
TEPAEsPR iR 5L A ThRE M E 28 B E. QT M 45 SRR W, PAEshn & 2 |
e MR A R U AR S B , 17 BE PR A 103430 BE 08 K AR S AR KT, a2
AR P2, A3 58 T8 P RE /T SASRE , A103IE I AR AE VIR
TR [ 2 AR PAEs G, A A S50 2E Y U R R 018 52 PAEs TS Y- - e 42
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TE: BRYR I B ARIABIREHEAT, th T DL SRR 5 R (R e A S
PEETG RS H 2 ™08 . ALGRIIEE . (A BT B RERE . 27 AR kTS
QRN T A A A M SR B AR SR BN = AT BT T o AR
Y T RIS RON HURTR 22 O R o At R e 0 1A S B A= L
Bt B HRTH AR TE T RE T AR B0 T8 2 R A ) D iR, 9B s L 9 A T BE A T R IR
o 5 HRr, AT RS N ACTE R E I A A A, FEAE LA D)
BERZEDD, F 2 ulIR U A TR M & S E M B o SR PR AR S B LA 5 =
9y, I eRFE T BRI S VR AR AT 70 A B S R B o A 3o 7 A O 23
SR RRE RIS o A1 75 R i B B SR S A WD B 20 e 28 R PR AR T 5
P VIR T 2R RETTH, NIT R G R R I E AL B 1
ARIBHILIRSE

REW: WRUEFY, EVER, Bhghih, S8WAR; HMEHEE
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WRIMBF| ZBATER =T (ATBC) KIBERE®:. X4
BRI RIS & RE AR

Iesl, RRRR!, |, EAR, HpeE2T
(FRMAEMBELEMBRERE, OAKRF TFR &2EGHFFR, Hizkn
310030)

*i8 ilAE#, BE-mail: jufeng@westlake.edu.cn

WE: LMMTBER=TN (ATBC) {EA—F ZMHMHRIGEH, HA
S UL BN B PR B R S e th 5 B O, AR H TR T ATBC AR
VIR fRRLE], JUIH R BRI RAE, I8 Z RGUENT . AHEFT ARSI 37 W R} bR
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Inconvenient environmental and ecological risks of biofilm
plastics: Surface interfacial behavior, heavy metal

adsorption, and pathogen enrichment
A=l &EE2, REX
(1. ZRAKFFRE LR IAAFEIREIALA, KME110819; 2. 5 RIE T K FIRFFEE
WA KFREFEEARE SREREF, 5 RIE150090)
*@IMAEH: A%, E-mail: zhaoxin@mail.neu.edu.cn

Abstract: As pervasive environmental pollutants, plastic wastes not only exhibit
intrinsic ecotoxicity but also undergo profound changes in environmental behavior and
combined pollution effects due to biofilm colonization. However, the differential
behavior of metal adsorption between biodegradable and conventional plastics, and the
underlying mechanisms of biofilm-mediated heavy metal accumulation remain poorly
understood. In this study, plastics of biodegradable polylactic acid (PLA), non-
biodegradable polypropylene (PP) and polyethylene terephthalate (PET) were
incubated in natural water to assess biofilm development, adsorption of cadmium (Cd)
and copper (Cu), and potential ecological risks. Through 35-day in-sifu or laboratory
biofilm incubation, biofilms significantly altered surface morphology, roughness,
hydrophobicity, and functional group composition, increasing specific surface area and
introducing oxygen/nitrogen-containing active sites. Adsorption experiments
demonstrated that biofilm-colonized plastics exhibited markedly enhanced adsorption
capacities for Cd and copper Cu, but PLA did not show greater affinity for metal
accumulation compared to conventional plastics. The adsorption processes followed
pseudo-second-order kinetics and Langmuir isotherm models, and were jointly
dominated by physical adsorption, chemical adsorption and biological adsorption.
Furthermore, the results indicated that biomass accumulation was the primary
determinant of enhanced metal adsorption (contributing over 90%), while changes in
plastic surface properties played secondary indirect roles. Notably, zebrafish exposure
experiments confirmed that biofilm-developed microplastics increased intestinal metal
accumulation by 95.43%, significantly amplifying the vector effect. Additionally,
heavy metal exposure reshaped biofilm microbial communities, enriching metal-
tolerant and potentially pathogenic genera, such as Ralstonia and Phenylobacterium,

suggesting that biofilm-developed plastics are carriers of chemical pollutants and
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potential reservoirs of pathogenic microorganisms. These findings reveal the pivotal
role of biofilm in mediating metal-plastic interactions and highlight the complex
interplay between plastic type, biofouling, and contaminant adsorption behavior,
offering essential insights for environmental risk assessments of plastic pollution in

natural ecosystems.

Keywords: Plastisphere; Biofilm; Heavy metals; Adsorption; Pathogen

enrichment
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Harnessing a marine-derived Rhodococcus strain for cross-
habitat bioaugmentation of malodorant skatole:

Performance and ecological response
FRAE, NEL, REH, D
REZHFRFTEMAFH THFR, KE116026

*Corresponding author, E-mail: *xiaoma0556(@dlmu.edu.cn

Abstract: Skatole, primarily generated via the anaerobic metabolism of
tryptophan, is a pervasive nitrogenous heterocyclic malodorant. While ubiquitous in
various environments, its microbial remediation in saline ecosystems remains poorly
documented. In this study, a skatole-degrading microbial consortium was enriched from
marine sediments. High-throughput sequencing revealed distinct successional
dynamics during domestication, with Pseudomonas becoming predominant (89.23%)
and Rhodococcus persisting as a potential functional taxon (1.98%). An efficient isolate,
Rhodococcus sp. SJ-2, was successfully obtained from the consortium. SJ-2 could
completely remove 100 mg/L of skatole within 24 h in 2216E medium and 60 h in
marine mineral culture medium, with optimal activity at 30-35°C and pH 6.0-9.0. It
also maintained skatole-removing activity across a broad salinity range of 0—45%o NaCl.
3-Methyloxindole was identified as a detectable intermediate, and the enzymes
involved in skatole degradation were inducible. Genomic analysis revealed a 5.77 Mb
circular chromosome and two plasmids, but no previously reported ska4 homologs,
suggesting an as-yet-uncharacterized oxidative system. Bioaugmentation experiments
in freshwater and marine sediment microcosms demonstrated that SJ-2 inoculation
accelerated skatole removal, shortening the complete removal time to 6 h and 12 h,
respectively. Amplicon sequencing showed that bioaugmentation was associated with
an increased relative abundance of Rhodococcus and with predicted functional shifts
related to aromatic compound degradation. These findings identify Rhodococcus sp.
SJ-2 as a promising marine-derived candidate for skatole removal in saline odor-control
settings and provide a useful foundation for future studies on the molecular basis of

skatole catabolism.

Keywords: Skatole, Marine bacteria, Rhodococcus, Biodegradation,

Bioaugmentation
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The marine antifouling agent Irgarol 1051 promotes the
horizontal transfer of extracellular antibiotic resistance

genes through natural transformation
RALE, RiEFE, REH, KEE, D>
(REHFRFTRAFE TALFR, KE 116026)
*i iAE %, E-mail: xiaoma0556@dlmu.edu.cn

Abstract: In recent years, marine resources have undergone rapid exploitation,

accompanied by vigorous development in marine engineering, shipping, and fisheries.
However, marine biofouling, which arises during ship transportation, aquaculture, or
other fishery activities, not only incurs substantial economic losses but also poses risks
of severe accidents. To mitigate the adverse effects of biofouling, the most widely
adopted and effective strategy involves the application of antifouling coatings onto the
surfaces of submerged hulls or facilities. Irgarol 1051, a common marine antifouling
triazine biocide, triggers bacterial stress responses and cross-resistance at sub-
inhibitory concentrations. Its environmental persistence may further facilitate the
horizontal transfer of antibiotic resistance genes (ARGs). Here, we systematically
investigated the impacts of relevant concentrations (0.001-1.0 mg/L) of Irgarol 1051 on
the plasmid-mediated ARG transfer via natural transformation in Acinetobacter baylyi
ADPI1. This study indicates that sub-inhibitory concentrations of Irgarol 1051 (0.1-1
mg/L) increase transformation frequency by 1.47-to 1.78-fold, thereby exacerbating the
environmental risk associated with ARGs. At the mechanistic level, physiological and
biochemical analyses indicate that Irgarol 1051 induces reactive oxygen species (ROS)
and excessive production of reduced glutathione(GSH) (increases of 1.11-fold and
3.88-fold, respectively, at a concentration of 1 mg/L), increases cell membrane
permeability by up to 2.75-fold, and upregulates ATP levels (increases of 1.75-fold at a
concentration of 1 mg/L), thereby providing energy for DNA uptake.Furthermore,
molecular docking analysis demonstrates that Irgarol 1051 binds effectively to ComA
with a binding free energy of -6.2 kcal/mol, implicating ComA as the principal
molecular target underpinning the elevated natural transformation frequency. These
findings suggest that relevant concentrations of Irgarol 1051 may accelerate ARG
dissemination by inducing oxidative stress, membrane remodelling, and

energy-dependent metabolic pathways. Given the widespread application of marine

71


mailto:xiaoma0556@dlmu.edu.cn

antifouling agents to combat global biofouling, this study underscores the urgent need

to regulate non-antibiotic antimicrobial agents to curb resistance evolution.

Keywords: Irgarol 1051; Antibiotic resistance genes; Horizontal gene transfer;

Natural transformation; Reactive oxygen species

Absolute Quantitative Amplicon Sequencing Reveals
Distinct Concentration- and Time-Dependent Responses of

Sediment Microbial Communities to 6PPD and 6PPD-Q
%R, KEE, D
(RESFRFTEHAF L TAEFR, KiE 116026)

*i8 A4, E-mail: xiaoma0556@dlmu.edu.cn

Abstract: 6PPD is a widely used industrial rubber antiozonant which is widely
distributed in the environment and can be transformed into various derivatives,
including 6PPD-Q, under the influence of multiple environmental factors. However,
studies investigating the effects of 6PPD and 6PPD-Q on environmental
microorganisms have rarely employed absolute quantitative amplicon sequencing, and
this may therefore limit our understanding of actual changes in microbial communities.
In this study, low (10 pg/L) and high (10 mg/L) concentrations of 6PPD and 6PPD-Q
were applied. Water-phase physicochemical parameters, enzyme activities, and
absolute quantitative 16S rRNA gene amplicon sequencing were combined to compare
the absolute abundance, diversity, composition, and predicted functional potential of
river sediment microbial communities on Days 1 (D1) and 32 (D32) of exposure. The
results showed that both 6PPD and 6PPD-Q rapidly disturbed sediment microbial
communities, with their effects exhibiting clear compound-, concentration-, and time-
dependent patterns. Changes in total community abundance showed that 6PPD and
6PPD-Q treatments stimulated an increase in total microbial abundance on DI but
shifted to significant inhibitory effects on D32. Physicochemical and enzyme activity
measurements indicated that 6PPD and 6PPD-Q rapidly altered water-phase COD,
NH4"-N, and related enzyme activities on D1, although most of these changes weakened
by D32. Diversity analysis showed that high-concentration 6PPD significantly reduced

multiple a-diversity indices and altered microbial community composition on DI.
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Although the differences in diversity weakened on D32, PERMANOVA still detected
significant differences among treatments. Regarding community composition, high-
concentration 6PPD induced selective community restructuring on D1, whereas low-
concentration 6PPD-Q caused broader genus-level enrichment. On D32, high-
concentration 6PPD resulted in widespread declines across multiple taxa and exerted a
stronger effect on community composition than 6PPD-Q. Pseudomonas,
Brevundimonas, and Nocardioides may serve as potentially sensitive responsive taxa.
In terms of microbial functions, absolute-abundance-based FAPROTAX predictions
showed enhanced functional potentials related to denitrification, sulfur oxidation, and
aromatic compound/hydrocarbon degradation under high-concentration 6PPD
treatment on D1, whereas low-concentration 6PPD-Q induced broader functional
enrichment. On D32, functional potentials associated with carbon degradation, nitrogen
and sulfur cycling, and aromatic compound transformation generally decreased under
high-concentration 6PPD treatment. These findings demonstrate that the microbial
ecological effects of 6PPD and 6PPD-Q cannot be evaluated solely on the basis of a
single sampling time or relative abundance data. This study provides an absolute
quantitative basis for identifying time-dependent ecological risks of 6PPD and 6PPD-

Q in sediments and screening microbial indicator taxa.

Keywords: 6PPD, 6PPD-Q, Emerging contaminants, River sediment, Absolute

quantification 16S-seq, Microbial community

Study on the Effects of Indole and Skatole on Marine

Sediment Systems
X E, B
(REBFRFHEMATETALFR)

*i8 ilAE%, E-mail: xiaoma0556@dlmu.edu.cn

Abstract: Indole and skatole, as typical nitrogenous heterocyclic compounds, are
widely distributed in marine sediments and have potentially significant impacts on
benthic ecosystems and biogeochemical cycles. To elucidate their biological effects in
sediment systems, this study utilized marine sludge sediments to investigate the impacts

of indole (IND), skatole (SKA), and their mixture (MIX) on marine microbial enzyme

73



activities and community structures. Acute exposure (Day 1) triggered significant
oxidative stress, leading to elevated catalase (CAT) and neutral protease (NPT)
activities across all treatment groups. Conversely, microbial metabolic vitality,
reflected by dehydrogenase (DHA) and fluorescein diacetate (FDA) hydrolysis
activities, was significantly inhibited. By Day 15, substrate depletion caused a general
decline in NPT activity; IND significantly impaired microbial health (evidenced by
reduced CAT and NPT activities). Although metabolic activity showed signs of
recovery on Day 15, it remained lower than the control group, indicating a persistent
inhibitory effect of these compounds on the sediment microbial community. After 15
days, microbial diversity in the IND and MIX groups sharply declined, whereas the
SKA group recovered to control levels, demonstrating a tolerance to skatole. Principal
Component Analysis (PCA) revealed significant spatial separation, with the MIX group
completely isolated from the others, proving that the mixture exerts synergistic effects
exceeding those of the individual compounds. At the phylum level, indole inhibited
Bacteroidetes and Chloroflexi while promoting the growth of Proteobacteria. LEfSe
cladograms showed that on Day 15, the significantly distinct biomarker genera for the
IND, SKA, and MIX groups were Amphritea, Pseudomonas, and Marinobacterium,
respectively. The control (CK) group primarily consisted of classes like Acidobacteria,
whereas the treatment groups exhibited a specific enrichment of Gammaproteobacteria.
Furthermore, when screened using the corresponding pollutant as the sole carbon
source across all experimental groups, we isolated 1 degrading strain from the IND
group, 6 from the SKA group, and 2 from the MIX group. This study uncovers the
directional succession and functional resistance mechanisms of benthic

microorganisms in response to complex organic pollution.

Keywords: Indole, skatole, microbial degradation, community structure
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Absolute Quantitative Amplicon Sequencing Reveals
Distinct Concentration- and Time-Dependent Responses of

Sediment Microbial Communities to 6PPD and 6PPD-Q

RZh, KEE, Df*
(REFFRFHREMATE AT, Kk 116026)
*i iAE %, E-mail: xiaoma0556@dlmu.edu.cn

Abstract: 6PPD is a widely used industrial rubber antiozonant which is widely
distributed in the environment and can be transformed into various derivatives,
including 6PPD-Q, under the influence of multiple environmental factors. However,
studies investigating the effects of 6PPD and 6PPD-Q on environmental
microorganisms have rarely employed absolute quantitative amplicon sequencing, and
this may therefore limit our understanding of actual changes in microbial communities.
In this study, low (10 pg/L) and high (10 mg/L) concentrations of 6PPD and 6PPD-Q
were applied. Water-phase physicochemical parameters, enzyme activities, and
absolute quantitative 16S rRNA gene amplicon sequencing were combined to compare
the absolute abundance, diversity, composition, and predicted functional potential of
river sediment microbial communities on Days 1 (D1) and 32 (D32) of exposure. The
results showed that both 6PPD and 6PPD-Q rapidly disturbed sediment microbial
communities, with their effects exhibiting clear compound-, concentration-, and time-
dependent patterns. Changes in total community abundance showed that 6PPD and
6PPD-Q treatments stimulated an increase in total microbial abundance on DI but
shifted to significant inhibitory effects on D32. Physicochemical and enzyme activity
measurements indicated that 6PPD and 6PPD-Q rapidly altered water-phase COD,
NHa4*-N, and related enzyme activities on D1, although most of these changes weakened
by D32. Diversity analysis showed that high-concentration 6PPD significantly reduced
multiple o-diversity indices and altered microbial community composition on DI.
Although the differences in diversity weakened on D32, PERMANOVA still detected
significant differences among treatments. Regarding community composition, high-
concentration 6PPD induced selective community restructuring on D1, whereas low-
concentration 6PPD-Q caused broader genus-level enrichment. On D32, high-
concentration 6PPD resulted in widespread declines across multiple taxa and exerted a

stronger effect on community composition than 6PPD-Q. Pseudomonas,
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Brevundimonas, and Nocardioides may serve as potentially sensitive responsive taxa.
In terms of microbial functions, absolute-abundance-based FAPROTAX predictions
showed enhanced functional potentials related to denitrification, sulfur oxidation, and
aromatic compound/hydrocarbon degradation under high-concentration 6PPD
treatment on D1, whereas low-concentration 6PPD-Q induced broader functional
enrichment. On D32, functional potentials associated with carbon degradation, nitrogen
and sulfur cycling, and aromatic compound transformation generally decreased under
high-concentration 6PPD treatment. These findings demonstrate that the microbial
ecological effects of 6PPD and 6PPD-Q cannot be evaluated solely on the basis of a
single sampling time or relative abundance data. This study provides an absolute
quantitative basis for identifying time-dependent ecological risks of 6PPD and 6PPD-

Q in sediments and screening microbial indicator taxa.

Keywords: 6PPD, 6PPD-Q, Emerging contaminants, River sediment, Absolute

quantification 16S-seq, Microbial community

Rational Design of an Atrazine-Degrading Synthetic
Microbial Consortium and Its Metabolic Interactions for

Remediation of Black Soils in Northeast China
LR, &, BF, REKR, FRY, FER, Kok
(R REXFAEGHFFR, &R, 210095)

*i8 ilAF %, E-mail: chenkai@njau.edu.cn

Abstract: Intensive herbicide application in the black soil region of Northeast
China has resulted in atrazine residues that pose potential risks to soil ecological
functions and food safety. Microbial remediation offers a promising solution; however,
its practical application is often constrained by the poor environmental adaptability of
exogenous degraders and the limited colonization capacity and unstable remediation
efficiency of individual strains. In this study, indigenous microbial resources from the
black soil region were explored to isolate atrazine-degrading bacteria and rationally
design a synthetic microbial consortium (SynCom). An efficient atrazine-degrading
strain, identified as Paenarthrobacter sp. Y72, was isolated. Strain Y72 was capable of

utilizing atrazine for growth and completely degraded 60 mg/L atrazine within 10 h. By
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integrating directed enrichment of soil microbial communities, amplicon sequencing,
and genome-scale metabolic modeling, Nocardioides sp. Y248 was subsequently
identified as a potential synergistic partner of strain Y72. A two-member SynCom,
Y72&Y248, was then constructed. Compared with the Y72 monoculture at an
equivalent initial biomass, the SynCom increased the atrazine degradation rate by 31.2%
within 19.5 h, demonstrating that Y248 substantially enhanced the degradation
performance of the system. Metabolic interaction analysis using SuperCC suggested
that the two strains may promote substrate conversion and cellular growth through the
exchange of key metabolites and functional complementation, thereby improving the
overall metabolic efficiency and stability of the consortium. This study establishes a
rational framework for constructing an atrazine-degrading SynCom by integrating
indigenous degrader isolation, microbial community enrichment, and metabolic model-
guided assembly. The results reveal the potential metabolic basis underlying the
synergistic interaction between Y72 and Y248 and provide valuable microbial
resources, theoretical insights, and technical support for the targeted bioremediation of

atrazine-contaminated black soils in Northeast China.

Keywords:Atrazine; Biodegradation; Synthetic microbiome; Genome-scale

metabolic model; Metabolic interactions
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R UE I EmtABCDREAL AU e 2% 1) PR ERAL SORE, B2 8540 9(11)- it A 5
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LKA ) ECs 155%. ECs FEMEASJ5T_E o i o 7 e A% IR B ) AL 3L R i
2, USRS (HaO2) A% Ol PEP A B0 S B A S 25 32 997 . R, 10K
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VRN R RS ) B A 7. RSN, EAMs 5064 R T, BK3) Ha0, #1-OH
WA, I F R mEACTERD A 20X, ILFBEME ECs; [FI, W7 IERE S
EAMs H 5 MARKMEH, T RS FREAEEE T AU RRET ifrseil
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WE: ARSI RE R AR A R LA B 451 55 A N B 24k,
TR (MPs) |, FHPELIREET R OB REE 808 B S AR,
s AR AR SR ThRE s T B SBRIMPs I AR S RN T e 5 A6 S MPs 2 35 A
Al FEXVRAMER (FTCs) BEAE NP EEIRE) B H 0% T3 It R S e g,
SIS HURS ) IEMPs Z:AK o VRAREFRAOBRHE H 28 B0 R S FE X AR R
25 39 A st A A B R DR 25, 0o A R L T R B B AT e 2 D
AR FELARACERN O &, IR RIS (50 15081500 pm) (LS5 4
M (PE) BRI PEMAR S O BR-0 R IR T —RElE (PBAT) kL, Jit
ATVRRIIE A AL . 25 R, VRRLIEFA IR 78U/ RLAE (501150 pm) TR
ZA, RIOUCRMBGIGIN . 45 & B AR KRG 58 . VR RMBFRIE 23 508 T
IR A E VI REVE A5 0, ELAH B 5 B A R E B R R R RLIREA
M VR AR EERSFE R, &8 T W KEE, I H 2 Bacillota Al
Paenisporosarcina. AHHLZ T, BB RGN ARG BGRIRGTT, EXF
] AR R i B T 5, HA PBATS004 ] 5] i i K 1 B RER AR AL, %
IR Ay i 5 28 W Pseudogymnoascus M Thelebolus ) & 55 . FUE BRI 4 B B 44
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600 um #1400 nm PVCAIH AL R S ARSI EL /N, 1150 mg/g TSHI100 pm PVCHE
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R KpH N, FEMADHI % T, 2 SRTH 12 dIEK 218 dRAZMEMH], H
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integrase s MGEs i % &%, HARGsS5MGEs¥F:[F 28 # EME, Rk FEE
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ZRMIE TS S Wbk, Bt SACBEE L, PR AT ERIR S AR 16S
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TSHIPE-MPsTE I Filia B2 14 22t B P 32 v 17 S BT (TS A R PR A (VS)
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(R 2:BRE, (HERHE A0 T A . i R, P b SO A R
12.20%; 4PE-MPsikE 210 mg/g TS5, =\ m R E BRI F+7.04%,
EPHMEFXTIRA . PR RS, 100 mg/g TSHY BT e~ & R FES5.52%, K
JEE A 4Bl S S T ], SRS PR IEIA 13.30% CRGETIREERT B , B i %
2 PRAATE N R GO SHPE-MPs il B ONEUR . AR T SR, R R
[¥)Chao1 1 Shannonfit #UE 4 i T myifi e i, HLi5 Ve AH 5 PE-MPs3R I 5 B i 20
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FIMLSZEARGs & ££, HTn916FISCREMGEs 5 £ ARGs & E MK (p<0.05) ,
PR RS i e S 5 ARGs B G . AWFFLR M, SREEPE-MPs# )5,
B B 2R AR, il PR AL R G B A el i, HAOE R R
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T B BE 7 81 RIER R AL 2 > 5 T AR &
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S I 240 B 70 AR 3R 24 ik DR R 2 ) DAL 0 v RS B 2, e v T R ik )
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Deciphering Pharmaceutical Resistance in Sulfur-driven
Autotrophic Denitrification: An Integrated Multi-Omics and

Artificial Intelligence-Driven Structural Biology Approach
FASRL ART!, R, mER!, 58RI
(1 F Lk FREAFE TSR, M 5100005 2. FLkFAAFE, Fi 518000)

*i8 iAE %, E-mail: lvhui3@mail.sysu.edu.cn

Abstract: Sulfur-driven autotrophic denitrification (SdAD) is a promising low-
carbon technology for nitrogen removal, however, its stability and adaptive
mechanisms under pharmaceutical stress remain poorly understood. In this study,
ibuprofen (IBU) was used as a representative pharmaceutical to investigate the response
of an SdAD system. Throughout the 210-day operational period, the system
demonstrated exceptional functional robustness, maintaining high sulfide (97.46 +
3.18%) and inorganic nitrogen (99.17 + 4.34%) removal efficiencies across IBU
concentrations ranging from environmentally relevant levels to elevated shock loads
(100-2000 pg/L). Underpinning this macroscopic stability, community-level analyses
revealed that instead of succumbing to inhibition, the SAAD microbiome actively
reorganized its composition and topological structure to accommodate the selective
pressure. This adaptation was characterized by enhanced microbial diversity and stress-
induced network modularity (particularly at 100-500 pg/L), alongside strengthened
cooperative interactions between sulfur-oxidizing bacteria and denitrifiers. To unravel
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the specific molecular drivers of this resilience, we integrated AlphaFold-based
structural modeling with machine learning-coupled molecular docking. This enabled us
to resolve the three-dimensional structure of sulfide: quinone oxidoreductase (SQR)
and perform the first structure-function analysis of SQR within an SAAD context under
pharmaceutical stress, revealing that arginine residues serve as key interaction hotspots
for IBU binding. Consistent with this binding mechanism, multi-omics data further
corroborated a systemic adjustment involving the coordinated regulation of sulfur
oxidation genes and the transcriptional upregulation of arginine biosynthesis pathways.
Overall, these findings shed light on how the SdAD community mitigates
pharmaceutical toxicity through a multi-tiered strategy involving ecological network
reorganization and metabolic compensation. Methodologically, this work highlights the
value of integrating artificial intelligence-driven structural biology with multi-omics
analyses to decode the mechanisms of contaminant resistance in biological wastewater

treatment systems.

Keywords : Sulfur-driven autotrophic denitrification; Ibuprofen; Microbial

interactions; AlphaFold; Machine learning
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AT RIS > bR > BATI R SRR AN I A IESE ARGs
R3o0Ai PR EL S A AR AN TR A AR 22 57 o T E VR I A T B2 e VR RS (g
SRR WM. BV HTR SO42-1R 8 F B AR IREN F -, I¥
P FER AR NS ARGs KRBV T fEm R ERECRIE T, itk
PEIRAE S B SRR DI &, DL T RE RN AE 5 447 . AW I ARGs
HIURMEH IR Z (B R F R . BT 5, DU P R 25 3

(ARGs) 55ty [ fig MBI B A DN 2 IEAHOG, i e B R B A i 24 28 LA U 5 K5 5 1
PR RG] 2 ARG PLS-PM 73 Mo 17— 2 IE BT RIE B S N : A5 A 3R
SRR A SRS, TCEYIRER AL S Ptk RS AR OC . A2 EEBUR MY
RSP A 5 A QT 77 2 IEAR G, i S A S 3t 2% A DU 5 A U ) AT
Bt AR T3 AH G o AHIE 7 HRAE AN i vt 6 P2 A58 i 7 9 IR ) 2B 2 XU S A3 17 A
FAEHE o

REW: PUERMLGEED ST, TR YRR SO

104



B IR ER WA R B BE KA T S AR PR E FA AL 5T
PURES
R ETRFIR, LB KF, KR, LEE, +EH)

WE: ARLFAER IS RS KB FIZ 5, BB il i
U853 L S 25 MO A1 B L B AR K { R R 5 L AR P 2 K
{1 G0N AR SRR LR 2 SEVERA H (2, (B AR SO T
TR IR B RE T KR TE, BOUE &3 X

B ST G RN 2T 2 2R AR g0 110 AN () 2 g o 2 e i ) e A A it 2T
AR WA 7y, UASARRRARE SR ALIR RS IR 7, S et B i AR
AT REAERF, MR RO 0] BT AC # o B 55 BBl 58 1. Bt T An ] A 235 SR o) T 1) FH
oI L BERE T, AR AE SR B 5 Se P LA A 2 [ GERF B A1 45 2. MA0 2K
B LA A T AR A 2T 4 B B AR R R 1 32 4 0 AR, SOzl R AR A B i
S 8] LA 5% 2R (RIS

AR BAE U, B EYIR BT AL A D e 2 TANDOY BB 2 1 R AH B
WAL, I RT3t — 2D S A 5 TR AR X )2 10 . 22 )2 IR B AT et L HE )
ARV R B AL E S B8 3R B % 1R AR 5 LAY, FR R 4ERr R R
AU A RE RORSRE M, DV ER ARGl L MRV B AL 2 U B R R 5 b v 8 T 2
HEER I -

R ERERREL WUEVIREE S BRIEMLE]; EIERA, o ERR

e fin B R U R AE MR RUK BR 3L R B T XS E MRS A
AR

REKRD, BxAY
(1. Kiz K, WA #RFR, #M, 434023; 2. 1F K, FEAFEILLR, K
#, 300350)
i# i AF# E-mail: tangjch@nankai.edu.cn

WE: WA TR R AR ESRCER (T-MPs) 33 520 G B S

AN T BEJ PRI G A SR RE M D BE ALY, TS AR BX A R R A& B i KR
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FEFKAR OO SR AR B 0 5312 80 7 38 5 (2 1 ol A 4 1) SRR R F A s SR B i

B SRIMTEAEYIE) T-MPs FI/KERA 7E/K Fp A ol G ) 2 A EAEH, 3k
Fefa T BT BT FIE SR Z . ASCE SRR A T-MPs KB
ME, WA TR AL Z R, LR R PR I R sk,
W FREFAIRTT T BEACHE 5 ThRe R R 32 21t R E T « T-MPs 7E % U
AR KR AR E R, HARERA FE A= WIS U F2 At 3 1 R kR
SR A AR RS VAR ER, SLRE T, 12h MRS ERNES
F—/KEH A T-MPs LLEHE S T 32.37%F1 25.74%, WASER SR IF 3R 5 bR DA &
SEA U U e VA FBE 1 7 A 0 B S R X IR A A AR 3 T B A VR, T
BIEAHFE . Jboh, FERERM PR G A LS 101, o ZFMEFEE
WARAE =5 I RE YRR, Rl 2 DI Re AR ) Firmicutes LK Thauera F)'& 48,
TX LG A A P R 1) SR A R T e AS 3 T a A AKERT FER R R T e AR
AL RS, sRAL T R IMAE YA T-MPs A= W5 b (4 . T-MPs A=W AT /K 8%
1 3 2 B rh RS AR SR AL I R ) (R i3k S G AN Th B ZE R CnapA, nrtC, nirB, nosZ)
FEERIG IR VI . 5 B LA, T-MPs A= 47 5 o 5 R 12 3 R0 A 18 26
EJFAHR MR CnarG, narD FEILHTE & F . XTI A0 T-MPs 57K 80 3
T 5% I AH ELAE FDRE UG A i sE ma 4 40 7 o T LA O T S i Ak AR I AR e 1A
B o

KRG R, RAREBBEER, BE, IR

RIGEEHETEA 8 BRI E A H B Nitrosomaritimum
REF e
(1. B kF T, M 310030; 2. H#HAKFEGHFLFRR, 40 310030)
*i8 iAE 4, E-mail: jufeng@westlake.edu.cn

WE: ZEMHE (ACA) 2 Tl L& J RS h, 24
ERBEAE I FNERAG A ) B IR A . HFPEAOA £ E H NitrosopumilaceaeFH il ¥4 i,
1B 24 Fi I F000 TR X — Rl A2 B T AOA 2 eI . RS A48T Re
Bz RGUAET, LR EEDTRRY PR A AOAZKTE R 13 B 78 7 il b o kAL, W
)y P B 2 B R U I R, AR X, oA
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AOARHEI A SN AL IR T 2RI BT

B G, AW TR I3 st i) 18] w5 PO AT R KFE L, ZREIa 752
AL ZHsRH . RGRFENAAFTNE, KT —ME# R ORI
S HA AOARTE, v % 4 Candidatus Nitrosomaritimum (Nm). ZJ&) 725
AT T A BRI -3 2 e B SR AR o PABE IR R BRI T 3R B, Eh AV A
SEVBR L SR A 12 W AR () 2R A A ) SR B R 2R o DhReIs ik, s A
PREAMAE ST, IF 9 Phni iR Hh 7 iE R gt MR it BRI SR 35X, [ I 485 35 B 1
AR IE SR B EE RlnosZ, AT HEST ML PN 7 S SR 2 A AR PP 1 S AL I U L

Hk, R LRGSR T Nm/BAOARNEEASE I, [HHLHB A AF
SRR TTHRAT) 7T 8 R i 2 R 25000 P v 1) 22 0 4 S 0 22 T B AR AV DR i
— A L, AW 70 SILV A K 2 1) 16S rRNAJE [K 255 7 51| 5 GTDB £ 40 /2 2L [A]
HNIEEUF S, HEENitrosopumilaceaeFIAOAI RGER B M, A GTDBIEK A
SRR Nm B B R R EE, R IE T 2915%)5 5685 9 A Nitrosopumilus (Np)
JRIISILVAS #5741 o BEAE /250w 2 T RE i fl Np JB IR SR 5, RIS HE5 £ 2
T BETIR P KINmJEAOA

|

5, ARTEE TR 7 R RS B 1 H T i i 3 Nim
JEAXT FFERI16S IRNAKEE 732588 . [FIBS, BT BT I0E 7 H TR etk d™
S Nm & amoABE R 7 41 1) 7€ EPCR 5| )% AOAnm3bF-AOAnm3aR, F£ 5T 1 i& A
FamoAIE R Y 1 T HAR KR 732588 . LR Ais ) iR T H 20 M 1) e vl AR
MIAOA, &R EINpTE R ST R MR Z K P EER =, T Nmlg RS
FHOZ BRR EUORY A B B 3B, R R IR AR B b AT
AL

gi b, ABEFR I T MNitrosomaritimum B AOARIE R AR I ThREIR 7 3
PREEBIE . B E EAES RN 10 R G fE%, Hn U iZIURE N AOA
PRV = AL S BB P B R B BTtk RIS, AW et oy iR A e
B 257 FEM R A T8 35 T B o RO T A R il R 4R 43 1 RT ) BRI 7T

HEZR .

RERE: B, Nitrosomaritimum, AN G, BIEH, FRREMA, ¥
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R, & PCR, LML

WIS EBKBLEHMEMHE S5TR
EREL2, BHELY, RALL, REER 2, P2
(1 A RLAF AL TR IFEF LA, @7 210014; 2. i1 4 R A 2R
RAFFKIZTHFRRLIIREEERE, &7 210014)
*% %%, E-mail: ygao@jaas.ac.cn
PE: 7 (CO HROHNERRIVASRETRZIERNAE R E, R
T ] A WA ) S AR AS D RE RS 1R R = R G o AT 98 AT e 3
DA FH 3 R, RGUR T 1A R R Gt L3R40 2 R L i) B
VERFE AAE A S TR TE A DI REEE R W 52 mR, JF VP Al FIEE A XU B 9E
X 45 AR 5 B 0.076-9.55 mg/kg, HRAR 33 4 i, R4 A AR TS Gext ICUC)
ARG S (CC) M. KH4IEE 16S rRNA ¥ 3810l 7 5 =il & 2 e TR
TEIAFERES T (QMEC) R, 738 1A B Va4 R LI 28 S50 LSk s &L
B BRAEFAHE R T REHE R ) F2 2 AR 1k

LRI, WY RENCR T IR o 2R SRR T5 YR
ZICWI] (Proteobacteria) MIRITE] (Acidobacteria) HIFHXT =% &2 T,
BN AL — BRI 3 AT VR L3R5 e AR R 25 . Z MO RIE
DR R B F= 5 e 2 B B B35 UM O, Horh SRR A G R AHLER L
A I G0 % B A I G0 S5 AR G 5 DR 4R i UK, SRR RS e T R S B AR
PIERR e (AR S NOHE OB 34 1 3 . JRIRIN 28 b 7, 0038 240 1
HAEM TR, (AR 5E5 0 RIG M, 1MOCHIERYM (connectors) TE4E
Rz FaE M KIEEEAEH . T4R 0 8 WMassilia. Burkholderia~ Streptomyces
S Methylobacterium ™| 4EFEFh ) EAE I E BB, H, Massilia @145 451+
TREESE HEESIEESEESE MR, HTREdREKREESE
R E R, R BRI RS B BN I T

gi b, BTG RN AL 1R SRR R R AR, RIS T S RREEI N

I = SRS AR OGO AR AR Th g - W AE R i 1 AR GeRs T R R e B

i == SAHE RO 0 L EE, [RINAB SRS S Tl 2 WA AR A S I A R e i
108



BR A TEAEE A TN MR RS S TR I 3R AR 25 Th RE IR A ML 4R 11 1
BRI, WO R R TR i es i 2 S s 4t 7B LA .

SR RRILIE, SY, URIRER, WM

Bi1577 DCOIT XTI MM AE VIR S M T R na it
i

REFE, FALE, REN, RKEE DHHF
(KEHEERFTEMNSEE TAEFER, K& 116026)
*i ilAE#%, E-mail: xiaoma0556@dlmu.edu.cn

FE: Pji57IDCOIT (4,5- —5-2-1EF-4- 7 MEMER-3-l D 7EIFAERTTS RSt
Tz, B C AR G AE Y B — T, (TR A R
VEIVERE AN HAD . KR RERT TR RIE30R N B8 T
DCOIT GKFEVER0-50 pg/gliARA) IEE R i BML] . 45 R E/RDCOITH 5] &
EAGRIN AP R B AU RAS , SRR RIS, S 5L S
FOC R AU R R AR o 3 707 2R A ) 2 REVE SRR R B BBV 4544
KAEH, (HZEFEI0RM DGEDF A RIAMETEIG K . LR 2H 5 B R
DCOIT 2= + Bk B A P AH G K D e e 1, F v Kordiimonas - Aliikangiella F1
Neptuniibacter | J& 7] Gt & BFEA T RE TS 5%, MiMarinobacter N 5% V)
KT DCOITHIF A F - DCOIT 2 55 4 2 2 3 3 1 A A=W 138 R VRS AE (045
Fablk 23R8 7). BEARERRL R A YIRTERE D JREREZ EAYAMER G K
4 R PR R (R 0 o P 5 R Dy S A A AR A 245 A ) o1 R ) AR S R B A KUK
PRHE T B UL, JEHR R T DCOITH] RERSR VT AR A4S R G0 e Ak AR W 15
RIS . ST I R, AHE 0 3R K R 75 5 FEDCOITTE I IR A 858 A 2R
S A AR A T R B

SR DCOIT, RIS, HASERAMHT, BUAEMIRI, S H R
%
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EIRBK IRIFEM SRR EN A R IFREE
BR- R B E A RFAE

Fg
(1. REXF, RERREA%AEFR, RZ, 300072)

*i@ iAE#, B-mail: laj 790@tju.edu.cn

BE: VIRYR AN B B A F A R A S S S
(ERFIR 7K VR 5 VR PR UURR U TR MR I L SR A DG RAE AR R
IR B = RGN IR . AT T MicrobeAtlasty [ 615 12,964 M
A A71,0144 EAZOTU I A BRUTR I AE MDA B 8, 256 4 i = ZRUTR A I B
VEZRENEL A SRR KB BRI ). SRR, AR RGEA
BE B, AR T 5.39%Bray-CurtisZ2 55 VAT M 5 i DT I
SRR T IRK S RN IR LA, (H =R BE Y BB AR . S50 %E
PR S ORI H ) SCRRZRAB BT, 256 AN TS 808 IR 20 s 20 7 S = R A Y
BAIE, U290k, HIRRK 174 IRIBRHI LS. L%,
Horbr, SRR UTRRY 1 AR R M 4% 0 1% 3R 8L 4% Methanosaeta . Dechloromonas Fil
Thermoanaerobaculum% J& } Sulfuricellaceac R} ; VEHFEHL A W LASulfurovum-
Thiohalophilus Desulfosarcinafl Microbulbifer s Hi AL 3¢ )& HFAE ;s M PRI AR
B —“>Aerophobia P A 7 KB R o WTH ) AR/ B 40 BT H 1,545 5 WA
BRGILZ, P iRIGIEHS R KRR S 4 B 8594 F16374%, i T
WK-ITRA S, SEIRIGIRHIE M OFR /RS, R H A B ool RICR
SR ST BT RAE o TE R 1T H 0N H LU /39T )5 , FAPROTAXIIVETE ) e
BEHERT R, KT e A . COL/HR PR R e 28 AN TG B RE 1 FR M 2%
BER I AR I AE S RGEICHE g 1 Hh A RE DU A S (7] S DURR AR B R R 1T
WRAH SIS ARG vt 3, VP DT AR 2 0 HH 5 D S (R A M AR X 0 55 R BRI R 2%
B 5. 5L, BRERIRMHAERE IR E AR5, IR
TCRMEAFCRE RIEFRMEFE AL IR IR & SR KRR A X, M2
HA PTG H & AT

REEF: MicrobeAtlas; JIIRMITAENIAL; T, Beta ZHEME; fRARE

;. FAPROTAX; -B-TRIEH
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“Candidatus. Methanoperedenaceae” )5 IR hid R FL IR
FRE: BR-PREETEFS K FTLH]

Georgina H. Joyceal?, k52 %232 Andy O. Leul, Yosephine Gumulya', Jianhua Guo?, Gene W.
Tysonl, Shihu Hu?", Simon J. Mcllroy"*

(1. Centre for Microbiome Research, School of Biomedical Sciences, Queensland University of
Technology, Translational Research Institute, Brisbane, Australia; 2. Australian Centre for Water
and Environmental Biotechnology, The University of Queensland, Brisbane, Australia; 3.)” % T

L RFAEZTFREEHFFIE, 510006)
*i§ 44, Shihu Hu: s.hu@ugq.edu.au

WE: AU TTRE TR P R SRR RA T Al B (“Ca.
Methanoperedenaceae™) , KIHAFER & H AL SHIR L &R A s E
TRARNIEIR, 6B A IR fhid JF A PR e e (As-AOMD 17 fE. JE
o R IR 2 M, AT IRAE R B IR Rl “Ca. Methanoperedens
nitroreducens” HIESE 1 TR £h 14 J5 5 F B S AL I AL A THERARIBG, IR 480 iR £k
EAE R B A A B2 IR X — R IR 1 BATx PR e 2R
WIFAEEDIRERIAR, B 1 AR B h (B SiHn s EaH
W LT B &, NI KRS RGP R R AL St 1 SE, W
XA TR AT 5T AR = TR RS 7K 5 % 4 BAT U R

KRG Fhe, EREE; REF i, Milgid i, i h A it N

AR RW ERESRETEREE RIS 5%
A RIHLEIBT T

AP, FER, Sl
(LREXF FEMFE ISR, RE)
24k 4% E-mail: liweihua@tju.edu.cn
*RETER R RERFAFE B X593
FEE: I R IR R S K AR M ) BB AR A R G, AR KRR R
VI BRI G TR AR OCHAE o IR AR AL (DOMD 1R N HEER L T #
BRI 7, AMOURRR . BEETTR AR EEZR R, WS 5HEAEYARGATR
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TAEIGE R E A 5. SR, DOMAE 545 /K115 3 BT [A) b RIaE A M
FAA RN LRI B Z RN A 78 LUK B R AR S RGN N &,
RIT T DOMM AR LS [t IR IERE R, DL LU AN A S8R REAR AL 1
FACRFIE, FFotr 1 AR VE X DOM AR 520 -

T FEE R, ] R A RE AT 2SR AR 838 B AT 7K A ) Bk A AL
i, IS EYIE O EE AN . E AR LA - 3 DOM
TR FETT ] BRI AR s, (H AR AR 25 2 48 DOMRI AL 22 4L BN 73 T~ 25 1
FAEREZES . SN REDOMMEE R, HPRFERATEN G N EEA
73« FEDOMIFIR 2 48 S SR AK T i R T, ARFUR S5 B i S AL AN A, [
IR B BE & N, RS E A NLUIZD M AR R AR R R
RIS ek

AV BETE 531587~ , MethylomirabilotafIGAL 1S4 B 75 & M1 o 1= 358
LI R I B A, FTReS SR EREI S T AN RS R AL,
i L EE T H 2 2 5 RETT R DI REMAEY), BIEmIREL. IR LA
B2 ERIE SR AR IR o X LETAE VI RE S F FH Fe(1IT) B IR £h SRR SR AR AL &
PIVE R 5248, (R VIR T 3 st HUT B fie, RIS i e
P e At i P R R A G R

ff /) R AR (PLS-PMD iR W], 3BT T 2 2 DOMEL AL
MR E, EREE SRR, SRR BRI 55, R
FEIRZ LIEDOMAAL I R A B R AE . AT, B HR 17i#
W DOMIERE . WA S e R M Z B AR 2R, 9mIR T RZEY) H 7 524k
A FHA A A3 i R A Bl /K A S T BRAE 3R B B ZEARE T, TR AN BRI 5 A4
SRGHIMEY RS HLHRBE 7B R,

SR IR RS AN (DOM) : BUEVINER: AEHERAL
SR R T
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PR R A 508 e U J 5 e A S A 35 7 8 B 4 A B

B R, HE!, I, EERC, L
(1. F KFAAFFE, XF 300071; 2. RZEAAFE_ER, £F 300211)

*i8 ilAE#4, E-mail: shaojingwang@tmu.edu.cn; gqli@nankai.edu.cn; tingma@nankai.edu.cn

PE: RERHFMRRI T ES RGP — ORI, (A TH =
L 7 AR B, 120 R AR AT E R AT+ 0 A BR . AR FEA T
RN BB H5 2 ( Anaerobic Hydrocarbon Degradation Database, AHDB) , iX /&
— AT RGBT R T R BRI SR, A T 19,2132 AR TURARE T
J81,456 5k [EE T 41, G55k EEAAWIEE (8 DR, BHA. ik, FE
WRIGEIETEALD i K 10ZARR MR 1 1 7R AZ o B TR 2R A o 7 Bl A 2 S s
b, BATRA T 2B T SR R SRR, DU R PR B BRI
FHEA RS . AEMLEERN b, BRSO S AMERIE (identity > 50%) 1E AR
FREARAE, TERCE AL RS T B AR RE CGREUE0.988, #ERIZR0.984) . &5
WA AIEIEE (KEGG. eggNOG. COG24. arCOG. CANT-HYD. AnHyDeg)
LU VPR B, AHDBTERE RIS AV s Yo B iz, AL B 18 H A Al
S ARMCR PR R R 20, HLAE N AN 86 BAS T e s 19 BB 12 %2.(95.5%,
%t HEKEGGHI61.1%M1eggNOGHI57.6%) « 1E£5,891/MRefSeqdi K4 L ) B FH i,
N, AHDBILWRTEIE R R HE (582, XHLKEGGHI28%%fleggNOGIH105%)
AR R (A3 R4 A 38 4T I TR] 74,0080, X EEKEGG #1126.07 5 Al
eggNOGI]178.73F0) T, ¥J—38L TKEGGHeggNOG. HIFEENZ, £H
FEDR7E R A P 78 55 E R T 1% (Wberd N0.41%, assAN0.05%) , TMibssA K78
W BEIRE1.97%. 55, I AHDBX 2 A i 5 58 72 2 7 IR 67 AR S5AF: (i kAT
HRE, 255 R AN R AR B A P A ik DR o A2 AE B35 A, #0171 o
B AR . 28 LATA, AHDB A% 56 R 241 22 AN R 4 S i e 4 4 17—
FafiE. molE MR RE LA, AT AR MR R, JENEMIEEA
T A 2 M ST FU AR T AT F1 3%

KA. B, KREmEw s, S80hik, etk fimls
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FUEREFEAF 724 B HER T F YL
Ak, EZgat FaE”
(A JEEHFERENTRP, FarAREMWBRELERE, AR RASE L
RAE&E®RE, M 510070)
*if il AE %, E-mail: xumy@gdim.cn

TE: B SR 2 HhERAE S RGP S AL RO AR AL, 1
WAEMIN T BRI I R NG AL O IR B ) 2 — o ISR TSR0, W
TEMERL A (Electroactive bacteria, EAB) W[ JEId f 7 B F4£ 3% (Extracellular
electron transfer, EET) Wik IIM AL, @] fil KIOTEMEEZER (i Ol 1
ARG AR, R R] A A AL SRR S B R, O AR AR AL AT R = AR
iR, AW 7T L Shewanella decolorationis SI2NHWF 7N R, TESRI =44 1F T K
JOLR Te1) 7 1) - o SR e B R, R B A e o IR e UG8 SR Fe (D) R AE AT S
PR IR T AL H] OHAE I, RIS B A At e 45 it BE AR 1), A4 S LAk &
i Fe(LIL) AP P  F A2 AR o 3l W A 8 3 B U e SRR 1R S At 1 3R
R TR, RIEETIIRE JLH KM (R BT 45i%) , /£ OH
S R IE SR o RS AT RN, TESVRSRE N, R R R SR R GE I
A 2 ol ol A 3 R DG R TR DA MBE L T 2R AR R D IR, 1T 2 D € 3R o 2R R
AR I L Y A R AR s AR IR N TR AL T AR A
AR, 3B LA A AR S A IR NS 2 T SCRE T AN [FEET
EEARLE R R R T RS Ak o A SN R AR TS VERZE 0 T IR R 5 ROS
A R A LIS L TR I B A

R Podlsin, MM TR, SRR Bl

LIRRIDIET B et 574k R B R R wAACEIRHME i
FHEAT
(1. £ HFERRFRAZEFARXF, AR AFZETOEE FE)
#@AEH : jhmhn@163.com
FE: FhlA B T4 (DIET) (HBI SRS M/ M R S
FLER T, BRI T2 SR, 2t PRE BRI RZ O L o
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WA 5T DIET D il A2 v U5 B BRIR ], DL 5e 38 A% 0 B IR IR R
TZNH. CEHESMAENERSHEAM, &HT DIET WS EE. A
FEUAKFEH Ly MR V58 B4 B a KIS e R, R E S A BBSEiE
%~ 100 nm i1k FesOs =X, R LRI, FISH. sp@ &N /F5 KEGG
Ak, BN DIET MRk R, MBITEBSMS5ERS THE, ¥R
DIET B 547 AR ER . 2 E R0 R, &H Okt
HFE. SRR BRI, AR H RIS, 2IMA DIET AABHHRHE: 49K
FesOq P A R FLF= HHe J 1, R0 5 % P R AN AE AR 24 IR /KI5 R Ak R AFAESE U E A
FISH MUIESS/KFEH . PP & SR 4 B 5 7 F b o e R o 3 A . TP
27K Desulfovibrio. Desulfuromonas WG PEA R 5 LFRE 778 Methanothrix N
AERE; KEGG JERA mtrABC. omeB. pilA 25U 4h i TAL 8% O IR, WoT
JETH IR UE 564 DIET 3@ K AFAE . B T3 A = 8P RS nT M 245 € DIET 7= Hikt
HLEFE R, K FesO4 N R FHBRIGA IR, JEIE IS EANE 5 LR H e oy
W P FEAL NS, F% DIET UEMIBRIEPE, NANUE SV PREI R e A
Y77 B AL SO 4

KRB Fhle) B TR, REG™ W he: AR, SRR, 4R

Quorum sensing system coordinates the establishment of a
multilayered defense system under under cadmium

stimulation

Yi Yuan, Defeng Xing*
State Key Laboratory of Urban Water Resource and Environment, School of Environment, Harbin
Institute of Technology, Harbin 150090, China
*Corresponding author. School of Environment, State Key Laboratory of Urban Water Resource
and Environment, Harbin Institute of Technology, No.73, Huanghe Road, Nangang District,
Harbin, Heilongjiang Province 150090, China
E-mail address: dxing@hit.edu.cn; Tel: +86-451-86283123

Abstract: Contaminated aquatic environments often suffer from combined
pollution of nitrate and heavy metals, however, the mechanisms by which

microorganisms coordinate metabolic adjustments and defensive responses to adapt to
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such stress remain poorly understood. This study employed a quorum sensing (QS)
signal mutant strain of Pseudomonas aeruginosa to investigate the role of the QS
system in response to Cd*" stress. The results indicated that low concentration Cd**
exposure promoted bacterial growth and denitrification processes, primarily due to
changes in electron transfer processes and the redistribution of electrons towards the
denitrification pathway. Simultaneously, bacteria alleviated Cd** toxicity through
multiple mechanisms, including metal efflux, antioxidant defense, and extracellular
polymeric substance synthesis. Further analysis revealed that the QS system
coordinates responses across different defense pathways, enabling cells to form a
multilayered adaptive system, whereas the absence of QS signals alters the coordination
among different functional modules. This study unveils the crucial role of QS mediated
defense mechanisms in the coexistence of heavy metals and nitrogen cycling, offering
a new perspective on the adaptive strategies of microorganisms in polluted

environments.

Keywords: Pseudomonas aeruginosa, quorum sensing, heavy metal resistance

mechanisms, coordinated response, multilayer defense

LT S2 AR R 25 R YRR AR s AR S RE I AL AR

xEH
(Aaf3FR, ZTHIFEXFE, @8, TEHE, FEH)
wuzm2974@jxnu.edu.cn

FE: L7 (Benzene)- H K (Toluene) Z, 7K (Ethylbenzene ) fll — ! %% (Xylene)
AREIERY) (BTEX) & KGR BIAITRIS G, T2 500 T oA s
REREE T, BA S A EmSoEtE, ™ EBE N A A /G %2
4o AR PR T K TR Tk /K 25 R &R B Hh BTEX ¥5 Y8 Wk i)
e BT —, W R SRR B, A T A AR A B A LS AR
Feo DMAEMIBT SR EET BTEX [ itk S H A AT B R 92 8 . 4R, BTEX
PRAA BB D) e R R AL HBL 52 A0 AR 7 10 52 R0 LA R B3 A8 % 2 T f) .
VENLEMTI R B s TR AE S IR A 26 R R BTEX P A B B P PR B 0
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Abstract: Anammox is typically known as a bioprocess for the conversion of inorganic
nitrogen, yet anammox bacteria (AnAOB) have been reported to metabolize certain
organic compounds. This raises the question of whether AnAOB can metabolize
organic nitrogen. To address this, we investigated the capacity of anammox consortia
to convert a typical organic nitrogen compound, dimethylformamide (DMF). Within

1.0-7.0 mg/L, organic nitrogen was converted synchronously with nitrite, achieving a
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specific organic nitrogen conversion activity of up to 0.60 mg-N/(g-VSS-d). The
organic nitrogen conversion process could be well characterized by the Haldane model,
showing concentration-dependent kinetics with an optimum at 3.0-5.0 mg/L. Mass
balance analysis using isotope tracing demonstrated that anammox are closely
associated with organic nitrogen conversion, contributing up to 96.1% and averaging
82.9%. Through profiling carbon- and nitrogen-related functional genes, a conceptual
metabolic pathway was proposed. The anammox consortia initiated DMF degradation
by upregulating core nitrogen and carbon metabolism in AnAOB, while, upon nitrite
depletion, the companion denitrifying bacteria subsequently converted the
intermediates. This integrated N-C metabolic loop provides a mechanistic insight into
the organic nitrogen conversion capacity of anammox consortia. This study paves a
new path for broadening the application scope of anammox in treating organic nitrogen-
rich wastewater.

Keywords: Anammox consortia, organic nitrogen conversion, mass balance, key

functional genes, metabolic pathway.

ERAEEEERGUAES ERAEREREZB LR
ES(AT VS

AT SRpEE, FR BED
(1. BIRMBARKRFAEGHFZFZ, %R Hx 712100)

* ¥ 32, wangyao@nwafu.edu.cn; #4##%, xihuishen@nwafu.edu.cn

WE: LH (Pinellia ternata) EFRE R ZH HZREY, KWIEE S04
KR A N RIS VR 1 f, A I 3L M TR 8 R A% O
3. MRERIR AL PIRETE SE A R . B BB RN B R AR B 1) B N, Thak
IR 5 A AE IR (SynCom) € M FE MR PRI AE S . G2 (R i 4R
TR AT, HH B R RBOR BR R FILHI T 8k = R Gefd T . A FOrE H O B
7 ¥ B AF B i F B T R B RN KRR, B2 B Sphingomonas sp. IN21 5
Peribacillus sp. F16ZHL BT AERSynCom, 45 S EFRR AN E . TIRFRALME R 5
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Transcription Factor YeiE Mediates Sulfite Detoxification

by Activating SulE, an SLAC1-homologous Sulfite Exporter
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Abstract: Sulfite is a reactive sulfur species that is generated during sulfur

metabolism, and its intracellular accumulation is highly toxic to bacteria. Recent studies

have identified the LysR-type transcriptional regulator YeiE as a conserved bacterial
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sulfite sensor, yet the downstream effectors and evolutionary diversification of YeiE-
dependent sulfite responses remain poorly understood. Here, we show that the model
environmental bacterium Shewanella oneidensis employs a previously unrecognized
sulfite detoxification pathway centered on YeiE and a sulfite exporter designated SulE.
Phylogenetic and structural analyses revealed that SoYeiE belongs to a conserved
sulfite-responsive LTTR lineage and retains the characteristic sulfite-binding pocket
found in previously characterized YeiE homologs. Unexpectedly, canonical YeiE
targets described in other bacteria, including CysJI and YeiH, are not involved in sulfite
resistance in S. oneidensis. Instead, transcriptomic analysis identified SulE (SO 2906)
as the most strongly induced YeiE-dependent target under sulfite stress. Functional and
structural analyses demonstrated that SulE is a sulfite-selective SLACI family exporter
that constitutes the principal effector of YeiE-mediated sulfite resistance. Biochemical
analyses further showed that YeiE directly binds the sulE promoter and activates its
transcription in response to sulfite. Comparative evolutionary analyses have revealed
that SulE defines an aquatic-associated bacterial lineage distinct from fungal sulfite
exporters within the SLAC1 family. Together, our findings establish the YeiE—SulE
regulatory module as a previously unrecognized bacterial sulfite detoxification strategy
and reveal that conserved sulfite sensing can be coupled with remarkably divergent

downstream regulatory outputs during bacterial evolution.

Key words: sulfite detoxification, YeiE, TehA, sulfite exporter
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LAY, TR, kR 2, XEAY, HHAT
(1. AFRERFAGHFFIR, AT 210014; 2. AFKFRAMF LR, HF
210023)

B RAE#, E-mail: jewu@nju.edu.cn; jiang jjd@njau.edu.cn

RE: AN RIRE L LS i A G5 34y, BA e &S
IBERFANE, WA RGN NARAE BER ™ B . AT B RIE R BORA7 A
REAEM S HEIATEZE . IRAE S K S B, SR IR S AE i B A B Ay R
W R REAGE SRS, BN BTSRRI A SR, A% BOR TR AR A A7 i
=R RRURAFER A SRR Z . B &R FEEENHIAE. £
AR SCH T2 P REHERE R AESCIL

BEXT BRI, AN R R T K A WL R R A AEE R, Bl
BAEA B PR CRI PR AR S5 e PR GEAT RE AR, SEB s A ML B
D kzl, JTRE T MINBE BRI . FEARALE A AT 22 R BOR M 22 (1 R Ge kT
70, WG T RIEARMSG: (1) RB T REPAE B LR R B IR R,
FA Ttk AR s A DL B T REE R, vt R KIS Mz BRI T AL
R BEIR; (20 %5 T s AT WL BRAE B A 1) C E ThREE N, #Rom 1 i
HIRILAERL, SRR B EREFIVERSUE | BB, (3) Mg T R &g
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A 73 58 ) A W RI K 7373 ORI PR B I S BR IRIE E HOR, #5217 BATh
AE T L SR B PRI VPG 5 Vs

I

B

CL_E B SUSERABON T 7K i AR LIS Bedr B R IR % O R bk HEe
WRIEABARNE 5, IR TR e B (0 LURT iR PR R DO 2, DL AR LA A A
%Ly, DIKEHERIEBOR Y 3 1 1 R A AE I B0 Ui &

R M AKEHIGS, M KBE, AL &

BRERNF A T T KT EENAPLSE ST R HITHE
Y i

R, AFe, REA
(ARKFHEAFE I LS, &%, 210023)

*i8 iAE %, E-mail: hxxu@nju.edu.cn; jewu@nju.edu.cn

FE: BARHBAR(LNAPL) A JE KA AA (DNAPL) TS 44 347 T 52 bR
TS . BT WIS Y TE B AL PRI . BRI U S A A i A 55 U T AF
R EE R, HIAFR R R AR FE 4 A LA i AR 1 2 A s 4
FEREAER, RSV QA R P ARV A R R A . A DE AR SRR
—RA NAPL 5 W) AP e Re Al S AL, L2 AR AR e e 1R I 8 BUR
AIMEEHITRE, X LNAPL F1 DNAPL VR4 75 Y AE B R E AR T MR YIRE
it R DL SR IS AR A T v 5 AL R T R PR B AT e 2 R BTN IR

AHFFLCAHARR 1,2- 5 kel AR LNAPL M1 DNAPL, JFEE N
T E RS, RGRT TR AN R AL IS R 56 T TR& NAPLs 1Y
AR R R LB . G5 R, SRAS R DD RE s RERERE 7EA SR AT TS E L Ff
RS 12- 28 akt, HIBEMIERE R WAEYIREEIZ 8 A8 LM S
WL R EMSBATE N, BEREM 1,2- SR OWMEMEE NI Cupriavidus 1
Starkeya %5 W J& PG FE R E-TE o BbAbh, B A/ SR IE T ARSI fig sk
I ek R, SR AR R MR R R AEARDG, LR ) 4] 1,2-=
F I IR AU U R SR T, D e B REAE VA i SR 878 5000 pg/L IR T
PIRIRERT 1,2- R ORI RA M RE ), HHA M o By, i SUd 3R R
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AW FCEE RR ], 3 S8 S a1 AV E S SR A A B 85 ) A et P RN 1,2- S L
P F B AR, T ONZEM80 LNAPL-DNAPL VB &5 a7 3 i B A A 018 52 SREm i) 7€ 2
PR UAE

PRE R S35 7 2 40 Rt AR G oK AR B R % HE A T 1 Y B el
JAER, B g
(R KRFHRIEFT RS R, XX 430000)
*8AEH, E-mail: 17661581225@163.com

WE: =% oM (TCE) MERMMMERANIE Y, RASU=ME. Bumt
AP REVE, 0FHh T 7K PRSI B ™ 5 o AE AR R s ALV AN LL 2R T
i, FESARIE S U R I T R R AT . AR, RN A TR A A
FSRT AR R OR A U B AR A Vi P D B T A B A X PR T A= P A oK A
G R E A RELMERE TP N . ABEFCLL Shewanella oneidensis MR-
1 AHURJE B, IR TR IR BRI 7R 5 IR A R R AR K
ARG HAEYER R, JEE— DR TUAN R B SR I TR AR E I BOR, B
AR T AE AR AR A B S R B SR A R SRR, PE TR R
A A AR R SR ERIR . RIS AT (0.2-1um), BA PA(0)EAFLE, XF TCE
R F OB SUETE, TTE 47 NN E R TCE, MEE%IE 12.89
pmol/(L-h), Zr=WEE N ht. HHIR, FRIEHREFRHE b AR B AT RORL 5 2% AR M
SR, RARBME AN, HARKIE] PA(0)FFEIE, X TCE &R R I &
ZAMHIVEF 95 /NN B 7.2%(11 TCE. R 15 37 3 (1 i &L BE F1 T Wi 2 1l
R R T R A WA TEE B AR E R, T SRR AL o A HHIER, BT
W SR TR . RSB R B, 48 10 £5 5 10000 %5 Fike i 1) v
B IR RS8R A A AT PE R AE AR A, JERT 58 2 BEME TCE, AL Sd 2
BB A e, 2 10%>107> 102> 107 IR ERHEIC R, IESLEh
YRR 77 R B R T BE ROURE A A V5 PR IR SRR DR 3R o AR SN AE MK AR B A
TR R I D i ST L AR AT eI 1 B e R SI238 S, o b R /KS ia AR K
JE B HER .
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A PREUE IR &, AEMANKAER, B5 3R IL 4 K, Shewanella oneidensis MR-
1, =& LN, EEM

AN FIZREUE SR BN R4 ST B 1 ROE SR B S T B

FKIZ, BN IE*
(RAKFFREFT RS E, KX 430000)
*@IMAEH, E-mail: 2562068083@qq.com

WE: =S4 (TCE) 2t Rk A5 g, HARG R A=) — R W
(DCE). |4 (VO RSB, BUE. BOVBREME, ™ E g MR,
JEA AR AP DRGSR I S B TCE MO BRI . BB Hh A2 AE 2 P i ST
AW, B4R 2 8RR RERs TCE #7018 )5 3 E B 9 i DCE B¢ VC; i s Bk
)& (Dehalococcoides) FEME—T] ¥ TCE 58430 JFoNTERE 206 (ETH) IIBAEY
FBE, ZFR AL O D RE R IE S I e B o T A PRI A Tt e RS2 £ 6
RUGWRAE AR F5 (B Dehalococcoides Toik H 32 Sk & BRI, D5 204K 5% 4
VRS BURETE 9 A A D RBGZ Y BT, A Be i 2 B S A KRR R . AT
PR L AR A TR R S A S R R S (R Sk, (L9255 e B e
SRR MR A HOE . AT DKIARIMNERIN4EAE R B (VB2 [
SHEBE NS, UL TCE AH-TS24k, @I Pk, A KR IR Rtk
B SiREH: KIWTG VBB B SR T, FLERVE o FHMAR TCE 564
R8¢ g e F s BT NIRRT VB PR S B8 Bl okl ) Bt ST« VAR I VB
HIE A RN, DU BN T AR 2 K& e, 0.31mmol/LTCE Wl ££ 39 K
N 5E AN ETH: MK L VBefk R, HECY BT IMAR IR 79 KGR AT
FREE VC, HHGEA BRI A B0 i R A BRI K VB o B B 1
SN [RIFUE B, J5 i S B RE  RR A AE I 2R RS U A, B
Dehalococcoides P45 B IEIRENE . AT FE 2R Gt 1) W] & 2878 TR0 P00 B AE S it i1
Fl R S AT R R AR R, S il R S R AR A SR A 1 S
.

R =W LM, Weekid, JEnbngk, 4EE%K Bo
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#h BEAR B IR B T i T KB A W3 B SRS 5 JTT R TR
X AEIR
(KA HFRFR, FoRF, FaT, LAEE, FE)
1542671163@qq.com

FE: I T KRGS BAEH R E 21N i, R e RS, 7o
RIS K EE I . 32258 DU L HHR AR I S, K& KK R AT T
TR EKES, TEREA B2 R EE . B IE 5 AR AR R A 25 0
NS SR, KIS AR AT IR B K AR R VR R, IR T
R REATI Bh = RGN TR o A4 [ 58 LU AR SR NS T Bl TR K N AR M R IK R 4
it KW RS RN BRI il R R Fr SR AT ROR, &
Giabon EACHL N AR E Y AR A B K LD se AL . DE SR, R R AR K
TP AE v S AL T B S BEPRIR R 1B, s R 2% 1 S 35 T R 4 R oy T RV 4L R
e E & SR E R B . DR TR RAN MAGs kB, K
SHERAL IR S FOKBRIE A DR K AR EE2H, e SRR BE T R R #h L A DG Dy R K 5
Desulfobacterota 55 D) BESSHE MY B TTERE, [RIIN AR ILAE 0 R B IR E Y1 &R A
ATEAEGABIBE ST o JUAL, AW FTHE— 20 SRUEH S KB A ma Y i B A S AE
KL CPR 2 b 45 DX 4 o B2 TR AL B A= P e g i o (R B e e . B T B A J
TN TE AR BT BE, TR EhH T IAEE 4R AR AR AR, I T RelE R A A
TEM4 2 51N A8 RGRTE -

A IR OK A EM; TR

FKBEAT R GORER- I R T (e =R LMY - TR E
Yo & [

EMK T REAR AR, RER!, RAE !, 742
(1. T T KRFIHREFIE, M 310014; 2. T KFHREHESFR, LB 214122)
*i@ 4%, E-mail: bbwang@zjut.edu.cn

WE: =“H LM (TCE) fEMIT /KA T IEE . HIRTERZNE, 2 A HF
AMEFREIT R . GOKRFNE (nZVD REAGPKREM R (S-nZVD Al RdEE

Ji{ TCE, {H nZVI/S-nZV1 X}t 5w AR S BR f1) 1 H S Rz S . 53]
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A RERFEGKARL 5 0 S M0 BLAE R I T s, SEB =5 38— WU A R 5K
BT Gy s 52 v BITUL 5 31 15 2 1) (i ot Sk 52 A — B0, 3R 87K 2 A i n]
R IR A AR M DGR R 38 . ASHIEFE DLP™ S M it b UV BK B 195 Bk (Dhed B
TSR, TERSIM TP RETLATR . A%, RO, mAMERA%EZ
NIREAE, MR —EY) . B—IE4EY K DhenZVIS-ZVI B &R R, 4615
PR F1% . T Ai . AR pH RAIE IR AT gk, %
S, B, Zeta AL R DR BRI RIS 04T, SENTT -G K Bk UKL - A )
FUHPE RIS SRR, bR — R RN, HE Dhe/mZVI 14 &
8 d TCE F#fR=H 43.96%F+ & 95.48%, {4 Dhe/S-nZVI &k &% TCE F&fR 1R
MR 0.71d % 1,754 thah, =RE L W E TIPS B, 2%
RNZEW A== >R A Horp, 2545 573704 Dhe/nZVI #1 Dhe/S-nZ VI
W Z X TCE PRI RMGE R 5 1 24 A1 7 £ & /KZ 00 o i A B ks . 1
TR A AR ANE SRS EL) pH MAREAIE R AL, YD PR BB S Dhe B
EMIHEm AR SENTUREGERRMAL, A nZVI f1 S-nZVI 4
FH Dhe Big2 5y A E2) 98% 1 107%, FEAE tee A X RIETRFZ) 50%. [FIET,
Dhe *F nZVUS-nZVI BRLR T Hy B, AR T 9RO 7 1w A e 22 FH
71, PREBREEFUR R R, (et . B, SKEN TS
11 38 E A W) - 9K k-G S, W R R A W I B e A RS 1 R
AR AT IR B L5 TCE 15 34 5K 2 EA E S5t T BB AEE AR S %

R =M SRZNFG 77 A ERE . GRT ik EY)-4k
X7/ vey

WK RGEFPFAS-HAEMIMHEAER: K. WM E5I)REHE
44

B, LR, HiEE
(1 F BEFXFFIEAFE IAEFIR, F5,266100)

i@ RAE# Email: yanni@ouc.edu.cn
RWE: 2FMZHEENEY (PFAS) C/EARREE N A H T A

K, S AEY 2 AR AR AU PEAS HISABEIEMAT N, Al ek
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IR KA TIRE, R TTJE PFAS 15 5% XU PFAG 5542 1) (¥ B R 27 1) . AR 5
5% PEAS—A MU A EAE T I R AW 70, 409026 520 E Wkt PRAS iR AT
NEEEVER . PFAS KA B 88 X (A MO I 1R SUBBON, B PFAS Xl 7K
SR TIRE R . 45 R, AEVIIRAE B35 98 2 5 biiie (PFOS) A
6:2 MR (6:2FTS) HITHMHMEM, H s REY) (EPS) 214+ PFAS
FE7K- 8] SR K - TR TR B 3 BC R SRR R 3R . AEARBAN & T, AR 6:2
FTS iEA BT DTRR L) 5 42%, CHaL s -k (AWD BITTHR (2 58%);
LHEA R T RES YRR m I E A R, B3R T PFAS IIBRREH
KA PFAS 2 52 WK A P I5 TN RR S B8 77, IRBN V& AL A St 34 R R
AENYEEW ., SRR R, PFOS i B i AR WA K R R RS A Th R T 3
H R AK SAE AR, R B B R R PR AR 1 7R AR UE IR FE AN AR 4
AR SR A T R T3S IR i 4h BAR m i) 4 AR e T 2 SR AL
Z BRI R BN . AT T PFAS 53K A2 a i s R . B
Ve I 21 TH REE Ak A BRI B85 RUBE XU M ELAE FH IR, 24K T % PFAS 3R8584T 4 &
HAE AR A LR, A PFAS 15 Jetth N 7K (1 A2 25 R VT A S A= s 5
AR AR AL T BRI .

KXW PFAS, MTK, fEY, S, A&Th6e

HTMAENERE BB T KAV Z TR

e
(PR KT (KR, wAMENETRLABEAKRE, #dd, KX, 430078)
E-mail: daiheng@cug.edu.cn

BE: MNP R BREE IO R AIE R e A0 R A e v B LI TR i A A4
IR IRE] , (EA% Gt S WA 8 T 32 A A TR B0 o K B ZE W B AL g 38— 70 A1 O A 71 B
R R, HMEDU B AE AL AR ) B IR0 AR B A A . BT X
X, AHE T et TR EGR AL, MR T AR U B R IR R
B RS I SRR R o LR B LA PR P R 9 SR, E HEskde A
ENASHESCIR AT AL 264 KBTI R S D REBE R 22 8] (KI5 & s XU B B S|
N LG [P R BT, =5 S ) EL AR A R R4 I N R K TR RO R BRI B &
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MFP TR FER e B 5 AAH N2 B, RAEZ RINReMAEYIILF S 5 APy ER
WA RN o FERRTT T, J3 ) 2 R 20 ROBE AR AR Y 5 ) 25 0P 4 0 i i 2 282
RLIZFEREMY, @57 DFBA-RTM: VADNREREDE F R, AR S )y Bl B
LR RO A, ST R R A s IR R G PR R RN ) e R R B R IR S
FOIREAL, SCHUE A FE RO TN . S5 SRR, KT R ARG 4 A A
b /K —Hth N K AZ T3 ) 55 98 1) R R DR (R B 24 S, I — 2D 2 A IR R348 IR i
JE R R PR R RS R R R R B AR, B S B A
HAE R TIORE eG4 L FREE, B—EES RO R BRI
WA 7 o ) N KRR 5 B, 57 e 08 B L b P BAS (] o S0 3 R 2 AR A S Ak
A ARSI I A3 AT RN 5 T SR R S PR B A S RNk S B I S AT R
LB A RE J0 o WFFUARSL 1 BTIE SR AL L Fh(A) BLAE SR D RE A M R K
AR FASFOMESE , 5 s N 7K RGP AR I AR K i 8 RAE S T
RTINS A 18 K .

REF: K WEYRRE: SR T RBSPEVE IS SR

BK R IR R AR T BA HRTS Sth T K A AR
H 5 i se i

FHohwlt, EHEA, KRR
(1. THRKFARTREFREF LA, KA130021; 2HTRERGFEHKFHE EER
£, K& 130021)
*i@AE#, E-mail: suxiaosi@jlu.edu.cn

. S/KEDEARY B R LB K B 5V Bis s, s
2 i K sk, BRI T /K SR SR R S B AT R A, 2 i RS A R
T 5 DI RET B o AT I LURAET A e Ts i ot 8, b 1 SoKE S 1k 2%
FERA RSO B IEAE L, B T AR B S A R v S R S AL AL
PRI SRR, 32T SR B = A T R PR BR A1), 3t T KAk
S =R GG 1 I = | B 0 )R .k il I N R e 320 e 1 PSP R 1 P PR
PR B S e SR TR RIS IR R AL B IR B
FIRIIAE YR i EACRE L o S MRV 22 PR R A 1) 0 A 5 3 R Ak S0
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FAR, AESE T & KE A VRS MR A P D) RE SR M AL A T e RN o S v
P EREIR LB, SRR 5 1T (590%) , HBib /2 A St 7 A 28
RERARES RN o 257K A5 o 38 e P 5 1o 9 5 97 S BEL Rl o ] R e A 2 -
BB L BORBIAE, H60%LA D T, (A E MG R0 srEk
HRBEISERL LGN T 2 40% VA F o BEAh, & KR 122 54 i i 7K 0 e - B A
BN EN B BRI S IRB B X Z M AEDFER R, Rt R LM
2% HHR D S IR AL B 7] [0 R RS 2 R 5 S PR B, TR AE D R IX B Thfie 5 & M bk
BT . AW TR 1A ST AR S B v 1) A 25 0 it 55 T RE 2R IE HL
PR T BT ACCH T AR RS HEE B s, N AR it R KT Ay EEAR (It T
LIS T

R SKZAHFE: Akl R K, BEEE, RAEEE

R KR ANEGERERITE SRR RIESR A E R
HEREIERE
REER 12, EFAE 2, ARMS, B L oAmEERY WEEKS
B ERE AL R RBREC, BIRF VT, HgES, ERH P, FRMFC-FF RS
l. THRFERIALFEFBENERGLEAE LERE, T4 K& 130026
2. ERKFRTIORFRRBEMENEF LA, T4 KA 130026
3. TMAFAGHFFRLZRAFAEARLIERRE, THh KA 130012
4. BAIRAKFASEAF R, £B ZAZRNN Bk 85721
5. ERKRFRREREFR, €K 400044
6. FFMRKFRAFAFEFEIALZ, LB KRLHEM FFAR 45220
7. FHEIRFFBEEFTHIALER, LE FH 266520
8. MBEHIM K FHMEFEAFZ, £B HEHTN L2085 B4 88003
B A A: K%, E-mail: xiaoyingzh@jlu.edu.cn

FE: N K AR BT 2 2 BUKIR TGN 2 K B EIRAT, AR
FI 2 RS o SR, P B 5 BB LR AT Sk Z IR A AR . ABIF 58 LA R
e B B AT B A16 B (CV-A16) ABFFEXT R, 4 SLIRHT 70 5 Wbs S
W77 (TCIDsofll RT-qPCR) 2 7320 LR E AR S5 &, € AT ER AR AR i it
TP I 7% 5 2 ko A8 Hh R KR SR 3 ST RV R PR & St sz e R
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CV-A16 fEKHF I E BB, e BRI 90%5 106-191d, AL ATITAR
Pirh 2955 12 do FESEIGEE RN, 2 B - B2 i B A ) £ AL
S RIS, ] 2 THIRH 5 F0 S THD SR I AG B ) — SR EE 204, H LA FH e o3 2 I PR 3
5, PRI -SRE R G R . BB AT R, WD B D, R R A
4 0.002-0.004 min™, LKL TTARY) hops F5- [ 44 AL TR OB R 5. 6 Ah, 06
L JEE 73 W SRAS RSO REARS 7 AT B 35 S5 P S A W0 %8 381 1) 380 3R B, o T 1E
TR A RE, AR — PR, SRR TRRE TITR IR
i AT T IR I PP A B BR 5 AR A TR R AR ELVE T, AR T — AN LIAE
28, AT HE R PR o BT A TR B T AR O A R XGRS VT PRI AR R 12k

KRB : MR ENEE Ale B MUT K, RN M-S, AR XUbR
YLl

BRBAE R IE R SR E A BRI )
ERALL fHEL FEAL JERLY
(1. B AHEFBLEEERERE; 2. PERAKY (LT) KAREFHLR;
3P ERAKF (LF) AFARR)
i@ iRAE 4, E-mail: xwsuron@cugb.edu.cn; hmguo@cugb.edu.cn*

WE: @i (As) HUFAGR AR IR 08, R 0S8 3 22 AR )
AT Fe(lll) GO SAMNIE R fFES] . & & R A BORES G e 1A HLEC A
P AYEA NI (DOMD REBSERIX —id B, HIHXT Fe(ll) (D SR ME:
0 B AL BRI R AT S 52 M AT Z RN IR o ARBIF 7 DL 2 1 R A Ak i ke 25 el
B (DFOB) fEAMREMER SR & A VLA, BFF 7 HAFAE T Shewanella
oneidensis MR-1 X & -2 MIRAEYDIC U FE . 4558 B, DFOB W {2t
TS Fe(ll) SEJR, AT FE R miE R 70%, & Fe(Il) A4 BN
B MR-1 XTRERHIEIN 24% . X FEEEFH 32 HKT DFOB X Fe(Ill) %4
VEFI LR Hi¥55 7 Shewanella oneidensis MR-1 Skl 2 [ [ B P48 . BT
AEFRLA IR AE T AR, HURE R S I N R SR GARERANE 5 k2 FD B &
FHIEAR, R Fe-As FMILFIEH Z AFERMEG KR RE DFOB 2150
T Fe(lll) i&J5, HIFAR#E— LB, MR-1-DFOB 4bHZ5 MR-1 #4
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KPR R I FIER AT o IX Rl 32 IR AGBRE ORI iE 5 DFOB e 2t 2E WA
Fe(Il) [ ARS8 AR AN W EFT A %, B R E R 9K
WA D BEEEERET DL T A AE RS F FE A o IX B IR AR W mT e i I
BREANSL Ve A PR BE R 1 [ 5 » A TR, 5 BATBORERAS &5 AE T A HLEC /&
(IERARAR) 1) DOM  REfS (et AT i [ 5 BE 77 O BRA DA 1E, #8717 —Fh
PERT AR TE R Fe-As AHILAERTAIEHLE], 9B oK R 217 v
BT HHIAR

REIA: UEY) Fe(ID) i) BUREEG BhatR; AHLEA; BEY-0 ¥
HAFH
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BOE-G: AEMAEYS BB HE
RO BHERENMEDER: IR EEERT

R
(L.¥ B ta g R ASF LA, 110016, @)
B IRAEH Email: liwm@iae.ac.cn

WE: BUEYY R BRE RS N ONBRIEHFASIC I EE R, 5 RACRE
58 7 SRCEMARER &, FDRE CO» B MR E IRIR sh i), fEREVRZE ™ 515
Qe 2 B B UMEL . REACAA XA AR L G2t pH AR TS 5 P 7 T %
B2, SRS S A A W [ [ A ) B AR A . AR A DU IR A KA A VI £
I 2R FLAE R W ) ORGSR [ A S A P ) 2 AN

FEWE R A SR R, A A Gzl T I IR S B FE AL, 44
A pH TR T SR ANMEN, BB HEsh pH #6714 CO2 1]
B IR ER AL [ 7 Q3G 26 AF 5 (RIS A B AU H LR B % 1] LR, P A 19 21 ' 4
RAEBONET, BRI, A EmRTTE 33%. B0 k5 - A Ui
INEZ B 7F &, AWK T IR Bk S LRI L SKBL s KA ™ &,
TREE R pH BRI, AREIE COr &P AEERTTE 58%LLE,
A i A IO AR AIE 1% RIS R A AR A BRI R 5

FEE R LB E R R T, RO & T & AU g i s ik, S50
e TRR A R T RS TR 4G 5, B ARMRAF AL RRIR 26410, 85 1 IR is A2 Wt
MR RIGR . BRI BRI R EREBILE 65% UL L, RN #EE K ERIR 4 &
B o WA S R R A T AL IR 1 AR T AT, VR R AE Z AR E
SEBEI EKEE o Hh S8) DR P A RE RURE -

PRI A28 AR AT RAGIE — 8740 S5 2 E W 5 T e BN IR B 77, 73 ilAE
BEVR SN GAE R 5t SEal 1 [R5 3= D RE R B R AE -

R A REHIE: Ee)EEk
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B TH B E BB A7 5 F e i AL I AR

%) — L (liuyifan@ecust.edu.cn) ', Muhammad Javed' (javed@mail.ecust.edu.cn) , 14

(bzmu@ecust.edu.cn) *
(M RARZIT XS, PELEH)
bzmu@ecust.edu.cn

THE: FOUBRAR G 5 B AF R RO TRAS AL A SCHE28 £, T T T CO,
FENGRZHUF A G . FEMLIS AR, COr 5HURIRAR . 074 AR L RUE K AR
TR, HRZIAME R T e AL . YR R DL RS SE IO D18 o X Eefl 5
2R IR A 27 0 R A 0 ST ) 3t e (R A Bh 2 2R S R, JE by W AN o 44k
R . e TR JROMMEEIROR, EHH pH 2 5T TIRe . Al
SR, BATEAL 1 IR A T5 05 DR AT i e b 2 5 4 S e A A R Joe A P Al 2
VIREE, JERGFH ST M EIR . B KA A 256 B 45 2 B A K )
A COp IR IVER IR S CO TENZEN . TEMLEERE b, AHF U R Ax
IR AR R Befl, RRRRIEA ™ S sl i R AR K -Mo -
CO, [ SEJFAL = B0, FEARMUSEAF T AR BN S A i 2 12%. 2
RIS M 22, I GerE P8 (Methanothermobacter) /2 35 B2 {40 77 B 7=
Ew o HE— P RISEEE S RONIGIETRIA, SRR NI B AE R IR ER MR UTUE T A
FReE IR AR AR BRI o WS AR 7 R 7R T R R A R e A PR XU K
——BE AT SEML AT RREE AR AL 7, SCREIS IR A7, i 1] SE I . E AR
ARAFRME TR

ReiE: e CO WAL AEVH b

KA F AT X M £33 B BUREAE B8 e Sl A e
R

Am 2, GBE, RFE, B!
(I $EHEEATERFALH LRERETHELRLBERERE, dHF 211135
2 MFEAIARFASEAMNALERE, A7 21004)

*i8 iMAE 4, E-mail: baiyn@nuist.edu.cn, ycwu@issas.ac.cn

WE: 0T RE R E B LA, BRAmMER. KR mAE
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mailto:bzmu@ecust.edu.cn

WS & B ISR A, SR TH A LB 8] A7 B 7700 50 - 338 ot & A A0 A R P i I
B E R o AN UMK 78 VR T S K S e ARG, B A AL R
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BEA%5.1%-6.1%, (HAEFECOHE 15 FCHar= 28, i BA BRI A3 I 1%
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Global viral auxiliary metabolic genes drive carbon

sequestration under climate change
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Abstract: Soil viral communities play a pivotal role in terrestrial carbon cycling
through their regulation of host metabolism. Despite this, the long-term coevolutionary
dynamics between viruses and their hosts in response to climatic variations and its
implications on carbon sequestration remain poorly understood. Here, we uncover a
novel carbon compensation mechanism facilitated by viral auxiliary metabolic genes
(AMGs). Employing a cross-climatic zone black soil chronosequence experiment
spanning from cold temperate to subtropical zones over 16 years (2005-2021),
integrated with the global virus database IMG/VR and multi-omics analyses, we
observed a marked enrichment of carbon sequestration-associated AMGs (specifically
GT2 and GT4) in viruses under high-temperature conditions. The abundance of these
AMGs correlated positively with annual mean temperature and precipitation, exhibiting
a 37.8% increase in gene expression post long-term evolution. Protein structure
predictions and promoter annotation suggested efficient expression potential of AMGs
within host bacteria. Host prediction modeling further indicated that the functional
efficiency of AMGs for viral carbon sequestration surpassed 85%, corroborated by
transcriptomic evidence. Viral transplantation experiments demonstrated a 26.7%
enhancement in carbon sequestration by soil viruses. 1*C isotope labeling illuminated
the role of viral AMGs in facilitating microbial conversion of carbon from both
microbial and plant sources into recalcitrant organic matter. Our findings demonstrate
that viral activities can counteract climate-driven carbon loss by modulating carbon
cycling pathways, providing new insights into phage-host interactions and offering

critical implications for predicting terrestrial carbon sequestration under global change.

Keywords: Virus; AMGs; Carbon sequestration; Soil transplant; Phage

transportation
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Cross-Domain Microbial Responses to Environmental

Changes in a Reservoir
WA, E%fH*, R, LZ#, DiF
(1. Ki&EFFRFIREMAFTHIALFIE, K& 116026)

*i A4, BE-mail: wangjingwei@dlmu.edu.cn.

Abstract: Reservoir ecosystems are increasingly influenced by eutrophication,
seasonal hydrological variation and emerging contaminants, yet the combined
responses of water quality, bacterial communities and microbial eukaryotes remain
insufficiently understood. This study investigated interannual and seasonal ecological
changes in a reservoir in northern China during 2024-2025. Surface- and middle-water
samples were collected in summer and autumn. Physicochemical and nutrient variables,
antibiotics and pesticides were measured, while bacterial and eukaryotic communities
were characterized using 16S and 18S rRNA gene sequencing, respectively. Water-
quality patterns were evaluated after Z-score standardization, trophic status was
assessed using the comprehensive trophic level index (TLI), and microbial variation
was examined using genus-level relative abundance, principal-coordinate analysis
(PCoA) and redundancy analysis (RDA).The standardized environmental profiles
revealed a reservoir-wide transition involving nutrients, pH, dissolved oxygen,
conductivity, transparency, organic-matter indicators and compound-specific
contaminant variation. The changes in antibiotics and pesticides were not uniformly
directional, indicating that individual compounds provided more ecological
information than an aggregated pollution trend. TLI results showed an overall
strengthening of eutrophic conditions in 2025, although the magnitude of trophic
change differed among seasons, water layers and monitoring sites.The bacterial
community underwent a pronounced genus-level replacement. The 2024 assemblage
was characterized mainly by Flavobacterium, Pseudomonas, Acinetobacter and
Nitrosarchaeum, whereas Aphanizomenon became dominant in 2025, accompanied by
increases in Cyanobium, Mycobacterium and Sphingorhabdus. In contrast,
nitrification-associated Nitrospira and Nitrosarchaeum declined. The eukaryotic
community also changed markedly, shifting from stronger representation of
Cryptomonas, Aulacoseira, Dinobryon and Chlamydomonas toward higher

contributions from Cryptomonas, Obertrumia, Paraphysomonas and Sphaeroeca.
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These results indicate that the stronger cyanobacterial state was accompanied by
coordinated replacement of algal, heterotrophic protistan and bacterial
assemblages.PCoA clearly separated the 2024 and 2025 communities in both marker
systems, demonstrating substantial interannual turnover. Bacterial profiles showed the
stronger contraction in alpha diversity, whereas eukaryotic profiles exhibited
pronounced seasonal reorganization. Integrated RDA models explained 50.02% of
bacterial and 44.04% of eukaryotic community variation, with adjusted R? values of
0.415 and 0.359, respectively. Physicochemical and nutrient variables formed the
dominant environmental driver group, while antibiotics and pesticides contributed

additional compound-specific signals.

Keywords : Reservoir, Eutrophication, Microbial community, Emerging

contaminants

Cross-domain but not single-domain microbial networks
exhibit latitudinal organization and keystone-mediated

stability in Chinese coastal sediments
Mingjie Yong! (7EPAZA) , HongjunLi® (F%£1%) , YeDeng® (XF#) | Zhaojing Zhang'*
(FREB4E)
(1. WA KRFEFFLIR, F5 266237; 2. BREFFRFELEMN P, KiE 116023; 3.
PAHR ASFFAT P, LR 100085; 1% LA KXFEHEFFHRLIL, F5 266237)
% —4F4%, E-mail: 1291304442@qq.com
*i8 ilAE#4, E-mail: zhaojing z@sdu.edu.cn

Abstract: Cross-domain ecological associations between prokaryotes and
microeukaryotes underpin the functioning and stability of marine sediment ecosystems,
yet how these associations are organized across broad environmental gradients, and
whether keystone taxa contribute to network robustness, remain poorly understood.
Here, we constructed prokaryote—microeukaryote cross-domain co-occurrence
networks—which may reflect potential ecological interactions—from sediment
samples collected across seven coastal and estuarine ecosystems spanning a 22.2°N—
36.2°N latitudinal gradient along the Chinese coast, integrating network analysis,
mixed-effects modeling, partial least squares path modeling (PLS-PM), and machine

learning. Single-domain networks showed no consistent latitudinal trends, whereas
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cross-domain networks exhibited pronounced latitudinal structuring in topology,
interaction patterns, and stability. Low-latitude networks displayed stronger nestedness
(up to 21.22) and a higher proportion of positive associations (mean 55%), indicative
of cooperative interaction architectures, whereas high-latitude networks showed greater
network complexity and significantly enhanced robustness (p = 0.044).
Microeukaryotes disproportionately occupied hub positions while prokaryotes
predominantly functioned as connectors, together sustaining cross-domain connectance.
Path modeling revealed that water temperature, total organic carbon, and chromium
hierarchically regulated network robustness by reshaping keystone taxa abundance and
network complexity, with machine learning further identifying a nonlinear threshold
response of robustness to chromium. These findings demonstrate that cross-domain,
rather than single-domain, ecological coupling is the organizing principle governing
coastal sediment microbial networks across latitudinal gradients, offering a predictive
basis for microbiome reorganization and ecosystem resilience under future

environmental change.

Keywords: Coastal sediments, Cross-domain ecological network, Latitudinal

gradient, Keystone taxa, Network robustness, Environmental filtering
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BE— 0 R PR B OB D) R e BT R = I AR SE S, b Clostridium
butyricum VE N2 K B , Methanobrevibacter olleyae VE NP B , Clostridium
bovifaecis ENFBLF= LB« S5 HR BN, C. butyricum F= ER B Ho A 5 42
TRUHLHRY . M. olleyae NN J5 (35714 Bl PRI F 185 FF e A e, R H
BE B BRIV e Ho i R R 122038 . SR1TT, 24 C. bovifaecis 5 M. olleyae FE[F]
FFAERS, FGEAE i 1.38 mmol/L F#{KZE 0.156 mmol/L, FF¥£) 89%, [FII 2.
AN TR~ R g, HA TR & 1.63 mmol/L #2525 5.19 mmol/L. %
SRR, C bovifaecis ReifiE IS HIRMKHEI A Wood-Ljungdahl 1% 5% 4+ FH H
PR, ¥ T AIAL 1) PR o A o 10 3 i >4 2 i [ o SR R M R T TR

AR, i E R QIR RS FEE R AR R RSSOk R, T2 HSE He
FOH R TE B AN A 56— HAMA PRI SS . 72 FGE B IR I PR Hao 2 IR I K
K, T[RRI R P R A I, SERUH e A 4R T
WRA51E 1 E TR IR N e % o 120 TR 108 B SCE Y i 0 B g LA, A
FIFIZL - 2R w1 S B R B o PR & sh ) F Be s e S R4 B

R W EMAED: R CRE; PR BT FR

B R AL SRS R THT IR R EIH A F e = AR R S 4

% 2
(I 5 FRER, TKE, AM, 9z, ¢ E)
chencan1990@zju.edu.cn
FAEE: RV U8 RETH A HE B2 A ] FL 1A 338 AR AR R S > Y Be R S AN 2
BRI, S B RAE DL S A F b AN FU 4 B 1E P S A0 B L W R AR TR A
Z WA AR B BN E o) AR A, MR RZ B R 5 D RE B ) P [R) F 25 R IR A
AR X 28 FRIATL AR o M FH o B2 TRA BEOIN R AT A 478 3 B 20 ) AT T PR ARG, B
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BUTURARIE 71, FRIFP S F IR B (23 VFAs JHFE. PRIRAATHEIE D),
FrPe i e A B R, (B S IAIAAE CO2 IR JEAS JE AP~ F Bei R A2 PR . Al
BRI — DR, 4h78 H2 F£42 % Methanosarcina F Lacipirellula 555G
RFFF LRI s b alifE o JE Tz il i AR VDA S 38 R B, 5% A1 10% 1R 77145
S H RS R I CK 215 152.85%M1 167.97%,  FGE AR 20 $ke e 4 REE L)
70%LAh b ZILHATIRE S GEM 45 R IL ALK, % ESGE EET %1F, Thaew
FENE = e A A AL 158 C1 AR, ISR S A RIS SO A, T B 32 7
TSR RATH R 5EAT

R T9Ue KA, BRI, P F ke

DAMO A M. sinica RuBisCO B 1135 14 & B34 s
Tk, BAMF, ARLH
iz K%, FEEFTRFR, AWMNT, 3y, PE)
B4 blhu@zju.edu.cn
FE: DAMO 4B 55 AbJo 5 A= S5 H0 720 i 9 30 7 80 R AT B AR . AR
WFFtLL DAMO i1 M. sinica 4 i% (1) A BUZEE RuBisCO WS R, X HAAL
TEE SR AT 4T T WP R 5T W& M. sinica RuBisCO fiE{LIEZ N 13.76+4.17
s-1, @ T HAR A RuBisCO. R T M KM HAL T AR 1IC T 5203 1D
7 RuBisCO A S, W] RRIE IS K P FE DR 4% 78 N AR T 181 1 T4 1 rh kA
HA R HAT .

R4 : DAMO 4E; RuBisCO; ik

MRS AR Y 25 B AR 23T IA S0 2 Gt A A A 30 1 57U 7 ol

IRk, B, FRAR, RKF, T, AL, KE, SF, REWN, THW, §IE, %
4%, /e, David Stahl, Michael Wagner, % # %
(Ao HFFR, R RLKF, &K%, L7, FH)
i8 i AF % Email: bzwang@njau.edu.cn

PE: QAN MEYIRE) IR FL) 23 A R RIS R, IRZR AR
MR A5 AR E SR NoO IR A WRMIA A Bm B SE N 5
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AR ZANERE, ICARBADE R A Ot . Bk, i ali B % AR B A A S
K, BAEZHY . N RE R FEREES NanoSIMS HiAR, FRATH 8RR H L+
AR beta-AOB M S FH JR 3 1M1 AR 29 8 A F U A IR, $T05 1 4825 130
FE I HAESE AET: X TR -5 1H1 22 £ X beta-AOB T 5,
TERFZ TN 5 Bl 3 IR B /K AR I BOR B LR P, DRk B 3R15 58 25 1) AR AL AR 3,
FIRESECE AN N2O HEf . FHk, FRATHR AR AL Fm B B R A B 1k
AOA R, KIfemPOm A Ba V A ATPase HI/KFEZE AOA & MR
M b SEATVR U v e R DGR 23 T AL, e R 0K SR BRIE S 12k PR 7 ] S 2540 5 K
FETAT BR RE 77, B o A BBk 40% R e (b ML SR AL TS B s
ARG AT 7 ACH LR ALY S d M AR 4, B0 Bk 10 &
R BEEL ) A, 00 A P O W B A, 5245 Wk R A 1) 70 40 1 5 95 R 3 0 % v 5 mT 41
40%-90% I AL M, SAF A IE FH 4 FH A2 2 2R 0 PR Wk B 42 250 A A7 A A 0 1) 74
BE T EIR LA . R S ARG sCIR A B S LA, P SR A R 4 SR
FENL, WIDHIEE T AR RN B A HH R B AR S R ORI S T 5%

R ARHBERMEM: DEMWEY): NoO HIHG WG A i AL 41 ) 771

TS AR & P R BRI RE™ ECRIERS53 7
FHI

k!, mzpL”
(1. & BAF B AR £ 405 BT, AR 610213)
i# A # E-mail: taoyong@cib.ac.cn

WE: BN SHREY . EARMARR, & RE B LRI
HEAHRA . RN, LSRRG IE KOS AR I8 AN 0 . FLIR AR F bR,
APIEINSAT A, MRS T H TN . A5 UL Al SR My, £
ST RUARRAE TS, RAMARE LB 730, ARG E%pH. MR
(U/S) W& BB 8 B AR H A i W™ IE CRRVERR 2, JEAE IR ARIBAT 561 R
PP BRI X IE CIR 3N /1 A R

FAPRAGE RR, pH. IGLFEA/SE 35 RO I = W 43 AT T 1 CURR A= 1

MR, A LA RIBIT4ME, pH6.0. 45°CHI/S=1285H | T e K K IE S
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AR R . TERAEIBIT AR T, KEEF=)EZNIE TIRAIECK, R &
IERBRAIEFIR .. IECRIKEM RS RS, 527 dB3RKE
12712.70+261.74 mg COD/L; 1 CLlR B¢ K 7= Z R 458 5 43 1) i 1406.72+7.63 mg
COD/g VSH138.52£9.92% . KEFIIFEHIE T BRIGPUEIN R, Bl 5 HIKEE R B I
B IE CURRHFFEEIG N, R IE IR T R FIE A i T e Mt P K A IR R
R RIKIBFRIG LR T60%, BRI J5 L F12990%, 1 B4 i by ROK i R A6
NFEGY . SR, LERAE RN G #E, ALK IR AL, S8R T
PR 5 i 7 2 AR L ATUIE, 2 1E T BROK B AR R St — P I K2 R - 25 A
WAEMBER TR, REAREE T ZMIBERECEKIIAER, FEAH
Rummeliibacillus (21.7%) ~ Clostridium_sensu_stricto 12 (16.9%) « unclassified
Veillonellales-Selenomonadale (12.4%) FClostridium_sensu_stricto 7 (10.5%)%
BE—5 R —Bh J124 58 . 18 1E Gompertzi% . Monomoleculart¥: % FlLogistic
BB I O A O FRHEAT L 4RSI (1 1k T8 R0 = 1°0.96. L6 LR R
IECRRIREE . ARl A, i R 5 SEMME 1 — Bk, Monomolecularf
Y B0 FH T HR A A0 S5 A T 4 B B R UR B IE RIS R . BT Al R,
FH R B e bl o A0SR R S 30 A 5 H T AR S B IE CRRAE 7 B W AT, JF
NG EEE IS A CRE LR JFEAL AR A AR AL BT A H S A L DA TR O
B = AR AL T BRI .

K. KA R, BRI, FOR, WL

IREA RS R AR E R . HLHIENT S B R R A

I, AT
(1. At RFLEGHFFR, BLISRIE 150040)
*i8 15454, E-mail: wdwang@nefu.edu.cn

PEE: SRR IR T AT 27 4 2 B A RCR AR SRS AR R TR A (g [, A%
Wt 70 DA B0 1 1) 7 RAF — HAEIRIR A T s A AR A R E AW R,
HER T FL BN S SEBR R 7). % E G B RTE 15°C NERFR 30 d M/KFEREFT
(IR Al 9 61.43%, B 3R 56 AH AL JG (5 FRIRE 10°C WI4h pH 7.2 R & 80/100
mL), FEERIET R 64.04%. ZHFSHTRY], W RMILFIERIEM. LA%ER
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o PR 2 R R 88 A DL R AR IR 2R ) 2R R PR A S LA 1 % A S ORI
B . B R PR TS 2] 9 AMAERRRIERIFN 9 AN YLk Bt to i APl E R, 4 PCR
1. POREMEF A E. coli BL21 AT RIFRIE, ASRIT 6 Pl PE Uk}t
it AR . W R P B 17 ARG IR R, A 4ERFMRE O Bk, ef
Y SRR A 4 PR RS SR PR AR 1A 4 Pk o S50 S A B8 NE-W (Bacillus halotolerans-

Bacillus subtilis F1 Rhodococcus sp.) IKi$%57% 30 d X AFEFFFE AR 2L 40.56%. H
(1RG0 IE 51 FL L 4% R A 1) B ) I P e M5 B FH 7 70 o R FE AN 58 3 1 IR AR
JRAT Y 2% A A A B R R 5 2 T LR R, R IEH X AR AR PR S A 2F
2 3R I v TR AL R AR B T A0 0T B P R U AT AT IR R S

KW APLYER; WREEM; AT KR

IR B 7 R 2B R X HEJE A B A B BAR Y HERE R
E. BRRRESRESEHK

ARSCAR, FRkkh, ZETAE, FMIBL, EfhA*
AR L B EERFHRELERE, AKLKFAGHELR, LIS RE
* I 5%, E-mail: wdwang@nefu.edu.cn

WE: XL E YRR FE R o, AR S B RAPiE 1, e )
R 71V e 75 7E SR HE JIEL 5 52 1 [ e 9 it = SR HE, AT Rt — 2B 7 . A7
WE A, Sl AW MR SRR M B Sporosarcina
psychrophila N2 F1 Pseudomonas umsongensis J5 &5 (N2J5) LA K AR IR R KFEFFF%
fF R & ES-1, 4R 70 H N HEAE AR AR = SR HERR 52 . H455 16S IRNA 971
TN T AR AR, AR AR R 2 A SR OC R 45 R,
N2J5 Al ES-1 0 2 K T HEAR il 309, bk 7B b N R, R TR T
REER , XPFEER A BHEA (NH) HEERD T 44.2%-46.5%, —4fk
ZR (N0 HERERAD T 5.1%-6.1%, {E{E#E 7 —E Lk (CO) Hil, Hik =
Hike (CHo) A, SESAEERAREERRME (GWP) & T XA (CKD. Mk
PIRETE S BT, N2JS AR T FObe AR U 1 s B, T ES-1 DU (R 3k I 4 43 8 14 11
B, JUHRE Thermoclostridium 1 Caldicoprobacter . % R K 243 Hridk— L & B,
N2J5 #8557 BAR B RE ST, RPN nifK. nifD. nifH Al nrfA (O=E 55, 1M ES-
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1 5 napA & B BARNFR R IE IR 58 198055 - FE R A 7 T, ES-1 R I H pycB.
cdhA-E 1 acsE HIF S, acnB & &K, RIAHN1LRE Jiigsk, M N2J5
S E R e HEsE T =, X 577 LG merA-D,G FFEEEINAE G, X g K
W, B AN D s e A AR B M 77 w] SR Bh A [F] AR Wik B AR A, 7EHEE
RO 5 SR FE M 2 (BT AT o ASHIE 7045 R F€ 0% 1 X HE AT 58 45 1) P ik 42 42
7R .

SR KB, SO KHEIE, BEMEER, BRI, SEREIESE
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W\ FERTEREELME
HRARFERNAR B X ERAEYREEKELE R
K5, SRR, TRAE, T, FAR*

(. FANKRFBEFRLE, FEENE DS, SREHFFILET S, FIT LN
TEELRRE, SAESFIREFREDATRESRRE, SP AR, /& &
Hl 518060; 2. I KFAGHHEFHAFFER, &K Kl 518060; 3. AL KRF A oHF
Fre, FKRF-FERFAGHFHEES TS, LFRNALYFLRF LTS, @pgms
SHEFHE EFRE, LK 100871)

*i§ i AE 4, E-mail: zczhou2017@szu.edu.cn

WE: ZUKDNAJ# (NCLDVs) 4ififf) 2 L HRNAK A8 (msRNAPs)
PRAR THEG R ER AU R . RGUK B MG AT 7K B, NCLDV RNAPHf#1L
%00 5 EAZAEYD BN LS5 BA R E R BAGIRE , XS T 3 i e EAZ L A
J& (LECA) Wil ZIEHNFER, RE TNCLDVsTE HAZ AV o< /EH .
NCLDV RNAPTRE | 4HURNAPRFEAGER , [F]I B0 i 75 3 R A2 2047 1 AL
FEN . AZER RS TR MARNAP (B 451 5Thae 25, BE TRk
BNRNAPEEALUEYE, FHIPAL 1B Hm 2 JAZ YRR (viral eukaryogenesis)
st KeImEETEAL B VEE NRNAPHYIE R 78T W, FFEAFERA
ViEE RN R TR R BEAEY S BE S IR .

REE: RNA B4H: %5k DNA & (NCLDVs) ; EAEMRE; K
BERAERE, o TEth

5 G L HBRAE I A B B Ko B B AME S R
BT

A29 —12 Graeme Nicol’, Christina Hazard?, 4= &', {73!, fREH!
(1. T KFFEESTRFIZ, HM 310001; 2. LA RLAFE, &F 210000;
3. EABERHE—KF, ZF 69622)
*i§ MAE#, E-mail: jeshi@zju.edu.cn

FE: WD (S) FAbid fEsgm LI bR (Cd MRS AW Ak
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T AL 5 PR 1% AL LE W RO ARG 3 S A R AR ST AR, (HAESRIa 5 E T, W
BN TE AU Ll B R RE R AR AT B s . ik, AT DLKARE AR B - 358 D9 %t
G VT T BRI A M LAY SRR I O R T ) S AN R KR AR & T B
RRFIE, FEot 7 L IDIREIE S e SR e Z M I ARG R S5 RRY], AR
25 LA R MR 32 LB IR £ 5 A BRI L I B35 . 5 R 2 R A
b, PR IR KRR E SR I 25w AR T AR PUIEAR CHE A (ezeB, czeC) JBi R #h
B JFARIER CeysC, sat, dsrB) o I 7K R i 22 e A Y16 71> 40 1 2 T DR AL 21
PR (MAG) 7T, e BILIX L PRI 2 06 3 24 & BRI 0 SR pT e
WAL . BRI EhIE S5 (SRB) RJ REIEIE ZKT-J& R A2 3R15 1 i i MR 1)
ABCHz Hr 12k [ o AR P L SRR 5 0 3 AR S M AE AN R KRS A8 7 01 T 2 L 2
F 22t (RS2 A3 SRR Bt (1 52 2 R o g B 1 L ORMR M R, AR
A, R R SRBIM AR # BB T RSO R R BeAh, R R
PEAT (0 B AU 2 R B, S 2 m] REA S IR A U AL . P RS
WAIER B, i BEgn % 1 ABCHe iz B2 1 3L RLEVH DhRETE I, BEUBAE AN R R
BACE (0.4 mg- L) FHETHE LRI 2 I et A . AR FEaRIA 1
BT SR 2R VD A A 5 B U 70 T R ELEAE Y, R T O TR AR
5 e B B R rhous 18 323 M A 5 T REZE 5 T STk BB 22 R

R Wi R; A A, WEEE EEAE R

Rtk s AL T Borg A 0 5L RIR
B R
(1. b7 RFFRBEHRRSLIE, K 518055)
*i@ iAE 4, E-mail: lingdong shi@pku.edu.cn

PE: BorgatREH It BT W Methanoperedens 155 112 1 G €444 41 15t
fereft (ECE), HIEHHERHYmfS A2 AR . SR, Borg (AL /DA
BRI, HAEZ A GHAGRITEIANERE . AW FEINCBIA FAE L R R
SN AR 34T T R GRS 0 M, AEAESE L WP < AT 13 T K
WRIK &R G BIGEERY . AT SR ZDRAR S i DURR S5 2 Fh
A, A 240 AR AR HI Borg, BRI T Borg A= 2570
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X YEBorg HL A B RIS R EE . Hrp, 27/ Borgdm i B e AL iZ O B H H
FEEEMILEEE (MCR), 7AN%whS 55 e 58 (HDR, $2fEMCRIT K
Y. EARERRZ, 81 Borgdwh | 585 H16S. 23S\ 5STRNAKEA %, #i4)Borg
YD 2 KA IR R . IXLSE A Q1 D Re L RO 1 1 e ik S 4Lt
IRYIIEAL T TR (I 5

LAk, AHFFEAEBorg TE AR A R G K I T 323/ 5 Borg A A M BAGC & FAH
FRH K MMUEAHELA10% K2 ECE, X SECERI3E N AL 5Borg B % %
S, TR HEH oM, fr4 Nmini-Borg. FATXBorgMlmini-Borg )3 K 4 1
ITANTRIE, 152 71054 e a8 B ECERE R, KL L= — 4R
5 HgmhD i 7 — 2 A% O JE K], B 7~Borg 5mini-Borg FJ BE[FlYH. XK RA K E S
LR T 45 SRR, Borg ] BE /2 fEmini-Borg bR (/N R A AH S0 B 40 B, mid 3k
HUAMESE R T3 K AR . 1X— 1 B ECEM LI 15 15 FAZ R 40 1 B R
—3, WEReEEDRIH B R ] RE At i A7 7E T —IECEH .

Zi b, AW T Borg & ERIE DA, & 7 HIhREAE A, JFiR HH2
H 5 /N PRI 2 A S £5 B S MR DRt A T ok (R s A AR, D9k 78 AR ECE IV &
Hok e EAC S 2BV R 2 RE RS2 SR At 1 WAL A

REEH: Borg, Methanoperedens 1B, KA R e, FEFAE KK

AERERYRORRERER. PEERIKESAET
Bt 2
(1. LB RFAGHFHRTR, MEHRMBLBET ELRE, LiF 200240; 2.
BB FHEAF AL, =T 572024)
*i@ A4, E-mail: jiandy@sjtu.edu.cn
WE: A ENIER A S RGP T R AV, AR A YR
TR SRS AE D HERAC AR St R T R E DR o 21, 24T
S 99% BT BEATIAL T AR TE 70 RAE M “HE M IRAS SRR 2 R
R ALRAIE [ B S 2 D RE iRy R G AT o 10 _EIRRL A R R, ASHR 75 4 B A 2
LIRS Wi A B AR A SR S Y St SOt e, AR GE R DRI 2R v
RRAE AR I A AR T IR R R PR AL SO R R R B
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HAAWE a5 R s DL T =AERE: BRI 5 S RJTm, Mg TR
IR R A AR 5, a7 1 AR R I AR g8 B B AU S R A S5 R S 1k 7
JEUE N SR s[RI, B 1 A BRI IR AN B 5 B R 1 Ak R A B £, &
gidtisy: 1 IRAR R 1 A I ATRAIE, 2 1E T ARSI BT R 7 A
Ve RIRAT RN R . B T HLH ST, W T DNA SR ELL
TR FEER I 22 0% BT S - R e M) 0 B, BTG T dnd R GETRAL
PR PRt 7 ORBIIESE; TR T — RIEME R A M T, s 1 i 0 v A7 20
PR R A A I YIRS, GRS T SR R 4% 7 2 B R R AR A I S AR A i
WEAFAE . FETHRETCIFIZIR 5 N 7T, A5 1 H Al B b s A Y S5 A
HRMEASES, RN 7 HP IS 2 PR DR . e s
KRR ASHEFCTT A R B I AR B IR A R — WL i A — R 28 = A7 — AR gt
TR ZR, BUITTIE NI E5 85 00 B0 35 0L o So& M B e 2% . T U
AR BRI B340 5 1 2Rtk A A AU (A0, SE IS [ S Pt 15 Ui
W B2 (L P B0 e ik DA P R A ) S R T S

SEHEA: FRHIRTE, RIERCIR, AV, VA, -
f

WG EREE: SR%. THREEAFRE-E EHEER
AL R, kY
(1. ZMRFZFZMFFEF S 2. PEAAFHRRRFTEFR)
*i@ A%, E-mail: liupf@lzu.edu.cn

WE: R =K, N AR IR I B A R ER . A
ifi, HEERE, JEH RS LR BN T R, TREIRE . NN —
E, BATH BT S A2 B AT SR AT 7 ORRIBZ R, DL
R JER T . FRATE 121 B 1) A8 B 48 8 17704 d B A 2, X 28 5L
Bk — B IR 655 MR T RIE 0 K H T (VOTUs) o Ht, 86.1%vOTUsTE
YIRS ERHTRIL, 69.3%TVEERKT E4raK, WY R T A i
LR BAL, RGUKE RS SCRE T 16BN RERR L,
J& T B EE ST AR . EAE R, TSR, H21.8%b
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T AT fit R LA AR TG 7 2, 3% WO K Jir 0 F5 16 3 B 45 1 N AT e LR B N LA
TR EIBE 7o 15 ETM LR, 655 MVOTUH, AT 1440 Al fE L & B5 1 AR IR YLkt
7T FRATRLIN B 614N 595 B L X L B 1 63N PR ALK, 451l inHi CRISPR AN
RMEE, FIATE F 58 2 AR SR e 28 . SR, AU H 1045 B
RZERH (AMGs) , R S5 558 1 AMGs it 75 EAE AR 152 midE 5 A R
AHIF TR T T S B 1Y) R G A BRI DN 4 L, A BT IR BATT 4 A A
ZREVERIBRAR, AR T B A0 AT R4 o AR K S R G TR E T AR

XA GH, FUNE, FURSRS% WOERS, HIRHER

FHT N L e HIRERTE E TN
Fh AL
(B BERT KFE, +EER)
yannisun@cityu.edu.hk
WE: RS RANEEE, Ik 2R EE . BERERNEY
Sk AT, SHERAEVARL, AT EA L, W T AR S
Vs AR o WG R PR M R R, JATE LR U H oK
=R TR R, FolEE. FBA L RS HERA =, ™
EPHAG T IRATR X L7 F AR N ABAT, A5 R A P 2 56 E HE LA SR B

FEARD G, A48 N R G o] 523U AE WAL 78— & Re A TR
Al RALIEPHR RS R . B2, FEAARAITRMIEET AL R 2
FEHIfENT T, AHEN 5T DNA R B 75 SR B mAsi 2, DR 7
HUT5 GO e B VAl AN B 1 I O S5O PR . X e T B R AE FRATTI
I 5 2L X 25 IR 4528 PhaBOX ' (https://phage.ee.cityu.edu.hk/) -

IRIG, GRS M. 7EX4HEE RNA J76 35 1 DNA J% 218 = T A
A B HE A B bR, FR-ATT A Bt TR ALY . 75 DNA %5 5 1915 £ Tl
T _E, FRATAT LA A meta-learning $2 i 31 4H 1 B Ak 25 51 1K) 78 =5 T

R g, A4, NTHEGE
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Wig L F s R E & 5 ae B Rt A ELAE
J &
Rl K52, BR%9200092
B4 : kunzhou@tongji.edu.cn

FEE: A K RIEZI R & R TR B EE 1 Re AL R 5 AR A E R
g PR R N A o IRIEC R MHESI B 5 2 MAE ISR R R, TR T
ReHISEAE AR, DANONAR MG IR Im A B ) AR A7 T 3 JLHAEsR, X 3L AR 41
AP RIBIE T Cat s 2 A E TR, R 1 A TR A A R AR SR T
TSR R rp B ARG A 73, s RS TR 5 AR A IR, il
297 RS R A B IR N o

AW FUR TR O A S R G B M A M T AR S e E—
aE B R ILAEME Z RN EAE R R G HAEME RS 2 RN FTHE, &
GUENT T BT T AR o AT USSR, TR AR I A5 ) AR
1 A 32 B AR I 7 AR S MR GO AR A I $as 1 HAE 1 ik d By
SRR BE— DB, AR R AL AR B TR I A A 1 e B AT AR
RAFRBEIER, JFEIW T 38 Z a0 P RIBEAC L] o b3 pl SR B AR PR P A
SSRGS E AR IR LR O TR R KT, tO R R Y
B B e B A AR 5 B o A A AL A BEOE LA

A PRGN -8 B AR (LREA TR

MR AESR R S R R AT EIILH]
S48
CLARKE, HFFEFLR)
Email: tugichao@email.sdu.edu.cn

PE: PIEE LIRS RGN E I NES I, EA Tl B IR e kT

W AESRGRZ ORI 2RI . 3T MR R S AL s, Wt
WERR T R TR A ) 2 REIE SRS B . 15, R METR B SR 2% AR B B 2k R 20

W/

7]
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2, LT I B REMER R AT TR . HIK, BT By B SRR R
FIRESR, LR 1911 AN EE OTU, #5732t FURR o 7o 2 1R A 4l B AT 2 ],
HA578 E 2 PSRRI (8] J e i ol 21 5 R 2 AR A G, Wi Tk
AR R R R 2 R . RN, A MR AR IR 20102 MR 75
OTU, I E AR IE, SEA L CAEBINIANR; 558 2h Ae 2k K 3212 550 B
IEEIR FoiAR G, RFHEAETCRAEDHIER G P ER s FieE-18 FFFE K
REIIE REF I, SRR NS B4 DOM £ A IR EI R B VG, %
SR T S B ER BRI, AR AR Y e T MR I 2 AR B A
WA Bm, BATES 2019 LRI A MR Z N HESE G RPS1L R EA
S A RGP, FEIT R 7 B R 2H 4 3 i B TR b I e Ui A
YRy B 7 B IR ER AR B AR SE 2, SRR Y 149 A EDm AT 88 4
B R, KT RE5IA 2 EIIAFE R Imitervirales Ei+g; EIReat L E
W T A L2t B sy Y R V) A E SRR AR R AT 2 AR s K 22 B e A L T A
ThREFERIRFA, TR KTE 5 B AT 4 27% 000 B AR R AT IERE: EiRE S E
WGt o A AR T RESE R LR AL, (HAE BARTIRE £ (. BUE3A) AR, H
RIARYJE 7 JAr I M 7o) 2 R % A L PR

KA Wk FidE K DNA Rl ZHEE. RS

EEPUN

Mengzhi Ji, Qichao Tu*. Towards Comprehensive Metagenomic Recovery and Data
Mining of Complex Environmental DNA Viromes. Environmental DNA 7, no. 4:
e70172. Mengzhi Ji, Yan Li, Jiayin Zhou, Wen Song, Yuqi Zhou, Kai Ma, Mengqi Wang,
Xia Liu, Yueyue Li, Xiaofan Gong & Qichao Tu*. Temporal turnover of viral
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BV AR TR ARMRERE S . ESUREAE
BEEE

=22
(Lo dELREERRELARIFERS, L RTRE,+EH)
qli@sklec.ecnu.edu.cn

PE: ZIRARIBHL R Bl AT AT Rl T2 AR S R4, HK
B IR R AR SR AL TR AR BT, MR YIRS I F R X d . ok
TR 2 LR Y B0 ) S AN AE ) R A AR R I DGR R 1 R, (HEATIHE
TR BRI 2 FEVERIAE S VE R AR 2 220 o AR T A — 2 R R
B, X-CRZIR MR PR R SRR AT T R IT. L5 791 AR EEERAE
SN (vOTUs) , AL 25 4> vOTUs A DAAERIKSF B2, SRR 20k
R o 28 5 R 1 A R PR 08 B S . DO AR R 4 e 3] 298 ANl Bl AR it
B (AMGs) Z 54U R, W RaARH . BiARH . BEIRIURI 4k A4
FEMG . WA, TTZAAERITE E B RS 5 AR L5 R BB SRR T AE,
R — 3 L IAFAERR SR U R A 4 5a 28 . AR R, R R AL
AFZEFTRI A E M, BAELLR AR E) I 2 i, OO 5
IRBRR VR Z M RFE R B ILAEK R (phylosymbiosis) FEAE TIEHE . XEEE
DR T RS K E SRR R RS R SR %R, TR T AT -7
A )-95 B ELAE B AR AR S R Th e R IR AR

R MMIRER; WEEAERS: Wi EEE ARGt

EEFALERRE T EFRRAEEAR. &1
AR I FT RS

T, MR
(1. ZF =B, ZMKF, ZMF, H504, FE)

liupf@lzu.edu.cn
FE: WRERE A SIS KA RS RARERIZ O, BHFTHEEL
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WTIRENZ Fb o AT FRPGEA T, FATER CEIND BT T 28R, IF
WO T EREENF . R ICAMP. 55 35 4% F1 £ BT 7 . 45 R .

XZEUHIRE RS E, HAESMYE/N, 16S rRNA # 1T & 2FEX ik
BT (AFEmiE 87.48%), HFEFAIME (27.16%). Mi#IE MM EKTIL
FIUEME (70.06% ), P9 53 I 4 B B ) 80 0 AE & ZR I B (59.96% )

Comamonadaceae 1 Flavobacteriaceae 1E % Z= 1 M 45X 4. PLS-path BLAYIEST
TR KSORIES B FEAH BLAR R = IR H 3R, H s 38 BAE R IR
VAT TRV DA% O AL, AR G 10 DR A AR AE IR 3R 5 1) 278 R AR A AR

R W IR FWENE, BE SRR

B RN R R A B L URIE RNA R : MR R 3K
BEESEHAFK

WAy !
(1. BRAMEFRA, RMAESR, b7, FE)
ppx724@163.com

W Umigsay = 2R M 238 1 RNA R, (HZBEACRAEIE, i
VR o S g VO IR, HESOR A 2 B SOU AT RAE S A 3 OGN £ 4T
BZ RGN A AR IS RNA 5 3 2 B U 7R SR %, A
WFFAEAN R A A SO POt R RS SR B, HLIRAT 5,498 M EAs, i 250 4
KRR, AR 341 DRSO B RT A . RERE AT 165
— i HLAE R 2 1 B R i A S N A A A0, L3RS 5,896 2% RNA
[f] RNA B4 (RARp) 541, Hirh 3,946 AT IEAEFR RN, 1,473 %M1 1,135
F M RFIBEFR TR H G0k R, B3P R T iiE RNA R 2R 24
Vo 18 E— ML TR, 5 KE R 5 IRR SR T BAEM %0, 2
B2 RS EREERA. #—P 3G 110 RSN, Eik
TANJE, FLE 4 N DURF R B B 2 A5 — SO EAG S, R
FAERE DRI 2H X Bl R o 25 b, AW 008 I 15 S5 W KRR 5 2 e i 21 43 H
DU T AR EE ORI SRR SR AN A I DR A A R, A g A D B
F B WA F B AR U7 R R A 0 e DU SRS AR T R AR
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R UlE; RNA RS 2Rk fBE—JREENgs; maEd
Hd R R RNAR BB B AR S 2 7 AR IR S)
DL I

AL T, B ximE
(1. 2N KF2F=MIRFF S, 2 730000)
*1BIMAEH, E-mail: liupf@lzu.edu.cn

WE: Hm R LR AR E B R E 2 —, SRR U
RNATRBEAE N AE B E s S RS T RN EE AR T, HESEES
KRG ZRNEL R A AR SR B IR S LIk Z RGN . A e
TH R SRR E 79 LIRS SRR, RGURNT T LIERNAY
BEVEZH I AR P ATRAE S FE PR B RIAL o L% HH 8,158 1 RNAJ BE 4 1F 43
FKHI6 (VOTUs), A]JHJE T45MRNAGEETAI1004 KL, HAF16,3181 (77.4%)
TR, Hon T e R 3 T H R AR AR I RNAR B 2 A . B
Ho 5 IR T IERNAR F VA R I BB AR R Gk e, AR RN
SR = FEAALE B R 22 5, B HA AN TR R B R O RN R R
dbRDAMIBENLARM 3 BT R W, k. IR (AMT) IR FE (EC) EIK3)
BAARNATR B VR 85 M AR S R 1o AE S RGUE bt — DR, &
HERNAJR TR 74 2 ZZ IR AMTIRE)), TR I RN AR 35 RF K 2 2 4R K &
(AP). AMTAHILIEE/KE (MC) FMEAMKSCH TE, RUAFRES RS
FIRNAJ 251 7% HAT AR PRS0 S A 2 . RNATR BRI AR A 0], B+
o S RMA LG R AL R 2 S (SNPs), T A& R G IR £ K
P (o LREFEZER. WA, 23 1%KREER 2R ERbkee, HEH g2
1E ) e R I 2 RO B 3 v TR, R AR S R 40P RNAJ 7 A A
TR AR ORI G L SR« AT F 4 e 1 75 e Jol L S RINA 25 B, [ 1 AR
BTG R TR FEMERHAE SR BEIRENMLH, AR = FE A R RNATR FE 1
AEZS T RE S HOR A BRARA (  RL SR At T BB AR

R Fomlm ;L RNA R sS85, S8R, RS W
LR SRR AL
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K BBEBE T FE A8 4 B U T B A 5 R R I B A SRR
REAR, FEE, RAK, I, AME, §RS2, WA, HHE"

(1. T RAERF IR DT TRED T LT, T M 510070; 2. HHEAHK
FEHFRFRGEGFI, HH 511458; 3. T GFMAFE A AEAEREEHEFL
MASFRR TS, i 519082)

*iB k%, E-mail: xumy@gdim.cn

P IERE AL RE 8 B AE TG 2 R AR SRR REE , (H OGRS 28R
DU B U0 ] 5 A BB BE N (109 B ARV AR AR IR &R, (R Z IR AR . AHETT
DA (] i F B = A T AR ) o ) P S A A e SRRV I FERT B, IR UK AR i
N LA T U R B A5 0 R A TR A SR R R IR A L SR
Vs BEg M Z e geit oot , RGUENT 1 Rss i it [ LY PUm 25 i
ARG TE—E E )0 SRR, BB 1R AH O BE ARV (O AL TR 7K
FERAE ST, R I WS AR ey e 1k o 0 7 A 0 S SR S R —TiE
RAWREKR A M2 BEE AT s, A P R R o 2R 8T
(vOTU) L&, wa—inm B RAKZE /D, Ri—E EXRAEIE
AF 2 BV B A ], SRIH “Piggyback-the-Winner 1 SARHIE . 15 32 U £ P 48 &
oy iR, RLSRAH B 18 R G ECE N 2k R A R/ AL B A R G 2
W T ARG DA, H LB AR g R K R fe A R i n, L S
STV ) A i 2 e S e v e R e o o RS S LS Ty
N R EMR, B EEEVERREAXFE R R R AV TR 7 KR
56 5 L 0 A 4700 75 913 0 5 7 7 R FEA) 2 T R N AE SR IR, R SR B S T 9T
TEE B 1T BE 2 5 BRI BV AL S o WE T 45 R M OB AE Y E DU B B 1 A
FESR 1 Xt /K R AL I R A ORI 1 2 EAT SO R RV R AR,

S S SRCE R R R e LA
AR
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ANRESEEKAERBRESH S5ESTIR
FHm L, AW, TR, BRRAA!
(1. RERFHRRZRAFFI, XE 300072)

PE: NI ENAT AR M A TG K TR K BN R K 144k A2 2
GUETERFSESUR A ROK A S, (A5 FARKEA L, AT PRk o 2 7
TR MG R 5 A A TR 0 22 5 M ANTE I o« AN FEFS R T A BRAR A 73 B 35 [N 21 4K
e, PB T AR K . TR RS I 05 K A 3 B A SR 7K 97
B MEER  RIUAE ERKAR D, R R EvE 0 E PR B B A A A PR T
DAL 5 32 T (87.1%-96.2%) , L3I B FL N Autographiviridae(Zf#ERY),
g2 REME 5T 2 REE 2 R A D% (R2=0.89-0.90) . #IELZ T, NATH
WEEFTOL T X — B U, T5 PRKRI K 5 40 AR Hh R A B 75 L9 4 ) 1 o 22
39.1%8127.7%, RHEIFFRINEAZN noviridae CRAE) o 7EfEFREC L, H
SRIKIE BT Proteobacteria “5/0 B J5A% 1288 T 2E N Tk A,
PE-TE EEAE RIS 2 NE R, REELT Actinomycetia .
Clostridia V\J% Vampirovibrionia %52 M IRES T — W IR mE L R-HE. £
Re b, BRI BRIE R A B L (AMGs) iz 704 T 2 2 AR %
M AATFPKAEIRE S, B AR 506 B AMGs J LR, DiRtmERET X
YRR, HhGT2AEM A T &4, MPL1. GH43 L2 WL T{5 %K, GH55
W EZ T TR R G 25 BT W, 35 R KHEBORK R A6 TR R S 3)
Mo AR TR 5 2 58 I AR 2% AR T R D7 T B2 T K AR R R EVR 1 ZH 40
TG T IR N AT PO R AR RN, LM%, RE bR
PRI HR R A S ARG T RN R A AR, AT
KR B9 B A4 A PRGN S BRAE W HhERAL 2 PR PR B A 1 AR AR AT

R KAWL EHTK KR TRERS Wb R
i EAEAEH ;S
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S EH R ETRYREEN X B EES TR e
NEK, BIE, FEE, TR, REH
(KR GMF RERFRET,RET,FH)
BIRAEE: yanzfl 7@tju.edu.cn

FE: AR AR RS 57 0] KR TE A M AL K 2 g By, Ho
T3 BEAE VR LA 7] X IR 2 5 R AR T, 75 2 [m) 0 5 A s 2 AR v Y AR B AR U 2
e, H A= A B REEIA R AR RS 2 E 14 XL 49 ASKAE AU 125
U ANV IE TRV Y 7 FE R A 500, 3R G LU B0 3 B 0 A R TN A 76 Y R i AR
WIhRERI X IR 57 o BRI RN FINEE, 1,487 FIREEFIIHIES N 1,296
ANRIFEEAE S IHIT (VOTU), b 595 MAFh L L UL & . R SRR 4K
HAT W X B, PR 8 5 X ZE R % (p=0.001), H.IX I
A B EUE T W 225, RUNZE R R KA T XIEE S M. A
917 4> vOTU 34T — B A FE T TM, Hrh R (496 ) AYE AL (421 4>
fEHCE E IR 2R ANFE X I AT 4325 vOTU H A R L (s — 2, 50 I
BRI RA IR A SR AEIE G FE k. 32— 59 SBAH KA
PRI R, Horh 55 62 SRERE G k. MR RS BN RSN, A T 45 A4
vOTU. H it & i S IhREE 25 14 NI 12 4, FHAERTH FHPEX 15
IR 35 SRR REECE AR AT , DXER] 4 R DG B 8 7 L A1) O 2 2
ZE5, KA RUR AR i R IO 25 R — 8. XKEPIP LR R, vOTU 2% 7]
B TRV B ORI R D Re R 22 5 o 455 b, A A IR TR B VR R I
2 2 7 SR B, T AR T B 5 A SR B i S A T REAE DX 3] DR — 2,
TR T “REvE AL e BB . ARG SO0 hREA R AR 2 " S Al e o 2R
ke TR R R 2RI S iR R e MEOC R IV, FE TRl AR K 2 A0 5 —
16 3 HAE SRS 5 A WUERIE B B TEORI AR FH (09 2 (A AR PR At T 4 I ROBEAR R

R : AL, TORYIRTEA: Bkt At Bt
R BEREMZIR, Thie— Sk
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HRTW B 1 5 S e
IFF, Fp*
(7 RLERF, TREFEAF S, T34, @F, 210095)
*i8 i VE#, E-mail: weizhong@njau.edu.cn

A b A0 SR T SR ) 3 A RS AN S BOR B 0™ I8 PR Ji T 465
7 e RS B 028 SR DU SR DA T — AL 4@ BE - (One health), pOARMEL FA855A0
O DA U [F) S 0 Il AL 3 P AR 24 AT A 3R I SR )8 DA v T 24 1 L 438
AR 5 SR A S5 A S i A DRSS n Jal) R oy T B3, o 75 S 7 FH 47 = 3380 Ji o )3 3
WA A o G fa] AR 40 ) T B 330 B o, B AR T HIRAE S R A IRE, &
A TR~ AR ) ] o T 9 PR R ] 2 R 95 oK o W PR A M Bk R A
s MR B PR G B R R R, LIRS R S 1E A AR
TR RGP R AOE A BE B BN T RS o LR R A g R
R MIABAE SIS NEI S . DT R ARG R, BTR
BRI FE, fdr 7 AR BRI DA A 2E -0 JR T R T AR AR, DR T AL T
BV TR AR B s AN AR SRS A R ) W T AR A ) 55 7 0 SR T 5 B
REJJ\ € M PEAR B B S VR AL s i) 32 e DL A vl 44 it O i%, 32
TR A A Vi 9 A ) B B R R SRS 5 R ST 9y T ST 58 5 Wk T AR S [ Vi 9
ARG AR A TR AL T BRI R IR R

ReiE. MRPR AR, WA, PR, SRRt sE, SRR

RO X NMENELRE ARG RE RN

AR H
(FRFEEFRER, LB KFE, KR, LBHE, FE)
qiuziqil @sxu.edu.cn
FE: SMER[Cr(VDIAE (Ace) FI{ER TV E/KAER G HIAE, HE
ATTE LB 88 5510 TR SE25 B AR S0 0 AN BB o RSO R 1 B0 S 80 9 ) B B R 5
P T B A DG Ek = W BRI FE I Cr(VI) R Ace 28 Ko VTAS T A A1Co 4 4L H 1)

HEURIFARA . FA NI EYIFR B TUNEL B8 DL SIENITE T AH AR &
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VIR RIE . R RERE T, WAL PN BINT 80.99%, Mt ik
TR DA B e S A 4 5 Al g A o A A S TR T 2 S BRI T 38.62% + 42.37% A1
35.73%. (Lo JERS Cr(VI)H) S SEAF XS B8 : B 77 Cr(VI)fE O I 2 D H k7K~
DA S8 A A S AV B AT A B S 1 0 0 IS T 21.31%. 23.75% 11 14.00%
JUAFE R R HAE A SORERIYE T 7 T 1) S R 38) 5 1 S 9 B — 5 Y 2 o E i
AL RBIRE S, DI AN E-10 mRNA fIEAFEEFE T 50%0 L,
1A AL AEH TUNEL FHPEE ST 11 2 14 £%. Bax. Bcl-2. Caspase-3.
Caspase-9 Fl p53 [MERIEBN G LKA T e S5 — 8. BN S, AEHA
YL TA) ¥ S SR BEAEAE 22 5t O IEXT i 70 Cr(VI) RS SEAFS B 2, T i £E 2 A
& XTI Ace [N AU . XS R I SZRE VA Cr(VDAT Ace L4
8 0 K AR R P E S I BEAT 22 28 B VR A

R N g KM

MR T s G P < B T Mk e ) ) 25 e 4t R L)
RER*, FEX

(@ RFEGAFFLIE, SN 510631)

*i§ 4, E-mail: liangjl@m.scnu.edu.cn
WE: WEHE AP EE RSN AEYE, HmLHBIER (AVGs) Fil
AR EACB R E VIR DR, e HU Ik SR R AR DS 32 RO Mg P aa
MEAEEW 1. R, SRPiEREE (MRGs) fEAVGsH BRI, K2R
L oA KA IR A IR AW LA R 5w s Je 13O EEB TN R,
G R HE B 248 M e Ja M B i 3 SE 5, R SR 7000 5 4w i MR Gs I R A
. FEREIMNT: (1D JREREMRGRAELTE AN T 2R HEFHA
iR A B, L E H28 N EEMRGs, i 19M LRI SR | 8Fhhiitkid
2, HAISMAE IXIRIE; (2) WEEMRGSIEZ AL 125010, 2BR4434FF
REFERHEIE ST EoR, D ERG RIS E KR IRERTE MRGs £
R R, HAARRIUHE: MRGs 7RIS e nih R B FE: (3) Dige
SR 5 e SRR SOy LR T8 £ B prE B9V 7 o S 2R S0 S 2 K5 Y
MRGs P #5815 = & @ buits 1 3 I R 7R 4% 7 MRGs 7 #8518 £ 5 A B & i)

—
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MRGH R SRR B TR e s 20 0 i 2 W1 64% 1K) FE MR Gs B A e i 1k

(4) Wi FE 5 MR Gs 75 i R R KIS B e o A — R I B S0 s, X
FEALER124 ) 5 By s e B A G HE 16N EEMRGss, - RNV R AL 75 5 EE BT
PEAR LI R 0 T A I SRS AR YA G . AT RGN T BEMRGsF 2 Ff
VL IXATAK SR S D REIE 7, JRIIRA 1A I a4 S A s A 45 TP MR Gs 1 R
TERBAE, RN BERIRTEE S B TS P B M AR S Th R SR i T WD ESE

KA. Helm, PUEEER, W
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