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A=, e LG 0 AR 3 AR 25 B T b, DX T VEDTORR ) v A
T I ot K A Sk 24 TR TG B A TR B AR B S H R Y E
NS T R 2 T R A Aot Je 1) TR PR A A
213K 4 J& ( Rhodococcus) . %k 5. MU 7 J& ( Halomonas) |
K JE (Vibrio) . i 38 % 5 Ml i J& ( Pseudoalteromo-
nas) . #52 B5 50 18 (Sphingomonas ) . 7% 5 . Jfl 147 )
( Variovorax) . 15 ¥ i i J& ( Pseudomonas). 7 B0 [C
J& (Shewanella) . T 1 J& ( Marinobacter) . W& ¥ ¥T T
J& (Psychrobacter). Bl/K 35 /R [CH J& ( Colwellia), 16 H
ML B J& (Marinomonas) . 2 1€ 5 J& ( Oleispira) . 77 4l
1 J& (Arthrobacter) . V3 ¥ & J& ( Cryobacterium) . i R
[X T J& ( Nocardioides) . W W %5 T J& ( Methylophaga)
{HRAERK A VR RN K, 2 B i DA ) B At T
ZREVERGE IR AR o

i 7 Ams gy, FHZ AL AR G R 2
RE WA BB LT A TR B S R G .
i K JUAE Y, T % W ifg b X 434 28 8} ( Microplastics,
MPs < 5 mm) £ W (9 4 45 S s, 72 % Wi i 0 1 K L D0
TR . AR TCHHE S IR 9B 2 B BRREE 19, 2017
AETTNHRE T % B v v U b X 3R )2 KRN HE TR
R R AR (1 2 D UURRM FEAS h 24 54 SR 2020 48
5% 3 X P A 22 A Ml DXORN R R 8 T UL R ) 1 o 9
ERCE i W SR IN L E SN Y Ay R )
TRIRIE 5 3 DR RTEHLIX Y 93% B TTRIRE i (28/30)
HOR BT RS e, SRR AT VR SR K AR BB
LYY E P S, BT E YN TR, a4
BB G F B A SRl 22 2 T o i Ry <™
O3B 24 B ), B8 24 (Polyethylene, PE) 2 F1 FH M A
TH A B 0 S AR B, AR A R oK R R R Y
SRR, R TE KA P EE oK. TRiRiE, 4
Jiit 21 Bk 1R ( Rhodococcus ruber) F1 7% 38 58 25 1@ #F
( Brevibacillus borstelensis) 1| LI TE 256 % 414 F B i
PE, BRIE 2 04T 18 ( Bacillus sphericus). W 2 04T 1
( Bacillus cereus) F1JA JiE 5 & bt & ( Alcanivorax borku-
mensis )X 3 T T 40 R 24 ] L) R A PEUS)

TEXF 2K — H i £ — % fig ( Polyethylene Terephthal-
ate, PET) /& i & (195 75 & R BR ORE, 2 th X8 —
PR 20 R A AR K 46 SO Tk, A R AT
T 0 TR F RAE S SRR}, o i Al 5 A2
PO B SRR o A ERERARAE )L 7 000 x 104t T
FLZEMORE L ORI RN ) BE A4} 4 4Rk 9, 2016 4F H
AR R R A B S — bk AT R % PET A9 40 14
Ideonella sakaiensis 201-F6, F.H PET 7K fi# fif ( PETase)
Se¥4 PET B ot 8 — W iR &, B s (MHET), B 5

MHET 7K fift Hif (MHETase) 4§ MHET [ fift 2 X %% — H1
M2 (TPA) 5 & —FE, CA BRI, A 20 B 5 hir
KB Moraxella sp. TA144 FIRG M AT & Oleispira antarc-
tica RB-8 HE 1% 53 WA 5 ik Ak /K f g, 7 25°C Ih o] T
JK A N 177 e 5 i 3R L R DA T LA K O 7 T SR i PET™
JUAE I AT SR X SR AR Tk 2B ) 5 A B TR A 9T i A
B BT AN AR L, FRATTATI AR e = OC T % il
Hby DX A7 i R R A AR ) 2 R PR GR . OB SE
UEE F W], LV I8 288 I8 figk A TR A (SIS ¥ 1 B 5 v A i
T 0 2R W8 2, G 2 MR i B AR R A, i HL
B GhS T — FR AT BES: 5 BB Ak ) e,

W & % $0 it DX e S0 Ak 0 1 T DR 1 3 A , R
S A W) 2T R A ot e R SERE RV O iR A R — b
W58 . AWEFEH 2 307 it 1l DX 12 A TUER AL o
HETEAGR IR T DL+ DU Ge VR e — B i, AT
FEF%, R DI 1X 73 B 21 BE A% () IR I3 ik Jo Je e i
SRR TR W), — D7 T AT LA AR B ANATT0E 2 S v M DX e
K S IRL R S A ) 2 RE PG, R i e B
PER P BT IR

2 MRS

2.1 HmFEE

R Mk b, FeA e A4S CBORE 8 L 3k 1
ok [ W IR M XY 12 AN S i TR L R T
FEHASRAE, YT 4°C VIR AT, 1B iy 0] 52 3 =5, R4
TREE A 285.5~3 241.5 m, £ EEAE 75°S, & JE 8 160°E~
112°W BiF 3, 1 0] 30 S0 50 %5 )5, R AT 42 B R 1Y S Ak
B, BRSO AR B NSk 1A L,
22 HMESE

{87 FH T B 9 BURE AT 12 S UL B R i 4 ) B
1 g JN#] 50 mL A T K57 5 (MMO) i, BAREL 7
235 MG SCHR [24], & 5537 7 25755 M 56 3k [25],
AT R, BAK R 50 mL MMC 15 32 5 b 480 0.5%
(14 1E 1 DU o A hy i — PR B U RN RE TR, 10°C 45 7F T HRIR
(150 vmin 5 3% 1 ™~ H, B85 — R E £ (C14]).
B IR G R, B 58— 00w SR M LA 2% 1 45 b i 2 b
F| 3R 50 mL MMC W, B3 & A4S, BERIE 14
AERRE R EER(C24]),
23 DNARE.PCR#E . SEENFREHELLE

ST

DNA #& 5. 13 J5 b GO R FE f FEE — 48 DL
5 RS R AR W P - HE DNA 32 G ) & (Power Soil
DNA Isolation Kit) £ B I #f & DNA, #2 U DNA fifi
FH 1% 10 35 W58 M €20 1 00 A7 4G D0, JE g R L e
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Table 1 Location information of specific sampling stations

AR BB ] 2ty 2 7K/m
R1-02 20204F1H4H 74°59'S 164°59'E 893.4
R1-05 20204F1H4H 74°59'S 170°24'E 330.5
R1-07 20204F1HSH 75°00'S 175°16'E 285.5

RA1-00 2020%E1 7 10H 75927'S  149°57W 32415

RA2-01A 202041 13H 74°23'S  141°34'W 503.3

RA3-02 20204E1 H 13 H 74°28'S  140°18'W 482
RA3-03 2020%E1 7 14H 74°50'S  139°38'W  2560.8
A3-01 20204E1 H29H 73°00'S  119°50'W 405.8
A11-04 20204E1 H25H 72°10'S  117°50'W 502.1
A11-02 2020%E1 726 H 72°58'S  115°03'W 659.5
A11-01 2020%E1 726 H 73926'S  113°31'W 622.6
A4-03 20204F1H27H 72°42'S  112°24'W 4382

{i# Ff§ NanoDrop2000 ( Thermo) 47 #6:0, B J& 1% & I
W25 EY R AR BRA R, 54T Nlumina (5 38 &
T

PCR " 3% . ff H 48 5§ 7 ¥ 338F(5'-ACTCCTACG-
GGAGGCAG-3') Fi1 806R( 5'-GGACTACHVGGGTWT-
CTAAT-3") Xf 16S P )57 41 (1) V3-V4 X #4747 31 1
W . PCR 444 [ A4 22 R JF 2 2% 4 56 SCHlk [26]
WP B0 e P . s . KBk Z R SRk 5 .
Tk — 2 R FH RDP classifier D1 I #7555 2% F 97% 1)

Tristan

THE ANTARCTIC h

ATLANTIC OCEAN
./ Antarctic Convergence
-~ Another border between oceans:

‘Antarctic Trealy Area
< e, Bouvet

SOUTHERN OCEAN

PACIFIC
OCEAN

160° E 180°

AH AL X P8 Ak 77 3 2 A7 #5 AE 43 2% 52 5T ( Operational
Taxonomic Units, OTU) &, 76 KT M op LB &
i, 1533 OTU MARERIT 51, 59 Fh 4 25 8080 1 168
bacteria Silval38( http://www.arb-silva.de) #E 47 H X, 43
FKEEER 0.7, 13 254> OTU X N 19 4 Fl 43 2515
B, A OTU F £, OTU R AEA 3R A5 1) e 1K
I B (R1-05: 27603) #4741 °F, £ 88 &= A — 4
FEA H BB K T 2 19 OTU, 47 J5 1 OTU ks
16 36 5 45 = 2K 5 (https:/cloud. majorbio.com)
THEN ORI ZHAEPE B o Horp R AR Al 4 (CO) #F i
AARIC UL, R E R 12 R (CLA)
R AE S AL 44 FRIGFRIC CL, 55 5 B i 12 ke
i (C2 41 MR AE i 7 44 FR 5 Fnic C2.
24 BEMTNREBEKNSBEEN

B 200 pL 55 "4 B AR, HEAT 10 BB EERRRE (10,
107, 10°%, 10°) ¥ 45 T 3 B4 b, “F4 4 518 MA
[ {4 4% 3% 3t ( Marine Broth 2216, BD Difco), R,A [l {4
R 7 3 (R,A Agar, BD Difco) 1 L+ DU ¢ g M — Bk Y5
f) ONR7a [ /& 55 32 527, 10°C 5597 7 d, XA 6] BB
R4 aT 2~ 3 Wy B ol AL 5 15 B 40 R 1) s 15 52, 3R
A5 [F) 05 A6 T A DU e 8 i 181 ik, I 20% H T
—80°C TR A7 B 158 JH 2% 7 1% 20 71 i 9 2H DNA $2 i
7 B 1 B 4L TR vk DNA, 108 H 5149 27F(5'-AGAG-
TTTGATCCTGGCTCAG-3') #1 1492R( 5'-ACGGCTA-
CCTTGTTACGACT-3") Xf 16S rRNA 3 [H #: 47 PCR §”
4. PCR ¥4 Wy i A= ) 2\ ) 58 W 3 DF 42 5 L A%

160°W 140°W 120°W

B B it GURR AL R (2 18

Fig. 1 Location map of sediment sampling stations from the Ross Sea

e A F14E 5L T R https:/www.163.com/dy/article/GHUO74P105526RB5. html
Left image from Wikipedia https:/www.163.com/dy/article/GHUO74P105526RB5.html
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% EzBioCloud( http://www.ezbiocloud.net) #1 NCBI( ht-
tp://www.ncbi.nlm.nih.gov) #E17JF 51 LU X, 345 B Ak Fh
JRfE B
25 BB, PET 7 PE BERERE NWIBIE

kTG I AS ] TR R A A A D e AR A i — e YR 1Y)
RE T, 4 43 18 AT 00 Al TR R4 B0 B B 0.5% U g
1 50 mL MMC ¥ 1A 35 35 3 b o 42005, KA 5 TR
15°C, K (150 r/min) 386G HE 3% 15 do N 1 K I 20 B4
K fi# PE Al PET Y 8 7, B A [ 40 B bR 45 b 81 &
3 F(lemx1em)JClE PET B PE %k (GF31588229/
GF94795701, Sigma, 32 =) /E Ak —Fx 5 Y 50 mL MMC
Brgeshh s AT R A 75% 19 O BEEAT 3R 1H
B, JFOH G K Mk 3 . #R s, AR L 7E 28°C,
FEIR (150 rpm) #EOGHT 55 30 o J5 290 RHR i 7= 9 5
BT R0 AR} AR S 30 KR A A2 HE 77 2 F o i e S W
ZEHE SR BRI AR B, T A6 2 IR L A e 1Y)
WL, TR A e e RN SR BE ) B AR R AR A R R . TR
2 TR R 1 8 R AR R B X R (CKO
26 BREEREEVEBENE

TEHUHE B PR % A0 PET 8% PEFH 1 ™ H Jq,
Fifi AL 2% 28 kL B 1 47 45 48 FL 4 ( Scanning Electron Mi-
croscopy, SEM) M8 . Bl J5 15 FH 2% 11 - — ke L 47 iR
#1(SDS) 5 ¥ %t 5 50°C I H 4 h i Ve ¥ kL R 1w A
JRE, I 1T PR 7KK 988} SR T (1% SDIS 18 WE 11, TlCE
SR T, XEE T 0 SR B AR R AR
SEM #AE i 2 2 WA ¢ SCHik [24]. R A LIVE/DEAD
BacLight 4fl & 1 7 K i 3 71 &5 (38 ) I 2 B ik 12 i
30d J5 PE i E RIS R, ZJSTEZEO0 BB (JE R 801)
UL . WA N B R R KGR AR S 9P X R
(CKO), FCHARE R 0 552 55 20 SR JUAH (] F) 45 4 o
2.7 EIMTHLISM I ( ATR-FTIR )

ST FAFE PE 2 1k 2% 45 K6 10 5028, 6 O 45 1 ik
R A 1A H a1 PR T 19 PE B0RHRN X R4 PE 47
A B2 075 27 41 6 3% ( Thermo Scientific, Nicolet iS50)
F A, ¥ e R 2 B S B — 15 A TR, Al H OMNIC
AEFREL 400~ 4 000 cm™ BETE . EIE B 6% 4 P
By 4 em, - H 16 R,
28 PETREME SR RMEEILERE ( UPLC-MS)

T

PET 1R Wy W) 2 L. 5 B ¥k Microbacterium mari-
typicum RA1-00-CA1 F1 Rhodococcus cerastii R1-05-7C3
5 PET #RL %5 30d )5, 4°C B0 10 min(8 000 r/min)
RS, H 022 pm 38 BEd 08 B B W, H
2 mol/L ¥ LB W pH ME N 2, EEWH 11

PRILL I LR LT A 3 W, il e e 78 XK £ TR
CBRHEAT 40°C THR K B 2%, H 2 R BRA LG, i
JG H 1 mL (035 9 B R JEAT I A, 5 IR AE T 4°C, T
UPLC-MS 73 #1293 A 40 1 42 B A 15 5= W0 48 D BA 1
Xf 8 (CKD), 5537 W5 552 56 2H >R JORA [R] 1) Ak 31T B, A
I 2647225 1 ST [24]

3 LR

30 ERHESUERRETEREEHFREHSHN

T
3.1 ZREEMAEEE S

XF 36 AR I DU e & A R A EAT 16S TRNA
PR s R R R4S 1 664 191 A BUF A, K
J& 426 bp. i Bl 28 (&1 2a) & B BE & B A I 7 IR
B, 2 BB T, AR AR/, RS I A,
FEA Y Alpha 22 FEPE$E A5 3k B F2 e, R WD P 2 72
B, BBNE I WX s ARSI T A A B RIS 2R,
3 0 5 — FE RI2E R E AR FR AL 7E OTU JK 1Y
Sobs {B (WL 21 (19 OTU %5 ) B &k B A%, Ui B 284 — 1k
RS, RS TP ) OTU BB 1 AR, BV et A 8501 1
. Shannon 880255 75 18 T HEVE YRR ECH R4
J& 3% P A 2 . Shannon 5 B # =y, R BEIE 1Y
o ZFE R . Chao $5 0 (il 111 OTU %) Bk, &
IR M A B B £ . AT Alpha 2 FE 1% 53 B
& 2¢1 Al 2 H1 /Y Chao 1 Shannon 4§ (1T LA F ) 2852
PR E R G, 25 FEA T B BE 3% 0 A 8 H #
I, JF B A S RE A L A7 7 12 3% 25 5% (Student-7 K5 55,
p<0.05), Venn Fl T R LI IR E £, WA D
2 FEK T KEK OTU, C1L4 M C2 4 34 OTU 4t
107 4>, J5U 46 B8 A 5 5 46 5 19 I RE 3L AT OTU b Ay
69 1>, AR ILIE 2b.
3.1.2 AU REVE AR BT

TEVE AT TR ] B0 2 30 45 2 18 45 A ol ZE AN T
TKF L B PR LA R AR B, LA DL ] 3 A 4,
i TR ) 2H A AT R B, ABJE TR T (Pseudomonadota) .
X 2k B 1] ( Actinomycetota) . #1 #T 1% '] ( Bacteroidota)
18 CO 4 A AR XS = AR 61.6%. 1.8%. 12.1%;
15 C1ZH B A X 32 EEAR A 95%. 3.7%. 0.03%; 1
C2 41 Y AH X LA R 99% . 0.84%. 0.03%, % B AR JE
P 1] ( Pseudomonadota) 15 21| B & & 4E (] 3a), H
CO 2H " 1Y B2 #T & '] ( Acidobacteriota) #1 4% 25 B4 ]
(Chloroflexota) 43 31| 1 4% 2.8% #i1 2.6%, #£ 3% F KA
WEEP LR,

% . i 5§ Bl ( Pseudomonadaceae) . 5 Ff. Jifg & F)
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Fig. 2 Alpha diversity analysis of tetradecane-enriched consortia from Ross Sea sediments

OTU i B £k (a) OTU 7K Venn [ 43 #7 (C0/C1/C2)(b) Shannon 4 £ F1 Chao $& %4 ] 22 57 43 BT, Student-r £ % (C0/C1/C2)(cl, ¢2)
Rarefaction curves for Sobs index on OTU level (a), Venn diagram analysis on OTU level to depict the number of exclusive and shared OTUs (C0/C1/C2) (b),

analysis of intergroup differences in Shannon index and Chao index on OTU level, Student-¢ test (C0/C1/C2) (cl, c2)

21007 = ® Pseudomonadota b 1001 ® Pseudomonadaceae € 100~ = ™ Pseudomonas

= M Bacteroidota __ m Alcanivoracaceae I L Alca_mvorax

- B Actinomycetota B QOceanospirillaceae | B Marinomonas

801 H NB1+j 80 1 B Pseudoalteromonadaceae 801 B Pseudoalteromonas
BN Acidobacteriota X Shewanellaceae X Shewanella
e M Chloroflexota e B Flavobacteriaceae -2 W Colwellia
# 60 # 60 others 60 unclassified_c¢__Gammaproteobacteria
Fod o = B Rhodococcus
= = = B Woeseia )
B 404 s 404 s 401 norank f norank o norank ¢ norank p NBI-j
% % % W Oleispira
= = i u B others
— 204 20 20
0- 0- |
SO S S

3 BNk E LR HE Co/CL/C2 4T TKF-(a), BHK S (b) FJE K- (o) 4 & 41 A 1#

Fig.3 Column diagram of bacterial percent of community abundance atphylum level (a), family level (b), and genus level (¢) of tet-

radecane-enriched consortia of C0/C1/C2 groups from Ross Sea

(Oceanospirillaceae ), £ %t B £} ( Alcanivoracaceae) , i
A8 & B B B} ( Pseudoalteromonadaceae) . 7 FL [ B
F} ( Shewanellaceae) ££ CO/C1/C2 2H ML i 51, FoAH
Xt 2 BE 43 51N 0.2%/31.9%/55.2% . 0.08%/14.5%/18.2%.
13.1%/22.9%/8.9%. 1.5%/8.8%/7.9%. 2.9%/5.3%/4.8%
(& 3b)o Ak, 7E BT A FE L &5 B 40 I ik A
W I B ( Nocardiaceae), £ %1 ifg 1% #} ( Halomon-
adaceae), iX % W] 33X 26 4 18 B} 7] B 7 AR IR 45 14 F 4%
257 T MR . Codhib#E &l wmE

(Alcanivorax), M VAL & (Woeseia) . FHR 33 K G
J& ( Colwellia) R Y2 i€ B J& ( Oleispira), #H X} Lt il
I3 13.1%. 4.5%. 4.4% F13.1%. C1 #l C2 41 ik
@ o 5 0 B M T R ( Pseudomonas) . £ Bt T &
(Alcanivorax). 1§ P J& ( Marinomonas) . 5% 38 %5 5
L B )& ( Pseudoalteromonas) . 7 FL I< B J& ( Shewan-
ella) . 2T 3R ¥ J& ( Rhodococcus) . Bl /R % /R K H B
( Colwellia) . & ¥ I 1§ J& ( Halomonas) , ¥ C1/C2
20 P i A X TR B 300 R 31.9%/55.2% . 22.9%/7.9%.
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Fig. 6 Depolymerization characteristics of the biodegraded PE by the isolated bacterium Hallmonas titanicae A11-02-7C2,
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Rhodococcus cerastii R1-05-7C3, Pseudomonas pelagia R1-05-CR3 and Pseudomonas taeanensis A11-04-CA4

ZEAE R s B R B B A7 S Y PE BRI B2 1) PE I (CK) #H LA ZE P R 25 (a, o) AR (o) TE I A MU EIAR . 40 A1 48 fi7t J S A6 0 o B2 o 114
PE Ji£(CK) 1 FTIR 4347 (d)

Left image: the inoculated bacterium attached to PE to form the biofilms (a, ¢) and visible pores (b) compared with the non-inoculated PE (CK). Right image:

FTIR analysis of incubated PE by corresponding strains and non-inoculated PE (CK) (d)
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Left image: the inoculated bacterium Rhodococcus cerastii R1-05-7C3, Microbacterium maritypicum RA1-00-CA1 and Halomonas titanicae A11-02-7C2 at-

tached to PET to form the biofilms and visible pores compared with the non-inoculated PET (a). Right image: UPLC spectrum (b) of the standard mono-(2-hy-

droxyethyl) terephthalate (MHET) and no bacteria-treat group (CK) and the metabolic products (prediction as MHET) released from PET films treated by the

pure culture R. cerastii R1-05-7C3 and M. maritypicum RA1-00-CA1 after 30 days
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Microbial diversity of alkane- and plastic-degrading microbiome
in offshore sediments of Ross Sea, Southern Ocean
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(1. Key Laboratory of Marine Genetic Resources, Third Institute of Oceanography, Ministry of Natural Resources of China; Xiamen 361005,
China; 2. School of Marine Science and Technology, Harbin Institute of Technology, Weihai 264209, China; 3. School of Environmental Sci-
ence, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Oil and plastic pollutants are a serious threat to marine ecosystems and have even been found in the Ross
Sea of the Southern Ocean. In order to obtain low-temperature alkane degrading bacteria and plastic-degrading bac-
teria in the region, a total of twelve sediment samples were collected in the Ross Sea area for enrichment and isola-
tion of alkane-degrading bacteria at low-temperature, and the diversity analyses of the tetradecane-enriched com-
munities showed that the most dominant genera were Pseudomonas, Alcanivorax, Marinomonas, Pseudoalteromo-
nas. The polyethylene terephthalate(PET)and polyethylene(PE)was further validated using the dominant alkane-de-
grading bacteria. Scanning electron microscopy (SEM) and Fourier transform infrared spectroscopy (ATR-FTIR)
demonstrated that the four pure cultures of Pseudomonas pelagia R1-05-CR3, Pseudomonas taeanensis A11-04-
CAA4, Halomonas titanicae A11-02-7C2 and Rhodococcus cerastii R1-05-7C3 could degrade PE effectively. The
results of UPLC-MS and SEM confirmed the PET degradation by isolates of R. cerastii R1-05-7C3, Microbacteri-
um maritypicum RA1-00-CA1, and H. titanicae A11-02-7C2. In conclusion, this study reports the diversity of the
tetradecane-enriched consortia at low-temperature and plastic degrading bacteria in the offshore sediments of the
Ross Sea in the Southern Ocean, which play a selfpurifying role in in-situ environmental contamination, and also

provided strain resources for the biodegradation of hydrocarbon and plastic contaminants at low temperature.
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