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HLEE R 4-F AR T EREE ), SmiEm ARG 4-2 LK TR Rate2, [£R] AEHIT
B b BIFRFF—HITEA DT, 16S IRNA AB AW B T ZBAMEE FA2ERE E
(Citricoccus), %% # Citricoccus sp. strain NyZ702. ZHA#RAE LB BREHRA ELZ 30°CEAfR4d e
ERREEE. REW. ABALT. RGEF. DR TRALAG. AALH 12mm 6 BHEE.
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WEE E P A ROUEEL, i AR RIURBRIR AR TARE 4- R KT, EHk NyZ702 69 4a8s
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HA R, AT A F AW ERA R T — R 69320,
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Isolation of a hadal trench-derived Citricoccus sp. strain NyZ702
capable of 4-hydroxybenzoate degradation

LING Hao XU Ying" ZHOU Ningyi

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong
University, Shanghai 200240, China

Abstract: [Background]| Hadal trench sediments have been reported to harbor abundant microbial cells
and have active microbial carbon turnover. Therefore, isolation of microbial resources from trench
sediments is of great significance for understanding the biogeochemical cycle and energy metabolism in
the hadal trench. It is well known that aromatic compounds are widely spread in the environments. Omics
analysis has revealed possible presence of aromatics-degrading microbes in the trench environment.
However, there were little reports on the pure culture of trench derived aromatics-degrading microbes nor
the possible degradation mechanism. [Objective] To isolate and cultivate bacteria capable of aromatics
degradation from the Mariana Trench sediments and characterize its degradation pathway. [Methods]
4-Hydroxybenzoate (4HBA) was used as the sole carbon source to isolate bacteria from the Mariana
Trench sediment. Morphological observation and phylogenetic analysis were used to identify the isolate.
Growth curves were conducted to verify its optimum growth conditions and degradation ability. The
metabolic intermediates during whole cells transformation and the activity of crude cell extracts against
the substrate were analyzed, based on which a putative catabolic pathway was reconstructed. [Results] An
aerobic bacterium was isolated from the trench sediment and belonged to Citricoccus genus, according to
the phylogenetic analysis of its 16S rRNA gene. Colonies of this bacterium, designated Citricoccus sp.
strain NyZ702, on LB agar plate were lemon yellowish, opaque, swell, neat edge and round with a
diameter of 1-2 mm after 4-day cultivation at 30 °C. Cells observed with Scanning Electric Microscope
were spherical with a diameter of 0.4—0.6 um without flagella. The strain was halotolerant with an optimal
salt concentration of 2%—8% (W/V). The strain was able to utilize 4HBA as the sole carbon source and
protocatechuate was detected as its catabolic intermediate, indicating it degraded 4HBA through the
protocatechuate pathway. The cell extracts of this strain showed monooxygenase activity against 4HBA
using NADPH as the cofactor. [Conclusion] A 4HBA degrading bacterium, Citricoccus sp. strain NyZ702
was isolated from the trench sediment and its 4HBA degradation was via protocatechuate as the
intermediate metabolite. This study would enrich the microbial resources derived from the hadal trench,
providing a certain theoretical foundation for the future research of aromatics degradation in the hadal
trenches.

Keywords: hadal trench, microbial isolation, aromatics degradation, protocatechuate pathway
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Flight Mass Spectrometry, UPLC-TOFMS), “Z 1
PHECA BRA R 5 8 UG -4 1 - S O e AL
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FHEZEDL 1 mmol/L 4-F5 3L 2K H R Ry ME— B IR A9
ASW 5330k, FRIERE T (60 MPa)ifffT 15 °C
BRI, 4 MHARE 150 uL B RY% AT LU
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Timids . fhrtzs b2, P EER-Aifh T
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e, PR EHRIXEN 200400 nm. 43I0
NADH 5 NADPH 2 £ & 50 pmol/L 15 [ )i
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strain NyZ702,
2.2 E#k NyZ702 £ 4R ESEE

K Bk NyZ702 T 0%—19% (5 AR T4 450
ERUR FE R 30 °C 45 F T 7E LB IR IR SR i rh iy A= K
RUL . ZHRTE 0%—14% (5B ARF 20 B0 3 e g
N YR — E R AR (E 2), YR EE

SEM HV: 3.0 kV WD: 5.02 mm

SEM MAG: 50.0 kx  View field: 5.54 pm
Date(m/d/y): 09/22/20
!

WD: 5.02 mm

MAIA3 TESCAN

IAC of SITU

Bl 1 Citricoccus sp. strain NyZ702 3 IR T RO
Figure 1 Morphology of Citricoccus sp. strain NyZ702
observed by SEM

e PO 5<10* 6%, AR 1 pm. RS ER
¥, H&HN 0.4-0.6 um

Note: The SEM magnification was 5x10* with the scale bar of
1 um. The cells were spherical with a diameter of 0.4—0.6 pm
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2 Citricoccus sp. strain NyZ702 £ AR EKE
(0%—14%) LB 157F & 94 < il 2
Figure 2 Growth of Citricoccus sp. strain NyZ702 in

liquid LB medium of different salt concentrations ranging
from 0% to 14%
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K2 0.29, [FEF, R3] 124 h 5 4HBA W M i
WY 0.84 mmol/L f£ % 0, B #E NyZ702 X} 4HBA
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LUK NyZ702 7] LIFIH 4HBA by i —fik 2k
K,
2.4 K NyZ702 204 4955 4HBA 57~
MEE
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o5 5 LR R bR it IR DR 220 FLN , DRt 20 4
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FIFH HPLC X5 i BURE A B SR it A7 40 A
oI 2 IS 0 (AHBA) ) T B A4 (i LA TR ) FR
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# 0.96 mmol/L 4HBA Wi FEAR, [FIHsFA Bl o ] =
PSR o LSRR BETE 2 h WAL R 3R K (H
0.58 mmol/L, BfJ5Z#HT (& 4C).

—=-NyZ702 (ASW+4HBA)—@— 4HBA (ASW-+NyZ702)

0 32—_E|—NyZ702 (ASW) =O—-4HBA (ASW) _ 10
0.28 10.8
2
0.24 g
. 11.6 £
g
g 020F loa s
5
0.16 {o2 2
O
0.12 oo

0 20 40 60 80 100 120
2 (h)

3 Citricoccus sp. strain NyZ702 Ll 4-32 E KRR
(4HBA) A ME—RRIRHEITHE A

Figure 3 Growth of Citricoccus sp. strain NyZ702 on
4-hydroxybenzoate (4HBA) as the sole carbon source
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4  Citricoccus sp. strain NyZ702 3t 4HBA #{THE ML RTYEE

Figure 4 The whole cell biotransformation of 4HBA by Citricoccus sp. strain NyZ702 and the identification of the product
e A EYHAL™ Y UPLC-TOFMS 734528 s B: JFULZRERBRERL 1 UPLC-TOFMS Zp#réli 2R s C. AEWEAbid 2 iRy
THAE 5 ) = LA TR i ik B A2 £k

Note: A: UPLC-TOFMS analysis of the product of biotransformation; B: UPLC-TOFMS analysis of the authentic protocatechuate; C:
Concentration changes of the substrate and the intermediate protocutechuate in the biotrasformation
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Figure 5 Proposed degradation pathway of 4HBA via protocatechuate by Citricoccus sp. strain NyZ702
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WM. X TE R 4-F2 508 F R [ 141
438 B MY BR ) Pseudomonas putida WCS358!'*)
bR T H45 AHBA FEMRAE ST, [RINSid n] LU SEAE 4
AP e AR U R TS Y RS TS U h
#) Rhodococcus erythropolis strain S1, [f]Hf A [
fift 2-FRHER IR | 3-F5 BEOR R | -2 BEOR R |
JEL 2% R A e IR R PO S — Bk ok TR
Enterobacter cloacae P240 [FlFEEILHXT 4HBA 22
ST FF AL A P R A g 2T, i B R R 4 1
R 3 22 5 o AT P TP NyZ702 4325 A
WEIHTURR Y, Hofid AR KRR S (2% 8%, [T
AATIEO R T IZ B RATETEIREE(3.5%Eh ik )
AR I, LR 75 1 N7 S g PR PRI 2 75 HAT
T BIEYITE BT A Fp i — 2D Bk . 5 SR IR A
YRR Xanthomonas campestris pv. campestris
X 4HBA FYAARXEBRH[11.26 mg/(L-h-ODgp)]>"
MIH, Btk NyzZ702 XF 4HBA [ H X 2 bR %
[6.06 mg/(L+-h:ODgoo) ]2 AT H H—F , HEW 22 57 1Y
JSUER 5 IS TE A A BRI v B8 2 A G (ERH 25
FRAY 22 S AE A ) R 5] S 75 353 LA % T RE A 552 i)
HR T Z G537 .

[, AP AR AHBA IR F9h
3F. (1) JEILATRIEAE . HkK Pseudomonas putida
WCS358"8 Corynebacterium glutamicum RES167")
Fl Xanthomonas campestris pv. campesz‘rt’s[zo]qj ,
4HBA 7E 4254 YR -3- B fin S0 R4 N B
R IFULES IR 28 U BEVE FH T 3R 38 AT 740
BT @) XEmEE . W TR Candida
parapsilosis CBS604”™ F  Enterobacter cloacae
P240P"), AHBA 7E 4-F2 528 W R - 1- B2 AL A T T
RAFRA . BOR RN, AR O 48 M i AR AR
WL (3) BHEMRELR . Brevibacillus laterosporus
PHB-7a "1 AL ME AT AL AHBA K ARSI
A, AR AR AT WA AR g i
1R RO (1% (HPLC)K I 2] 4HBA LEWHEAL 4]

AR R, 20 m ASOBORH 3 - AT IR ] Jo 3 2B FH A
(UPLC-TOFMS)#J L % 5€ Witk NyZ702 ¥4 1k AHBA
(877300 R D D LS TR o o HE 0 5 A SR AR 38 v ) I )
L e s, RIURYITE 2.5 h WRE5E 4
THAE, T vk B 7E 2 h BUR B MBS H BT I,
HEW =Py ] B H T 45 A AN FR e T B & SR Ak Rk I
Pk NyZ702 AkSF F AT WA o R T 52 0 4
7~ THBE NyZ702 4 ki3S 4HBA 19 0%t
NADPH T[fidF NADH HA sk, e 4ikiE
NADPH A 2 4- 52 KE78 F R 3- B fin S i AT — 2K
PEEY, BIBIbR NyZ702 AMOHLERNEAT -0
RHER 3-FMAR S . DA ES5RAE R T
PUSULZS IR Jy AR ™= 0%t AHBA 34 7REf%
A] R 5 AR IS LS R AR 42 Y T bk A A
IR, JRER v XNEAER) 4-F2 3R H iR
3- PRI AR BE R PP S BT RS 5 | A 700 Sk
L5 GNP HA I — 2 5 Bk NyZ702 [ 4HBA
e el e VI

FEEERIE) 2 A0 T 2R A5 Altenburger
S5 RO 40 BE 43 2945 B — Bk Citricoccus
muralis strain 4-0") . [ifi b R V5 ) 122 8 B AR A A 45
B BYPEL Citricoccus alkalitolerans strain YIM
70010 D) K 4> B E K% BE I Citricoccus  parietis
strain 02-Je-010"Y, eAh, m#h k™), SEE IR
KB TR R A T R B
Hrp o8 A5 KA1 Citricoccus nitrophenolicus
strain PNP" A7 4-7if§ 3L ) (4-Nitrophenol ) [ fi# fE
JIBN B A AR 25 K HEYS T Citricoceus  sp.
strain TT3 ] FRMBR T RIS 25, R KT
FBE R NyZ702 Y Citricoccus nitrophenolicus
strain PNP" HATEE AR , IR NyZ702 J2 75
WHA 4-W B B AR B A A etk —2R5E . H
HI A 2 WU 90 T 7 H R #7817 B B 44 T
T PR LR TR A9 B A o i A e 0Pl et
Abdel-Mageed 55 M\ B HLE 43 Y8 U RR ) Hh 43 2545
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B 2 BRI T Dermacoccus abyssi sp. nov. strains
MTI1.1 fl MT1.2, 5H#k NyZ702 78 T ik b 49
Mk B UYL AT bR NyZ702 (943 B8 32—
F& TR IR TE P oEUs , Rl it B T 2k
WA Citricoccus J& W HEARTERIHIAEE H &
A — 5 Z b, AT BEFE DR UM PR Hh A 1 SR 3l ) 4 Joa
TEA 3 — 2 WAEH o J5 St 5 A UK = R
B TR NyZ702 #1785 5%, 456 4D 1k2= il
o FHEY T BOV AR R N B h ) 05 B AL &)
RESRALT AT IR AIRSY
4 4w

AT T TS Y S SR NIRRT
YIREA R A5 8] — kR 4- IR RRE R, &
HIESUWEM ARG LB F50, BZEKRG %A
Citricoccus sp. strain NyZ702, #idisife . 431
AARI 5, TEW] T TR NyZ702 HA FIH 4-52 5
7% H R Ry ME— IR A= K A BE T, I 20 S e AR
HR ] ) R D LA TR , A A A R TR Aok 200 A REL B
HAMEAE 4-72 3R B R A i e LS R I TS T
eI 2 A R o S LA PR IB AR A 4-72 R HT IR
PIARHHE RS R WK 3 B 3 R E T IR IR
AP TRFP G, TR 005 B AL & W A 5T
PRAL T — 7 A, A LR R PR LAtk — P45
FEIHISEA G DA I ], BRI & R 44
T AR RE T RIS A A G AR AR B A AR AL 45
Bt R EBGERFBFFRKFRIR
R AR &, Bt LiBsE R FAPAFH
REFRY MBI EERED G BT @
4T 485, Bt Lk SR K F AT K S R AR
HFHER I
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