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Isolation of a bacterium degrading aromatic acids from hadal
trench sediment

LAI Xinting, LING Hao, ZHOU Ningyi, XU Ying*

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

Abstract: [Background] The ocean is the largest reservoir of carbon and the largest habitat for life on
the Earth. This vast ecosystem harbors a wide variety of microorganisms that play a key role in the
global carbon cycle. Hadal trench (6 000 m below the sea level) is a special habitat containing rich
biological resources owing to the high hydrostatic pressure and the accumulation of massive organic
matter by surface deposition. [Objective] To obtain the bacterial pure culture capable of utilizing
aromatic acids as the sole carbon and energy from the hadal trench sediment samples, and analyze its
aromatic acid-degrading characteristics. [Methods] The hadal trench sediment sample was cultivated in
the simulated in situ high-pressure environment, and then the culture was incubated on the plates with
different aromatic acids under atmospheric ambient pressure. Finally, the bacterial pure culture was
selected and identified based on the morphological characteristics and the phylogenetic tree constructed
with the 16S rRNA gene. The strain was then incubated with different aromatic acids, and the
degradation intermediates were identified by HPLC and LC/MS. [Results] A strain capable of utilizing
benzoate and 4-hydroxybenzoate was isolated from the sediment sample from Mariana trench (6 300 m
below the sea level). It belonged to the genus Halomonas and was designated Halomonas sp. strain
NyZ771. The intermediate in 4-hydroxybenzoate degradation was identified as protocatechuate.
[Conclusion] A benzoate- and 4-hydroxybenzoate-degrading bacterium, Halomonas sp. strain NyZ771,
was isolated from the trench sediment. This study enriches the microbial resources derived from the
hadal trench and provides a theoretical foundation for the future research on the aromatic acid

degradation in hadal trenches and the carbon cycle driven by microorganisms in the ocean.

Keywords: hadal trench; microbial isolation; aromatic acids; protocatechuate pathway
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W F BRI R AR T H IR KT R
AP L kR T R AR 1 0F B IR TE IR R
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SRR
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TRE R SRR R, AR T RIS AR A S A
Xof 5 R 114 43 ik ARG T A ) b BR A 27 16 25 F0
A Wy VL A RS e R v AR S B oG EE B R AH
Fo TRl R AR W, R A R R DR AR A )
fift 75 AR M OF AR R . H T i WO A
% - 5t 1% (liquid chromatograph-mass spectrometer,
LC-MS) 8 T AH {4,115 - 5 1% (gas  chromatograph-
mass spectrometer, GC-MS)ZHr IR U5 41 7
AR, IR T B Rl RE RS A AR B R
A B G AR, JEF 16S rRNA
kDAL Ry 30 0 ) R o R PR A S AR R R T Bt
FEARAR S T R i PR 58 v ] RE A7 AE D5 7 R A
HoAth 55 SR B A A B 11 R 56 T A8 75 R fi
I BRI HRE , AU — R TR UK R U B 2 B SR
Citricoccus 4T A] LATEH RN B&ff 4- 258 H
Rt AR FE NS T BV A0 AR U W R U AT
B AL PR Y S 5%, IRl e W IR TR
Jor R AT AR T Ry B AR AT — AR Al B SR AN A
XPH T IR R R E SR, B e TR
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1.1 #m

ok A T 5 B 98 i 1 i 2 ORI
(10.889 5°N, 142.226 0°E) 6 300 m JIE#B(16—20 cm
WEORUTERY) (2016 4ERER). UIRRY TN
EmE, WHEAMT T 4 °C R EREVEG
FH T 5 6 4 S IR UM UL AR W A i £ TN T g K
5 35 FE AR5 I AT TS 2 Y JC TR T B e L
T SR A e FE s , ek T2l in Al i) %5 34 1
o 22 A K Al K )35 8] 60 MPa, E
10-15 °C THEHFR 6 MH .

1.2 EHRE

N LK FEA B F2 5 (g/L): NaCl 26.0,
MgCl,-6H,0 5.0, CaCl,-2H,0 1.4, Na,S0,44.0,
NH,4C10.3, KH,PO,0.1, KC10.5,

N TR HE . 75 N T K BB Fe A
IMALHSE S 30 mmol/L H#iZHEA 10 mmol/L
N- T ) 2 W I

LB }i 3 g/, A 10.0, EEREE
B4 5.0, NaCl10.0.

AR FRFLN A 1.2%—1.5%3505
1.3 FERFFLE

7K H iR (benzoate , BA) . 3-F% 5t 7K H iR
(3-hydroxybenzoate , 3HBA) . 4-¥% 3 7% H @
4HBA) 1 J5t )L 8 R
(protocatechuate, PCA), Sigma-Aldrich 23 F] .
¥ iR IF G 3 3%E T 50 mmol/L NaOH
VAW A 100 mmol/L A4 ARV % o PCR i
A&, PR YR A R A Al s CRREE
IKCTR . WG5S . X ZEMITK Ol
YR H 2D IR AT IR A A s 51Y0& il SRR
) EV A PR A R SE M DNA e iy | it
IR ARV L DR B AT FRZ 7] 58 A

155 0O A 6, 3i% {2 (high  performance liquid

(4-hydroxybenzoate |,
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chromatography, HPLC), KAFHEEM(FE)A
BN wD s DO R FF R AT B R RS B R &
(quadrupole time-of-flight LC/MS, Q-TOF LC/MS),
IR RA T SRS, EBFHA
PR H] 5 o FER A 1 B /8% (high resolution
scanning electron microscope, HRSEM), Z=/H
(P EHABRAF .
1.4 FMBFEMERLSUE

PRBUE #R NyZ771 PATE V& 3600 T WA LB 15
FRHHEEFE R ODgoo (HZ) 0.6, [ FHBEERELZZ vh
W (PBS, pH 7.4 AMIvER: 2 Ik, JFEFEF
TESFRTRN 3% (RO /b, 75 4 °C
WEE R E AN, 50%-90% (J5i i AT
SEOR S BRI I B A S W, R AR
I E AT 100 pL oK ZEEH . # 2 pL HE
W BT wm Yy E R ORER A, T
L2 B B T P s 0 FE R A 0 R A
5kV By AR EE P A E SR THIE A
1.5 16S rRNA ER BERFLE LT

PRICA PR NyZ771 B 2 10 pL JowK
W, B IRATII AR WK 10 min DL ZES#E A
o A FHEERLCE ) A WA R w5 )
16S rRNA JEPR 33854 27F (5-AGAGTTTGA
TCCTGGCTCAG-3")#1 1492R (5-GGYTACCTT
GTTACGACTT-3"), BURE IR 2L M /E A DNA ##
M X BBk NyZ771 B9 16S rRNA JER YEF 7971
PCR WK % : DNA AR 1 uL, 514 27F \1492R
(10 umol/L)#% 0.5 uL, PrimeSTAR Max Premix
(2x) 10 uL, ddH,0 8 puL. PCR [ 2kf4: 98 °C
5 min; 98 °C 15s, 55°C 15s, 72 °C 1 min,
30 MEFR; 72 °C 10 min, PCR ¥4 58 i),
At 1% HE B EE RS UK B IR 3 P Y e ik 2
IR AR AL IR By A RS W AT I
B P LE R FAAE GenBank F3R1 &S N
OM392023,

F A NCBI %0¥E J% (https://www.ncbi.nlm.
nih.gov/)f) BLASTn )% & EzBioCloud %3 /%
(https://www.ezbiocloud.net/)JE T 7E LR LX), 3K
HUE AR NyZ771 B 16S tRNA F[H 4 [R5 751,
I A PR AR A 16S TRNA JERF51) 18
i ClustalW #1727 8 Xt E , 825 Wim A 557
511(OM392023 J¥51Bi%iiiss 801 T 50-100 bp), {fi
Fil MEGA 7.0 #4 & neighbor-joining LA
1.6 FEBRRKEMENSLEE

it % Waters 2695 7 B HEHLFT 2998 PDA
frill 45 HPLC T s drdsss, A
At 2R BA . 4HBA HIREM# AT PCA 7= 4 .
fdi FH B9 4> T A Agilent ZORBAX SB-C18
(5 um, 4.6 mmx250 mm), HIREE R 30 °C,
WEIA 1 80% 10 mmol/L Z R %% (pH 4.2)F120%
FH 54 1, 333 4 0.8 mL/min, JERE S 20 L,
4HBA F1 PCA BRI K4 254 nm, BA K
KR 227 nme FERLAAET, ARifEdh BA L
4HBA 1 PCA BYLEER IR 4510 12,30 12.7 M
7.4 min,

it FHC 25 A0 A8 R S A D 4 A1 HILIC P i
3% F£ (2.1 mmx150 mm, 3 mm)f Q-TOF
LC/MS 4%} BA. 4HBA il PCA #Hf1%5E,
TEAH 0.1%ZBR(A)FHEEB)HM .. %A%
oK VR FE A% (0—5 min, 3 S AH FH 80% A F1 20%
B 4 J#; 5-20 min, iii 31 AH A M 80% T % 10%,
WA B B 20% E % 90%; 20-25 min, i
A 10% A F1 90% B 40 ; 25-30 min, ¥
A A B 10% EHE 80%, JishHl B B 90%
T ZE 20%; 30-35 min, WHEIAH 80% A I
20% B 4Hi), I BH B 1R, X n 05 A R 1Y
R 38 KR HPLC Jr ik A IR, A it A0 gt 1
4 10 pL #1 0.4 mL/min, 7EIERE M4 F,
BA (4HBA 1 PCA (0 B4 I 18] 73551y 22.1.17.6
1 15.0 min,
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2 BERXR504

21 FKHNAEHBIESR

14 5 B 993 10 DR S AR T K 8
FRIFE L, FRBIEALE SR 60 MPa, #iE
K3t 6 N H, SRIGTES 1 mmol/L 4HBA AT,
T KA SRR P B E AR R 4 D H A
TERSIHREEE /1(0.1 MPa) F &4 1 mmol/L
4HBA 4 [EAR N T K 55 5 5 b3 S Beia A
PAF—BRAEEFRANTE , A f4 WK NyZ771, 1
AR T WA T LSS, WPk NyZ771 B94if
BREAFIR, KN R (1.7-2.9) pumx(0.3-0.5) pm,
ToHiEE sk R B 1),
22 BEMNyZTTI MELE

i 5 NCBI %54 72 Al EzBioCloud U4 % 78
LR P A HEXT, BN B R NyZ771 #) 16S rRNA 3
Kl (GenBank %5k h OM392023)5—#k A

1AC of SITU

1 E#k NyZ771 EREBRFERR THES
P T BB RCR RN 2x10%, IR N
2 um

Figure 1 Morphology of strain NyZ771 observed
by SEM. The SEM magnification was 2x10* with a
scale bar of 2 um.

M FE Halomonas lutescens Q1U R
16S rRNA J£[H (GenBank % 55 & NR152713.1)
HA SRR T 99%); R, T 16S
rRNA B P8 I R G2 & B 504 s Wbk NyZ771

53kIET Halomonas W2 AT HAT BE K
RGO F (K] 2), IR WA PR UH 28 Sy ki
M 5 JE (Halomonas), TR IR HAR 44 6 50 T8
(Halomonas sp.) NyZ771,

100 — Halomonas meridiana strain DSM 5425" (NR042066.1)
57 L Halomonas aquamarina strain DSM 301617 (NR042063.1)
Halomonas lionensis strain RHS90T (NR126205.1)

61 IT @ Halomonas sp. strain NyZ771 (OM392023)
Halomonas lutescens strain Q1UT (NR152713.1)

Halomonas stevensii S18214" (NR115088.1)

Halomonas zhaodongensis strain NEAU-ST10-257 (NR125612.1)

99 Halomonas alkaliphila strain 18bAG" (NR042256.1)
95 4| Halomonas venusta strain DSM 4743" (NR042069.1)
0.002 991 Halomonas venusta strain NBRC 1022217 (NR114048.1)

2 EHNyZT71 E T 16S rRNAEEFIMENRFLEM B4 L (neighbor-joining method)
P R 58 K B bootstrap K 56 B E R 1000 K5 43 308 FECTh B R (%) $55 75
JRXFI R 16S rRNA B K ¥ 511 GenBank % 5%%5 5 R RFIREAL 0.002 R

Figure 2 Phylogenetic tree of strain NyZ771 was constructed based on 16S rRNA gene sequence using the
neighbor-joining method. The number of bootstrap tests was set to 1 000, and bootstrap values are shown in

branching points (%). GenBank accession numbers of 16S rRNA gene sequences are given in parentheses.
The bar represents 0.002 substitutions per site.
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2.3 E¥ NyZ771 I RFEEBREAK

B Z PP o7 A IR M A A 43 UL 1 mmol/L
2878 | E NI € N2 1= s L o
J£ 30 °C . 180 r/min #5355 T, Btk NyZ771
REMSFI ] BA | 4HBA Bl %5 0 1 b W — ik U Fn
REVRAE K (B 3), ANREFI T 3SHBA 1 R ME— B
AR, FEASUS AR IR BN T K B AR B 77 Ak v
WA K RIS TE 5 B Gompertz J7 FE!SHL&
HRTERRE Nyz771 RIS A K ik H
A KR, HRk Nyz771 FIFH#E %8 . BA FI
4HBA B35 K AR 3 %5315 0.177 6.0.096 3
0.301 5 pe/ho K NyZ771 FIFH 4HBA A= K A5
R AR AR T HA A E R A BA ZE KA

1.0
L]
0.8} = = 2
= Glucose-NyZ771
gk 4 BA-NyZ771
_ e 4HBA-NyZ771
= & NyZ771 (Control)
= 04t —SGompertz fit of glucose-NyZ771
= —SGompertz fit of BA-NyZ771
- —SGompertz fit of 4HBA-NyZ771
02F - -SGompertz fit of NyZ771 (Control)
-
0.0 2
A
[ ]
—0.2 L 1 L L 1 L
0 20 40 60 80 100
t(h)
3 E# NyZ771 # AT E&RIRAERFR

No ZRPI A4, N Fom A K vp 4 4>
. B K ZR A Origin BB IEJ5 #Y Gompertz
FRUA, I SR 3 AT SR E

4 3 U\mﬁ%gﬁﬂgmﬁjﬁﬁ%lﬁgﬂiﬁ oA

2R (Mmax/h)

Figure 3 Growth curves of strain NyZ771 using
different carbon source. Ny: Initial number of cells;
N: Number of cells. The growth curves were fitted
by the modified Gompertz equation with Origin
software, and all points represent mean values of
three parallel experiments. The maximum specific
growth rates (pma/h) were also calculated based on
mean values from three parallel experiments.

R AR HERE, RIS TR 4HBA 4K
2.4 H#k NyZ771 FEERKE 5 E =98
MEEE
24.1 EHY% M HPLC 947

BT BAEFRE NyZ771 #4675 R BA Fl
4HBA RWIfETT, FIH 4400 A= Yris AL S2 i 78
LB i FR B 55 5% ODgoo (HZ974 0.6 19 41 i 1]
iR 5 2% MRS TR I W AR ODgoo (H20°4 5.0, 43931
A BA Fl 4HBA AT M54k, Lo s %

B, WPk NyZ771 7€ 3 h AT LLERI AR R
1 mmol/L i) BA 5E 254k, HAE 2 h WA LK
WITAHEFE 3 1 mmol/L 1Y 4HBA 5244k, IF 1k
WX 8 T 2 h B ik 3] SRR R R AE
R FE(E 4),

Z e He %

—— BA-NyZ771

ULy ——BA (Control)
—e—4HBA-NyZ771
0.6 - ——4HBA (Control)

——4HBA-P
0.4

02r

Concentration (mmol/L)

0.0} 2
0.0 05 1.0

15 20 25 30 35 40
t(h)

4 E#k NyZ771 £ LT ERIREPREY
HEEFESREAIIRETE  BATE3 hN5%E
4T #E; 4HBA 1E 2 h W58 AL, I H AN 21 H:
HrIR = YITE 2 h A R B ORME, Bl S B8 .
AHBA-P %K HH 4HBA FRA# ™ A 1 vh 5] 74
Figure 4 Substrate consumption and intermediate
concentration during aromatic acids biotransformation
by strain NyZ771. In the biotransformation processes,
BA was totally consumed within 3 hours, 4HBA was
totally consumed within 2 hours accompanied with the
intermediate accumulated to the maximum in 2 hours,

followed by gradual decrease. 4HBA-P: the
intermediate converted from 4HBA.
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242 ML 4HBA F4IH0 LO/MS £47 3 Wi
T B SE TR NyZ771 (RIS KR e
P, S BICEYEEAL BA A 4HBA RN R LRI RS,

[ 2 0 b RERIEF TR AT A b Nyz771 R HBTERR BRI 2 — A 1 B
SR (G AHBA 1) 1 hRESK R, HIEipRy  ERVRER L R B D R A 0
| 2 YIRS BILESL R 15159 min A1 R OEIMEAEEAEMC BERE, BT
17.762 min, FRPIMYIBIEHESTREARBOR Sh5 165 rRNA S P i fik DI A2 K R 415 25
HEAH(PCA: m/z=153.019 0, 4HBA: m/z=137.024 4)  WiFRHIITIL, B 248/ T i 4 0l 2 TR T X
FeX, BiGEX 2 ANUEAN B A PCA U W B A M R LT TE 1 DY IR AR ik
(m/z=153.006 7)FEY 4HBA (m/z=137.011 2) A& HEGARGE T — 8RR T IR0 pY 4l
(K 5). 7EXT BA MAEYREALFESH, ARA I 2 3% Citricoccus 40T 7] LIAEH TE N @ 4HBAM,

R a4 TEAMWSEH , Halomonas sp. strain NyZ771 7] )
B 35 153.0067
| COOH
= 257 [M-HJ-
A = 2.0
65105 - RT=15.159 min g L5f OH
e E 1ot OH
L PCA
N I )
~ 100 200 300 400
. Mass to charge ratio (m/z)
4x10°
L : 2 137.011 2
BRI RT=17.762 min = ol
B s COOH
Al g 12[ [M=H]-
2x10° % 10}
g 081
1x10° £ ey OH
04f
e L4HBA |
0 ; ' : : ‘ : : 0.0 — : ' -
13 14 15 16 17 18 19 20 100 200 300 400
Retention time (min) Mass to charge ratio (m/z)

5 ¥k NyZ771 £9% L 4dHBA RN 28 A AEWFAL | h JEHE R AR @5 R ; B
X RO G AL P OR B IS TR] 0 15,159 min AP BRI HEA T B SR 0, ShnifiEnh HUXHEEE N PCA; C: X
TR CLTEAS I P O B IS TR] R 17.762 min (949 B0 HEA T BTGS2 I, SARUE M HL X %7 S IEY) 4HBA

Figure 5 Analysis of the product obtained from the 4HBA biotransformation by strain NyZ771. A: Liquid
chromatography detection of the sample obtained after 1 hour of the biotransformation. B: The substance
peak with retention time of 15.159 min in liquid chromatography detection was extracted by mass
spectrometry, and was identified as PCA compared with the authentic PCA. C: The substance peak with

retention time of 17.762 min in liquid chromatography detection was extracted by mass spectrometry, and was
identified as 4HBA compared with the authentic 4HBA.
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TEH A T AL 2 Fh 5 & B2 (BA FlI 4HBA)E
Shy P — B Y RN B TR A 1K

522 [RBATE T Halomonas J& T rh 45 W £ 4
W, R ATERRE . Fhe A R
LG, AN LA B
FEA PR PR F RS W R AR Y, 3L
FHACH A B Z D Re: ,  h 50 A I 2 0
Wi &N RN Z —. Kaye SF0F5Y
W], TERIEIHEE P AAAEE 8 A F5 R
W (Halomonas) F ¥ #F B (Marinobacter) 1£ N 1Y
i R A PR, Yan SE7E B NS EIEIE 8 900 m
R TR W B T I 2 A R
AR, AHF T HE— A UE R T R UK I
HAF & iGm ey, Hd3h Bl nE rl 68
PR LA 0 2E 3 %) 22 2 M T R AT 1 I 0T vy i
AR 3 B8 IO 33 B o

EARIE ) Citricoccus sp. strain Nyz702!"]
ST PRI 22 IR PE R R, HLAE AT AR
it AHBA., T A 5T A TR AR NyZ771 & — Bk
2 IRBAMER, HAEH T FR T e REf% 4HBA,
WREB A BA A ME—RIEFIREIRAE K, T
H¥ 5 TFHHAH 4HBA A K. Fkk Nyz771 51
Bk Nyz702!" 185 40 85 8 o BLE 40734 6 300 m VL
W, i H% a0t PCA 4210 4HBA., B4
T P VT 2 il i A T 2 o i A i AR B A R
FEBUR AT AR, [R5 IR B A M e
HA (Y 4R 0 A S A T < R Hp (g AR 212
W TR WK Ve B A TR R R SR R TR b, S 2
P4 et e, 4 TR 5L A A () 7 0 AR R AR IR A2

H T e it b 248 4O o R 3 2 ok
3 MpiEAR: H5 1 RO RIAOREAIE L 3-5%
FEORHR ;5 2 B i st e A E Y 455
SRR, X AT LU i 2 S5 0 U
T B LAS RS, e B RS Vel i 2 — i Bt
WU ARt S i TR T A s 56 3 Rt

il g AR R A (CoASH)E UK H k4
fitf A (benzoyl-CoA)MTHEA F ALY, %
WM T — S RAE A P . AW P bk
Nyz771 it BA Ay[E) =¥k HPLC Al
LC/MS Jr iR KR, FeFIZ R 4HBA
5 ki 1 A B LA R (R A I AR, A T R R
NyZ771 Al REE i DL b 3 Flidk 42 2 — s 38 R 1Y
SRR DA W Bk A2 BA, XA 18 Tk
— 5T .

4 G

AN A A4iHEE 6 300 m TLEAF:
a3 B BE FR AR AR — PREAEE TR AN Halomonas
sp. strain NyZ771, TEH AT, ZEKAER
FIFH#I %4 . BA Fl 4HBA 1F ME— Bk I5 FIRE
AR, M HE S TR 4HBA A K. 8@
i HPLC HI LC/MS X 4l B 4= 40 il 25 9 s 1k 57
FRRWFE S EATAI, %08 T Wbk NyZ771 /2
A LA R i 72 QU 4-58 R H R 3% 14T P
M4y B e £ 5 T IR UG 19 v] B =260 9
AR, A 5 W TR IR A B 8 O S
fiff K 0P AR P 9K B0 AR AIE PR AR A — i Y B IS
SLf
Hift: RORMPLEBERBERFBEFFRIKFHAR
RS, Bt LG8 R F A GHSF
FARF R H MBI IR N IR 8 o B i
FRFE@LTIE, Bt L ZGEKF S MK P
SRR ESBARALF.
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