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A polycyclic aromatic hydrocarbon degrading strain and its
potential of degrading phenanthrene in various enhanced
systems
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Abstract: Polycyclic aromatic hydrocarbons (PAHSs) are a class of common environmental pollutants that pose threats to
human health. In this study, a mesophilic bacterial strain CFP312 (grown at 15-37 °C, optimal at 30 °C) was isolated from
PAHs-contaminated soil samples. It was identified as Moraxella sp. by morphological observation, physiological and
biochemical test, and 16S rRNA gene phylogeny analysis. This is the first reported PAHs degrading strains in Moraxella.
Degradation analysis showed that 84% and 90% of the loaded phenanthrene (400 mg/L) were degraded within 48 h and 60 h,
and the degradation rates reached 1.21 and 1.29 mg/(L-h), respectively. During the degradation of phenanthrene,
phenanthrene-3,4-dihydrodiol was detected as an intermediate. Based on this, it was proposed that double oxygenation at the
positions 3 and 4 of phenanthrene was the first step of biodegradation. Adaptability of strain CFP312 to different enhanced
phenanthrene-degradation systems was tested in aqueous-organic system, micellar aqueous system, and cloud point system.
Strain CFP312 showed good adaptability to different systems. In addition, the bacterium can rapidly degrade the phenanthrene
in contaminated soil in slurry-aqueous system, indicating great potential in environmental remediation.

Keywords: polycyclic aromatic hydrocarbons, biodegradation, phenanthrene, Moraxella, slurry
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Z o i SR AR ) TR 5 AT, R LR A R A
YR A BORYE . SR A AR
ZIFFRIR I AN 2 RERTE D kY
W S b R 2 3RS s e i T B AR
T, BB 2 30 05 K R A0 TR 2 A0 T AR TR AT
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Mycobacterium sp. strain PYR-11®' 7 FLIC 1
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Moraxella H ] LA fff 22 B4 05 a8 0% TR Rk 1% R DL 4
T, RIHAE LA EEAHLIT Y Moraxella J&4: 4
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W& A TRl 0 £ Bt 40 BR o JLAR R S 2 b 14
Moraxella sp.7] DL53 il B fif 72 B4k . H AR 40 AN
RABALEN WS, KRR KD
2,6- e 251104 Horh | B4k Moraxella sp. ASL4
REWE L Z 3 5 R ZE AT AR Y 2,6- 1t iR 25 N
1,6- TR 25 0 JIEA) (U 3% B Xt 284 B 1) R A %
PEAR T 5%

SR K R AEA T AR, BT 2
W5 R A O R BE AR, 3 BTG G R A
o BRI, & Fham b i 2 T Bl & e DUAE i 2 36
S g R A T e B KRR R
B 7K -F5 L 75 B AR 43 Bid R & (Aqueous-organic
two-phase systems, AOTS)M M ik 2759
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() I 2 - 3K T T PR DB R i SR &R (Cloud
point system, CPS)M™'8 8.5z i . AT,
H i A A 2 Ei it B i 22 3R 05 JR 0 s A W TR A G %
T8 WX SR AAE S T B, POHELLSEBRI T .
AU B 2 1% 2 57 Triton X-100 JE R (9 MAS Hr,
R IR P T AR — ke AR A TR X [ A L o A
AT, Pan %L B, AHEL CPS, MAS XI5 4B
MU Sphingomonas polyaromaticivorans [ f# 3f
FoAE T R AN M REAE O, R, X TR R IR
Z 5 I YR A M A BT R, DX
SenR Ak B 5 T B A e, N T O Y
F AR

B N A AR TS Y B g — R DL E N
M — Rl 5 R BE W5 1) 22 PR 5 R R A 1A o e ok A FH AR
fb. WYE SR ARIEAR 16S rRNA FEA [ JAE 4
B, LR FIWTHA 2 . RAIERE AR S5 R I 4K
WY e, IR, &5, RREE
PRAEAS [ B A 22 oSt JE R A1 00, 43 B L
FE T, RJaWEETS e L A B 2 0 T AR S i
PR AL HE R N AR

1 MREFE
1.1 FERFH
3, @igal, WA E 2P B A2E 0 E R

Hl; MEMERR SL50, ¥ 500 g/L, ZifE 95%, Wy
HE SRR I E YRR BR A vl SRR ZHIR
—2FfR (Di(2-ethylhexyl)phthalate, DEHP) , Triton
X-114 Je HoAt Ak 2735800 & S o Ml
12 EHFE
LB AR E IR 2L RE MK 10 9, BEEEK 59,
FAAbEN 109, MZEMKESRZ 1L,  pH 2 7.0,
LB [El {43 3 BEAE IS F S 20 g Bt A il s
LB 5 77 ik 5= S ] T 5 35 Pl W0ORI R4 8T T b DR
TeHLER R FR 2L (Minimal salt medium, MSM):
Na,HPO, 0.8 g, KH;P040.2 g, (NH4),SO41 g,
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(NH4)sM07024-4H,0 0.001 g, MgS047H,00.2 g,
CaCl,-2H,0 0.1 g, FeCl3-3H,0 0.005 g, HNZ&iEK
ERZELL, WY pH £ 7.2, # MSM FishingE
Je T A YR e 3

13 TEMHEXE

MTLVE A8 8 T F 3 2 Ak i 15 e i 1
e oRAEMEN,, SREBIRE N 5-10 cm. BENLRAE
3NN, BEAURAE 50 g HEERE S, FES KR A
WA w G, BT 4 CUkRRA
1.4 FEMEWES S

B 20 g iRA HHEIA R & 100 mL JEE K
/B R B ES R Y 250 mL =i, 7630 C.
150 r/min A TEEFE R N PR 30 min J5 , HHE — B
BEEl, fF BB 4 2R g, IR
28 0.45 um JERERIESS , /A IO ACK W GE
J 5 A B SER iR vk 2 100 mg/L /Y MSM
30 °C. 150 r/min ¥%3% 2O MBS 6 B
10%35 FE M 258 R MSM . FELL 100 mg/L
BB E B IR R ) 400 mg/L, FERIFEEM. R
AR AT . Ry A3 B2 . B E R
Hiem N — PR, 4 CUKFEIRAT
15 HMEEMRRE

WERESE : B EMENL TS AIEN
MSM [E{AFHT |, 30 ‘CH;F% 48 h J5 MELH T TE
AFFAE . R 4 DA AR 22 PG Y 03 ) T 32 o8 e 11 1)
HERER, R BT BB (Scanning
electron microscope, SEM) Wi 5% [ i 14 Y W 13k
g5t

PP RE - B 7% (IAARANEE % T ) P
I LA B 2 550 0 5 T ) PP o e o T 0 2
FAEALIE bR, GFEE L . ONPG WliE . VP 52
B WG|WRSIE . WK AR . ARG . SAIBEE . R
RIRAUK il . IR . IREW . R
R AR BRI AR . SRS A A
M
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16S rRNA LK 741 E 5 Rk & 34 : R
FHZH TR 16S rRNA JLEE A FFilE5 9 27F
(5'-AGAGTTTGATCMTGGCTCAG-3) il 1492R
(5'-GGTTACCTTGTTACGACTT-3") 4" 1 % fift i
1) 16S rRNA JEA . W7 A TAEY TR (i)
JBe oy A B2 W) 58 1L, WP 45 SRR AT NCBI-BLAST
HATIRIE MY, RGEK B MR MEGA-X #fF
I

1.6 FEPERRSHRIMIL

PRI R, I8 A TR % I e i 1 e
HELE, 43Il 15 €, 20 T, 25 C, 30 C,
37 'C. 40 C. 45 CAHENRETIA, LA 5.0,
6.0. 7.0, 8.0, 9.0, 10.5, 11.5fFJy pH sZI4H,
150, 100, 150, 200, 250, 300 r/min {1 3% K
S dl, DL 100, 200, 400, 600, 800 .
1 200 mg/L HYEEMR BEVE R IR 32 P Se g 2 . LA
R, HHKE 3 AFAT, MIRAmAER
AR AR, 150 r/min $E R BEDERT IR 48 h ),
6 WU 240 B A A R A % B
1.7 R~ o24

TETATIEREAR S5 F T, 430 HL 50 mL [ Hif
WRN R S A A M R IR, TR G R 4 & H e
ZHL, HCI (1:5, VIV) JEZ. 2 mol/L NaOH i
B, TCAK B RN T8 DL S iERe k. (BSTFA FII TMCS,
R 99/1) S50 BR)E, R FHAAH - BTt A
(Gas chromatography-mass spectrometry, GC-MS)
o M HEACHH 4
1.8 PERRIKR

£ MSM JEah b, IR R SOk RS
AT MR R . LN RRT, RANFREE B
IF, JFERY U Sl 400 mo/L

KEWAAZR (Aqueous system, AS): H 14
500 mL A9 K E T =M, ERKHI 3 mL
FEWEE S 20 /L 1Y FE- @AW e B . 28 i 5 =
BSOS 2 o 7 o PR € Oy B o & e s
Pt R, NS — 2 &V A E SRR Z . 1)
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RZ A 150 mL MSM, JF 3Rl 14, 30 C .
150 r/min YRR

AOTS: R FH Sk i 18 e Bt i 1 AR ilE A7 i
B Bk, B 500 mL =S, A
150 mL MSM, B 1 AR3E 00 (RSP,
BT FRYIE] 4 458 2 mm T 4 mm (5 U148,
DAV AN IR A H), 4 A BRI LA T o
0.1 g FEWE M| 2 mL DEHP P 5 5 8 B 48 I WY
b, ERNEE TR RS B, 30 Tk
B3R,

MAS: TEKIERIER T, IR 5 NI
AU (Critical micelle concentration, CMC)
REBERG . M BEMR RS, 30 'C. 150 r/min ik
RS

CPS: TE/KIEWIAR T, fA 20 g/L JEE+
FETEPER Triton X-114 T &S 255, iR
ISAE 30 °C . 150 r/min #6514 F kAT,

19 FETHETIEEE

KV H - /KK & (Slurry-agueous system,
SAS), FIA CPF312 & £ J5IedETs Y 13,
BUA A5 e B3 T 53 100 H i LB VIR
Zei5, B 18 g L& T 50 mL BRI B .S, Fm
A 0.4mL30g/L FEZEF BB . b, A
PRI TR SJA0K s O T i FE S P e 5+
RS, R AR, KR Y 1
WEGLRAE 7 d HdE ML, B 15 g FEELEEmA
| 250 mL #EIEfHH, A 35 mL MSM K53,
TR 37, R, FELUREEZ) Ry 200 mg/L.
CFP312 I 4 LB K55I TG b5, 7 ODeoo (EL N
0.5 Ja4Fl 1 mL % SAS R4+ . BiJs, # SAS
Ff A Z 8T 30 “C. 150 r/min EERESE 3 d.
1.10 BEW#. oA A

P LA E AR REARAA R B R 58 R B0 mL
KMEEFRW, 5T 15 mL MEHELE T
8 000 r/min &.0> 10 min J5 32 FIER .. 4B
FHZEIRK BRI 3 W, HZRMKER, JFRAW
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FEACESNAT UL B EE T (760 CRT, L ifEAs %R}
AL RS AT PR H) AE 600 nm 4b K I 40 i 1) ' %
féi (Optical density, OD).

AS FEERRGIN . BEFREUE, S R,
FHIE B C GV R I B R B8 & MR RS
25 0.45 pum 8 BRI I BR TR IS A

MAS FRJERRTI  [R T 22 RO I B i JE
PAAL, 3422 JEAg e R v 3 KON Hh S 10 5% B 15
o REFRSERUET, B 0.2 mL JKAIES SN A
0.8 mL ZJETF 1.5 mL ¥R 5.0, 8000 r/min
B5.0> 10 min J5H 0.8 mL & 1 0.45 pm g 5k
TR TR J A I B

AOTS H, FEFEAATE T AT . HIi,
KRR, BRI E 0.1 mL A4 HLAHE f# T
0.9 mL SN, 2ok uBRR TR 5 o 5k B8 3

CPS 1, JHUEHFEC &Pl w2 wh .
BEFRGE R, BTRAIE R = MR A R
SRA, SRIG AR T EL 0.1 mL 55 R A R T
0.9 mL ZJEH, 2k uBRR RS R I 5k B2 4

SAS ft, FIEWCRAERIAE « K URIEAE T
#E 1.5mL B.08E A, 8000 r/min Z.0> 10 min,
B2 0.6 mL AR iR MR RS, SR
RA WS 0.22 pm A LIRS R HE 5 3
HE RN E < BT R R R R A A 50 mL B
LM, 5000 r/imin, 4 CE.OJEEE FFER,
¥ 10 g HIEVIESR R TG, W3 gk T 18
T 100 mL =¥ B , 2% Reid %107 1£P4,
JIA 25 mL 7R JE-B- 2014 , 150 r/min #R3% 20 h
P A rh el AE YA A 5R A JE. B 15 mL B
Wik 0.22 pm BB MRS FH TR EE 1Y & & o

3k vk B ) ] Agilent 1260 & & Wi AH 4, 1%
(Agilent 23 w), EE) #7500, B R
C18 it (5 um, 150 mmx4.6 mm), 4856
B, KN 254 nm, 2 UK (80 1 20) EH
TSR, FEE A 1 mL/min, JEAGPR-ER BFE] A 2.7 ming
FEREAMR R AT
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R (%)=(FE5% B Mk B2 AR 4R Mk ) x 100,

FE ) R A R AN RO

R 3 (mo/(L-h))=(FE & 4f ok B2 —FE 5k B
e )/t R]

GC-MS £ W HE X 8 7~ ¥ 5k A Agilent
5977A-7890B ARt i5- BTk T (Agilent 23+,
% [J) A TE 25 - i A HP-5 (30 mx0.25 mm,
0.25 pm) FRPEA R EAEH . FHERT . WIGR
B 60 ‘C, L)L 20 C/min JHEZE 180 C, {fFFm}
] 1 min, iZ47HE 9 min; FLL 10 °C/min FH&
% 300 °C; {%4% 10 min, iZf7HE 31 min; f£%
ARIE 280 C; AArUHERE, HFFER 1ol 2K
HESA (G 99.999%), Y 1 mL/min; ¥ 5 4iE
iR 4.0 min, FigES&ME. BFRS (B BEFHE;
BRI 230 °C, DURFFIREE 150 C, BFH
578 Bl m/z (Fifr b)) A 40-500.

2 HER54W

21 FEEMENS S

EZSUNECSUE RN Y S (PSS U R (e T
oy —PRAERE MR I, w44 A CFP312. X AZ
W5 IR ME—R IR FIREIR . 7E 30 'C. pH 7.0,
150 r/imin £ E 5 48 h, % B AT LUK 3E
400 mg/L [%35) 64 mg/L, FEf#%EH 84 %,

7 LB A |, CFP312 (R & S B (ol 35 |
FIE . Ak i BN . REDEERIE ., 5T
Phile . MG AR LRI, AR
(B 1A-B). HHiHEE T MEL 40N KAFAR
KN (0.6-0.8) umx(2.2-2.7) um, #f48, (& 1C-D).

22 HBYUESFENFLETE

CFP312 R AfiE & ¥ D-#i %05 . D- T #EmE
LB . D-ILALEE . L-FRAHE . EWE . D-(+)-1% —
B WA C-RTRAARE . D-(+)-a-FLBE . D-A
WESE 10 FioBE2E . FPERRER A . B K A . Ml
By VP SRS PEEAL A DL B ALY
fitf . NG TRRUK R . AR PR . 2R
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753 nm
2.64 pym

2.45 uym
800 nm
Y i 640 nm
’ ¢ 228 pm
& .‘_ )
#~ Yoqin _ &

-

1 CFP312 %7 (A. B) #NE{A SEM Elf% (C. D)
Fig. 1 Morphological observation of strain CFP312.
(A-B) A photograph of the colony on LB medium. (C-D)
A scanning electron micrograph of the strain.

A T R PR 2 TS R B o 2 Ml il A A4k 7 PH
PE, BEAS I JFLAE R o0 IV A 52 5k F0Ks A R 16 2 v
A

FIFH NCBI-BLAST I 4 fi# 14 16S rRNA Jk A
YEAT RN A3 A st & BE, CFP312 5 M. osloensis

97

92

100
0.010

& 2

AR JEPEISF 99%. BLWIZ IR TE 7>+ RS 40K
R IHJE T Moraxella J& . #J] MEGA-X %14,
K H NIk 2 CFP312 (W R 48 & B AN 2 B .
K, Za % REMEEEIES . WA/ AT
AAGERHIE, ZREHEWNZ AR A Moraxella sp..
¥ CFP312 (1) 16S rRNA JL A J7 41422 2 GenBank
Bds AR BOE R 8 558 MK283753, FfiJE,
FiEL ik 2 ) AR WAE Y A O 0 (GDMCC)
T, fR 4% i GDMCC 60595,
2.3 FEKRHES

GC-MS 75 R il 3 fion, BRISYIESR,
WHRIF T 3,4-—4-3,4- " FHFE (Phenanthrene-
3,4-dihydrodiol). HTr, A XAEMAAMEERE,
RS — IR 4 i, 5rlH
JE-1,2- XU A B . JE-3,4- XU AR . 3E-9,10-XU
A FIE -9, 10- B AR A Ak 52 2T, 4 T
Ko ik 11 CFP312 st ik 7EE 1Y 3,4 17 i 47 XU 46 b
JE PRI RE— LR (18] 3). X id W FaEfif il 3=
BOELE 3,4 AU R AR B AR HE R LA Sy E—
)i 5 A RE R

M. lacunata Morax 260 (NR036825)
ﬂ( M. lacunata ATCC 17967 (NR114416)
M. lacunata NBRC 102154 (NR114039)
M. oblonga NBRC 102422 (NR104725)
100 { M. oblonga LAM 14971 (NR112188)
M. lincolnii LMG 5127 (NR117693)
M. lincolnii CCUG 9405 (NR117189)
| P pacificensis NBRC 103191 (NR114238)
1001 p pacificensis NIBH P2K6 (NR027187)
100 [~ M. atlantae 5118 (NR104711)
' M. atlantae CCUG 6415 (NR117811)
CFP 312 (MK283753)
WL‘ M. osloensis DSM 6998 (NR113392)
1001 A1, osloensis A1920 (NR104936)
ﬂ{A. Iwoffii JCM 6840 (NR113346)
%A.johnsonii ATCC 17909 (NR164627)
100 L4. johnsonii DSM 6963 (NR119114)

A. Iwoffii DSM 2403 (NR026209)

Bk CFP312 &£ F 16S rRNA EFAFIH R K L B

Fig. 2 Phylogenetic tree based on 16S rRNA genes of strain CFP312.
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3,4-dioxygenase
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(Mainlib) 1.2.3.4-tetrahydrophenanthrene-3.4-diol(cis)-

0
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| | | | | | |
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Fig. 3 GC-MS spectra of phenanthrene metabolites and the proposed ring-opening reaction.

2.4 FEPRRRSZMHEIMRIL

TR X P At T CFP312 A SE IR L 8] 4A FIT/R .
LT = AU, M SRR T 40 C
B, 2 A RN R i T 32 2 W S 52w, AR L
ZF, AR S AR AR B R SRR B AR
% 15 C, JEMFEfRRMEEIAE] 50%A . X ]
B 5 PEAR ORI T L 6. — ST, HIE
T AR ARG . FERRXTIRME pH AT 32 1 bR e
12, pH 7.0-10.0 Z [A] BELREE 60% LA I 1 FE R fie o
HAne A K REF (& 4B). R4 (pH6.0) T,
AR A RN R R O S R R AN A K R R R
B 5 0 DR T e T AR I, (ALK, R
AR (B 4C). X A REF = A 5 R L B A
% . WRIHFEA KA K, JEHkE7E 100-600 mg/L,
FE RS R M1 80% (%] 4D). I 3Ek i 483 800 mg/L
PIE, 48 h MR OS] 50%LL T, [HE A
KIFRZ B0 . 3 2% WH 2 R ik DA 0 oo e 3 E T
TR, AR SRR, BZ AT LR
5 R R R . SRR LA B 453, CFP312 [fidE
HIF AL . T 30 C. pH 7.0, #EKE:HE
150 r/min. FEMYJEYIUE 400 mg/L.
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FEIAERMT, BEMREAE AS hidiid K
iR FOIE B A W s i R N 5 BT s o AT 24 h,
21 348 7 AR PRI 1 i T B PR A Y R A . B
S, A P I i % T 40 6 4t T B el o A
o, A A ROREE 2 B C BRI AR
JEHEITAEK . HEFF) 60 h, FETE AS RSt 5k
BT 30 mo/L, FEfEFmE 90%., 7E 48 h Fil
60 h B, JERYREMRE 243 31k 2.00., 2.14 mg/(L-h).
FEFE 1 s R R fR R R, Mishra S5 4508 X 2
fH & Zhihengliuella sp. ISTPL4 7E45 3. 7 KA,
X 250 mg/L JE M RE AR R EE] T 121,
1.29 mg/(L-h)®, TifE B Pseudoxanthomonas
sp. DMVP2 BE¥ 300 mg/L T 4 [ fife 1 42 45 v 5]
1.78 mg/(L-h)P7. HiLL = F, bk CFP312 X%J JLHl
b B 5 L R I B R AR SR B B

25 PEBEEASEBKRRPITIENEMPERE
Wi 6 firs, B35 48 hJE, 5 AS REMLH,
AOTS Hr 3 14 B fige A 20 g A= 4 8 S Hh B S A
J5 X ATREY AOTS ZR G5 H A PR 14 i A 1H A 2%
YHHETE MAS Fl CPS R K STE AS Hik
HREMZE, BB MAS Fl CPS Hr 2 [ i 7
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x1 AEERIFEDFERA LR
Table 1 Comparison of phenanthrene biodegradation by different strains
Initial phenanthrene  Degradation Degradation  Degradation speed

RG] TS concentration (mg/L) time (d) rate (%) (mg/(L-h)) BB
Mycobacterium sp. strain PYR-1 26.7 14 90 0.14 [6]
Rhodococcus wratislaviensis strain 9 50 7 100 0.30 [28]
Mycobacterium SCSH 50 7 100 0.30 [29]
Rhodococcus sp. strain p52 200 9 53 0.63 [30]
Zhihengliuella sp. ISTPL4 250 3,7 81, 87 1.21,1.29 [26]
Pseudoxanthomonas sp. DMVP2 300 5 100 1.78 [27]
Moraxella sp. CFP312 400 2,25 84, 90 2.00, 2.14 This study
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