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B OE. [F7] 2305458 % 205 AW % (per-and poly-fluoroalkyl substances, PFAS)Z2 — X B A &
F@mEE., BAEE M. WFRBE A KRR ERR AT Y, ERIEFEHME. BFHE
ABIFAMA AN G RML A SRS AEDKRFTRT P EHLT. [AH] AERL NS FKL
P2 KAR T i ik RAF VA 4 B AR BRI (perfluorooctane sulfonamide, PFOSA)A vk — &k /i 4 K 49 4
FRH, oM A AAEE, [ %] vL PFOSA A k—akk, @il g &, ik, o &k,
MT K iz PFOSA 45 A8, @i W& F IR, 16S rRNA K E A2k B 2805 5473 @
MBAT R R, TR ZF W ERAT RIS A 5 PFOSA 89 &g & Falb g = st A7, (4R ]
7643 5| —#k PFOSA ¥ &[5/ Cl1, ZHEF R, 16S rRNA B F 5| 54 Fa o 2 E 2890
Fo o, %% H A H AL E (Comamonas testosteroni), 2% B ZRACKIE LI, £
¥R E A 30 °C A4 pHAE A 7.0.PFOSA #1744 K& A 30 mg/L 49 [ 414 F , B #& C11 2f PFOSA
8 R F T 3K 64.6%, PFOSA 89 1& 1% 7= 4 A 4 #F I A% BR (perfluorooctane sulfonate, PFOS). 4 #
¥ B2 (perfluorooctanoic acid, PFOA). 4 # & B (perfluorodecanoic acid, PFHpA)#= 4 # T B
(perfluorohexanoic acid, PFHxA), & T =462, ERAM C11 ¢94E R T xS 24T
Heml: &k PFOSA Bl R L4414 PFOS, PFOS M #xB A B &L & PFOA, & /& C-F 4 X4
BF 2444t PFHpA #= PFHxA. [4 ] 4k C11 *F PFOSA EA RAF6g & et /1, At —F bt
PFOSA 4 ) 4 R MUIE FadR & PFAS 75 R IRSL o) £ W fs B AR T b 1 HF.
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Isolation, identification, and degradation characteristics of
perfluorooctane sulfonamide-degrading bacterium

ZHANG Liang"?, HUO Yang*, CAO Diankun"?, ZHANG Ying"?, HUO Mingxin"*

1 School of Environment, Northeast Normal University, Changchun 130117, Jilin, China
2 Science and Technology Innovation Center for Municipal Wastewater Treatment and Water Quality Protection,
Jilin Province, Northeast Normal University, Changchun 130117, Jilin, China

Abstract: [Background] Per-and poly-fluoroalkyl substances (PFAS), a class of organic
pollutants with high surface activity, thermal stability, chemical stability, hydrophobicity, and
lipophobicity, are difficult to be degraded. Due to the long-distance migration, strong
environmental persistence, and bioaccumulation, PFAS has brought serious harm to the
environment and organisms. [Objective] To isolate an efficient perfluorooctane sulfonamide
(PFOSA)-degrading bacterium from a sewage treatment plant and analyze the degradation
characteristics and mechanism. [Methods] An aerobic PFOSA-degrading bacterium was
screened out from wastewater by enrichment, isolation, and purification with PFOSA as the sole
carbon source. The strain was identified by morphological observation and 16S rRNA gene and
whole-genome sequencing. The degradation rate and degradation products of PFOSA were
analyzed by a triple quadrupole mass spectrometer. [Results] An aerobic PFOSA-degrading
bacterium C11 was isolated and identified as Comamonas testosteroni. The single factor
experiments for degradation condition optimization showed that the degradation rate of PFOSA
by strain C11 reached 64.6% under the optimal conditions of 30 °C, pH 7.0, and PFOSA
concentration of 30 mg/L. The degradation products of PFOSA were perfluorooctane sulfonate
(PFOS), perfluorooctanoic acid (PFOA), perfluorodecanoic acid (PFHpA), and
perfluorohexanoic acid (PFHxA). According to the degradation products, we preliminarily
hypothesized the degradation pathway of strain C11. Specifically, PFOS generated from the
deamination of PFOSA was desulfonated and oxidized to PFOA, which was then converted into
PFHpA and PFHxA after the cleavage of C—F bond. [Conclusion] Strain C11 has a strong
ability of degrading PFOSA, which provides theoretical support for deciphering the
biodegradation mechanism of PFOSA and exploring the bioremediation path of
PFAS-contaminated environment.

Keywords: perfluorooctane sulfonamide; Comamonas testosteroni; degradation pathway

42 R ot JE I 22 8 0E ) BT (per-and poly-
fluoroalkyl substances, PFAS)& A\ & W45 A
PEE LIS Gy, HAMRE YR k2=,
ARG PE . BOR AR E R . SRR e R
BK B IHYE . XSG B T PFAS B il
M, AFERMETEER . PR . R 2GRS

FT R AE Tk X R 2t Hodh e o e
fi# iR (perfluorooctane sulfonate, PFOS) 2 FHAL
RIYEM PFAS, £ 3M A F]T 1949 4
AT AR, TR TR 3R T U J2 08 7K i b A T L
A AR R PR B )z Al Y H R A IR B
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FELE YR KA A D, FE R K
PR A= 3L K S A AN AR P I A
FS AW & B PROS AT LU it HAi A i
1) ZREEACIE ARG, i A T AR R TR
FEfub i N, XA R B A
Z ARG TS, I, PFOS J ARG
Yz 3 T ENAMYE SOCTE, 2009 A, (R
TR A VLTS G i i8R R EE A 2 ) 1ESC
K¢ PFOS 41 M5 AMEAT HLT5 40

PR IE , 7E 1970-2002 4F, PFOS Rij A4 it
f e R HERI B R 6 80045 250 t, B i 5 T PFOS
MHEBCR Y R I A S A H AR S K
X, O B A A b e I 2 R O IR R )
(perfluorooctane sulfonamidoethanol, FOSE)F14: 3
=t Tl 9k e 2 ) Joi (perfluorooctane  sulfonamides,
FOSA)', 72K T RS A [ 2 I B ST ¥ 7K
FOSA HYHE T PFOS! 2, Horh g ekt
Mt % (perfluorooctane sulfonamide, PFOSA) /2 —Ffr
JRIR PR PFOS BiARMI BT, LR A o 2 1
EaIREN Y DI R A IR N SR 7 A3
PFOSA M4 it Lt PFOS, HHA
HBOom BB IR 11, (M AL PFOSA FRo &
BRI,

H fif , PFOS Hi & #) & (perfluorooctane
sulfonic acid precursors, PreFOS)i &R A
P HRAR2E 7 R A W R ey AR T2 g
507 BAR AR — @ M EBRFCR , (HHAAT
WAL BEAER . ER e KISV E, TR
Sl iy AR S SRR W o AR W R T YR
— B A | IR AU K BRI A L)
MBS HAR, TES2 RS G ny o B WA 1Y 2R
SRAPER, SR T AN 260 . A R
PreFOS EWIREMAT I TR LY, B8 N 32
PFAS 15 YL APREE i 6 1) PEOSA AR IR, Ui
RN 14.6% M 1 22 WA & (Hyphomicrobium) ™

FUIRERR 2N 27% A ST & (Acinetobacter)™
R 1 B bR B2 0 =V PFOSA [ ff BB
AR, s0E HREREAERR L 1) PFOSA, Sk
Z:B% PFOSA MR A —E 2288, 7F H BT
AT PFOSA S Ak (0 I A= Wy 5 s+ 43
AR, DH I 2 AR rh 43 28 o 2 v s P i
251738

A G N A A2 FTS KA B )15 KR
b B PFOSA Y sy A A AT Bk C 1L, Jdak
LA MEL | 16S rRNA JE[K 5471 B X A4 3L A
TN 5 BRIk AT T %, [RIBTRFSE T 1
PRXT PFOSA K BE 1 LA R AEAS IR K % 45 14
TR . pH. ¥l PFOSA %)% PFOSA Y
WA OB R A= KoM e, DA E S (R 25 1
F XTI R AH RN R s AR AT TR b, SR
S50 K PROSA =1 8004 1 e it B (AL 7 b 0 U5
HEFE CL1 W T PFAS 75 L BR55E iy 4 Ak 4 4t
SR

1 MR

1.1 ##
1.1.1 E#RiIRE

PR A 5 M A2 T K AR BT R S S
IKAE G A B TR AR AT . %5 K AR BT B AL
PRAETE VS KA TR, H AR 24 7 ¢,
KA ICR ] A/O R T2,
1.1.2 FERFIFLEE

PFOSA (4 97%), Dr. Ehrenstorfer GmbH
OvE; B BERREENY, dtmtBE AR
WHARGRTAE AW, FLLYM, | MR
KR AR M S5 A PR |l REER Bl 45 A 58 YL A =
XU, TR EIRE A BR A 2.5%
e, RS RSB R AR A F 5 FeSO,
Fl 1xPBS, M AR ARA A HiR,
KHKBAEMC TARAE; MR, KT
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RGN TR T I, RKETT sk T
B

B K. pH it, M -FeR 28 E
BRAW] ;s ZWAL, BUM I A s A B A A 2
B sl BA A B, K BEH & R A R
NF s A MUK (total organic carbon, TOC)43HT
1%, Shimadzu; HEZLPKFFIRL, (B IXAAT
BRAW; —HIURF R RS, LR
FA R\ SRR AR, RR-28] 2w,
1.1.3 EHE

W s R SR AL LB 535322 Cik[24)
[

BREE TR AR RE SR AL A 20 g/L
FIEERERY, 121 °CKTH 20 min, #E1%E 55 °CA
A, FETEDRE KT I BT (51 A, #1115 7

ToHLER 5 35 3 (g/L): NaHPO, 4.26,, KH,PO,
2.65, MgS04-7H,0 0.20, NH,CI 1.50, FeSOj
0.01, pH fHIHZE 7.0-7.2, RIGHEIMA 0.02 1
CaCl,,

PFOSA i I ASEFREE M Tk 4 0.01 g
il & PFOSA FrifEfb¥F 10 mL HEEH, Al
WA A 1 g/L # PFOSA, fHEsE R,
1t 0.22 pm G HUEERREE , TERAELT 55 A F] K
B a RS IR A, i PEOSA YRI5 3 5256 15
THAEREE, FFRT 3R 5 pH 28 7.0-7.2. A5
ERAE R R8s A 25 121 °CK T 20 min J5{
o UL 38R0 BRI O v AR & rh ik f
EAE
1.2 FHiE
1.2.1 PFOSA MBS B

B M FlE A EL V57K FR A 100 mL,
FHE 30 min J5HLS mL B3GR RN 264 50 mL
LB #1100 mL I H, 30 °C . 150 r/min
PR REF7 48 h JFHL S mL BE 3R 0 2%
Ll PFOSA A ME— R I 19 To AL Eh 3% R By,

PFOSA [ 44 & >k 0.005 g/L, [FEELE 30 °C,
150 r/min 5 TR #OEHES 72 h 5, % 5 mL
) ey S B S W e A B o 1) JO ML 1 o S rh 4k
ZiihgR, HE FiREAE, LR 5 Wk, AR
PFOSA ¥ Z = 0.02 g/L. B 1 mL &
BRSO A B KB R R, SRJS L 1 mL
Rkl 107, 107*, 107, 10°°, 1077, 107° Ak
FEW, S B A T PFOSA W 4 0.01 g/L 1)
BUIE VAR b, B TR S4T30 °CA& T 8
F% 7d, XK R AAS R A B 15 iE 17 Rl 26
g%, 3 d JE PR TE 20 IR R gk S R
Fr, HZEVR EHBR . aifk)E bk
55 3% BB K (ODgoo=0.8), 1RTFTE 25%F
HihH, F-80 cCrkH R A7 A
1.2.2 PFOSA PEBEEHKM TR H &

BT MRE RN T2 50 mL LB 55373
) 100 mL #EJE M+, #£ 30 °C. 150 r/min £51F
TR 5 ik Ky SR 2 X EOH K (ODgoo=0.8)
8 000 r/min &.0> 5 min, ZB% FIE R, WERIA,
FHIGE A 1xPBS #PYERIA, 8 000 r/min 5.0
S5min, PR IR, EE FIAEAE 3 R, &5
IAGE Y 1xPBS 4 HAKE &AL ODgoo 4 1.0
LA TR R AE A, T )5 22 A R B i
WL
1.2.3 ERESHIMER

L YLt R4y B AliAL I ) PEOSA [
WHERIAE LB RIARRT R F R, &+
30 CCHE A PG % 24 h, WESIHEMRA KT TR
TEAS, YRR TR 2L QYL a3 JeAEdh
AR A o — /N AE AR K, PRI 7%
HAEMEKIRS), HHAERY BmAL,
W AT o AR5l B R i 45 i S T W)
% 1 min, S5 RMEEEGE 1 min, 95%BEAR
Mife 30s, HLYME Y 1 min, KPEF ARK
T, FEEHIIEL.
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FH B K B 4li4b 5 19 PFOSA R i 14
FERPIE LB B398 3, 30°C. 150 r/min 4504 F R
DiRECRE IR BB (ODg0e=0.8). HL 2 mL ik,
Fil 1xPBS JEBERES 2-3 R, FEKIEPE 15 min,
5000 r/min #.0> 3 min, E& FER; FHIATRE
A1 mL #Y 2.5%% —BEVR R BB, 7E 4 °Cl
SEIE; ARSEFH 1xPBS EEPERESS 2-3 WK, BRIK
Y% 15 min, 5000 r/min B0 3 min, EFk FiE
W FEHRBEEMEE H 10%., 30%. 50%. 70%.
90%F1 100% 1) & B W AT A AR 38 5 PR A
PR A% 45 100% 0B 3 UK 5 J5c i AT 6 1) DS T
HERKA, fF EALUER IR mTE
1.2.4 PFOSA F&f#& 16S rRNA EF F 5 E

YR 4 DNA AU HU S B® Tiangen
DP303-02 i & Ul B 45 . THRAY 16S rRNA 2
PCR ¥ 359>k 38 FH 519 27F (5'-AGAGT
TTGATCCTGGCTCAG-3")F1 1492R (5'-CTACG
GCTACCTTGTTACGA-3') . PCR [z Jif 1k %
(50 uL): FE[AZH DNA (20 ng/uL) 1 uL, . Fiif
S1¥1(10 mmol/L)%& 1.5 pL, Tag B4ATHS U/uL)
1 pL, 10xbuffer (% 2.5 mmol/L Mg™") 5 pL,
dNTPs (10 mmol/L) 1 uL,ddH,0 %} & 39 uL . PCR
R 464 95 °C 5 min; 95°C30s, 58°C30s,
72 °C 1.5 min, 35 PME¥; 72 °C 7 min.

ZHE BHFIR ARV AL MR B A PR v %t
FVEHEAT PCR P9I 7 . #0745 RAE NCBI
W3k A BLAST £ B i 48 AR DI 44
m R TS, kAT 2780 e, B MEGA
7.0 AR AR R G LB
1.2.5 PFOSA MEfEE £ EEENF

WEURAFTRR C11 IS ST RIBCA K I 8 rh
WA IR, fETCR A TR bR
F| LB ¥iFidkdr, 30 °C. 150 r/min EEGEHE S
24 h, KEREFRIH A BUA AR, B 200 pL B
WIRATTE LB EAE 5L |, 30 °CH5 3% 24 h,

TECER — TR VR AR SR 2 LB IRARIG SR Sk,
H % ODgoo A 0.5 BHUAE R EW T .08
4 °C. 8000 r/min 5 F &0 5 min IR K,
HA 1xPBS ZZ s ATk, A HAE 2 K5,
KW A XTI UE AR AT R R A B, 3% 2 b ifg
TR ARV A DR e A A RS wl i AT 2 FE 4
W

1.2.6 PFOSA [ R7 5 MERRRFIE R PSRRI 1L

7E 100 mL #EEHE A 50 mL JTeHLER I
FEHE, FINAGE R 1 g/L ) PFOSA H VA K
fifi PFOSA 1) fix 2 Wk FETE J5 Se s NI W = M
0.02 g/L, % B IR 30 °C FEPRHE N 150 r/min
pH 7.0, & BIBCREI E R AR A KA . B
PLBR R JE AR 4y PFOSA MM, Ll PFOSA %
BRFEF TOC fE A HE 2 Hix.

PFOSA 25 Bk K (%)= 22 Fl 1 1) 15 77 B vp
PFOSA & i~ R IR IR A PFOSA 7 &)/
BRI 32 35 P PFOSA 58 x100.

FKHBHRRE, EAR pHEG.0. 6.0,
7.0, 8.0, 9.0), AEIEEE(20., 25,30, 35. 40 °C)
FIASIE PFOSA #IHRHJE(10.20.30.,40., 50 mg/L)
RIS, 150 r/min PR35 0GR IR, 0 BIFEFE
FIJEEY 1, 3.5, 7.9, 11, 13 1 14 d Bkt
58 B BR ) ODgoo Al PFOSA HYFRI AU, g
HAFER) PFOSA P M 414
1.3 MR EEE S
1.3.1 YHEHAEKE B9 E

B 200 pL AYIGFRMALERD 2 96 fLAR, @it
AR XAE 600 nm &b 32 HCAR R O B2 ke ths I Ak
AP AR AT
1.3.2  BEi#k Cl11 [§f PFOSA h hFREE K
MAFEHH

1) Btk C11 P&f% PFOSA ) )12

55 T AN[E] pH . AS[E] i B2 FIAS [ PEOSA
WIE M ST IR R C11 B AR . R A
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— G H S AR PFOSA R fif B 17 01
4, TEAL pH. IREEFN PFOSA %) If ik B
it sh 12 B R

InC =InC, — kt (1.1)
K ¢ REE(); & R—BE ) G &
PFOSA ) A ¥ B (mg/L); C, /& RffE) ¢ BF Ay
PFOSA ¥ J& (mg/L).

2) Wbk C11 K8 f12#

AN A AE K AT DAA] Logistic 7 FEUE THEIA,
PLT fEHE C11 A K AR IR ] Z Al Y 5E 2R
C,=a/(1+bxe™) (1.2)
A ¢ EWE(d); CZRTE ¢ BFREERE Cl11
E/‘J ODgoo; a /—F,l:jt;k Cl11 Eiﬁﬁ%ﬁ%jfp%%ﬁ
ODgyo; b =—15 y HIEIEMHCHSEG k
JEHRE C11 A KR H(d).

1.3.3 155 PFOSA iRENE XM=Y
VRl

BREFE 1, 3.5, 7.9, 11, 13/ 14d /)
1 mL AR FE 2 10 mL, 1+ PWAX-SPE #E i
frgdk . FH 4 mL 0.1%Z /KBS . 4 mL
B . 4 mL AKX [E AR AR B AR R A T TE AL, T
W S E 2oV AR P R A EORE R AR AR
13%/s, F 4 mL % 25 mmol/L Z FR4%k /K 1% Wi itk
bk, AR LBRZIVER . K SPE A
WAL T4 )5, A 4 mL AT 4 mL 0.1%2 7K B
BEVS WO B AR TS Y e T e i, R U B TR W AR
AR ERMA, H 10 mL FEEEZ, &
JEiEE 0.22 pm AHLUEME, B 1 mL #3156
PEREN Y, 4 °CIRTF, EfF LML,

K = PO RAT R S A T E i
YT M5 IS HE A Agilent Poroshell
120 EC-C18 (3.0 mmx150 mm, 2.7 pm), JishH N
FHEE(A)FI 2.5 mmol/L £ FREE 7K I +0.1% H R
(B), BBEEEVERL S 0-0.8 min, 10%-80% A ;

0.8-9.8 min, 80%-100% A; 9.8-13.0 min,
100%—10% A; 13.0-16.0 min, 10% A. F:ifHN
50 °C, #EFEEN 10 puL, EH 0.4 mL/min.
BEFIRAE R L B AR, it
1.3.4 BB HER(TOC)RIN E

K TOC 43 B8 AT TOC %€ -
B 200 puL B555% , 8 000 r/min &3 &.0> 5 min,
W B WG 0.22 pm JERE 8IS AT RE L
HLIE -
1.3.5 PFOSA MBfRE S EFAKIES

AR AW F AR, 3 F Ilumina
NovaSeq WJFF-5, [FEFI S = A5
JEH AR, 5T PacBio Sequel W F- & 43 kA 7
Wy oAb 5 e P 55 00 7 38 43 B UR AR 1 A2 )
BHEA R A58 P85 58 MU 1Y T AR L
P HEF GO, COG il KEGG ¥ 1 Xt 2 11
Gih I R P A AT I RETE RS, RS A B RE
MEYI A% PFOSA MIfEE, A=Y
PFOSA [ AL .

2 EREG5M

2.1 PFOSA BBEMOBEFIEE5EE
2.1.1 EHRBFESESFE

B MRA A 2 RS K AR T J5 K ke, DA
PFOSA JyE—Bic I 0T H AT WL F s 4, i ik
H—#kXT PFOSA HA — & Rl )1 BT IE , 9
SH Cll, TEEFUELERDRE 1A), Hik
C11 Jy# 2= [RBAE T, AR, CHFE, K 2 pm,
£ LB B3 R s R e, e,
B, B, AEY, haMnl, mELl PFOSA
Sk E— B YR 1 TC AL R 355 5% 5L b iR I8 R U /)N
HAEZ N 4mm, 2MNiE, ARE, BE, 2O
o, ANEW], DG, Fk C11 MR
EnE 1B s .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1438 (PEXYE ST Microbiol. China
=B i -

1 Bk CHBESERNE A AKIES B: A1 2R

Figure 1  Morphological observation of strain Cl1. A: Growth morphology. B: Scanning electron

microscope image.

2.1.2 E#k C11 B9 16S rRNA EE L E
PR C11 Y 16S rRNA JE K 41 45 42 5]

GenBank, #F47 BLAST [AJEM: L& #r, ik

B JLECHE T AR M B 1 R A iR AT 2 )

KEWEH, Hik Cll 5® bk Comamonas
testosteroni J¥ A I RIME X E] 99.73%. M HE A
BB E R EREME C1L AN B MEE,

¥ HoAir 4 B Comamonas testosteroni C11 (5%

FIEXS, MERGERFTMME 2 in. MRS 58 0Q446409).,

100 1 Comamonas fluminis strain CJ34 (NR181645)
926 Comamonas fluminis strain CJ34 (NR181641)
Comamonas fluminis strain CJ34 (NR181644)
99L Comamonas fluminis strain CJ34 (NR181642)
omamonas testosteroni strain KKS 0043 (NR029161)

C
91 W‘_( Strain C11 (0Q446409)
100! Comamonas testosteroni strain NBRC 14951 (NR113709)
Aniline-degrading bacterium HY99 (AF210313)
100 [ Delftia tsuruhatensis strain AD9 (AY899912)
100 Acidovorax oryzae strain YNA110 (JN700196)
{Acidovomx avenae strain GDHNO1 (JQ904301)
79 Rhodoferax antarcticus strain Fryx1 (AY609198)
{Rhadoﬁmx lacus strain IMCC26218 (KX505858)

Dehydroabietic acid-degrading bacterium DhA-71 (AF125876)

4100|—Dehydroabieﬁc acid-degrading bacterium DhA-73 (AF125877)

0.010

100

2  Comamonas sp. C11 5HHXE#RET 16S rRNA ERAFIHWEMNRELXER HESPHFSEHE

PRAGEE S5 20 S0uA ERYE TR bootstrap SCFFR s AR /ZIE 0.010 782257 1950 ST R

Figure 2 The phylogenetic tree based on 16S rRNA gene sequences of Comamonas sp. C11 and other
related strains. The numbers in parentheses are accession numbers of strains; The numbers in each branch

points are percentages supported by bootstrap; Bar=0.010 is nucleotide divergence.
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2.1.3 EH Cll WE&ERFBANFERSH

MAFERI I P45 R h B, Btk C11 Ay AL
R EA 1 ARG R 5 DFRIREDRIFT 14>
RNVERTRL, FRRYL AP I 5764 913 bp,
GC & HL N 61.30% K745 R 1% % GenBank
3R 555 8 PRINAS60803 . Tl HH 21 74 4>
SN 1 m A B B 5 320 4, dEgw
TP 158 4~

1) COG B4t

i# 1 Diamond BAF#HATHIGIEN S COG
BAREEXT LA, S5 3 o, 7E 5 320 4
FEAmLILR P I 4 634 NERBERE,
HRE R R 87.11%, HbbA 1 257 AR E
BREE A 25 | IHREARKN, DI AT LR 26 5 1 3
RESE N i — R R N2 48 FL T e o 76 © AN gmi 1)
REMYSEIR 371 AR S8R X, 327 N3
5 L Fitiz SRHE &, 325 MEERHY
AW ICHAE O, WWRZHENEE
KL FEREIE A - R A L EA B .

COG function classification

1200F

800

400

Number of matched genes

|||||||||||||||||||||||||

(=

2) GO B Hr

PR C11 7E GO Hds 122 L X 43 B iy 5k [ 4t
A 32901, HEGASEAT 61.8%, GO {HE
FITNREZEUNE 4 Fin . S54RI
FERA 9 895 >, HhZ: HA Wit B4 il Ak
GRS R AL 3 512 3 559 41 300 1
TEAMMIZH 2], 430 1236, 1075, 714,
511 Fi 482 DAL SUifufk . 4HAEdlss . HLA
YIS, 20 A AR A BT AE OC . A o fg s
MBI EEHEA 7950 4, HiproRe b ok,
A 3413 MER, AEKKESSE G
T2 AL IR JE G FI DNA 4, Jt R 8R4y 5] 2
1147, 682 F1 637 4~

3) KEGG VEB T

FIPE C11 B[R 40 KEGG 1 B9 AR 4 1%
KRGt nE 5 s, XEE C11 B8 [ gt Ik
Ni#17 KEGG R T, EMRSHE51ES

I A: RNA processing and modification
[ B: Chromatin structure and dynamics
I C: Energy production and conversion
W D: Cell cycle control, cell division, chromosome partitioning
B E: Amino acid transport and metabolism
I F: Nucleotide transport and metabolism
B G: Carbohydrate transport and metabolism
M H: Coenzyme transport and metabolism
M I: Lipid transport and metabolism
M J: Translation, ribosomal structure and biogenesis
M K: Transcription
M L: Replication, recombination and repair
B M: Cell wall/Membrane/Envelope biogenesis
B N: Cell motility
I O: Posttranslational modification, protein turnover, chaperones
¥ P: Inorganic ion transport and metabolism
M Q: Secondary metabolites biosynthesis, transport and catabolism
M R: General function prediction only
M S: Function unknown
B T: Signal transduction mechanisms
B U: Intracellular trafficking, secretion, and vesicular transport
B'V: Defense mechanisms
W: Extracellular structures

ABCDEFGHI JKLMNOPQRS TUVWY Z BY: Nuclear structure

Function class

B3 HE# Cll B COG HIEERERERA N

B Z: Cytoskeleton

Figure 3 COG database functional gene classification of bacterium C11.
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Figure 4 GO functional classification of bacterium C11.
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Figure 5 KEGG functional classification of bacterium C11.
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P tb. pH 6.0-8.0 Ju[EI, FEkE C11 X} PFOSA
HIREFRASCR BE T TR ODgoo HO3HE KM 1 pH
7.0 B REAR C11 BRI R, FEFFEN 55.5%
TEBRYE | BME S5 7F T PFOSA [ R SR 4 2% ml g
SRR TERRYE | Bk 25 AT e Sk T 1 3 kA rh
PESRAET BTG PEAR , R Re 52 2306 T 580
i T PFOSA [ fit il F2 b 2377 A Mk ™ ), pH
B2 AR, i w0 O B 1 B 855 A ) 74

Time (d)

Pk C11 B#f# PFOSA, Xt 558+ pH {E K 7.0
Fl 8.0 451 T BB BCR BT ARNE Y . Rk, SR
H pH 7.0 R J5 2k 505 4 pH.
222 EFBENEK C11 R PFOSA BI5M0
Bt iR BT AR C11 AR Ky anid 7A
PR, BERRATAE KR EE VI 20-35 °C, M
R T AN, i KEE R 30 °C, R
o B IR 2 i R R 9 2R 1 . JREEXT PFOSA
WS R B2 dn i 7B Fras, fE 20-30 °C

—_ = N
N 0 O
T T T 5 1

Concentration of PFOSA (mg/L)

Time (d)

Bl 6 pHXE C11 1K (A)F1 PFOSA FERE R (B)RIF M
Figure 6 Effect of pH on the growth (A) and PFOSA degradation rate (B) of strain C11.
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Figure 7 Effect of culture temperature on the growth (A) and PFOSA degradation rate (B) of strain C11.
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TGN, Hkk Cl1 X PFOSA (1[4 bl 25 14
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R — N 12 AR A TS RP YR 0.9
DL b, TERIGRWEE S 10-30 mg/L JuHHAN,
PFOSA IR fift Ze fifi 5 55 95 £ vh PFOSA ) If vk
JEE B 3G 0T 3G i, 24 PFOSA Wl 4R Wk B A
30 mg/L BFFEMRCR B A, FEMEREA 64.6%;
24 PFOSA ¥l KB 30-50 mg/L B, Btk
Cl1 Xf HPFfEMRRE PFOSA W hA Mk B 3%
Jm R, 24 PFOSA #I IR E S 40 mg/L AR

Time (d)

%N 49.0%; 4 PFOSA #IGH 2 50 mg/L
I R R AN 36.9% , 1% AT AE & 1 T Wk
PFOSA X 20 il AE KA MRIAEHT, T2 1 %t
PFOSA B R#fi#
2.2.4 E#k C11 X PFOSA BIFSIER A 1L
KA G B9 254, B A PFOSA ) # v
B 30 mg/L I TCHLER B FR 3L | pH 7.0, KRR
JEh 30 °C, 7 WM TR BE L 53R TOC
H1 PFOSA YR JE , FFi145 TOC Pk F AR %,
WE 9 FiR . WAREER 3 d 5B B EUE K,
1E 5 d JE Bk AFE ], Wbk C11 X PFOSA
1) KA S AP B TR AR A K R, = 14 d B
A FA 64.6%F1 PFOSA Hl 46.3%f TOC.
2.3 HEFk C11 BEfE PFOSA BIPEREF=HINZE
RN T Rk C11 % PEOSA (1A ¥k
FEAILTR R FH = 5 DU T o 50 P SO A ) T Ak
C11 7E 541 PFOSA W TCHLER R SR 3L 5 5% 12 h,
1 d 14 d By E B ). M Ss B 1 I
(electron spray lonization, EST) il 4% 5 i 7
TERE R, XPREFR 12 h (9 ah oA D 3
1 NFBE, BN 499.0 miz; Kigd 1d 1y
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Figure 8 Effect of initial PFOSA concentration on the growth (A) and PFOSA degradation rate (B) of strain

Cl1l1.
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Figure 9 Growth, PFOSA degradation (A) and TOC removal rate (B) by strain C11 under optimal culture

conditions.
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Figure 10  Proposed pathways of PFOSA blodegradation by strain C11.
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