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W OE IR REBIREE K TR AL B, 5SS T IR W e A 1R 0T i) R B R RS Mk g A A A TR, A IR
P B O R R R KA DS, 455 16S rRNA JF 5 20 87 X B R E AT 45 22 5 R R AR DR B 40 L XoF | gk B B m| Wi g 47
EWE AL, R WA €5 - I F A B L EL A Y, IR &S A e R il T X gL R G Ak B R G S R AT
1o SERFEW . THIESRAY 1 BRAE B %% B YC N Pseudomonas B J& ; TR AR YC PR HIR 20 i m] X wg| e . 5-HF 3 mg)
W, 6-H LI 7 SR AT AR W AL, AR R I A R BRI B I o TR R % A I W B i P AR AR
. AW ODg, 2.50, W19k 50.00 mg-L™', SR pH 8.00, FEMAME T, S/~ & k%) 29.78 mg L. LG
g R, KB R Pseudomonas sp. YC B8 55 1 b 55 A s s K FH L m| e G B Wi 28 (0 K, TEMNERIE KA
&= H B — % 0 AT 5

REBIR] RERRRMEEA M1V, FIEMIVE; BEdE R ik s

Ik E UL T AEA R K T, SR — LT R AR IS G ) PR O R A | e 2 4 T 2 0 AR i
BT, RO IS I K A 38 S R R AR R B g n U B R R, E Y RE
b xF S| DR HEAT AR WAL, AR LR EE . BE R AL EH A mMIE R SEER AR . MR A B TIREK
Mgl R K B SR IRAR AL B, AR T B E R AT Z R

WFIE K B, 2R B R At B SR 56 ) B T AE 06 4 4y M B AR s | e 5 pl e i 2R B 38 0 KIML 26030 )R iy
K% i T Pseudomonas sp. KL28 /1 5 [ Fe 18 1 Z2 241 70 K 9 72 AL il (mPHKL,,) BB 08 7% fbml Wk, & pl e #5
75|, WAL Z IR AR, A EAARIBI GG EROE . QU e Ean
R B i T Pseudomonas monteilii QM W] 5% AWMk 5 iUBEIE . B KLY . WANG U G e 1
Pseudomonas sp. P11 Fl Acinetobacter sp. P12 W Al 7E A By if5 3 T 5k m|be, G ZMEEELR AR, H
T, 2R o 3 M TR 0T Mgl gk 1) AR W e A F SR B 0 22, B R T LAt i WS 0 o (i HP JEEms | ) 19 2R )
AL S A D

ARBESEAE FHE R 3 B AR B 1 BRI B A B YC, 3l 2 JE S W% K 16S rRNA JF 81 43 H7 % B A 1F
TTYERE , 5 B TR R XTI g S HEY 56 | WA 1y A= 30 e AR AR P L O R0 P o . g TR 92 KT R 2 A s W 5 G e
W SRR AT O0AL A R AR K v s W g A Ak 3 55 R A A L R A R A P R
WS BHEA: 2019-05-10; RAAHEA: 2019-07-06
EEWB: ERARPEIES TR HE (51508068); H o i 4 #£ A BHFF Al 55 2% & 1 (DUT19IC17)
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1 #MRl5RE*%
1.1 BEFREGRATSNE

KA AL, HA AU 45 Na,HPO,- 12H,03.28 mg-L™'. KH,PO,2mg-L"'. (NH,),80,2mg-L™",
FeCl, 0.25 mg-L™', pH=7.0,

SO T e F IR e . H IR AR R O ML R IR A A Y O A A, R ON (6
afi, IR R EFE TR R AR R X R

M R ZAE TS kAT B35 (Nova NanoSEM 450, 2 [E FEI/AF]); $£4k-1]
UL 435656 BE 3t (UHS300, H A HITACHI 2\ 7 ); e &80 A €835 4 (1290 Infinity 1T, 7% [ Agilent 23
Fl); PUATHLIE B B 2 38 15 (Q Exactive, 3¢ [E Thermo Fisher 147 4 BR /A 7).
1.2 EHMNBE . EES5WE

I 10 g H3ERE SN A 100 mL & 51 (100 mg- L) (U EHLER s 32 0L, IraE 3 7d 5, AR
B 109 42 Fl B 5% 32 258 A JCHLER B 3R 3K (B K1) 100 mg-L™") R 4kSedi g%, 2 3~4 R FR)R, Bk
J& BYRE A R AT R IR AT, B JE AT BRI B BE ) TRV, Ao YC, RIS T
TR L5 T AR ) A T 285

LGB YC T 7% il , #E+% 16S rRNA il 51975 H 16S rRNA B [A ¥ 51 #£ 17 PCR ¥, 1%
EETAY TR (L) B A R A, 745 5 24 Blast 78 Genbank H FE X 70 # . ) | MEGA
6.0 IR RE KB R, BhEmkr 32,

KHE 3L BERR S 100 mg L™ R B A TCHLER B 5 S AT & 4R 3G 9%, IR 24 h ),
ELOWAEE A (10 000 r'min™', 10 min), ff HICHLER R FR L, &k 2 I & H.
1.3 [5| W K BR L 15| MR O 5% 10 SR 36

PR A TR AR JCHLER B R L F B, ARSI BRI Y, R ESM-0T Wor e B i
B ODyy, I IEHLER 55 72 HE 985 ODgy, M 2.0. FHL 20 mL W, 209 A 50 mg-L ™" mg| Wk
g F LI AR SR 24 h, USRI T IS S 0T .
14 BREERAIEHMK

SR FH e 7 i T 5 6 AR Y C B A WA b e W R AT AR RO A o e IO T AT 5 e A A T
TE R IR PR B2 A SE 3 AR, R SR/ 00 ext 24~ 32 78 S e () IR R kA7 40 A, IR R I8 I &R ] 1Y
s oG R AHESE LUSE 7 o N B s, IR AR (RER A). BNk E (K% B) 5Nk R
pH(H R C) X 2E Wy % Ak i B 1Y 52 . >R H] Design Expert 8.0 3K 4 B i+ 52 90 JF i 47 40 #r, B =
ODy,, {H N 1.5~2.5, W|WEHkF Jy 50~150 mg-L™', pH N 6~8, #n5 K 15, 16, 17, 18, 19 Fl 20 5L
B2 A4 R Pl S LA A
1.5 FYMsERERE

D) WA 6% (HPLC) 20T BUR IR E L, TUE M AGE & W, EEE.O, B EE R
0.45 um A HLEG 24T HPLC 434, HPLC 40440 F : Hypersil ODS2 C18 {Aif#E (5 um, 4.6 mmx250 mm),
WA 1.0 mL-min™', HEREE N S uL, WA MK/ BE; PEBEETE 3T 20 min, B RE VR A R O
0~15min, FEEE R 60% FF 2 70%; 45 5 Pt ] & 15~20 min, B &4 60%.

2) W AH - (LC-MS) 73 Ao 79 Bk B W I, LC % fF: Ultimate XB-C18 &% £+ (3 pm,
2.1 mmx150 mm), W # A 0.4 mL-min"', FEFEE R 10 pL, 330 AH 7K /H B SRS A (B2 31 5 min,
o6 B Bk S0 S 18] 4 0~2 min, 2 & i 50% T3 95%; %5 B VR I 18] 4 2~4 min, 5 HE O 95%;
Ao BE VBB 0] 8 4~5 min, HEE 56k 50%. MS 454 : RAESIE IR, ZSIb=RE N 320 C, LU
N, BRSO, AT B
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2 #HR512
21 FEAEBEYCHIBS5LRE

Wt R G ERA, TREEAF R T 1 RRRE LA
AWy R — B R AN BE VR K B AR, e A
YC. WME YCHERMARE A FWEEZE A6,
R EOCHE B GMW M EDE , Biias T
FROIR (B 1), i 16S rRNA JF80 % & #, B
Bk YC 1% 16S rRNA(GenBank % 5% 5 MH185838)
5 Z ¥k Pseudomonas)& W Pk (4 T3 51 #H 6L BE B s o oz o
98% Ll I, I, Kk YC N Pseudomonas sp. 1 Pseudomonas sp. YC WA 75

TD | SE_| 6.7 mm | 3.0 EM

({%:( o R ) KR AR My B bk YC I & Fig. 1 Cell morphology of Pseudomonas sp. YC

HFREWM GNE 2R, SR BR, B YCHN T Pseudomonas J& 7% W , It H 5 Pseudomonas
plecoglossicida T # ) Pseudomonas monteilii W& Fi %) 55 2k 1 T 3T .

55 ’_{ Pseudomonas plecoglossicida (DQ095915)

Pseudomonas sp. BS4 (KR063184)

seudomonas plecoglossicida strain MR135 (MG674350)

6186 Pseudomonas monteilii strain SHA 1(KX785170)

33

|’ Pseudomonas sp. strain YC (MH185838)

Pseudomonas sp. strain LIN1 (KY922972)
34

Pseudomonas monteilii strain CIP 104883 (NR 024910)

Uncultured Pseudomonas sp. Partial (LT718464)
Pseudomonas sp. QH11 (KC857487)

61~ Pseudomonas sp. strain B14 (K'Y324885)

Pseudomonas sp. J2.1D12 (KF317736)

89 Pseudomonas putida strain P6 (KT984874)
Escherichia coli(J01859)

A
0.02

2 ET 16SrRNA EFFFIEIFEMEMNEK YC REAXE W

Fig. 2 Phylogenetic tree of strain YC and the related stains established using neighbor-joining method
based on 16S rRNA sequences

2.2 FEAPEARE YC X 03| PR K BR B 05| MR B A 45 1k

STUGZE R, B YC IE S A 2 (100 mg L) 5 MW (50 mg- L) B JC AL ER 1% 55 S 4R K
B, BEGS AR W A<, RATTREA SR RO R AR, (ARERA KRBT, Fe ™ w4
ik UL, 2B RN T AR R B i TCHLER 15 75 36 B R b A7 | 4R 85 9%, Hoh B #
RENE Ry TR Wk A2 BRI 8 I B8 R I, TR I BE 608 S T8 Bk 26 38 5 ke I AU (U 28 3 SR AL i) o s
R SR (R PR B ISR, R A TOALER 1% 77 S B A IR R A0 A, | | 2-FR e ms k| 34 3
W5\ W . S-FR G|k | 6-FH L ng| i | 7-FH LR Mk 25 SR B AR YC PRI AN A 2 B Ak v Rk R R SR | g
BUHE R AR MR T . I3 AT, B RE YC RS A M A% Ak |k (6 ). 5-FFIEm|E 3 45). 6-
FHEL S| Wk (4 5) . 7-HI NSk (55 ) A= = 5 s s i =4, (B 2-FJEm| e (15 B9 56 k™9 oy i
o, 13- EmIWE (2 5 /YRR S TG B B
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M| Wi T 28 48 Ak 2B B 23 15| Gk A 3-3 g 1
B W5 T H PR3-l R R, AR A At
S|, 2-H KL W 7 5 2 SRR R
(4 R AR A AT Rl BELA: 2R 13 52 Ab Bl 7 3 5 ik o B
IR AL, DT BE A 2 A,
WCH TR 0 25 A e i 2 B R 0219, i 3-H 3
W] W ) 3 5 BR 7 B B A F L ) 4 g A PHLAS T N R
SEHAE LR, dihs, ek B R VCRRERIAERRERMEXER
163 BRACE PRSI EREE. 9 orainYC and indigo dyes production
5 235 L 3¢ B 2R Iy B A B Y C LA Bk ) Y
WHERORG AT .
2.3 MK BEBIRENEX=INEE

S Xt e[ | S-FT IR NG| W | 6-FF LI RN 7 3 i) R Ak A BB PR AT LC-MS A AT, A5
DL 4. B 4¢a) FTAL, W50 A9 5 Ak 7 ) SR RIS 4 Tl 274 422 R 618 nm,  HLIZ K 47 W) 1) 53
T8 TR 261.067 40([M-H']), SARMERE BEAE S B RRIESEAR — 20, i SEHED B AR YC B Ak mlwk &k
B =) R EedE o TR 4(b) Hhr L 5-FEEMGIIMR (%) B Ak 7 ) W 5 R R I K 268 . 428 1 630 nm, 5 E
W HAT L RRE BP0 A0 2 T8 704k 289.099 28(IM-H']),  Hi M HEI 18 Bk YC 4k 5-F1 JEmg| Wk g

100+ 261.067 40 100 289.099 28
/ s 274 / 25 s
80 o 80 | I 2.0)
i % 1.0 42 % 15
) O — O =os 618 ] O o O gy 98 630
% o % 60 o M 0.5
0!
_’; 300400 5‘;0&/&2? 700800 E 0 300 400 500 600 700 800
= 40t = 40t iz /o
262.070 54 290.903 91
20 20
O 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 ]
259 260 261 262 263 287 288 289 290 291
Jai L Bt Ho
(a) 15l (b) 5-HI L)
289.098 11 289.099 17
100 100 -
/ 3010 278 / 20 270
25 15
80 [ a R 54 2.0 80 o =
S s u S0 420
e ol I F | e Wige=e ol
= 60 N 05 612 s 60F ' 605
i 0 B H o
+H' 0 300 400 500 600 700 800 'H+ o 300 400 500 600 700 800
o #ek/nm 7 ¥eke/nm
= 40f = 40t
290.102 05 290.101 93
20 20
0 L L L L L L L ] 0 Ll | | 1 L Ly
287 288 289 290 291 288 289 290 291
JEUfar L Jutii H
(c) 6-F g (d) 7-H Hens| e

4 EHK YC 5 {L5| bk Bz BR BCIG| R A= 490 ) R S0 - 7T TR e T A R

Fig. 4 UV-vis spectra and mass spectra of the products bio-transformed from indole and methyl indoles by strain YC
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FEPIATRE N 5,5 - W A RE W o SR, 6-FF BRG] WA B A 7 ) R R IRICIE I Ol 278 L 426 A1l 612 nm,
P 5 F B F I 289.098 11(IM-H']), HATREE 6,6"- — HI AL EE W (151 4(c))o 7-HI SIS 1% AL 7 1)
B 5 R W i 4 Sl 2700 420 FT 605 nm, 7R x1 BIREVEXEREENZFERUEER
5y F B Tk 289.099 17(IM-H']), =W RE S Table 1 Condition optimization of indole biotransformation
R ([7§I A(d)). A BFE 51T e and indigo preparation and the corresponding
MIFAL T W IT R TR 2 RT, (X | efis A=

experimental results

=L T 7!
S
6~ 7-FPV ORI LA B A S i 24 6 2R O R e
" - o o 1 1.50 50.00 6.00 137 0
2.4 [5|RR K EREBIMREMERL=YNEE , 250 5000 600 o Lo
FEW| DR 1 AE W i A B b, AR EIR B {4 5 L0 1000 600 024 .
%'Ejﬁté%%zf?zﬁfﬁ%E@%ﬁiﬂfﬁfﬁcﬁ/ﬁ%ﬂ@% 4 250 15000 6.00 1.72 5.61
M WA & ] /] B X5 4 WA B
N ‘ E : 6 2.50 50.00 8.00 2750 28.67
AREE . PRI, B E (0D, HER A). 7 150 15000  8.00 3.54 2.19
"R L (P 5 B) LSRR AR pH(A 3K C) O 8 250 15000 8.0 494 10.64
2 ? uﬁ’? 7 B 7@ " @nﬁjm‘({)::ﬁ] 9 116 10000  7.00 7.63 10.71
E uﬁ@% @Yi REL A uﬂ% H ﬁi%’fﬁﬁ_% 10 284 10000 7.00 3576 2820
ARAFHATIEA SR MZR 1 PSR Design 1 2.00 15.91 7.00 9.15 9.24
Bxpert 8.0 X 3 46 H0 4 HE AT L4, 4 5 70 12 200 18409  7.00 1.50 0
(1) /Y UM E pR A, JF AR 1T A4 2 H bR i i " 200 10000 532 043 0
LEACECE 14 200 10000 8.8 1327 11.94
e, L e e
0.499A2_-1364%x107°B%—-2.874C2 16 2.00 100.00 7.00 10.52 12.74
@) 17 200 10000  7.00 1547 1274
A T7 22 73 H (ANOVA) Xif [ I 45 Y i 47 18 200 10000  7.00 1273 1274
WEER R, SRR 2, Hrph, BIAW FE 19 200 10000 7.00 IL11 1274
K 1422, PAE/NT 0.05, Ui R EOF 20 200 10000 7.00 1213 1274
PE. A, AL B, C. BBHIC W PHY/NT
0.05, BLHIAEY . IRV B 5 SO K & pH XF *2 BEPTEERN ANOVA £ R
bk YCHA LW S it W A B Em, Table 2 ANOVA results for different factors in model
AB 5 BC iy P{H/NTF 0.05, 15 HA 4= 4 & 5 05] g HZE RETEm KO Pl PlY
W Z 18] | | ek JBE 5 SN MR AR pH 2 AL F 7 iy 1093.64 121.52 14.22 0.000 1
A O A 220.69 220.69 25.83 0.000 5
71 JHl Design Expert 8.0 15 5 3 4~ Z 40 & B 203.86 203.86 23.86 0.000 6
PR 1 3D W7 1 (1 5). ph T W R C 284.82 284.82 3334 0.0002
B EE B S PP L B2 B AB 54.17 54.17 6.34 0.030 5
O, WEERBEZHON, FLEMMR L o oo o 2 T
BC 96.13 96.13 11.25 0.007 3
AR ISR BGA — 2 MR FAER vk B g A2 11.06 11.06 129 0818
23 R AT g Wk ) AR 2 A 00, DT 910 31 i i ) B’ 122.48 122.48 14.34 0.003 6
AR R NAR ZR pH G S|k Ak B ) 35 T 2 81.48 81.48 9.54 0.0115

A E B, OK W # B Pseudomonas sp. FE: 1P < 0.0SMIBEII IR HAT 3
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Fig. 5 3D RSM map for the interactions of three factors during indole transformation by strain YC

QM % Ak m5| W & Al b W5 1) fic il pH b 7.2, ZEB% R 1 Comamonas sp. MQ & R BE 5 1Y f & pH N
6.9%, MITEAMFEH, S50 551 (pH 8.00) B4 I T BBE YC X | Wk 47 A4 W 56 Ak & e i o
ZLRIRITN , 158 YC A BUHE M AT« A28 ODyg, oM 2.50, M5|PR¥ A 50.00 mg L™,
VAR Z pH 4 8.00, 7RI, YC & Abms| e A m e #5  r= Efe K, o~ 28.39 mg-L™'s
AR Al 00 2% 2 1 S 56 I 22 i e R B TRl R 26 (Al 6 ). #E 0~2 h, HEBE TR,

12h )5, SE - mAEAETRE. 5EESmm 2r
B A 29.78 meeL!, % 5 B B B K 28] V/F\\\\ﬂ
(28.39 mg L") FEAAH Y, X i — B UES T AR Y 32“
fr Al S w20
FERTITTIE 45 W A T A 0 M s f
M0 B T . QU260 415 5519 Pseudo- =i
monas monteilii QM TE R E T T, A e 1 = j i
PPHE 272 mgr L. WANG S50 53 55 11 2% 1) ol
fi# B Pseudomonas sp. P1 Fll Acinetobacter sp. (') 5 1'0 1'5 2'0 2'5
PI2 TE A M B B BE Ry 1Y 2515 T, & BUHE 1Y) AEALH T/
PR R 11.82 mg- L A1 17.19 mg- L™ i 6 FMEMTHALES AL
Jik B 4L 18 % 5 ) Comamonas sp. IDO2 1, 7] 1) 1 Fig. 6 Indigo production at the optimal conditions

KA T, FAmREERE W, mENo0mg L, S5XUE ML, Pseudomonas sp. YC HA
WA s W A & R EE W I RE 1 o U I, B RR YC # AL B RICR 5 re m A AR X WA . 7 S5 S
e, PTG AN 22 5 i AR, BT YC H 505 Wekh 1k M & i O it I s
A, LA BT ALS], DU & s WL AL RCR DT A 5| W R 7K Y B8 R AL A BRER 525
3 %

1) P\ =38 v 43 B 15 20 5L AT 8 i K T8 BB 0 IO B PR YC, 28 16S tRNA & [H ¥ 51 43 B He X, 25

Pseudomonas sp..

2) T RR YC [ PRI 240 i RE % 1l sl e Je F Mg W, 5 AN [ i 8E 2R (3R, B Almslime . 5-H Ak
W | 6= Rk ng| e 1 7- B ng| I A4 0 € 7 1 o il D E R L 5,5 - IR EENE . 6,6"- W AERE WA 7,7 -
T e

3) I FH w17 TR 9 25 4% T A L IRV BRI RO AR R pHOR TR R Y C B AR maI R G RSGE 1 1) B
M, A5 H) 5 G R A . AR ODg 2.50., M5 RV B 50.00 mg-L™', 2 ik &R pH
8.00, FEULAAMET, #Edi ™k 29.78 mg'L ™',
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Characteristics of indole and methylindoles biotransformation by phenol
degrading bacteria
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Abstract In this study, the biotransformation behavior of indole and methylindoles by phenol-degrading
bacteria was explored, as well as the resource utilization of the indoles wastewater. The phenol-degrading
bacterial strain was isolated from soil, then was identified by 16S rRNA sequence analysis. The indole and
methylindoles were biotransformed by the resting cells of strain, and the products were analyzed by liquid
chromatography-mass spectrometry (LC-MS). The response surface methodology (RSM) was used to optimize
the conditions of indoles biotransformation and indigo blue preparation. The results showed that a phenol-
degrading bacterial strain YC was isolated and identified as Pseudomonas sp. Indole, 5-methylindole,
6-methylindole and 7-methylindole could be transformed to indigo and methyl substituted indigo by the resting
cells of strain YC. The optimal conditions for indole biotransformation to indigo were as follows: biomass OD,
of 2.50; indole of 50.00 mg-L™" and pH 8.00. Under the optimal conditions, the indigo yield could reach
29.78 mg-L™". This indicated that the phenol-degrading strain Pseudomonas sp. YC could transform indole and
methylindoles to indigoid pigments, which presents a promising potential application in the bioremediation of
indole wastewater.

Keywords phenol-degrading bacteria; indole; methylindoles; indigo; surface response methodology
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