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Isolation, identification and characterization of a
skatole-degrading bacterial strain YKSW-6

ZHANG Zongyuan, ZHOU Liuzhu, YUE Dandan, GUO Wenyang, PAN Mengshi,

QI Landa, WANG Xueyan, XU Hongguang, CHEN Guocan, ZHANG Yingtao'

Institute of Biology, Henan Academy of Sciences, Zhengzhou 450000, Henan, China

Abstract: [Background] Skatole is the main component of organic pollutants in livestock compost,
which can cause the deterioration of farms and surrounding environment. Therefore, skatole pollution
needs to be solved urgently. [Objective] This study aims to isolate, identify and characterize an efficient
skatole-degrading bacterial strain to provide an efficient strain for the degradation of skatole and lay a
foundation for the application of this strain to the remediation of odor-polluted environments.
[Methods] Using the minimal salt medium with skatole as the only carbon source, we isolated an
efficient skatole-degrading strain from a pig manure compost sample. Strain YKSW-6 was identified
based on morphological characteristics and 16S rRNA gene sequence, and its growth pattern and skatole
degradation characteristics were analyzed. Gas chromatography-mass spectrometry (GC-MS) was
employed to analyze the intermediates of skatole degradation. [Results] Strain YKSW-6 was identified
as Rhodococcus gordoniae. When the strain was inoculated at a ratio of 10%, the degradation rate for
100 mg/L skatole reached 100% within 14 h. This strain can utilize 18 carbon sources such as D-sorbitol
and bromosuccinic acid, and was resistant to 13 chemicals such as potassium tellurite and potassium
bromate. YKSW-6 completely degraded skatole in the culture medium at 5% inoculum ratio, 30-42 °C,
and pH 6.0-9.0. The strain showed the best growth and skatole degradation performance at pH 7.2,
37 °C and 180 r/min. The GC-MS results showed that skatole was firstly oxidized at C2 to
strain  YKSW-6.

Phenylacetaldehyde and phenylacetic acid were also the intermediates during the degradation.

3-methyloxindole, and then oxidized to N-(2-acetylphenyl)formamide by

[Conclusion] Strain YKSW-6 is a Rhodococcus strain with strong skatole-degrading ability among the
reported strains, which enriches the resource of skatole-degrading strains. The results provide a

theoretical basis for the development and application of this strain.

Keywords: skatole; biodegradation; Rhodococcus gordoniae; metabolic mechanism
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TGl . TR Mk 5 K A K K 7 35 58 K Hh ok
FIM BRI R R BREWINHEES
HOl i) = KA HFRRY iz —, BATRAL
B, MEEAKT 0.003 mg/m®, TEWRERAL
18 B0 AT AT A RN & B BR TR Z
Hb, FER RN NS e it 3 . arg i
A2 PRI K B R AT 5 R M 28 P 43
THREFN G2 D RENR AL , HAT P I 18 24 i 3800 oy 0088
TS 2R RPN PR BB &
WA O AR, TR R R A R R
PR, i 28 R PR VG e HA B S

HRETRBC Y Ak ERFER KA —
TERIRSCR , HIX L7 1 RERMAS 7 . RE R A
Ko BTG ka5 g R W R R R
Hegvr . ORI A A5 2 8Ok BT iz 5 oF
8o M\ 1968 4F Fujioka U BLEL A 22 [T Bk
20 TR BE 5 4 2E R R AL 2-0x0-3-F1 JE-3-3
LS| IFhf , O T 2 R AR 6 A AN TR A0 4 R
WP MR AT SRR AR
(Clostridium malenominatum) A-3"", Bk 54
R 7= B e A AR VR R BRI 2% 1R TR R S A B
#i (Pseudomonas putida) LPC24" % | 474 i
FLER T (Lactobacillus brevis)!' . RIS
i (Rhodopseudomonas palustris) WKU-KDNS3!™!
;ﬁfj;l?l‘?(Acinetobacter toweneri) NTA1-2A F
(Acinetobacter gullouiae) TAT1-6""1 {702
IR 15 B (Burkholderia sp.) 1IDO3PY | 41 3k
(Rhodococcus sp.) DMUI1PY 1 Rhodococcus
pyridinivorans Rp3'"V . B IE i 1 Bk 2 2t
oy T 2 R A R AR AT B B R A UG
aJe HRERR IR ZER R, SRR ERRE
REMEOKIEA —E MR, &7 5 eS8
e R T R T AR

A SCMNSE FEHENE - 18 vh 73 15 0 e AR A
HIEfRTAR YKSW-6, JEOFFE H AT S8R 11

ZHE
>

] o

FRAETT , LA RAEA ARG SR AT (Feph i | i
pH fE. #hIEE . B | PIIHIERRUE)IZ AR
Fe R R MBSO KA R YERE, FFAIH GC-MS
Xt 2 R A A S AP R AT A, A
W1 0 2 R R A S A A A IR AP BT IR, i
BRIV T SRR 5 P IR 1 e AL A I At

1 #H57%

1.1 ##
1.1.1 EMRIE

R R TR R A T AR R TR M T 3 b 1)
- A N o B O AR AR
1.1.2 EFHFHE

JH T GRRR: 077 325 70 B2 Al ST 6 1 5% 73 B G Jr AL
52 CHk[22], JOHLERREFR3E(g/L): (NH,),SO,
2.0, KH,P0,2.0, Na,HPO4 12H,0 3.38, FeCls
0.000 25, H#A pH; HTEMFNE . FiFK .
HHLAE WIER S 1 LB 535 55 (g/L): NaCl 10.0,
EWE 10.0, BERERY 5.0, pH 7.0 (48 555
#MINZEAE 15.0 g/L); WEERERZE MR (PBS) (g/L):
Na,HPO, 12H,0 10.75, NaH,PO,2H,0 2.34,
pH 7.0,
1.1.3  FZERFANEE

SIPTEiZE R E, iR T AR LR A
ARRAF; ZERRRMES, PIRRISRMERE A (L
A AR F s, Tedia 24F];
IR A JCK T 25%)% —BEAT NaCl, 5244
b 223 A BR 2wl o 8 380 AH a3 AR <A
O g Y, Agilent A F] 3 SRAMF GG
I, BRI E] SRR, FEE
owly BT BMEE, HI A,
1.2 A%
1.2.1 ERZHRAHIF

FERE 0.5 g T 100 mL LK ZEEH,
Ml 5 g/L FERZE . A 0.2 um B9 HLIE L
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JERRTA, BT 4°C KA.
1.2.2 ERZERBRBREHS BFIE

FRECREEMEZEMEN L3 01 g, ASA
100 mg/L ZERFMICHLEREEFRIET 30 °C,
180 r/min #4711k, 3 d H—YIALEI, # R
5% P 422 it 2 A TR B T B A 2SR R A L
R IR, HLYIMEY 4-5 R, ARG HL
Yk J5 B S TR A T E A R R R B
W b, B 55 B4R B — bk e DA 2 B O E— Dk
AR R, 48 YKSW-6, 5P T4
B BE 4 °C 1A%
1.2.3 ERESHIME

FHH 7 B AU LS B AR YKSW-6 141
WA o FE S WAL R 5 40 F prids . B 2 mL
W, 8000 r/min Z.0 5 min, F F15; FEIERTTE
F PBS ¥ 3 Wa, H 5% R EE,
[ 15 SRS SR B K (30% . 50%
70%. 90%. 95%. 100%); #xJ5#E 9 000 r/min .,
4°C ZFF B0 20 min, £ EALUEL,
1.2.4 E#k YKSW-6 B Biolog 9 #7%0 16S rRNA
EEFFINE

Biolog 43#7: #43 B545 B Ay i i $k 2 1F-A
A b, B e R A, &
W% AL 100 pL BY5EENE] Gen IR E ,
3R SR 24 h, 48 h 5 H Biolog 4= A i A:4)
S A BT AR

YKSW-6 F#E#) 16S rRNA JE[X PCR 41
51 90% #5149 27F (5'-CAGAGTTTGATCCT
GGCT-3")Hl 1540R (5'-AGGAGGTGATCCAGC
CGCA-3"), PCR W AR R (50 uL): F:[H 4 DNA
2uL, b FIE5149(10 umol/L)4% 2 uL, 2xTaq
PCR Mix 25 pL, #fifk7K 19 uL. PCR JZ W 5514«
98 °C 2 min; 98 °C 10's, 55°C 155, 72°C 90 s,
38 AMiEFR; 72 °C 5 min, PCR #"4 r= 4% b 5t
LR EYIRH A R A |l J5 76 NCBI /3t -

B F5{5 B 5 GenBank H B 815 4T HL X,
il MEGA 7.0 # {438 1 2 # 1 (neighbor-
joining method)f Z RGL & B, XTRIARIEA T4
L, P AIME B B ZE NMDC $dE 1% .
125 ERRHNZE

PRI AR UERESS 10 mg, BT 10 mL
ZeifiH, H OB AL 1 mg/mL bRyERE & .
MR FERE, 5% 0, 1.5, 10, 15, 20, 25 ug/mL
PRyl RANEW , 42 0.2 um A HLIE R 3E , HPLC
e FLgE R, BB R IE 3 k. DL
U R 0 T A5 0 T B T Ak TR R

%M. @ik A Hypersill BDSCI8
(250 mmx4.6 mmx5 um); FEi: T, LHME
WA : 254 nm; FEBHAH D HEE K (85:15, 14
) Wik 1 mL/min; #EFER 20 pl,
1.2.6 BE#k YKSW-6 €[5 R2 i a0 £

WR TEHEMESIN 1%, 5%, 10%54
T, Hikk YKSW-6 7E 100 mg/L 2% 5 2y ME— B
UR I TCALER B g L AR KRB R 0 . 5 9% 5%
4% 180 r/min. AR pH. 30°C, %F 2 h BUkE,
FIFEE SR -0] WA 66 THAE 600 nm Al 5 W
B (ODeoo), FME BRI AE R AB L o 7] Bof X A
o AT A BORBAR 34T, DA 2 3% R R AR T

FER R B LR RN A SR
BZ . 5000 r/min .0 10 min, WHE 1 mL 5%,
0.22 pm A ALIEMELIE, 4 °C fRAF, FEI, andg
BORW FE Ry, 5 - 7R B 21T HPLC
WMo A 2540 1.2.5,
1.2.7 AEMEEZEIEHK YKSW-6 (iR R
E4:0b- A1

TR ITAS ) R 855 TR 3R XF I R e i 25 R R 1
s, Ho LR B R AR S IS R R
100 mg/L. B 30 °C. $&IKFEH M 180 r/min,
HAR pH., $ZFIHE 5%, & BUREIN 2 % kR Y
Az KA DL (ODgoo) S 1 I He v o R 2 R R Wk
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JE, UZERREBRBIENEL AR, ERRE
BRZB (%) =(RALEFI G R R R T R-O %
Tl B IR L rh JE R & B )/ R LR B R Ak
FER R HH*100,

MARICIRE . pH . B U6 B R A A 5
RHFEm . AR . 20, 25, 30, 37, 42°C;
AJA] pH: 4.0, 5.0, 6.0, 8.0, 9.0 &2 44X pH 7.2;
AR 0. 60, 120, 180, 240 r/min, HUFE
iFA] Sk 28 ho

PRIY NaCl & X R R A 25 5 3R [ i
B2, NaCl &0 510 0%, 3%. 6%. 9%.
12%. 15%, HUFERFA]Zh 28 ho

PRITAN RV P 28 L X IR R AR K I R AR
FEfRmsZm, 28RS H5h 50, 100, 150, 200,
300 mg/L, HUHEERTIE]SR 28 h,

1.2.8 Bk YKSW-6 (EfEER RN =Yoo

TEFEARFEMZE R K 28 h 5, B 200 mL %
R AR, A S mL R E . $EEBOR L I8 S
it AR (335 - BT 35 AL (GC-MS)#EFE 43 # -
Rl 45 B 4l 5050(99.999%), #Hi<
Ui : 1 mL/min, #AESh R 2 ul, 3 101,
R 70 °C 4R, 10 °C/min F+Z 280 °C,
P-4F 5 min, @REH N EBANE G5 HP-5MS
(30 mx250 umx0.25 pm). RSN BT HLES
P, B TURIRE 230 °C, PUZLAT 150 °C, %1
IR 280 °C,

2 X504

21 ERZRBRENSBFENEE
2.1.1 FESEHHE

b SRR AT, A AR B —PRRe DL 2
FZAME— kIR K TR, 448 YKSW-6,
PR YKSW-6 7E LB [ {435 57 3% L 75 T2 50
MR . AORE . AEEEA, %S
MR B, FHFR A TR YKSW-6 ZBRIR |

MR RIES, KEZ 0.9-1.2 pm,
i .
2.1.2 Biolog £ #%1 16S rRNA EE F 5 12
559

YKSW-6 B #kXT Biolog AL Ak I 51k 2
ORI A B R 1 Mg 2 iR BiFF
24 h BEEATCEERIEA D-ILALEE . D-1HEERE .
D-FHi (A EESE 16 i, MIEKIEFHRZE 48 h I A]
PG R IR G N 2 18 B, 2 T H Il A o-D-4i 4
Wi FEREFR I RE O WA R . IRAREN A5 13 A
=Y BB A PUE . RN SEBR Y IR K RIS G
) - B IR 2 Z A5 e W i R oA EE, B DL
1 5 YKSW-6 Xk I (1) 1 FH I 0 S Rtk 24
AU X LS PR H S s B S B B L.
1 PR RN W] A 2 R IR T A
1M ELXF Z ik 2= U BA k(R 2). HE
48 h 5}, Biolog A= ¥ %€ BG4 R R : SIM
{64 0.725,DIST {4 4.029,PROB {H 4 0.948,
% 3 G0 % 0F TR R B E 21 BR B (Rhodococcus
pyridinivorans).

AR 16S rRNA 3L [ 75 81 7= 4 K/
1 345 bp, #£ NCBI M3} -5 GenBank H' L4l
Fr A ATt X, 38 3 48 #2 7 (neighbor-joining
method) 4 # R G L B, H 5B RLLERE
(Rhodococcus gordoniae) ¥ 5 FILIIEILE] 99.9%,
LB, WIAMEIXHMEA R. gordoniae, FF¥4
HFHEE FEZE NMDC $iRE, BR5h
NMDCN0000QJL .,
2.2 EFk YKSW-6 BY4E K R P& R4S 14

FEN R AP L PR YKSW-6 A9 AE K
RfrpErE . g5 K 1 R, Hd CK AN
PRI R 2% B 22 B B () AR AR I 10, 30 h B 28 B 3k
J¥79(98.8£0.87) mg/L, H AR S5HAY)
Rk S VR A L o] 2008 R 3. M4 fahy 5% K
DL BB, AR AE G I 1 i B 216 B 2% P i o 3 45
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# 1 YKSW-6 E#kt Biolog Gen I LR B iR #Il 18R
Table 1  Utilization of carbon source in Biolog Gen III microplate by strain YKSW-6
30 iR IR BEgRE BRI K 3R i)
Carbon source Time iCarbon source Time iCarbon source Time
24h  48h: 24h  48h 24h  48h

Negative control - - iD—trehalose \ \ iSucrose + +
D-raffinose - —  iB-methyl-D-glucoside - - iN-acetyl-B-D-mannosamine — -
a-D-glucose - + iD-galactose - - 'L-fucose - -
D-sorbitol + + iMyo—inositol - - iD—fructose—6—PO4 \ \
Gelatin - — iL-arginine - - 1L-histidine \ \
Pectin - - 'D-gluconic acid \ \ "Mucic acid - -
P-hydroxy-phenylacetic =~ — ~  !L-lactic acid + + 'D-malic acid \ \
acid
Tween 40 + +  iB-hydroxy-D,L-butyric acid + + iPropionic acid + +
Dextrin \ \ 'D-cellobiose - - 'D-turanose \ \
a-D-lactose - - iD—salicin - - iN—acetyl—D—galactosamine - -
D-mannose \ \ 13-methyl glucose - - iL-rhamnose - -
D-mannitol + +  iGlycerol - + 'D-aspartic acid - -
Glycyl-L-prolin - - iL—aspartic acid - - iL—pyroglutamic acid - -
D-galacturonic acid - —  iD-glucuronic acid - - 1Quinic acid + +
Methyl pyruvate - - iCitric acid \ \ 'L-malic acid + +
y-amino-butryric acid - - Ea-keto-butyric acid + + | Acetic acid + +
D-maltose - - Gentiobiose - - Stachyose - -
D-melibiose - —  iN-acetyl-D-glucosamine - - iN-acetylneuraminic acid — -
D-fructose + + , D-fucose - - , Inosine - -
D-arabitol + + iD—glucose—6—PO4 - - iD—serine - -
L-alanine - —  iL-glutamic acid - - 1L-serine - -
L-galactonic acid, g-lactone — - iGlucuronamide - - 'D-saccharic acid - -
D-lactic acid methyl ester \ \ Ea—keto—glutaric acid \ \ ' Bromo-succinic acid + +
o-hydroxy-butyric acid + + EAcetoacetic acid + + EFormic acid - -
VE: o+ FHPE; — B\ A TEAIMERIBH M Z A
Note: +: Positive; —: Negative; \: Between of negative and positive.
T2 YKSW-6 E kT Biolog Gen I FLIR L F Y R AT IETE R
Table 2 Resistance to chemicals in Biolog Gen III microplate by strain YKSW-6
a=27/)i Bi R ) o227/ Fi IR ) ity B Rt )
Chemicals Time ! Chemicals Time !Chemicals Time

24h  48h ! 24h  48h 24h 48h
Positive control + + pH 6.0 + + pH 5.0 - -
1% NaCl + + 14% NaCl + + 18% NaCl + +
1% sodium lactate + + iFusidic acid - - iD-serine + +
Troleandomycin - - iRifamycin N - - iMinocycline - -
Lincomycin - - iGuanidine HCl + + iNiaproof 4 - -
Vancomycin - - iTetrazolium violet \ \ iTetrazolium blue - -
Nalidixic acid + + iLithium chloride + + iPotassium tellurite +
Aztreonam + + 'Sodium butyrate + + 'Sodium bromate + +
e+ M - B\ AT

Note: +: Positive; —: Negative; \: Between of negative and positive.
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B 1 E#k YKSW-6 BEK-ER KRR
Figure 1 Growth and skatole-degrading curves of
strain YKSW-6.

AN, MR R BIXTEOER, 2ER R R R
e, ULEATE—ERRIE R IR R MRS kY
KEIEMAX, BEEZEMEORM, WHRERP
P g e, 2R R PR A N . YRR
I 1%0HF, R ODgoo ¥ T 0.1, AKZ1E,
[ FF 26 2R 2B A 20% 28 47 o M EF R 5%
I, W0 8 h, WHRTE 18 h 243 58 2 %%
100 mg/L R 2K, MEFEE 28 h I H &
FNEAE, PO LR 10%0), 15
Wi 6 h, AR AT TE 14 h N 58 2R A% 100 mg/L
MZERZE, 24 h BT A 2565 EE R
A R B R R SR P A B R R, TEIR AR
SEIG R R R N 5% . KEFE 28 h A NI
T IR R 2 S I S B0 A8 AR o
23 ARIMEEZME K YKSW-6 £K K
FERERZNS I
231 BE

& 2A W40, 7R85 55 28 h R it 30 °C
I, R EEBRRIER 100%. 11K 2A Al H7E
37 °C BIERE YKSW-6 K3ty iR
25 °C B R R M EBRER 70% A4, RIZH
PRTE 25-42 °CYE I NES A B = i PR 2 R R

(R
2.3.2 pH

pH XHEM A K EXEE, pH WAL
AR B R B L RS L R R B R A 1)
LR R AR G M, RN M B A .
it 2 5 I 5 AR S, 3 2 5 M TR A4 T 40 J5 ) R
Were s, mE 2B AIHL, WIhG pH {EH 6.0-9.0
INf 36 R 2 B BR AR F] 100%, I H A KAS
B 24 pH N 4.0-5.0 B, EERFEAL 40%,
[ B PR R A e 2 20, LB Rk YKSW-6 78
Hh P BB B 45 B R R A AT O T EA B R
4f, pH<6.0 I 554X Bk YKSW-6 [FEffE R %
(143 M LA BH 2 A R
233 R

PSR AEA S, MR 2C AAL, M5 AE
180-240 r/min B ZE R 9758 4 1Bk . Fe it
M S0 R D S ) TR R 2B R R AR g L A
BEH R 0180 r/min B}, Bl 5 I TIN, VA S0y
BIARA BT, e R RBREUE R, (HIEHRK
PAELE AN E) 240 r/min BHMET 180 r/min B,
234 E

i &l 2D AJ AT, 7ERG SRS NaCl vk i o
3%MFAERAZ B, 2RER EBREARE 37%,
FIZ TR RTE NaCl ¥ i i B X 2% 5 K (1 R fi
LESTEER
235 ERZE

WK 3 fron, YKSW-6 BHARAETCHLER 15 3%
FErp AR R SL IR R R R A R T 55, 24
FERKUSE Hy 50 mg/L Fl 100 mg/L I, BbkAE:
KT, A 2R Z 1 LBRFEH] 100%; 3%
HEYREE BT 150 mg/L I H B RAL T 40%,
1 LA A2 3 7 R
2.4 PEFRIRR

XTHR YKSW-6 [ R R 1= ity
GC-MS 734, #R15 58 i Ak K (TIC, & 4),
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Figure 2 Different factors on the growth and degradation of skatole by strain YKSW-6. A: Temperatures; B:

pH; C: Rotate speed; D: NaCl.
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Figure 4 Total ion chromatogram of skatole products degraded by strain Y KSW-6.
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Figure 6 Proposed pathway of skatole degradation by strain YKSW-6.
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Table 3 Summary of skatole-degrading strains

Strains Feature References
Clostridium malenominatum A-3 Under anaerobic conditions, 100 to 300 mg/L skatole could be [14]
degraded, and the degradation rate of 100 mg/L skatole reached
32.18% after 28 days of culture
Marine anaerobic microorganisms Degraded skatole under sulfate-reducing condition [15]
Pseudomonas putida LPC24 Degraded 2.0 mmol/L (262.36 mg/L) skatole in 30 days under [16]
oxygen-limited conditions
Lactobacillus brevis 1.12 The highest removal rate was 65% in 120 h (1.0 pg/mL skatole in ~ [17]
1 mL system)
Rhodopseudomonas palustris Removed more than 90% skatole (13.12 mg/L) in 21 days [18]
WKU-KDNS3
Acinetobacter toweneri NTA1-2A and Degraded>85% in 6 days when skatole concentration less than [19]
Acinetobacter gullouiae TAT1-6 200 mg/L
Burkholderia sp. IDO3 Could remove 60 mg/L skatole within 16 h [20]
Rhodococcus sp. DMU1 and DMU2 Could remove 50 mg/L skatole within 24 h [21]
Rhodococcus pyridinivorans Rp3 Could remove 50 mg/L skatole within 24 h [13]
Rhodococcus gordoniae YKSW-6 Could remove 100 mg/L skatole within 14 h This study
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