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UEE . AERFRM] N FMENE T L0802 1 I TR R Rp3 X 2 B3 HA B A 5 TIAR Rp3 X 2 5L 3 g I [ B 38 R 3 vk i 1 T
FIMTAE . MFE R IR N 50 mg- LTI, 28 CHESF 24 h, W Bk Rp3 4 28 R R I FR 505 100%; 2428 R R F IR H F 100 mg- L
i, K5 5% 48 h BE A A5 98.4% . K Rp3 AL K IE B pH o 7~8 ;s HLA SR I 514, 7E 0~ 10% $hJE T, bk e L KIEH . ARIFIHIE
AHFIE (168 rRNA E:[H 731 [a] P51 53 H7 Rl Biolog %78 R GEA5 AL , W i Wi 131 42 8 R VB M BE £1 3K I Rhodococcus pyridinivorans. 1 i
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Isolation and identification of a high—efficiency bacterial strain Rp3 to degrade skatole: An odor chemical in
compost

WU Yu—hong'?, ZHANG Shi—chang’, TTAN Qian®, MA Gui-zhen", GUO Rong—jun®, LI Shi-dong’, ZHONG Zeng-ming*

(1. Jiangsu Ocean University, Lianyungang 222005, China; 2. Institute of Plant Protection, Chinese Academy of Agricultural Sciences,
Beijing 100193, China; 3. China Academy of Inspection and Quarantine, Beijing 100176, China; 4. Institute of Plant Health and Nutrition,
Beijing Qigao Biologics, Co., Ltd., Beijing 100193, China)

Abstract: The purpose of this study was to isolate a skatole-degrading bacterium, and provide a high efficiency microorganism for the
degradation of odor chemicals released from composting manure. A liquid culturing method was used to enrich skatole-degrading bacteria,
and a pure culture was isolated using plate—streaking. The degrading ability of the candidate bacteria was pre—determined by smell
assessment and chemotactic responses to skatole serving as the sole nutrition. The efficacy of strain Rp3 to degrade skatole at different
concentrations was analyzed by high performance liquid chromatography (HPLC), and was identified based on the morphological and
physiological characteristics, in combination with 16S rRNA gene sequence analysis. A skatole-degrading bacterium, Rp3, was isolated

from soil under sheep manure compost collected from Shanxi Province. This strain showed chemotactic response to skatole. HPLC analysis

s B #1:2020-07-23 K F BH3:2020-08-24

EE R R B W (1994—) , 5 VLR N B-E0F e Ak, REENF AR RHAE YT . E-mail : 1750435224@qq.com

HEEMEE : DHEE E-mail: guizhenma@sohu.com; 5358 E-mail : guorj20150620@126.com

EEWE : [H{ K E A5 H (2019YFD1002000) ; 3 & [ [ i XX 55 FF R 1 R 5T H (2019BFF02006) 5 52 A A KRN R % I
(ZD7X2018009)

Project supported: National Key Research and Development Program of China (2019YFD1002000); The Key Research and Development Plan of Ningxia
(2019BFF02006); The Science and Technology Major Project of Inner Mongolia(ZDZX2018009)

http://'www.aed.org.cn



RESR FHERKYA—ERFZTSHERARBHIBNERE

2021478

indicated that the degradation time extended with the increase of skatole concentration. Strain Rp3 could completely degrade skatole at a

concentration of 50 mg- L™ after co—culturing with skatole at 28 °C for 24 h, while the degrading time extended to 48 h with an efficacy of

98.4%, when the concentration was raised to 100 mg- L. The optimum pH for Rp3 growth was pH 7~8, and Rp3 exhibited good tolerance

to salt stress, demonstrated by normal growth in a solution of 0~10% NaCl. Strain Rp3 was identified as Rhodococcus pyridinivorans, based

on its morphological characteristics, the results of Biolog identification system and 16S rRNA gene sequence analysis. Strain Rp3 was

identified as Rhodococcus pyridinivorans, and was shown to be a highly effective strain in degrading skatole, an odor chemical in compost.

Keywords : Rhodococcus ; skatole ; identification ; degradation; sheep manure
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3L B (AMD PR FE R R (SK) , & —Fh ] i
TATHLIET A T KBS BAIMES . B
R —F T AR, BAT ARG, 2 (O R ) A
Z P TR S ARG 2 2 LK A i 5 40~60
mg-kg %, 3—HH NS ERE RS R4 i 1A A S0 R
PR U0 T) PR 5 2 b 2= PR B s 1 T O 16 5L (H
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JTZ R . Yin SEDAZLAR BRIEG e Hh 23 15 0 il 4 {5 B
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FERZ ; Gu A IR TURR Y b 73 8 IR R L 78
B i I 25 1F 1 AT P iff 36 5 3R s Kohda S5 M 85 75 2618
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tum) , BIF5E A PRAE 2 B R W 100~300 mg - L7 ),
FHEBERMEAM TR RO . DIEVTER
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HA AL S D RE" (HAT CLL IR M S R R 5%
n5| 2 Ak S IO BIF SR IR IE
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RRWE pH S L BT AR AR KNS 00, i i Ak I
FHTHENE RBR TS G IR i e AL A Rt

http://www.aed.org.cn

1 MEETE

1.1 iR BEH

R RN T 148, R T ILVE B EL A FRFE )

JCHLER B 35 5L 12 KH.PO, 0.5 g K,HPO, 1.5 g,
MgSO0. 0.5 g. (NH.)»80, 1.5 g, 251K E4ZE 1 L, pH
HA

LB W 435 77 L < R AR FI PR 10 g NaCl 5 g )4
S o, 28K ERZE L

AR YL R 3R A8 L2 B 3R L0 LR b, B
(10~100 mg-L )3z L&

w1k B 5 3k . KH,PO, 0.5 g . K,HPO, 1.5 g, MgSO,
0.5 g (NH4)2S04 1.5 ¢, Bil§ 2 ¢, ZZIM/KEAZE 1 L,pH
A

SRR A F YR IR P IMAZER R,
fdi M o 50 mg- L7, BifE 20 g

BUG+B 15 7% 3 : BUG B g B5 77 3L 57 ¢, K &
1 000 mL, 121 “CK# 20 min J5 il 50 g+ L~ i £F 4211

Dunham G UK : B IR 1 g NaCl 0.5 g
ZEM7K 100 mL.

Ehrlich [G: X} ZZ A 1 g . JoK CEE95 mL,
WERR 25 mLL.

FER R IR A 10 g NaCl 5 g B S g,
AIEPETERY 10 ¢ Bt 15 g Z&187K 1 000 ml..
1.2 R FHE
1.2.1 AEaRAR 5 ik 3

FEEE AN [F) SE2EHE O TR, B3 2 5T U I
TRA B — AR, B RE S 500 g0 ARTRBRAFHS [R] 52
g RS 101
1.2.2 ZERFREE R HA

W25 0.5 g T 100 mL oK 2 B ef i i A
S5 LHYZERZBW . 0.2 wm BOA HLATIE IE L 8
BT, B T 4 CuKA L % .
1.2.3 SRR & LI kR =
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W3 R E BN E] 250 mL = A, 1 2 g
RJGIA 60 mL ICHLERBE FR I L2, IR 1R 5T , i 2 R
RHARUWE ] 10 mg- L' 0.1 g BRI B SR
o, DU HIARE a9 355 320 oot B, R b 3 A
28 °C.180 r-min™ FEIRIRG 1 95 7 d VEREE 14
AR RW . BOE 1A E £ YIS M 10
mL, JITA F] 60 mL B AL il i) in A 5 m ik 2 R R
AR ,28 C 180 r-min ' FRIKREFE 7 d, LA
[ 7 i 29k 5 A JE . 2628 5 AR, DI e 1 5%
WHFER R A 100 mg- L',

1.2.4 ZEELRFEMR R 53 25

e 5 — W & IR B, PR iR A T 3%
K50 mg- L' B RE IR 1,28 ClEIEREFR3 do Bk
BB P UET F4lifk, -20 CLR-AF o
1.2.5 FEfRZE R R H bR

W 2l b )5 1 AR R R B Bl F L2 JE 3R 3 AE TR A
T L5 mg IFER 2K, 28 CHEIRIE IR , B VL5
LR e i R, 20 IR AR o A 2 v A T R, %
PRIRRLRAE T 30% I JC B T e, 25 .

1.2.6 & R R BT R Z ke

SR FH 85308 A e A i D3k R i TR AR X 2 R R
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0.8,10° CFU-mL™") il A FIIR B2 A 40 CHY {85 5 5L
SR =1 s B R T 1 ) i o T A A o
FERE 28 CHRE R FE 2 d, MBS, FE3A A
1.2.7 BBk Rp3 %28 B 2 Ak 1 R4 R

(1) 2% R R Ahnif ph £ i 2

RS R PR HERE T 10 mg, & F 10 mL 2 &)
o, S HC R 1 mg - mL AR ERE A TR . IR RS,
230.1.5.10.15.20.25 wg- mL ' FRUEE K , 42 0.2
wm A HLUE B I8, HPLC 32 00 5 e T A, AR
FEME U LAIERE Ve R i 45 06 1 AR A o7 2
BT 5 2 o
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mmx4.6 mm, 5 pm) ; FE IR A E I 5 LA 1K 254
nm ; it 2N AH A H K (AR EE A 90:10) 5 i3 1 mLL-
min~'; BEFEEL 10 [TH P
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22 T 240 TR {EL 5 R ] o 2 28 B3R ) JC ML R 35 95 W %
B 3R — 5 R W P 2R TR bR Rp3 TR R 9 Ab B,
o ) PR S Y AT S L o) 2 R R R R AR, Ak
F3EE, FT0.12.24 .36 48 hiEHUFE R K |

FERRPEU g IR B IR A S IR
5000 r-min™ B5.0> 10 min, |H 1 mLIEW ,0.22 pm A
PLIERE L U8 , 4 CORAF R . AN IO Mk B K s, 77
HEATRR S FEEAT HPLC A . A6 5 1R[] I
1.2.8 Rp3 HRAE YA RE R oY

(1)28 53R B X B R AR K 1 5 )

B PREE R T 28 R 2 & 50 50.100.,150,200,
250,300 mg- L™ (CALER R SR, 28 °C 1180 r-min™!
PR 1597 48 h, M ZE ODeofEL o

(2) pH X PR AR K A 52

BRI R T 0146 pHAE 4291 4 .5.6.7 .8 .91
LB} J5 ¥ 7,28 °C 180 r-min' 4z 3% 55 55 48 h, Il %E
OD()()(){EO

(3)NaCl 7 5 X TR AR AR K 1 52 M)

W PR R 2R T NaCl % 8253518 0.2% . 4% 6% .
8% . 10% . 12% . 14% ) LB £ 35 W , 28 °C . 180 r -
min” PR %8555 48 h, M 5E 0D fH -

1.2.9 BHEERp3 % E

(1D EEESMEE

W05 A 47 (9 Rp3 B R B Al T oML ER A B
A L2,28 CHHIRES: , & WM WIETEA .

(2) B AARFAE L 5%

PREC R 57 24 h 9 AR Rp3 B9 A T 35088
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(3) A= FRAE AL RFAIE
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LRI — A T A 3% W AL S B3R |
A A AR R B, IS B .

W[ a5 K Bk Rp3 #2F0 T Dunham [C 2
WK IR, 37 CHi 3% 24~48 h( A SEK 4~5 d), T 5%
FRWFR A W 2K 2 mL, $25), B0 &, T BE A Eh-
lich &2 mL. 221630 B F=mg Wk

@VE ¥y 7K i 1B - FF T R Rp3 s #2464 |
37 CHEREEF7 24 b, i 0/ f B, T 7% ] 16+ 3G
o 7K figt B0 BH RE 15 7= AR K A o

(4)16S rRNA JL[H J7 41444 5 7 Fr

FH 200 TR 56 PR 2 3R IO ) 8 CRAR A BB A FR A
A, a0 FEBURp3 FEFRAY B DNA, FHZNE 16S rRNA J
i 51 9 ie 4T PCR Y38, EIES 149 R 27F: 5" -
AGAGTTTGATCATGGCTCAG-3"; Fiif5 1491}y 1492R
5'~ACGGTTACCTTACCTTGTTACGACTT-3",

JLWAAR £ (50 wl) : DNA B AR 5 pl, FiFE54 2
wl, FiF5147 2 L, T3 1xSuperMix 41 pL.

PCR I 4514 : 94 CHiAEYE 10 min, 94 CAEE 1
min, 55 °CiB K 1 min, 72 ‘CZEAHf 2 min, G 32 K, ix
J5 72 CIEA 10 min, 4 CIRFEREN

K FH 3% Bt I B Je R Uk 6F PCR Y™ 388 7= W b 4 7
K, PCR 7™ 9 3% B B AE W) 28wl gE AT 00 )% o r 45
16S rRNA JE [F 741 f 42 56 2 J5 5 NCBI £ 12 b i
AT HIHE1T BLAST XS, >R FI MEGA 7.0 {444
Rp3 AR AT 16S rRNA JE K 551 R G0 K B

(S)Bhﬂogggﬁﬁm]

¥ Rp3 T M2 80 & BUG+B I3 58 |, 28 CIE
FiFE16 ho BEFRIFA AR EE 3T IF-A Al rh 15
DRI T TR AR E A 9096 ~98% 1] .

W R PR 12 T B W AR 0T I A S L AR
L 28 CIHIEE # 46 h )5, LA Gen T Microstation
biolog H A= W) % & R G H AT 0 B o B 4358
B A LG 30 A 2 B 2= A 5 Bt S8

2 HRE5HMH

2.1 ERFEBRMBERRIGIE
MAEFEHERL N L3P L0 B h 3R TE , 70 5l 4 5
O V2 3, R IR E 0 T A IS ), s i o figp 00R
AP B PR . S5 & B L2 55 38 5 110 14 2# P bR 1
AR SRLA , T 3# B AR R ™ AR TR SRR s 705 A FE R R
L2 1597 5 EAiRh 34T MRS SRR 2%, U 3418 B &
AT TR SR I AT AR R R . AR R 2
3# T MR A2 R R A P s AL I8 (1), Ui ] 347 bk

http://www.aed.org.cn

X 2E R R BEARRE 1 fe e W I 24 A PR Rp3.
2.2 PEFRENE
2.2.1 FERF IR K bR h 4 4 v

FE RLZ AR Y R ] 4.2 min 2245 (E2) .
i i M AR kR 0.1.5.10.15.20.25 mg- L [ R
Rhp IR W, e FE R y=10 743x-6 327.7,R* N
0.996 5, 4 R4t
2.2.2 FEELZBYUSTIN mNSORS B K [T seR

FERLZ AU I ESCR I 25 R (3 1) =8, R TR
W IRy 2 RO VRN B L2 85 5% WS Y 1l i oy
84.6%~93.7% , 1t 60%~110% 5 Y , 75 & ok . 2%
FLZ IO 1 A X FRE R 22 4 0.09%~4.80% , /)N
F 5% , UL ISR IO 5 RS 0 5 R AT o
2.2.3 Rp3 RN 2E 5L 2 Y A %

Rp3 T X 25 5L 5 A B i %2 DL & Rp3 T8 Bk 19 A=

TH B Strains
1 BEHRXT 2R KA 1L M Kz

Figure 1 Chemotactic response of strains to skatole
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B2 #REFERSVEERIEE
Figure 2 HPLC chromatography of standard skatole
1 FERZWIR N E KR E N E R E
Table 1 Accuracy and recovery rate of skatole
W % brifE 22 AR b 22
. HivES - .
Concentrations/ Rec 1% Standard deviation/ Relative standard
(mg-L™") ceoverylzo (mg-L™") deviation/%
10 84.6 0.13 2.99
20 89.8 0.26 2.87
50 93.6 1.12 4.80
100 93.7 0.02 0.09

— 579 —



KA FREMEFH - E 385 - F 41

KAFOL UL 3. AN Rp3 B bR A= 4 T2 7T %0 - Rp3 14 £k
TE T A e B 2% B2 A B o ) A KB B TR 7
0~36 h, b T80 E K, 36~48 hif, 2k (KT 5%, iF
AFE 3 {H Rp3 TRRTETS /I 100 mg- L™ 28 R 1YLl
R A K R T HAEZE R 2R 50 mg- L' 4
PR AR DTS B3 A il 26 0T R AE PR R
JEN , Rp3 R 2SS R Rt AR, $47E 12~24 h
HRF X 2% L 2 PR A2 T 56 , 15, 100 m - L R EE AR PR
Wof itk A Pl . MR R R R B 50 mg- L,
HER Rp3 TR 24 h, 3R R AR RIK 100%; 4R
FHIUG FEHE5 5 100 mg- LB, 20 Rp3 I HE) 36 h
148 h, ZER R EMR 5 95.5% F198.4%.
2.3 Rp3 EAREKTFE
2.3.1 AN[FZEER R U EEXT Rp3 TR A K 1 52 00

Rp3 B bR 7E O AL ER 35 7320 b i 2R K 100 [ 2 R
R BEA R S (Bl 4) o MFERRWEE R 50 mg-
L' F1 100 mg - LB, BAAR AR BT, PO b 3L 1) 22 S5 A8
B2 R RURE N 150 mg- L' LA I, Rp3 Bk
A K2 B AN, H 5 100 mg- L7 LR 3R B0 18 Bk
AR R # 2 5(P<0.05),
2.3.2 pH{EXT Rp3 B #RA K B 520

B FR M i pH (EL % Rp3 B AR AR KA — &
(E5). pH<6 1 pH>8 i, Rp3 B #k A= K 37 21 B 2 1)
il (P<0.05) ;pH 7~8 3 B Rp3 Bk A A K o
2.3.3 EREEXF Rp3 B ARA K000

WE 6 TR , FE R 372 3L H NaClLVk BE A 0~10% 1)
Rp3 B PRBEDE 1E # A= 4K, UL B Rp3 Bk LA o i i
ERVE 5 (HUJE 24 NaClyk BE 38 T 28 12% F1 14% 1), Rp3 1

1001 1.0

80 “730.8

10.6

[ % Degradation rate/%

S
=}
40t 104
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0 1 1 1 O
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IS H] Time/h
— FEfRFE(50 mg- L) 0Deoo(50 mg-L™")
-~ MR (100 mg- L") ---- ODgo( 100 mg- 1)
B3 Rp3 EHHERER XN ER EHIERRAE
Figure 3 The growth of strain Rp3 and its

skatole—degrading ability
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Figure 4 Growth of strain Rp3 with different

concentrations of skatole
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Figure 5 Growth of strain Rp3 in LB broth with
different initial pH
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B L@, AEW, RIDEH (B 7TA-al a2) s HiJR 2
27 ANy, AR, BvE R BE , BvE A& R P OB
HIIR B (O L0, A B, R DN, g AR,

AETEIES B ERIES

A': Colony morphology
7 IR Rp3 BIE T T ST (A T 4T

Figure 7 Colony and cell morphological characteristics

B : Cell morphology

of strain Rp3

AR (8 TA-a3 a4) . HiF% 24 hB), RS BRIR |
FRIRPIFPA [FE S (B 7B) .
2.4.2 A BRAARARAE

XF B RE Rp3 #5543 Az AR ALAFAE A0 2 45 3 3R B
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Figure 8 Phylogenetic tree of strain Rp3 based on the 16S rRNA gene sequence analyses
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Table 2 Utilization of carbon source in Biolog Gen Il microplate
by strain Rp3

R 3 Rp3 EHEI U F W R HLE
Table 3 Strain Rp3 resistance to chemicals in Biolog

Gen Il microplate

carbon source Utilization carbon source Utilization
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Note: +: Positive ; — : Negative ;/: Between negative and positive; (+) :
False positive; (—) : False negative. The same below.
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