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Abstract: Panax notoginseng is a valuable Chinese herb in China, and the root should be harvested between three and
seven years after planting it. However, the growth of P. notoginseng is frequently hindered due to replanting
failure. There have been numerous studies proving that the accumulation of allelochemicals in the soil is considered to be

one of the reasons for the replanting failure of P. notoginseng. Biodegradation of allelochemical in soil has been shown to
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be an effective measure to alleviate continuous cropping obstacles, so screening allelochemical-degrading bacteria could
provide biological resources for soil remediation. Based on this, this study adopted a research strategy of enrichment and
domestication to isolate and screen saponin-degrading bacteria from the rhizosphere soil of P. notoginseng, which had
been grown continuously for three years and more. Also, the highly active strains were identified by 16S rRNA gene
analysis. In addition, the effect of highly active strain SC3 on degrading allelochemicals under different conditions was
studied by HPLC. The results were as follows: (1) Eight strains of potentially degrading bacteria were successfully
isolated from the rhizosphere soil of P. notoginseng. The results of the initial screening evaluation showed that strain SC3
had the best biodegradation effect on total saponins with 87.42% degradation rate. (2) Strain SC3 was identified as
Stenotrophomonas sp. based on 16S rRNA gene analysis coupled with physiological and biochemical analyses. (3) The
biodegradation of ginsenoside Rb, by strain SC3 was stronger than its biodegradation of ginsenoside Rg, under the same
culture conditions. (4) The degradation of ginsenoside Rb, by SC3 strain under liquid culture conditions was
significantly affected by different factors, such as substrate concentration, inoculum amount and culture temperature. All
the results indicate that the enrichment and domestication strategy can effectively screen allelochemical-degrading
bacteria, and a possible application of strain SC3 in the bioremediation of saponin contamination in agricultural

environments. The results provide biological resources for replanting soil remediation and theoretical basis for further

43 %

study of saponin degradation mechanism.
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= & ( Panax notoginseng ) A H. I Bt

( Araliaceae) NS )& ( Panax L.) ¥, J& 16 97 A
7y 0 i 158 P 1) R 2 ISR 2 B, = A
Bz, FE AT T = ST FI T P8 1 0 —al (R
FHAE,2007) , BT T B =L FEAREE N T
L N2 A PR b b YR DR ) — b B % 2
SR OF B AR W, W =LA S R Y
Je— PR AR EARTEAE S R AR i 00 &
SR 2 A, TR B0 =T B I (I
85,2015) o PR, 3% R R b ™ o O R I 20 =L
P AT RREE i JR ) R ), B =L AR R
M EZ ARG A Y AR E YRR R 1%
FALERCEAL LA FEME A FEY R AR A
FEVE ARG LS4 (Liu et al., 2019), Hrb A
FIEMESR = CEERAN EEEHZ — (F
BA4% 2017 ;Ren et al., 2017 ;Zhang et al., 2018) ,
HEEVE ] 2 A AR T i — A R BB X 24

Yy ek s A AR AR S5 A FIVREL W) R A I i 4
PR B A5 W 0 1 B B BR B b JF X A B Y
EREEAMEIEN, 50E =t AFENY
i A R R AR A LR | H S R B 3
Yy Jse (U EE , 2009 5 10 4E,2016) 31X L84 Jit 1]
FE R T8 S VA AR AR O A A IR AR BRI, O A v
SN I A B o (DR S N (7 N £
2007) , BRI Z RIBFFE R, BT RPN =1

ARKEAKRE AW, Yang 5 (2015) 75 =
LSRR TR R 50 ) b 4 E Hh 2 AR
T, I Bl b R A B A 3G I o 2 e g
MR, Qiao 55 (2019) KIBFFE R W], =L AF 1 45
OB 2 R S 2R R R, N =R
7o HEEERT . Yang %5 (2018) BFFE R U], ik
H Rg, AT LAE o 10 = -C AR R YUK IR i A Ak W
it F1 2 55 4% IOk H ORI 55 R 3 0 P A LR A
T B R AR 200 JEL P R 200 Bl LG P L B R
J AT DA o AR AR G 00 A i A R T B - b R AR
2, DN o 2 VR B A 4 2E

IR, G2 A =1 3% 1 e % 1) 0K 2R FH#E 1 |
+ 398 = IR W 7 R AR 2= B IR SE HE i (Liu et al.,
2019) , XEHETE, — J7 AL AE ), I3 —J7 T ik
Z WA~ 12 R0 52 e 24 A8 1 O B, B AR S Y
Wo HIL PR OPHEEARESFZA, BE
LT, 3 vh SR W R A 5UEE A A R ) I e
HAMENNAE TG RE, Wik, %3 A%
Yy I v 20K 6 A VR Ay % filk AR e A 1t — BT Y
AR, IR Y T A A b g Y T RE
oy, HAEY) B S RE Al Bh | R ESh Al A W)
Rof it it Bl A 0 R 4 B A B A A 25 A AR R 4
7 & 4 H EAE M ( Berendsen et al., 2018;
Lundberg & Teixeira, 2018) , . K&EMIEUEH ,
TUCEE Wy xof e fie 1= e vh AR 19 B B oA B 2K
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H(ZE 4l FMBRMS, 20115 22 8 %, 2019; Liu et al.,
2019) ., HAT, A B E 20 ik 1) T — LE R R i
HEEY AT, 32202 50 X PRSP i, i 261
AW FEEORIE T AR AN A A G ik B e
( Pseudomonas ) . M2 8 T ( Rhizobia ) . 2f i T B
( Bacillus ) . 5% %5 W ( Streptomyces ) % ( 28 i %,
2019) , {HJ2, H AR R 5 28 9 o % ik v ik 1Y)
fRIEENEL A R, 7 35 I R B3 figk 1 0 -+ 38
R B DR T R, X S 2R O R % A 4
MBI B A S L,

AT VLR 2 H B2 Y BN I R AR R &
AR TNl SR W N =L AR B 1 438 v 4 5 % fip 40 7T ()
455 165 rRNA & DRI Fe 73 Hr X 3% M v pk 2R 47 43
RUE IR A R AL 22k | S I 40 25 TE PR
AIRERERE T o RS (1) Mz =L AR PR 1 HE T
VRS A ) o A ik 200 O 1 AT AT 5 (2) TR R T
AR AR R R RE T 22 55 (3) WA
TR, AN Tr] P 3 T e fie w1 3 e BB 10 A 520

1 MBS F&*

1.1 ik 3

ST A AT B =B AN TR I (A,
105°55'56" E.,23°34"11" N) J PH E @i HARHE =
AT R 3 (B, 106°3"1” E 24°11'28” N) FR
e H A g E B A = £ Hb (CL105°54729" E
23°21'51" N) =g Cmii =& A TR R B4 (D,
103°50'33" E ,23°57'38" N) RERS . NEA R
FEHFEALIE 5 > 81, P4 3 4R A S D B 1 fidt BR =
L, TR /DN b o A AR % AR A2 0 1 AR R -
8, AT 52 AR R W AR AR P 03
1.2 (SR A0KF

Ezup #3040 B 3L [F 41 DNA #3285 & A
AETAY TR L) B A R Fl, Biolog Genlll
YE WAL A 35 E BIOLOG A #], 4t
FETH(UV1800, H AR B HEVAF]) | B FP 45 2 X (GEN
111, 3¢ [F BIOLOG A #)) \PCR ¥ (impliAmp , 7§ Bk
CHRBHEARAA) .

Luria-Bertani i%?%%(LB ,pH 7.0) . HHEEA
J10.0 g - L' EEREEEHUY 5.0 ¢ - LRI NaCl 10.0
g L', THLERE ¥ 3552 (MSM,pH 7.0) . &
(NH,),S0,1.0 g - L' KH,P0,0.5 g - L K,HPO,
1.5¢g - L' NaCl 1.0 g - L fll MgSO, - 7H,0 0.1

g+ L', TSA 5353 (pH 7.0) : BEEE K 15 ¢ -
L' KREEAKS ¢- L' Ak seg- L',
1.3 BEFRENEEMIIK

YRR S b 9 2 W BT, BUR [R)R AR
S HERE S S o, A AR INE] 100 mL #4550
mg - mL" B BT AY MSM KR R34, BT 30
C 180 1« min” WHERE IR G AP IR 7 d, 1L
Ja, 87 d B R — R SRR 10 mL B 2 28
MSM B 23 rf | I 45 v S 2 4 AR vk = 100
mg - mL" AR A& TR 9%, EE M HEAE, JF#
IR (2 58 HE R B @ W E L3
400 mg - mL "M 1k, B PRI 3 {QL’\E/E, A
ATCHIK R 28 IR (A4 ,2017)
14 EBENSBRA4WL

WU G — s SRR, W TR TR 10 5 LU 6 B,
W B — 5 i () BV 40 0 Uk A 28 LB [ A 15 % 2
b, PATCEE K S X B BT 30 °C pfE R B R A
FigR  MEE Il sk KB R RN i BB M B,
2 W A — R R 25 B B 7 0 il il 2 A
400 mg - mL" =L SVRAT I MSM [ {48 77 5 R
AIF, B K PRV, 4820 Pk ik 5w v 1) 4
Bt EE IR, VM A BT AN A
— 0, $ 5 B Ak S 0 BE AR S ) H T A
B URT 2 FORAFE I R AF, 45 .
1.5 BRFREE AT

Bl 5 B A R T LB 15 7R 5L P B 3 24
h, I K BB W B S mL WIRIERN B &
200 mg - mL"' S AFAY 100 mL MSM ¥ 4 5% % Sk
oL 7E 30 °C (180 r - min SN RGFE AT AL B
B3, LR TCH K A XTI, 96 h J , X5 3= 9
B0 HUWEE 3w, G0 2 B 35 W, 1 B A
2 T O AR ST A A I B
FEWH BB SR (T KN AE,2013) o R %5 e
A3 5E5 50,100,150 ,200 250 mg - mL™ ¥ & AY A
PR W, DL MSM 35 3% 3o A% TF 25 1,
SR, DhE VR R B O R AR bR IROGE
AR ARE R B e e A IE T RE AN R,
1.6 P£f#H 16S rRNA EEF 344

2L P 4 DNA Jl 38 350570 & 42 B 40 o 2 (X
4,0 519 27F A1 1492R M Ik R 4 i 1
16S rRNAFE[H ( Xiang et al., 2020) , PCR J=#¥) %
o245 B T T . FT7809 16S rRNA BE NP
B3 25 EzBioCloud TEZR 252, 76 75 FE &
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GenBank %4l J%E |, 18 57 MEGA X % {2 fff FH 45 31 34
1 (neighbor-joining method ) ¥ # & 45 & & W, % H
Bootstrap= 1 000 5 5 4% 7 32 1) & 1% & ( Sudhir et
al., 2018) .

1.7 E#k SC3 MM R4 1t

1.7.1 B4R SC3 s 2R 2 %M EH T AS
A Rb, BT W B 4> Bk 25.50,100, 200, 400
mg + mL" ) MSM AR KR 32 5L pH 7.0, &% AS B FF
Rg, B MSM 7 77 3 i B e 2 [R) b, 76 TG o 4 1
B SC3 R LA 5% (V/V) B Rl ARG 5
Frp ) DUAS 3 0 BR Bk b X R 85 3R 3 T 30 C
180 r - min™ Z5F F IRIR T35 A I H A 3
W, 96 hJ& , BEREFRIEE 3 mL FRKAE 9 500 1 -
min” 254 F O 2 min, B EERGE 0.22 pm AL
UENE , 2% Zhou %5 (2008) (14 /7 ¥& il i HPLC A
e i,

1.7.2 At 3 MR Fam LI 400 mg -
mL' A2 B H Rb, (A MSM ;353 (pH 7.0) A
FErdt, 45 i SC3 K B W LA 5% . 10% . 15% ,20%
(V/V) M A SR 5 T30 € 180« -
min” 2/ T IR 5 55 37, DAAS 422 B R i 1 10 0% o 3
R, 3 WRER  FERESE 120 b J5 , @it HPLC 47
Brke i

1.7.3 BB ESEBEEHHm LIS 400
mg - mL' A Z AT Rb, iU M & MSM 1% 57 3 ( pH
7.0) A e al, 2 i SC3 At B W LL 5% . 10%
15% 20% (V/V) By 4 fp i 4 ARG 3 &, T 30
°C 180 r « min™ S5 FHRG IR | LA FE D A 11
M35 FRIL NI/, 3 IRE R, R % 120 h )5, i
if HPLC 2 ke

1.7.4 pH xF B g 2 R 9% vm 4% SC3 HEX B LA
5% (V/V) HYEER RS 400 mg - mL' A
1 Rb, BRI MSM #5372 56 | 45 il 55 32 5L pH ol
4.0.5.0.6.0.7.0 f18.0,F 30 °C 180 r - min™ 1
TRV R IR, DR Fh A A i B R I X R, 3
WHER R TR 120 h )5, @1t HPLC 4 ke
1.7.5 AK 23 Rb, a2z MiERNRR
ek gL AR AR A5 1 R DI AR SC3 B R A S A
Rb, (AR IIZE . L 400 mg - mL' AZAF Rb, 1Y
AR MSM 85 7% 3 R L aih, 4 pH E 7.0 K4, K
SC3 LW LL 5% (V/V) i 5 T i 2 A K% I Jik
o AR ER R AR T2, T 30 °C L1180 r - min™
FMFTIRG IR, I 3 IEE , SR AR 12

h BURE 10 mL, il i3 HPLC 2347 Rb, 5% B |
1.8 HiEALE S #7

BE AL B> BT H408 F SPSS v24.0 B HEAT , B
Phef 22 5 B 3 M8 i Duncan A1 LSD K 50 #F 17
WA

2 HERH A

21 ZLEFHLEBBYRBAENS B RIGIE

B BMEIE S 4w, N LB B R 8k
PEER A EOE R FAE B A 22 7 AW, 2R 4 2l
fBJ5 3R A5 41 o B ) 8 Bk, 45 43 il o SAZ3
PSCZ2 .SCZ1.SC2 SC3 SBZ1 PSBZ1 #1 SDZ1, Xt
THREREEYI M E T A =L 81 R 8 R
ffae ], B R ANER 1 Fros, A ik
KL R B R, =L R B WEE R 50 ~250
mg - mL I IROEREE Sk ELE R R BRI, T T
HARE RN & AT, 72 =L A8 i —
BRI MSM ¥ 1A 35 3% 3 v ) L [ SR B Al 2 205
15% . 3XSETE R XT = B0 ST 0 AH X [ fiff >R 3 PRl 7
3.31% ~87.42% Z [i) , o R Bk SC3 Xf =L & i 4
1) % e R e R

x1 ZEENEYER

Table 1  Biodegradation of total saponins
B i o iR
. egradation
Strain No. Source
rate (%)

SAZ3 JTPETR 14.03+1.15¢
Napo, Guangxi

PSCZ2 TGk 50.92+1.13¢
Napo, Guangxi

scz1 IR 50.24+2.08¢
Napo, Guangxi

sc2 IR %71 72.58+5.72b
Napo, Guangxi

SC3 JRLE %73 87.42+2.21a
Napo, Guangxi

SBZ1 J7 P H AR 27.31+1.15d
Tianlin, Guangxi

PSBZ1 J Y AR 3.31+0.82f
Tianlin, Guangxi

SDZ1 PRl 4.81+4.43f

Wenshan, Yunnan

T BUE P EME AR . A R/NG T8 3R R R 6 4 1) [
R RATAE R E IS (P<0.05)

Note: Values are x + s. Different lowercase letters indicate
significant differences in degradation rates between different groups

(P<0.05).
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2.2 FEFEHEIRI 16S rRNA EEXEE

SR A 141 (1) FE T 4 DNA, JF 58 1 16S rRNA
SEP e f A5 B Y e 51 5 R A ORE 8 R AT
BLAST LU XF, 45 5 WL 3% 2 B 1 hy i R0 fife 1A PR
SC3 5 AL 2 A i X BRG 09 R SR AL BE . TR Bk
SC3 5 Stenotrophomonas nitritireducens [F] P54 F T ,
FPOAL A 98.07%  dlad bR 9255 70 b, #
TXMF B 25 RE A 7 B TR 8 ( Stenotrophomonas ) 2
B, EAR Y E A E GenBank UG E, B% 5N
MW 045205,

K2 ET16SRNA EASTHEERBEEE
Table 2

Identification of saponin-degrading bacteria
based on 16S rRNA gene analysis

R 95 N [M8;S
R A% b E
Strain Ton-hit t Too-hit strai Similarity
No. op-hit taxon op-hit strain (%)
SAZ3 Providencia vermicola OP1 99.10
PSCZ2 Burkholderia ubonensis CIP107078 99.09
SCZ1 Enterobacter soli BAA2102 98.74
SC2 Pseudomonas hunanensis LV 99.86
sc3 Stenotrophomonas DSM 12575 98.07
nitritireducens
SBZ1 Comamonas testosteroni ATCC11996 99.72
PSBZ1 Lelliottia jeotgali PFLO1 98.43

2.3 HE#k SC3 3t Bk B H K P R4S

2.3.1 B#k SC3 *F 4R 23 Rg, #= Rb, ¢4 &2  Fp
eI 26 45 R WoR, Y AN S BAT R, K vk B R
3.125~400 mg - mL" Rb, #& Il ¥ B & 25 ~ 400
mg - mL7 B R S TR Z M C R R AT, B SC3
DA 23 0 2 22 A3 79 A B4R R SR M — B R 1Y
MSM 85 F2 3 rp 25 B3R 3 iR, fEH AP 96 h
J& , BIBR SC3 X AN[RI B Rb, [ i 1t 35 8 T XF R,
(A, X} 400 mg - mL™ (1) Rb, B fi# R 5£3T 90% ,
(K, 42 F S B 55 B Ak SC3 X Rb, YR f# , IE 1k
P S L

2.3.2 R B & # 4k SC3 B AR ZHF Rb, 49 %
v AELL 400 mg * mL' A& 21F Rblﬁﬂuﬁﬁﬁﬁ(ﬂﬁ
1Y) MSM $5 5 5 rh R [R5 97 A pH %)
Rk SC3 i A2 4F Rb, . K2 K3 A
4 ZE I FRW ORI R R A R 58 ) A7 7E 3% 2

5o ARBEWREMEZG T, AS 217 Rb, 1%
BRI YRR R 109% I [l OR S i, 9
FEETHAN3 H(P<0.05), B 2 5 A% 4% fie 41
(20% A i ) AR A E WA 2] 86% (&1 2)
PRIRE SC3 Xf 85 7% 10 % HoA B4t 32 g, 1F 25~
40 °C Z i), %f NS B Rb, W R KT 80% .,
MZERE IR FE R 30 °C F 35 C I, R fip o o0 1 3%
W HAAL (P<0.05) (K 3) . Btk SC3 Xtk 773
pH BENBUSE, 76 pH i 4 5 B, B R8T 60%
£ pH i 7.8 W), BRI T 90% , W 3w T
fib pH AbFEEH (K 4)

2.3.3 Bk SC3 MMAKLH Rb, ey 425832 ik
FHEYIHEE 400 mg - mL"' 5355 pH 7.0 B 3510
B 30 °CFHEFP & 10% (V/V) &A1, X5 kR SC3
FEfENZ 21T Rb, B R HEA 7 BRER W0, 96 h N &5
R s B 6w, MIE S B 6 ] LIELE], A
Z AT Rb TEHT 12 h B 45 48 h if A S
H Rb, P& 62% ,60 h Ji F i o 2R B W il 2%
TE 96 h J5 H2i 58 2 R

3 WihkEHE#®

I FH DAL S A o 5 228 1) A A 0 O R A F1 3 9
BT, BATZ AW T, ER A (2020) A=k
R B b S 7 8 HE — o o) S A B R AR Y
52 PR B0 M B T R PM-41, I %F B8 K b f0 i oA
B S AE PO e AT FER U S A =LA
Br - sgerb BT 43 5 1 8 AR U TE B A AT, T AT
RETE LA 1 Ay ok — B I i JC AL Eh 35 5 e h A K
PR Bk SC3 BT 1 H 1Y I A OR et . %R
WA T 40w Y e v R A 28 5 B AR
PRI E A . RBEHESE (2019 ) BF5T 3R A 41 iR
RETEAL #1520 T R 2, B A S I 2 4 08
SURYIT, XA BT 40 TR B0 A ORI AR A Y B A
Flt . XEAL =Y BAE N AR R SR B
i TSGR WA v 3D S A A BUZH R 32 AR S A
R, XN A Y R T kR AR R
( Lundberg & Teixeira, 2018) . i1, 4 | 2 IR
W T A5 2 3l 109 Gl A ) W | R T 26 R I 2K Ak
G R R E A ES T (A,
2011) . =LEZFEMY, HAR R 5y R
HRBRr IF O CE Y AR KRB, ATTAZ A
AEAE N PR AR AL B BRI UK ( Zhang et al., 2019)
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55 [ Stenotrophomonas humi strain R-32729 (NR 042568)

5915, pictorum strain ATCC 23328 (NR 112067)

35
- S. nitritireducens strain L2 (NR 025305)

5

=)

— Strain SC3 (MWO 45205)

S. acidaminiphila strain AMX 19 (NR 025104)
66 £

S. daejeonensis strain MJ03 (NR 117259)
r— S. bentonitica strain BII-R7 (NR 157765)

0 S. koreensis strain TR6-01 (NR 041019)

09 | |S- ginsengisoli strain DCYO1 (NR 115687)

100 |S. ginsengisoli strain NBRC 101154 (NR 113981)

0.05

Acinetobacter sp. strain FD3-9 (MW 578914)

1 E# SC3 RSt L

Fig. 1

3 EKSCI M RGETFHER
Table 3 Degradation of ginsenoside by strain SC3

[% 4% % Degradation rate (%)

W
Concentration
(mg - mL™) AZBAF Re, AZBAT Rb,
Ginsenoside Rg, Ginsenoside Rb,
25 2.67 21.21%*
50 15.95 65.42%
100 14.11 68.22%
200 9.66 75.86*
400 16.99 88.41*

. FREFMNLRE (P<0.05),
Note: * indicates significant differences between treatments ( P<
0.05).

AFF T 45 S FE 0, AR PR - 48 b 07 Bk 19 B8 Ak LA
LR A R A RE S, HR 3 BB R RR L
VE A BB e RIS e — 2505
T = EIEER PR B3 A S 24 Rb, Ml Rg,
B9 e f i ( Yang et al., 2015) , R AR 5T
X3k R R B S AT R AT T RR AT OY . AR K
I, RIBR SC3 7ELL Rg, Ay ME— i T ), AR K 38 ]

Phylogenetic tree of strain SC3

100

b =S b
80
60
40
20
T
5 10 15

#ME Inoculum amount (V/V)

P2 Degradation rate (%)

a
T
20
WRIELAER 3 WEE bR R, RRK/NG 71 RRTE

P<0.05I 2 A Bl [A] 22 5 i 3% . R IR,

Error bars represent the standard error of three replicates.
Different lowercase letters in each panel indicate significant
differences between treatments at P<0.05. The same below.

B2 EMEXEK SC3KEASEEH RbHEI
Fig. 2 Effects of inoculum amount on ginsenoside Rb,

degradation by strain SC3

2% T LA Rb, i ME—RR IR B A4 K Rk SC3 XA
Z AT Rb, BB R B 5 KT X AS BH Reg, 1Y
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100

80

60

40

20

P& fi##% Degradation rate (%)

0- T T
20 25 30 35 40
15 JE Temperature (‘C)

B3 REXEMN SC3 EEASEH Rb,HFIT
Fig. 3 Effects of temperature on ginsenoside

Rb, degradation by strain SC3

100

4 a
b
80
C
60— -
40—+
N - l
T
6 7 8
pH

[ 4
o mm
4 5

B 4 pHXE#k SC3 [ ASEH Rb, RAT
Fig. 4 Effects of pH on ginsenoside Rb,

P& i3 Degradationrate (%)

degradation by strain SC3

Wik o WA 900 43 0 1 g 1T % 2 C-3,C-6 B C-20
A7 BE 3 JE AT KA, A TR B A W s8R TR) A S
IR T B R mAUR R R, NS RBT
Rg, A1 Rb, 705 JE T — B AL A R AL 2 4, e A7
git FEAYW RN ER, AS BT Rb#Y C-20 i
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