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Effect of Sophora alopecuroides 1.. endophytic fungi on the growth of
the host plant culture and synthesis of quinolizidine alkaloids
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Abstract: Eight strains of endophytic fungi were isolated and identified as the fungal elicitors from the healthy plant
of S. alopecuroides 1.. and then their autoclaved mycelia and concentrated filtrates were made respectively to study the
effect of different types, concentration and eliciting time of endophytic fungal elicitors on the growth of aseptic seedling
and callus tissue of S. alopecuroides L., and the content of quinolizidine alkaloids. Among the 8 strains of endophytic
fungal elicitors, the elicitation effect of the concentrated filtrate was stronger than those of the autoclaved mycelia. The
autoclaved mycelia and concentrated filtrates of HMGKDF; promoted the growth of callus, with the rate of growth being 1.
82 and 1.42 times higher than that in CK, respectively. The concentrated filtrate of NDZKDF|; has a strong effect on the
accumulation of quinolizidine alkaloids of S. alopecuroides L. The content of total alkaloids was 0.5483 mg-g~', 23.8
times higher than that in CK. Within a certain range (0.01 ~ 1.0 mg*L~"), endophytic fungal elicitors promoted the
synthetic accumulation of quinolizidine alkaloids of the host plant. After 12 days of induction by endophytic fungal elici-
tors, the content of quinolizidine alkaloids reached the highest amount, 2.65 times higher than that in CK. Addition of
the autoclaved mycelia or concentrated filtrates from the endophytic fungi into aseptic seedlings and callus tissues of S.
alopecuroides L. could be an effective way to increase the content of quinolizidine alkaloids and to improve the growth of
the plant.
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Table 1  Endophytic fungi of S. alopecuroides L. KB 1 mL HEL(®IES), 13 0.45 pm =
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T L T B S
XKZKDF,, ;éﬁ%ﬂ . Produce Quinolizidine alkaloids 1:/T {E{g{& i %FH °
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Explils 5. o Spn) s ML 0. 01 mol - L~ BEB.ZE il (K,HPO, =
pikpE, PO PN 5.59 g-L~' ,KH,P0, =0.41 g-L™',pH # 7.5) - HI i
4 Acremonium strictum High antibacterial activity strain (50 150 V/V) . *{j‘m”ﬂz& .216 nm: L‘JE .35, ?}ﬁﬁ .
SRR i U0 R e =1
XKZKDFn Fusarium tricinctum High antibacterial activity strain 1.0 mL*min~"
B Y
ekpp., | AHUHETE sk b (3) SRHER AL
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Fig.1 Five kinds of alkaloids standard mixture by HPLC chromatograms
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Table 2 Standard curve

FiN [ 515

Name Regression equation

SAGHBERB Oxysophocarpine
A S8 Oxymatrine
FERETK Sophoridine

FRAAE Sophocarpine

T 20§ Matrine

y =2325.6x +59.677
y =2006.4x + 13.659
y =1960. 1x + 12.584
y =3478. 1x +20.988
y =2920.0x +24.824

REREL LR/ (mge mL=")
Coefficient of determination Linear range
1.000 0.100~2.0
0.999 0.002~2.0
0.999 0.002~2.0
0.999 0.002~2.0
0.999 0.008 ~2.0
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Table 3 Growth rate as affected by endophytic fungi autoclaved mycelia and concentrated filtrate in callus of S. alopecuroides L.

The endogenous fungal elicitor 8O Welg a8 Net growth Net growth ratio
of vaccinate of results
Z5 J XA CK 1.000 2.233 1.233 100.00
IR ULEY) Concentrated filtrate 1.000 1.733 0.733 59.45
XKZKDF}, i
KW 22 Autoclaved mycelia 1.000 1.898 0.898 72.83
FE 45 Concentrated filtrate 1.000 1.923 0.923 74 .86
XKZKDF,, o
KiGH 22 Autoclaved mycelia 1.000 1.883 0.883 71.61
B4R Concentrated filtrate 1.000 1.763 0.763 61.88
XKZKDF,, .
K% # 22 Autoclaved mycelia 1.000 1.855 0.855 69.34
R4 Concentrated filtrate 1.000 2.105 1.105 89.62
XKGKDF33 .
KW 22 Autoclaved mycelia 1.000 2.210 1.210 98.13
IR 4EY) Concentrated filtrate 1.000 1.707 0.707 57.34
XKYKDFy, .
KIGH 22 Autoclaved mycelia 1.000 1.774 0.774 62.77
A 4EY) Concentrated filtrate 1.000 3.250 2.250 182.48
HMGKDF, i
KT W 22 Autoclaved mycelia 1.000 2.750 1.750 141.93
IR 454 Concentrated filtrate 1.000 2.265 1.265 102.60
NDZKDF 3 .
KiEW 22 Autoclaved mycelia 1.000 2.273 1.273 103.20
PR Concentrated filtrate 1.000 1.940 0.940 76.24
FJJKDEy, .
KiGi# 22 Autoclaved mycelia 1.000 2.033 1.033 83.78

eAh, 8 Fh K i% 1 22 , HMGKDF, , NDZKDF,; ‘K
TG 208 G F A A KA — & L AE
FH A K345 5 141.93% F1103.20% , 2 %) IR
) 1.41 11,03 18 HiAth 6 Fh I 1 22 % i 7 41 41
AR A IRIVERT, A KRR T X B2 (3 3)
25 SAS FT M (F =25.63, P <0.0001) , £ 4b B 2H
SR HRZH IR 22 S S 3 (3R 4) , U B 8 i K3 T 22
PR o A 1 4 2 e s LV AR e ) i, O
i NDZKDF 5 K 1 B 22 4b 38 20 5 HAth &b B 4H 7] 2%
B T T AL A e R A B
F50.1931 mg- g™, EXF R 8. 35 fif; XKZKDF,,,
XKZKDF,;, HMGKDF, F1 FJJKDF,, b ¥ ¥ 45 ) b P 21
M2 ARE,

2.1.2 AAARARARKEGHNELTFAAGH YR
H2e 5 Al J, 8 M M 4 W) b, NDZKDF 5 1 1 €
ARPREPE IO B AR K AR R R N 102.82% , 2
YRR 1.03 A5, FHoAty 7 ol P 00 46 0 % I A 1 1) A
KA —E WMHIER , b KRR XTI, 48 SAS
J5 22530 (F = 156.20, P < 0.0001) , 4% &b 3247 5 % B
2 R 2= AR B 2 (3% 6) , ULHH 8 TG TR Mk 4 P34 Re A
()2 32 B g iy S I TRT B v e i T G W A i )
i, HoH XKYKDEF . B 240 90 b #2055 A Ak 311
H R) 2 S S, 0 OB AR e R e Ry
HHIE, 4 2.8283 mg- g~ JEXTHEAY 2.01 5 ; NDZKDF 5,
XKZKDF,, Fl XKZKDF; [ & 46 P A 34T 7] 25 A I
WV B DY IE A Y B 0 ) 2.4928..2.4814 Fl
2.4542 mgg~ ! AMBIERTIRAY1.77.1.76 Al 1.74 45,
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Table 4  Synthesis of quinolizidine alkaloids as affected by endophytic fungi autoclaved mycelia and
concentrated filtrate in callus of S. alopecuroides L.
5l ity BV e R e A i/ (mgg ™)
NAEEFIBST Content of 5 kinds of Quinolizidine alkaloids M8/ (mgeg™') "
The endogenous fungal elicitor EAL R E AL TS L E Bk 1R L TSR Total alkaloids
Oxysophocarpine Oxymatrine Sophoridine Sophocarpine ~ Matrine
2 H CK 0.0171 0.0037 0.0002 0.0003 0.0017 0.0230 +0.004 Ee
NKZKDE BBV AEY) Concentrated filtrate 0.1548 0.0050 0.0022 0.0032 0.0376 0.2028 +0.017 C
11
KiGTH 42 Autoclaved mycelia 0.0907 0.0409 0.0144 0.0013 0.0025 0.1498 +0.021 b
- B AEY) Concentrated filtrate 0.1529 0.0130 0.0022 0.0020 0.0179 0.1880+0.011 CD
. 21
KIEHI 2 Autoclaved mycelia 0.0327 0.0081 0.0049 0.0038 0.0012 0.0507 £ 0.011 de
— R AEY) Concentrated filtrate 0.1350 0.0326 0.0145 0.0034 0.0058 0.1913 £0.018 CD
27
KW 22 Autoclaved mycelia 0.1046 0.0046 0.0011 0.0020 0.0327 0.1451+£0.025 b
NKCKDE W 454 Concentrated filirate 0.1739 0.0007 0.0104 0.0036 0.0074 0.1959+0.032 CD
33 .
KIGH 4 Autoclaved mycelia 0.0495 0.0014 0.0008 0.0023 0.0186 0.0725+0.011 cd
NKYKDF HBALY) Concentrated filtrate 0.1621 0.0071 0.0108 0.0042 0.0079 0.1922+0.004 CD
40 Ry
KIEH 22 Autoclaved mycelia 0.0729 0.0041 0.0012 0.0004 0.0189 0.0974 £0.010 ¢
HMCKDF HRH Y Concentrated filirate 0.2890 0.0051 0.0053 0.0113 0.0047 0.3153+0.002 B
1
KiGTH 42 Autoclaved mycelia 0.0996 0.0236 0.0011 0.0021 0.0207 0.1472+0.007 b
NDZKDE HRHAi ) Concentrated filirate 0.5074 0.0125 0.0139 0.0071 0.0074 0.5483+0.083 A
g 13
KIEHE 22 Autoclaved mycelia 0.0661 0.1113 0.0012 0.0011 0.0134 0.1931+0.023 a
FIIKDE B Concentrated filtrate 0.1122 0.0164 0.0144 0.0024 0.0025 0.1480£0.014 D
41 e
KIFEH 2 Autoclaved mycelia 0.1072 0.0015 0.0024 0.0006 0.0238 0.1354+0.034 b

T RS T ERARERA T ROR A P A0 B2 18 £ 22 S5 KT, R R A RS S B R 22 5 35 (P < 0..0001) 5 /NG F BRR 245 K 1 2240 21

A 22 5K R AR [ /NG P B R 22 57 B3 (P < 0.0001)

Note: Capital letter mean different level among concentrated filtrate groups, with the different letter mean significantly different in same column( P < 0.0001);

Lowercase letter mean different level among autoclaved mycelia groups, with the different letter mean significantly different in same column( P < 0.0001).
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Table 5 Growth rate as affected by endophytic fungi concentrated filirate in the sterile seeding of S. alopecuroides 1..

P2k ELR 5 T ARG T g PG /g CUNS VA VS V2

The endogenous fungal elicitor Average weight of vaccinate Average weight of results Net growth Net growth ratio
ZE X CK 1.000 1.637 0.637 100.00
XKZKDFy, 1.000 1.482 0.482 75.67
XKZKDF,, 1.000 1.365 0.365 57.30
XKZKDF, 1.000 1.395 0.395 62.01
XKGKDF33 1.000 1.286 0.286 44.90
XKYKDEF,o 1.000 1.508 0.508 79.75
HMGKDF, 1.000 1.162 0.162 25.43
NDZKDF; 1.000 1.655 0.655 102.82
FJJKDFy, 1.000 1.267 0.267 41.92

2.2 FANARARENEERRERIREYNEEF
T E RN

TNIEL 2 W, S TR B S S A e LT
PRI P AE I B i — S S, (VR B 1Y) FL T i
AR T AR A, 7E— R T TR N (15
TR 0.01~1.00 mg- L"), & 5 F JC B 1 Hhs
W HLPGBE A MR 7 S B R TR B S E A

Ko BEWIHEF T W 1.00 mg- LB, 417
il ¥ IO M AR AR i R R, v R
R BE X A T TR 1 VA A RV E AR e B 5
MR R
2.3 AEFSHEXNEZFLE AN

GOiE 3 A, AN [E] A I8 S Ak B [R] X6 LT
PR TP L PG E A R B 5 e A [, A
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Table 6 Synthesis of quinolizidine alkaloids as affected by endophytic fungi concentrated
filtrate in the sterile seeding of S. aopecuroides L.
o ISR
HHATFT Cnntenf jjl ? k?:f ?&%ﬁ?ﬁli jkaloids B .
Endogenous y — T o - P Total alkaloids
fungal elicitor ﬂﬂd‘%%m ﬂ{)ﬁﬁi}ﬁ)ﬁ %EW %%W ﬁ;;tm /(mgrg")”
Oxysophocarpine Oxymatrine Sophoridine Sophocarpine Matrine
ZH CK 0.0000 0.0000 0.4920 0.4428 0.4737 1.4085+0.042 G
XKZKDFy, 0.7806 1.2549 0.1756 0.1183 0.1521 2.4814+0.043 B
XKZKDF,, 0.8560 0.6582 0.4056 0.2155 0.1584 2.2937+0.048 C
XKZKDF, 1.0782 0.9871 0.2422 0.0345 0.1122 2.4542+£0.177 B
XKGKDF33 0.0000 0.0000 0.5645 0.6760 0.7082 1.9488 £0.031 D
XKYKDFy, 1.2752 1.0939 0.0153 0.0339 0.4100 2.8283+0.040 A
HMGKDF; 0.0000 0.0000 0.4623 0.5156 0.5544 1.5323+£0.034 F
NDZKDF 3 0.0000 0.0000 0.8441 0.8110 0.8377 2.4928 +0.007 B
FJJKDEy, 0.0000 0.0000 0.6468 0.5933 0.5485 1.7886 £0.011 E

T+ KRG RS B A 22 5K F, M7 AR IR RS PR 22 R AR 35 (P < 0.0001)

Note: Capital letter means different level of groups, with the same letter are not significantly different in same column( P < 0.0001)

2.0000
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423 0.8000
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#0.2000

X 0.01 0.02 0.75 1.00 1.25
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Sugar content of fungal elicitor
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Fig.2  Effects of endophytic fungi concentrated filtrate on
Quinolizidine alkaloids content of aseptic

seedlings of S. aopecuroides L.
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Fig.3 Effects of induction time on quinolizidine alkaloids
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