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Effects of Inoculation with Endophytic Fungi and Endophytic Bacteria on
Growth and Accumulation of Secondary Metabolites in Tripterygium
wilfordii
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Abstract: In order to explore the interaction of endophytic fungi and endophytic bacteria on the growth and
secondary metabolite accumulation of Tripterygium wilfordii, the endophytic fungi, Fusarium oxysporum NS33
and Penicillium steckii NS6, and endophytic bacteria, Enterobacter cloacae LG3 and Serratia marcescens LY1
were single or combined inoculated into the seedlings of T. wilfordii, and the seedling growth and synthesis of
triptolide and celastrol were studied. The results showed that the strains cultured alone or in combination had the
ability to secrete siderophore and indole acetic acid (IAA) and dissolve phosphate, and the seed germination rate,
elongation of embryo and radicle, and root vigor were significantly promoted. The growth of T. wilfordii plantlets
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inoculated with strain NS33, NS6, NS6-LG3 or NS6-LY1 was significantly improved. The singe or combined
inoculations could significantly enhance the accumulation of triptolide and celastrol, and NS33-LG3 and LG3
showed the greatest effects. Strain NS33 and LG3 could synergistically promote 1AA secretion, root activity of
wheat seedlings and celastrol accumulation. Strain NS6 and LY1 synergistically improved the height and weight
of T. wilfordii plantlets and also celastrol accumulation. So, it was suggested that the combined inoculation of
endophytic fungi and endophytic bacteria had a certain synergistic effects on the growth and secondary metabolite
accumulation, showing a potential of practical application for T. wilfordii.

Key words: Tripterygium wilfordii; Endophytic fungi; Endophytic bacteria; Inoculation; Growth; Secondary
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HEMZPILEMAEY . WS R — RS B K
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1.1 M8

BB R 2 8 2 MRN AR EL R Fusarium  oxy-
sporum NS33. Penicillium steckii NS6 I 2 #k P4 45 4
Enterobacter cloacae LG3. Serratia marcescens
LY1, ¥4 & E {e B 55 /A B (Tripterygium  wilfordii)
PR, ORAFTSEgR S, FERTIIRT P BoRt—E
PR R AR RRAET . N A R S N AR R AT PN
HETER 4 HERA G AT J5 B A i, R
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Jei s G R FOR A R TR B R TR AR K
48 h, HUGFRE TWIEHRESOHLFLL 8 000>g 250
10 min, B B3 1 mL FR% . I\ 2 mL Sac-
kowski 2 (471, 44 S RLVEAE FEIE ISR HH . 45 min,
T 530 nm AbI G FEAE . DA A RFIRIEEXT IR, 4
Hl IAA BRAERTZE, THE IAA P2 R, 2% Schwyn
SN0 i, SR CAS B (20 5 B ik & ek 2
IR ST ¥ AIAr LR N E Ba bR, BV,
YL PRk R RE St . S hRiEN: AJAr0~0.2
CA+++++; 0.2~0.4 1L A++++; 0.4~0.6 iC A+++;
0.6~0.8 it y++; 0.8~1.0 il A+. KiFtbrALt
PRI B VR AR T IO LB A 1 7Rk R 5%,
By, BUEIE, SR e i B AR s
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H, 28CHR G 4~5 d, g, B0, RIS,
TPERRTE, WA TR KRR . BB KR 5 mL
TN B ARA R IR A, & SR I TC B KA X
M. S0 PRGN 57k, BEYLPkER R, W
WL H A BE T ) /N2 M-, FH 5% i F iR
PRAWHE EE 10 min, B B RZK BRI
KR 3 UK, BT FHAS RIS R A B
P IEARAEE TR, AN 35 7R L35 21 M ik 30 it
Fiy, 28CHIERIFR. FMCBES 3 k. #ikd
Ferb, AR 1 d N 1 IREEMTEEK, SR
FRIHZEEN, 1 FE, WEM TR,
Gt I AR THEIRCGFR . R HBRNE 1164
R E = REFhTEL R4 <100%, K HFH =
55 2 RRFFFEBERF T2 <100%, 3F /1R 4 =
CEEIIR K + P IRARE) <R 57 3, R R TR
S =R EEPU B (TTC) LM 2, DL TTC b 558
FoRMRARTE /1144,
BEABRAREEMAEE  KBiEERNE
Y1 B B AR P TR LB 5973, 30°CHRIRES 7 24 h,
B0 W R, oW KPSk e R FE 2 107 CFU/mL,
#%H . WAEEBETE PDA kB 775 LGtk 5 d /5,
HAERE PDA ARG Bk R 7d, )5
HIIR 22 TR EK IR IS, &2 RO IS
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7% 30 do AL S IR AN B AR IO AIE I P IR AR SR R
S, BUECCEERMACER R, RIS TR 2
AT LB Al PDA KiR3E, aifb &K HIIwk, S5
R B R EAT LU, AR U R B g S 3t A
KFRo ME A RS R E . 3L B E .
FREA AR FARFRAEABAERS
o H, MRS s e KA LEE-NER A3
B, B 66T E RO A .
FEABRFEMNBEABRLRSENN E ¥
AR 60CH T IHE, i, 0.3 gt
K, HEHEMERE3mL, AREIR24h )5, A
0.22 pm THALYESLIUE, BBIFFIE . K- &Rk
TRAH(U3000)7E I 5E B AT R AT AL & &
B3N Cis (4.6 mm=250 mm, 5 um). 5 2Bk
B B ATRA RN H AR A R R TR,
Byt niat . I & AR R TR AR
60 : 40 [ FFEE-7K, Rl Ty 218 nm; WlEEH 2
4T Z TS A N AR AR B 87 © 13 1) F - 1% R
K, FME KA 425 nm. HERERES )Y 20 b, KRR
25°C, #E 1 mL/min, & MMEFEEE 3 K.

1.3 FRabE

X H Microsoft Excel 2010 #4-%F Ei4g3E 47 4b
P2 K, KFH SPSS 19.0 St s Mk bt 47 7
B HT(LSD ), L P<0.05 N EEEZER

2 SR

2.1 WAEHKREEAEGRIREES

R 1 af LR, 8 MO B AR AR AT LA ek
Bk, (HRAMRBENHAME, Hobr=s&R&mng
N AL TR NS6. NS33 FlER k2 & NS33-LG3. NS33-
LY1. 5HE405 LG3. LY1 #HEL, A= E T NS33.
NS6 & ek 2k 1A (1 RE 77 5 1 o 55 A A LB NS6 AH EE
F R A NS6-LG3. NS6-LY1 & ik #i ik s Es
FTBAR: S5 NS33 ML, HHkdl& NS33-
LG3. NS33-LY1 & mEN 2R AR,
MIEBERE JIRTE  BPR LY 1 B, FLUCR B Pk NS33.
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NS33-LY1. NS6-LY1; Tfi itk NS6. LG3 FIZH A NS6-
LG3. NS33-LG3 (¥ /K T EL k. IR AT
B R B SR I AR AR L, LA BEAKCE A T A
L) R PR BB 2 R], A B R 2H S NS33-LY (1) 7% 1
K T B R NS33 T kK LY1. 20 1AA R
F1H R 2 T bR 4 & NS33-LG3, Hikjze WA E
NS33.NS6 FIEE#kZH A NS33-LY1. 5 N A4 LG3
ATLYL ML, AAER NS33. NS6 2riih IAA [IRE
JI%E . SHHM R —ERAH LG, WARALS NS33-
LG3 1 IAA & 1Re /1A R HI$Em, R4S NS6-
LG3 A W W [ FEAIC, Mk & NS33-LY1 H1 NS6-
LY 41 IAA £ BLRE 7 A 5 AN AH S R SR B AR (]

2.2 XFFEE R A KR

MR 2 T UL, R A A2 FUTR NS6 AR PR 2H A NS6-
LY 1 &b B ) /N2 1 R 28 Sl i o0 AR, oAt
L R ZEAAIE, YEEE TR, WL, ER R

1 NEREA N AR R A R e B R bR

ZE A P AR B R BRI N R T R I R T
AR BREMK LYL A 4h, HoAh A3 & 28 R
TP, o, (R SRR AR R NS33
RV A NS33-LG3 (P<0.05), 435 ELx R
T 12.3%F1 13.4% . SRR — B ARAE LL, TRGES
Fr IR B R R B ONT 5 28 9 T6 W . R 4 v B AR
F, BEfR4LA NS33-LG3 AbHEf) A 28 3% 5 B ik NS33
BB LG3 ALBE fh#ET .

PN A TR B B TR A R R I R BN /N 2 i B
K HA B R (R 2), Hb, (A KSR R
IR N AE BB NS33, MRS MARKEE . 36
B A L X B HE = T 71.86%. 34.99%F!1 76.76%;
FUGE N A HE NS6 Al B AR 2H & NS6-LG3. 54
A LG3. LY AHEL, NAEETE NS33. NS6 X
R AR B AR R E A . 5 s R A
Eb, JRA B 37 B IR BN IR 2K A (e i3 47 FH 4%
$Lad=) % ) VA2 7 S SNl TS

Table 1 Growth-promoting indices of endophytic bacteria and endophytic fungi and their combinations

Btk Strain BL#k A Siderophores 7 Phosphate solubilization (mg/L) IAA (mg/L)
NS33 +H++ 2.96+0.02b 4.86+0.54b
NS6 -+ 1.724+0.28c 4.78+0.64b
LG3 +++ 1.51+0.07c 3.2140.12cd
LY1 +++ 3.83+0.46a 2.97+40.18cde
NS33-LG3 ++++ 1.85+0.01c 5.43+0.3%
NS33-LY1 ++++ 3.1940.46b 3.33+0.23c
NS6-LG3 + 1.54+0.07c 2.7140.04de
NS6-LY1 +++ 2.93+0.03b 3.06+0.07cd

R EHE FE A R R R R 2 7 ¥ (P<0.05). FR[FE.

Data followed different letters within column indicate significant differences at 0.05 level. The same is following Tables.

R 2 WIETE R BEIONS /N22 Fh T BT AR 2 O 52

Table 2 Effect of fermentation liquor of endophytic strains on seed germination and embryo elongation of wheat

[k REZ 1% REEH 1% KR RS E (cm) JEREKE (cm)

Strain Germination rate Germination potential Vigor index Hypocotyl length Radicle length
CK 73.3+0.70b 66.7 +0.60ab 8.26+1.70c 5.010.60d 6.26+0.40b
NS33 85.6+0.50a 63.3+0.50ab 14.60+2.00a 8.61+0.90a 8.45+0.70a
NS6 77.9+1.02ab 70.00.36a 11.56 +1.90bc 7.93+0.60ab 6.930.50b
LG3 84.4+2.20ab 67.8+0.25ab 12.02 +1.50b 7.09+0.30abc 7.15+0.30ab
Lyl 60.0+0.97c 56.6+0.46b 6.37+1.40d 4.9740.50d 5.64+0.40b
NS33-LG3 86.7+0.87a 65.6 +0.56ab 12.00+1.60bc 6.85+1.20abc 7.00+0.40ab
NS33-LY1 77.8+0.80ab 65.6+0.59ab 9.68+1.70c 6.38+0.60bcd 6.07+0.50b
NS6-LG3 84.4+0.66ab 64.4+0.36ab 12.20+1.50b 7.83+0.70abc 6.62+0.30b
NS6-LY1 75.6 +0.70ab 68.9+0.83a 8.89+1.70c 5.95+0.20cd 5.81+0.50b

CK: . T,

CK: Control. The same is following Table and Figures.
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A B R ETR A B TR R RN N AR R
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SR B K A N AE R NS6, AR RIE 12X IR
3.57 fi5, HIKAZHE PR A NS33-LG3. NS33-LY1,
ARG RGN 25 5. S5HAEME LG3. LY1

cd
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€
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ARG
Root activity (mg/g)

ML, AZEECE NS33. NS6 %R R iE i mfE
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(R BB AR 2035 A1 R eV AT rd s i He
TR PR TR 45 3% 77 R IR 10 i E AR P09~ AH L E) Y
PRI 2 18] o

bed
d

| l

CK NS33 NS6 LG3

LY1  NS33-LG3NS33-LY1 NS6-LG3 NS6-LYI

[k Strain

Bl 1 N AEBR BRI N R SRR ARG AT . A LA A 7 RER R 22 57 R (P <0.05). T,

Fig. 1 Effect of fermentation liquor of endophytic strains on root activity of wheat seedlings. Different letters upon column indicate significant difference at 0.05

level. The same is following Figures.

2.3 WAREEMNNE A ARAREAEKE M

P A T R P A A R B A A R T
TARRHRE A KRR mER 3). SR
FHEG, KHB4y B MR A 30 S 4R e 7 2% v 1) v
(P<0.05), HHA A4 LG3 ek A 5 B i,
HUGE WA FLTE NS33, 4Rl bEst iR & T 32.4%F
26.2%. 5E.—Ek NS6 Al LY AL, Btk4lE
NS6-LY1 it — D4t m T HR W A b
NS33-LG3. NS33-LY1 ¥ £H 5 i e B Bt 3808 e
FHRL B — B R A WA BT N . SXTHRAE L, B
eI A A E R T AR R s, b
FPA NS33 Rt E B 3, XTI 2.125 1%,

R 3 LA BN T 2 LA v K R

FUKHE NS6 HAbEE, X 1.7 5, WAERERL
AR AR TR B SR IR A o T R RIS 4
P FEAE A T A0 B B — TR R 2 8] . 5 0 HEAH B,
TP A A2 TR AN [R) A% R b AR a3k 1 7 20 T 4L 5% 1 o
(R HG 0, A (i 3k AR A i 1 2 B AR 45 NS6-
LYL, BG4l i 20 85 i 1 35 5 Jog B A0 T o =40 0l
XA 2.05 F1 1.68 1% o BR IR PRZH & NS6-LY1 4F,
FoAh I B2 b B AR 2EL G I AL 1 R AR TR R
FHN. BB — B bR B e A B . 54
AL, WAERFERRHEERE R, BMwsk
NS33. NS6 [ 2H 55 v i Jog f AN i3 i T3P e
Pk LG3. LY1 HIZHR51

Table 3 Effect of inoculation with endophytic strains on growth of Tripterygium wilfordii plantlets

Btk Strain FRim Height (cm) A% Number of leaf £ & Fresh weight (g) T & Dry weight (g)
CK 11.140.68def 48+3.46e 3.43+0.74d 0.65+0.09cd
NS33 14.0+0.44ab 102+1.73a 6.28+0.42ab 0.81+0.03bc
NS6 12.6+0.61bcd 82+2.60b 6.58+0.51ab 0.740.08cd
LG3 14.7+0.86a 64+4.16d 5.87+0.73b 0.660.07cd
LY1 10.7 +0.50ef 49+42.33e 4.37+0.56¢ 0.530.04d
NS33-LG3 11.6 +0.60cde 73+3.21c 4.74+0.52¢c 0.62+0.26d
NS33-LY1 9.6 +0.78f 51+1.76e 5.75+1.7b 0.84+0.14abc
NS6-LG3 12.8+1.84bc 78+2.33bc 5.83+0.54b 0.87+0.17abc
NS6-LY1 13.1+41.08bc 75+1.76bc 7.05%0.24a 1.10+0.21a

24 HABEMTEABRASEEH SR SENR M
TR R4 A NS6-LY1 4b, Bz 2% v ik A Bk

A E R AL I A R LR B AR
e EmE TR 2) MR SEZ N AR
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NS6 FISEI A, Jf&as AXTIR 1.92 %, Ui
FhEE PR NS33. NS33-LY1 HI4LEs 1 (P<0.05). 5
AEGHEE LG3. LY1 AHEL, A E B NS33. NS6 X
BB SRS B E R, 5,

08 r
07 ab T

05|t 4 cd

04 r
03t
02t
0.1 p

“lﬁ%‘% i
Chlorophyll content (mg/g)

I 25 12 i B PR 2H 4 NSB-LY 1 X 55 2 e 20 435 1l o 4
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CK NS33 NSo6 LG3
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Fig. 2 Effect of inoculation with endophytic strains on chlorophyll content of Tripterygium wilfordii plantlets
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Fig. 3 Effect of inoculation with endophytic strains on contents of triptolide and celastrol
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