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Research progress in submerged fermentation for triterpenes of
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Abstract: Triterpenoids are one of the main active chemical components in Ganoderma. Because of their
many important physiological activities, they have become the research focus of domestic and foreign
researcher. In this paper, the optimization of triterpenoid fermentation technology and the progress of
signal transduction in the biosynthesis of Ganoderma were summarized, and the problems in the research
of Ganoderma fermentation were put forward. The aim of this review is to provide reference and
inspiration for the regulation of submerged fermentation of triterpenoids and the development of
fermentation technology of Ganoderma.
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Figure 1 The basic pathway of biosynthesis of Ganoderma triterpenes
T: (1) ACAT: ZBELBEHTG A BRffls; (2) HMGS: 3-55:-3-FE N Al A 51%; (3) HMGR: 3-F8:-3-FIH % A A
I (4) MVK: HURICRRIE; (5) MPK: BRI IR ; (6) MVD: HURILRFEDHRIURNE; (7) FPS: TAJESEAEDER & 1 ;
(8) FPPS: #li4- JLILFE B A AU ; (9) SQS: BIAHME; (10) SE: B AM; (1) LS: “FEHMAM; (12) 140-LDM: f{FE 140-

171

JBEFA SR, [P SRR A ORI G GRS, BAREER IR S iR 1.

Note: (1) ACAT: Acetyl-CoA acetyltransferase; (2)

HMGS:

3-hydroxy-3-methylglutaryl-CoA  synthase; (3) HMGR:

3-hydroxy-3-methylglutaryl-CoA reductase; (4) MVK: Mevalonate kinase; (5) MPK: Phosphomevalonate kinase; (6) MVD:

Pyrophosphomevalonate decarboxylase; (7) FPS: Farnesyl diphosphate synthases; (8) FPPS: Geranylgeranyl-PP synthase;

(9) SQs:

Squalene synthase; (10) SE: Squalene monooxygenase; (11) LS: Lanosterol synthase; (12) 14a-LDM: Lanosterol-14a-demethylase.
Previously known pathways are indicated by solid arrows. Novel putative pathways proposed for Ganoderma are indicated by dotted arrows.

T 41 g/L A291H0 18.9 o/L BERHERWIN , F22Ik
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HiR . KA . MEICE LY REARFL
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REBMBFN, SR ER Cu™, Ca¥ W EIHTE
100 pmol/L B} R 2 g i 5w, 43 7llis#] 0.208 .,
0.187 g/L. K THALUEER B, Bkt
2 ] RS K R R S RS IR [R) R Y
Vi1, SR ERY Ve BNINEA 1.0%0F, #2211k
N R 2 =il 5 Al ik 23.56 mg/g.
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Table 1  Effects of medium components on submerged liquid fermentation of GT yield in Ganoderma

LS R IENE WZATHE =il 275 3k
Strain Fermentation ~ Research content Mycelium dry GT production References
scale weight (g/L) (g/L)
G. lucidum 1000 mL FER HEFRIEFRMBIRIE 4 g/L 12.43 0.239 [29]
1 000 mL flask The concentration of corn flour was 4 g/L
BEFRIE T AT 7 o/L 10.0 0.235
The concentration of corn flour was 7 g/L
BE IR RN R EE 10 g/L 10.20 0.200
The concentration of wheat flour was 10 g/L
BRI RIE 7 g/L 11.64 0.227
The concentration of buckwheat powder was 7 g/L
G. lucidum 250 mL FEH  HEFRAEREE AT BERHRIRY) & RS 41, 18.70 0.932 [30]

250 mL flask 189 g/, pH 4 5.4
The concentration of wort, yeast extract were 41,
18.9 g/L, respectively, pH 5.4
G. lucidum GO119 500 mL 42 Wi FeSLritiiAihl, MeB) ks . WERR—ZUAILK 985 0.207 [31]
500 mL flask  REREER) &40 3 R 31.06, 2.76. 1.77. 1.99 g/L
The concentration of glucose, autolyzed yeast, potassium
dihydrogen phosphate and Epsom salt were 31.06, 2.76,
1.77, 1.99 g/L, respectively

G. lingzhi G0023 250 mL #2Jifi  FEREEFRIEHIRMPIRI AR BE SRy 6.6 g/ — 0.478 [32]
250 mL flask  The concentration of the two different kinds of yeast were
6.6 g/L
LRGSR AL 3 A [RIEERE RS I 1403 h 5.07..3.78 0.514
7.63 g/L

The concentration of the three yeast powders were 5.07,
3.78, 7.63 g/L, respectively

G. lucidum 1000 mL #2555 AEAR B VR 20 pmol/L 0.245 [33]
1 000 mL flask The concentration of melotonin was 20 umol/L
REFRILARFRA R 100 pmol/L - 0.208
The concentration of copper sulfate was 100 umol/L
REFREEAASIRE 100 pmol/L 0.087
The concentration of calcium chloride was 100 pmol/L
G. lucidum 250 mL FEfL HEIREE Ve BSIE Y 1% - 0.236 [34]
250 mL flask  The concentration of Vg was 1%
G. lucidum 526 10 L kP SEFRierh it . BeaHRIRY) . ArBiR s s AR 55.25.70 0.639 [35]

10 L fermenter 14, 0.3 g/L

The concentration of glucose, yeast, ferric acid were 55,
14, 0.3 g/L respectively

300 L A Pt 23.90 0.670
300 L fermenter
G. lucidum 250 mL #8  BEFRIEPIRAVSIN 5 g/L MEERHEEIM 5 o/L i H 16.7 0.212 [36]

CCOMC3616 250 mL flask i, WA ATV Sy 50 /L
Combined addition of 5 g/L of yeast extract and 5 g/L of
peptone and the initial concentration of glucose was
50 g/L in culture solution

7. GT: Ganoderma triterpenes; —: SCBAARIA.
Note: GT: Ganoderma triterpenes; —: References unreported.
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B RZ=iEFE R A

Vb A S 2 3 TR0 AR AR MR IE - ek KR 5
Ferh i, S R 2 S R, X IE
BRI T2 T, 15IRTE 5 L RIHFRHER
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RS T HER Z BRRR SRR TP s g 4L ) 2,4-—
fil§ A 5 7K (1-chloro-2,4-dinitrobenzene , CDNB) 1,
H,0, X R Z AW B, R BB R 2R
. Ren 2P0 R 2 K et FE AP AR N 5-8 mmol/L
LR, SCIREE R R 2R &g, R e T
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Bo] 347y DT ARG 75 1) TR 2 A rh il DO 213 M A ™
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Table 2 Effects of fermentation process on submerged liquid fermentation of GT yield in Ganodermac

BRAFR KRR PR WA TH =l Z:75 3R
Strain Fermentation Research content Mycelium dry  GT production References
scale weight (g/L) (g/L)

G. lucidum 51 KIE#E  pH6.0, ¥ 161.9 r/min, JEJE 30.1 °C = 0.291 [37]
CCOMC 5.616 5 1 fermenter pH 6.0, agitation speed 161.9 r/min and temperature 30.1 °C
G. lucidum 250 mL $£)ffi ¥4 pH H 6.5 17.3 0.208 [38]
CCOMC 5.616 550 L flask  Initial pH was 6.5
G. lucidum 6 L ZBEHE  0-61 h, 32 °C 5535, £ 62127 h Z ], WEEM 31 °C BARE8.75 0.269 [39]
GO119 6 L fermenter {1 30 °C, 128 h )5, IREZEFE 29 °C

From 0 to 61 h, culturing was performed at 32 °C, the

temperature was decreased stepwise from 31 to 30 °C between

62 and 127 h, after 128 h, temperature was maintained at 29 °C
G. lucidum 250 mL $¥2fi SAHEKEH 80% 29.8 1.427 [40]
CCGMC 5.616 250 mL flask The concentration of gaseous O, level was 80%
G. lucidum 551 KREFRE pH N 3.0 553% 4 d.pH N 4.5 K57 6 d. 45K J1(dissolved — 0.755 [41]
LOILL 260 5 57, oxygen tension, DOT)H 25%£52 6 d, DOT % 10%353: 6 d

fermenter Incubate at pH 3.0 for 4 days, pH at 4.5 for 6 days, dissolved

oxygen tension (DOT) at 25% for 6 days, and DOT at 10% for

6 days
G. lucidum  SL ZJEfE S EH 4 L/min 6.07 0.059 [42]
GO119 5 L fermenter Aeration rate was 4 L/min

WM 6 L/min 6.52 0.076

Aeration rate was 6 L/min

i 8 L/min 8.77 0.204

Aeration rate was 8 L/min

HAHEA 10 L/min 15.09 0.192

Aeration rate was 10 L/min
G. lucidum 6L K&IERE  $EEHE A 50 r/min 13.11 0.013 [43]
Go119 6 L fermenter Agitation speed was 50 r/min

B3 100 r/min 13.48 0.052

Agitation speed was 50 r/min

BiHE#E 150 t/min 14.75 0.043

Agitation speed was 150 r/min

PEFEAE S 200 r/min 14.90 0.029

Agitation speed was 200 r/min

LB . 150 r/min (040 h), 100 r/min (40 h J5) 14.16 0.086

Agitation speed: 150 r/min (0—40 h), 100 r/min (after 40 h)
G.lingzhi 5L EREHE  PINTBONSR ARGIEAE 1.5 d Fedi 150 t/min 225 100 r/min, 20.3 0.926 [44]
(0023 5 L fermenter ¥53%3d; EERFE 14d

Two-stage culture: agitation speed changed from 150 r/min to

100 r/ min in 1.5 days and cultured for 3 days in the oscillation

culture phase; left to liquid static culture for 14 days
G. lucidum 50 L &IERE  pHblss: 10.67 0.243 [45]
GO119 50 L fermenter Fed-batch culture

[ BR kMR RS 3 13.68 0.497

Batch feeding culture

ER Y iR 14.18 0.430

Constant speed feeding culture

(545)
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ARRAMEH IR

Variable feeding culture

FREAPRET IR

Exponential feeding culture
G. lucidum

25 L fermenter | &% 80 h

(&% 2)
15.26 0.588

17.68 0.810

25 L ks R R 30°C, AN 1:0.75, HitkEEE N 180 r/min Z514: — 0.360 [46]

Fermentation at a temperature of 30 °C, aeration rate of 1: 0.75,
and an agitation speed of 180 r/min for 80 h

G. lucidum
CCGMC

o 250 mL flask £Z&fF R385 2. 6. 10d

250 mL ¥Ei  7ESRREFAES . 0.94 W/m® % . 4.70 W/m® G =B BORHR R — 0.470 [47]

Three-stage light irradiation, incubate at dark environment for
2 days, 0.94 W/m® white light irradiation for 6 days, and
4.70 W/m” white light irradiation for 10 days

G. lucidum 250 mL $E WIHRSAMEEB R ECH 16407
CCGMC 250 mL flask Initial Kza values of 16.4 h™"
e YIS RACH 60,00
Initial K;a values of 60.0 h’
e LR R E N 78.2 0!
Initial K;a values of 78.2 h™"
WAL R R ECH 96.0 h!
Initial K;a values of 96.0 h™*

11.35 0.246 [48]

13.85 0.280

15.62 0.339

13.75 0.450

: GT: Ganoderma triterpenes; Kia: Volumetric oxygen transfer coefficient; —: SCHRAHIE.

Note: GT: Ganoderma triterpenes; K a: Volumetric oxygen transfer coefficient; —: References unreported.

TR, HASREW, #TH 4 mmol/L
B REIDCAKIS St 12 h Al R 2R Rk
K, M 53.85mg/g, SXFHRAIAIELIRR T 2.8 174,
{FL ) At %ot BT 22 AR ) A Kt AT — 5 BRI . X 8
WFREER N ROS FERZ TS 5RZMA M1t
BET A
32 EEBTERSRZZMTEPHNA

G B B TR AR AR W A 0 40 i A B A 3
BrREELENEM. Ay, B eR
B R AR R R AR = P 1 7 B A N e —
AR, X TFRESHTRZ PSR
2R SRR i — 5P, Tang
UG T 6 M E AR B TR R 2 R BRI,
RBURE AR T G2 R &, 1
REAR iR A=, I O T AT AR R RS 4 K
RN 2 mmol/L 4 8 1 R 2 =il i & ik 2
30 mg/g. Zhu Z SR L8 B T . =B Bot
HEF R 22 ik o R SR MR 45 A i I & T —Fh
HIZEE R, 25 R BRI ESE TR,

M H SR Z R &m0l sk 41 mgl
720.8 mg/L, Xf R 2 KRB R Z R HA—
SERIHE SR, Li SR 2 ER R PR AS
BB FUNINAHZS &, SR RARZM T W5 HhE
IKFN e KAE N 18.7 mg/g, BB IS B 7 el A
SRR 2.1-4.2 ffF . Xu OO WER 2 L B E
Fir BE 7 NaCl, KCI Al MnCl, B, & B il &
T 54 B T Re R 2 Ay B 2.8 £ AN
22 %, M E P RZR®REEICHEAZL, A
34 B T AN R T 2 AR A Y O B
A e PR B X R 2R Mk, T, S, Me it
AR, R 5 X WAL e

1.78-4.30 1. sk F M58 L IR 2 & B AE AP a
T, AMEEINES BT AN EGTA AR Z M
B E LA R 5 AR A PR TR R AH B A S
KT 22%. 45%F1 41%, %k CaCl, fE3EAK
2 EGTA AP SEUN B R R . BT
ARG, X segh FLEUE B AR R 2 i N S
TS H5HERZRNE .
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33 EMERERSERZZMTE PN

HY AR 400 18 3% A B A S 1 P R 4 A R 1Y)
ER, PRI S0 P A3 28] T T 12 N
VFZIE R, HEW B A S 15 S AOH T S
R . W FK AR R 05 5 38 I =22 [8] 1) 28 LR
MR AR AR 1B R gE 2 —PY. Ren 2Tk
il R AR I ERAE s 50, FEH AR 4
T X7 T 2 A A TR AR 5 A5 R VA R AE iR TR -20
() 2 A1 R W iR e AL U &4 254 pmol/L, GA
(ganoderic acids)y= =ik 45.2 mg/g, XA
PERE 45.3%, ORISR RSB R, SR TE
B AL S A S YIBE R 5 Zhang 25
RITER Z i 15.9 mmol/L Z iR 2 it
15.5 h 5, REfRit R 2 @M= Eik%] 33 mg/g, $2
BT 90%, Hirh HMGR. SQS. OSC mRNA 7K}
AR EH 2.6, 43, 3.8 5. Kigig
(salicylic acid, SA)E—FPTEAEY)I BT RSt HE
FEVERR/IN T, SNE SA BIIARERE R 2 =ik~
R Ye SEOVERT ANMOBISTIERS b, B SA IS
BTYENREBRAER T RS ERE, G5
PR R Z 2P i A i, SX IR, B
5 MR A i S = BB N 9.02% 1 13.61%.
34 P450 MIFESMAERSRZZMEFEFH
Iz A

CYP450 &AIMLER, JLTAAETHENA L
Piikep, B—ANERMERNERE, 252
R AR A S, LB ARIBR . (S EE. Al
Wi . s WS (55 AL A Y gy
Try AR 0870

WA, REFLEAWF5E T E NI E
(67, Chen Z7VL) Ganoderma lucidum CGMCC
5.0026 FAHLATEER, ¥ET 24 DK CYP HH
i, Hrp 78 4~ P450 JEH SR B BEA B RA,
FHIX 78 4~ P450 IRAT W RES 5 R 2 T & it
Fr, Hrp 16 NS5HEE CYP &AM, b2l
A R R 2 R A JE DR L B PR e B AE 214 44
Mt R A LS, TRES R 2 G i &

ARG, Ho HAT EOE P450 ThRE R A 1954,
i L SERF S 2 i PCR Rz, 132047 78 4~ P450
SR 5 SQS EE MBS WAL RIK, W BETE A
YA EEEAH, 5 Chen WIBFFEEE R —3,
Liang 2535 IRSE T P450 5 S B L 25t
ZRBEMIE , 85 R B TE R B 35 5 i o
FEMEE 5 RASIN 100 pmol/L 7 B H 2 Ky et & 1
i, HpBRZMEERT 414 mg/g, RZ
iz Mk. T. SHIMe/il$em T 47%. 28%. 36%
M 64%; [FE, EREHZEST, KBCHEP
] K 2 B §5 B 9 B Z 08 2> . Nojoki 2571 % 3
P450 175 S AR V- RE A S0 = R 2R
IR R O TR A TORAR S A5 E R 2RSS 9 K
U 100 pmol/L A4 F-BE {22 2 iR ™= it ik B e K
i} 18.6 mg/g.
35 HMSMNERMMERSRZ=0E"
Iz

Zhang Z5PhE i BB B SR 5, DASLEE
SRR VS AT 4 IS AR B R 2R R
1.33 g/L, ARUSINEF 2 2 Bl () %5 BAH AR 0.78 g/L;
P A e A & B, FESS 3 RIS S mg/L 4F4E R
fitf, REBRIFE AN 1.61 gL, Xl
TWAE R 2 R S N2 PR oty , il R 2 i
Hh=iE S EAE] 030 /L, AR T =M
PR, AR TR O AR — R s T, Rk
AR SRR LA R 2 = A R HEE, B
A R e — L AIBFSY o Feng ZEUHAR T 6 RO [RI Y
HMIG IR N x 3 2 B 2 A A KR = AR A
S, 25 RO IMIR IR ik B2, JRTE
6 L KEFHEGFATHE, 7EUAN 30 mL/L MR . 5
S 192 h J7 =il =Rk %) 1.08 g/L, IERH L =1k
RWEA P BRI T 25 A s i il e i R A
Rey, WP AT T,

FRTEMA . &EET . MW E . P450 i
T LA R A A MR S Ik R 2 S K
AN 3 R,

Gal:y

bl
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Table 3 Effects of elicitors on submerged liquid fermentation of GT yield in Ganoderma

AR R il s FEEE Wk TE s e = BN
Strain Fermentation scale  Elicitors Added does Elicitation Mycelium dry GT production References
duration  weight (g/L) (g/L)
G. lucidum 500 mL & E+ ke 29.85mL/L 25.63h — 0.850 [52]
GO119 500 mL flask N-dodecane
5 L KM 0.880
5 L fermenter
G. lucidum 250 mL FEHf e T 2 mmol/L 4d = 0.348 [59]
CGMCC 5.616 250 mL flask Copper ions
G. lucidum 100 mL $2f FAEF 100 mmol/L 9 d Inhibit 0.186 [74]
CGMCC 5.616 100 mL flask Rifampin
G. lucidum 250 mL $&ff 2 Y 2 il 5 mg/L 3d = 1.608 [75]
250 mL flask Cellulose
2 L Kk 5 mg/L 12d = 1.253
2 L fermenter
G. lucidum 500 mL $Ef HBE WS ey 5g/L = 16.17 0.304 [76]
500 mL flask Catharsius molossus
G. lucidum 250 mL $2if YR 30mL/L Oh 13.42 0.855 [77]
GO119 250 mL flask Oleic acid
6 L kst 30 mL/L 192 h = 1.076
6 L fermenter
G. lucidum 1 000 mL $Ejffi Eie 4¢/L = 13.15 - [78]
5.534 1 000 mL flask Astragalus membranaceus
He 6 g/L = 18.84 0.238
Licorice
He 8 g/L = = 0.653
Licorice
B3 8 g/L = 19.95 -
Medical dogwood
G. lucidum 01 500 mL #&)f NE IR 2 g/L 7d Increase 0.394 [79]
500 mL flask Linoleic acid
i = Inhibit
Stearic acid
FRHETR - Inhibit
Palmitic acid
G. lucidum 250 mL &R KR Y 0.4 g/L 7d Increase 0.303 [80]
SCIM0006 250 mL flask The water extract from
Forsythia suspensa
HFCF Rt 0.2 g/L 10.38 0.238
Ethanol extracts from L.
chinensis
G. lucidum 250 mL ¥E MGE IR H Ky 0.2 g/L = = 0.314 [81]
CGMCC 5.616 550 mL flask Catharsius molossus 0.1 g/L 0.259
G. lucidum 250 mL $&ff ThEABE P 2X 60 mg/L 14d = 0.316 [82]
CGMCC 5.616 550 mL flask Tuber aestivum vittad
500 mL #E
500 mL flask
G. lucidum 250 mL $2if Wi 10 pg/mL 72 h 9.85 1.500 [83]
7G06 250 mL flask Amphotericin
G. lucidum 01 500 mL $&3f e 0.1 mmol/L 7 d = 0.398 [84]
500 mL flask Pr

7E: GT: Ganoderma triterpenes; —: SCHAAHRIE.
Note: GT: Ganoderma triterpenes; —: References unreported.
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4 [FoHRRBERZ=MEMEEAER
R

TERZH, TR B a4 A
A WG S BT R 2 =S Ya s, B,
TRANEAS YT R =S R E S %S
WXL T E = A EEE X, AT
R R 2 AR EMIE SRR, (2R
Z M E R . ARRE S EY A RIS
%S AR PTG T 4 (reactive oxygen species,
ROS)E %5 . BB T155 . KAMHBRES . —% 1k
RIG5 . cAMP {55 . Bt FIwkhg (5555 7 1 -
4.1 ROS FESRAERZ=IEEMEM

ROS fu A E T(0,). EILE(H,0,).
FLANE(O,), B H R R bR A, Y
A= W R oA ST Y B0 281 18 T B O 2 3 3K
ROS [/ 5, ROS IR RES | R XTSRS AR AL i B4
B LhfE, (RIS A L R Mo
T Ho O HA 0 Ak 27 S P AR G ek
AT s . OIS PR i R A R
PERON R T R D & B AR NS 5 0 iy —Fh
Py

ROS i 3 A8 ok e Fi v — A 1 PR e 1R S AL i
(NOX)X R Z W Z2ARHA TS, MG REME LR L
JIRNEE NS — A% R W iR (NADPH)_E (1 — A HL T 5655
ARSI BB A T, HA BT S e A e
ALRE(SOD) IV A2 H,0.5%, i NOX 41l 1
TS MER S ROS T BRFIPLIA MR AL R AT L
ff bk M 38 ROS FUE, X —45 L
NOX i A (5 5% St e rp g — A B R
TERZH, ROS A[fEXT GT A¥)-4 M EA £ 7 1y
SN ROS FHAANI R 2 Al S ai i A= K . 7= i+
MAZERAEY AR, T ROS KWIFFE AT
SANMISET, i A] i R L Hogl A1 Fus3 #5 F1I
1% MAPK (mitogen-activated protein kinase)fi 5, M
Mifilk GT A=¥p8 8 Sit2 7 MAPK i[5 (1 # 5:
W2 KA AP ROS &Mk, H,0, 1

TATT LIPS SIe2 @Rtk h T REM GA i, i
— AU N ROS 7K i R 2 i MAPK 155
W5 GT YA A ki iy
ROS feR(E 50 FrfER, HEHRIHAT ROS
SREMESHE A, S EYIRE —ErfE,
A R N A B E E AL BR(AOX) . SOD, 1t
AL A (CAT) A4 b H IR S AL P 1 (GPX) 45 4t
AACHE, fefE—E R AP A Z AL i
BN, Li PP T GPX BEfE T HUE K
RIHF R RO, 253 GPX 7EfHI 40
H,0, &t . W22 BRI . R Ca™ i it
MR Z YA ST HAHEEEA, #RT
GPX 54N Hy0, Fl Ca®* Z [l B AR, b4
FUT ROS XTHEMEMAK AT MR AR EAR
ZefsEn , o GPX 5 B IR .
42 FBEFESHERZZMEMEK
CafEN—ME 58T, HAZMME, 754
WA 2= (5 Sl i P AR Sl AR AL Ve . TEVT
ZHEFE, Ca’'5 5SS ER T TR
T 2500 A ML B B0 P25 A W AR A SRR
T, ARSI Rk AR R AR E Rt
ZHE R AR R S R IR R D) — sk
fR2f B E AL, #ATIRAMMN Ca® W 1 As
b5 B515 5 I 4 SRR 22 ol o) R 28 4 FH 1 T
o N B T A SZ U, (o A0 P 1 8 U B AR AR
b, PREHEAE R 28 A5 MR AN R i B A MRS Ao
R OV SR G VN1 V72 AL = 3 AR
Xu ZEOW gy T A R 0 S o R 2 R
I IR, SE06 K B R 2 R B A i A
B IR R 2 YA R AN B AL s i R A
# V. Wang PSR B, 24 CatHEINNE, 45
T VAL A (CNA)EITEE S CAM B &Yk
W, PSR SR F CRZ1 5 M & A T i
SR 8h - Hh 0 4 8 2 IO S G /4 (CDRE) 3
FPahif. EREW, WEIHZHSR AR IR
Ca™ BIIMAIEIN T 34~ Ca” L ERIE R (CAM ,CNA
H CRZ)AYHE AR, fioh & 1658 22 AR5 ) 5 ] o
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ZFRAG T s ik T OO i R s g
HFIFICAMEER A) RIS R 2R TR, 4
[4h Ca®*, Na'sl Mn®"J5, MK A M ERE
W A A — e R B S Rk, R ca®'
Na“m Mn” 45 5 2 1 1 A A 0 mT RE -5 45 18
REREHE 5 A ¢ A5 B B E5 155 T Ay —Fhak
N, AR MM EEREANZ —, H—1
HEAL B (CNA)FI— DT W AL(CNBYH AL, J& T
22 [ E TR AV IR B R . FER 2 R I f
BA Na's, Mn> iif, HMGR . SQS il LS H ik 4
IR, ORI Na 8 Mn® L id
I FES B RR B 5 5 i 2 0 A R IR B R 2
fif e 62631

4.3 XF B EEE(methyl jasmonate, MeJA)ES
BIERZ=MEEE K

MeJA {5538 BN R RV Z YR B AH™
WA & ) — A 5E#A5S, Hoh F-box 2 COIl
(coronatine insensitive 1 )& CH#E/E , 5 Skpl.Cullin
Al Rbx1 HALETEM SCF a1, JAZ
(jasmonate zim-domain)ZE /& COIl ) EHHHE &5,
55 £ B JA-Ile (jasmonoyl-isoleucine) fit 15 5
COIl MULFI JAZ P Z BIMAHEANER, & HHiE
—— AN HA A s TAP1 ) Bk SCREOT i
JAZ BBz RACERAR RS, (FSEFTIR 1 A
FEL SRR S X A BRI S A 56, JFEL
TS B S [R] - R R 45 AR 1 R AR IR i Iy ik PR 1
5, R A A g e AN T e R
HHREEREIOE MeJA [F52kh 2 5 R 2 =54 Ma
JHE R TR 2 s IRl - A DGR AR 2D, Rt v
A% MeJA 55 B A EELMSHNE-

X R 2 4 TR B s 2H o B i oE R
MelA P FAMLYE GA AYE RAHSCIER, iF
PP A AR AR A DGR, anHm A . ROS
PR TR A . LB i AR 0
HFZERY T MeJA FILGEITE MAPK 5518
B IR S B RO A T R, AT
PR AALA G L B R AR RN R IR

WA, S 2 B A 0 A SRR AR, R AR
MelA 1755 1 R 2 =il A= W& B nT e 23 1 s
ROS 345 4t 2 11 3 165 15 3 i & #5246 FH 9 1
PO i SRR R T a2 B R R oA
MeJA Ji ZIAUR 2 BRI & wen, w22
(B AR BN T 29 1.2 4%, 4N A9 ROS &t
ARG, H—2HF5 R ROS TR AT LITEER
223 MeJA RhPRAY R 2 TR 220K R 2 TR A0 A L A
ML H K, UESE T MelA X R 2 22 534 Fl R
2R RS T B ARl ROS 552k LAY,
Hii NOX 2 T 8 E M .
4.4 —SF L& (nitric oxide, NO)ESHIZRE=
TEAE & B

NO J&—FhH My B BSE Sk, A HiEFK
NO JEAEWIRN—F GRS 0T, BBEAT
ROS 1554071y 3755 40 i op HA A5 520 111
WA B TR, DT 25 A P A A
if; NO A3 2051, JB FIRIVMERRNS)EE, Gt
ZAE A AR, AU E R, T H AR
WEFFShEE! ! NO HAT WE ST AL E L
RERITER, FEARTE R 2 Rl R 2 it fih, NO
REBCHE AN Ca® i, (el Ca® AN, Hh
NO 5 Oy MBI o] L y= i Ak 5 3k S8 Ak i i
#T(ONOO), #i% ROS 55", NO i
AALRIA I H BRZ B C R IU A EY], NO AT 5
i T AR e IR s N A BN s- I il 2 A B H IR
(GSNO)'PL, Gu ZMIRIAS 44 NO ftik, 7R
AR KB RINAMEN: NO R LR & R 2R
()25 s DA S A W R B DR 3 SR K-, 7 R T
72 h BFAS AN 5 mmol/L (RSE-4H, RZR S 5%
FEATAH EL R T 40.94%, ot NO AT B B #AF 3k
IR 2 1k 45 IR 78 R I s A2 h s R 2R A
Wi nl, T NO f# 5 2 = At ] gl i Ca™*
il ROS WIfs SLB IR, 7Efi, ELR
Jri8 B NO AR ISR AN, X FhrFhl 5 8t
PR UE— R ANPUA AT TG P T A AP AALERT ;TR
FE, MR NO RS HiA ki SOD. POD #il CAT,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3462 TEY I8

Microbiol. China

PR 2z E s mmemnt, Hik, NO 5%
R 2 =i U ¥ ) Ca® il ROS 1
I T R S Y
45 INRRFE EBHEER(cyclic adenosine monophosphate,
CAMP)ESHIER Z =fEEME KL

cAMP B—FELENES AT, S5
YRR A PRI BN, IRl R X S5 5 i 3 3
ARRY B RN o A7 SCHRIRGE , 7ER 2 RIS TPmA
TE BT EIVCAR, REVS AN I8 T3 B 2 i R 2
FRIVAEI A AL, BOEH TAHEHN ROS A5 A IE
TREFH cAMP {5515, Mokl AR &
LG 2AIE R R, cAMP 7EXT15 T4k Pk H
BRSSO n B TR A AR BH e T iE,
cAMP (KA FHAEIE cAMP {RH5ER (I A, BEMT
WAL TR Y, XU BTSN . AN
s+, EMEd X —sek BfEGFs, ™
A TCEFI B 5 BR T 5151, cAMP J2& 5 HH
ARG S AR AN cAMP )%
F2 5 IR R P S o it R I R il o o A
X, 5 cAMP &G, 22 40T IR T R R
R B i 0 L 11 S S s [ R PSR (5]
TR — IR A 550 L Sk AN (NaF) VR BT IR 3k
T (A3 7R T T4 RZ 41BN cAMP ZKF-, You
LI NaF . WiMER a8 cAMP/IBMX (3-isobutyl-1-
methylxanthine){bFR 2215, REFLE R 2RI i,
VR AN T, Jf BAIE] SQS A1 LS HH%E
N, EEA TR, LRIARTTREXE cAMP 75
SR AN MR TR R 2 R A A R R AR
4.6 PERHMEFBEESAERZ=0EEMEN

St S R b A RSB R i AR Ak . HEA
Ji8 S5 T, F T 28 2 A I I B i 2
NADPH b EH0E , 1S A e S 55 ik
e, RIEES AEHENERY. Ln %07
WL S LG TR A SR B E I, 4551
FB, B A N BEIR IR (phosphatidic acid, PA)
FRE B ERN, m#EAsEE D (phospholipase D, PLD)
DUERTE AR s A% e o it — 0 R W], PA AR AR

T N ¥iE T PLD UK iR B IR Bt £ B %
(phosphatidylethanolamine, PE)AJREJT; 1t4h, PLD
TUBR TR PRI/ 1 58 0 Hhy PN 075 3 1Y 2 2 R 1 AR
YIa L, Tdsn PA A DLSERZ IS, X —AHF5E4s
JRFKRH] PLD 1 PA 2 5 #0551 R 2 A= At
AR, BEEH T R 2 T AR E AR SRR
TR0t B R0 o Lin 258 S E— 25T
TREBERES, ERNEET, A2 rywiis
Tk UL (phosphatidylinositol, PI){E PI-4 S (41F FT]
TEAL Ny PL-A-BERR, SRJSTE PI-4-WEMRER-5 WG
TEF T HeAL A PL-4,5- iR, X — B IR S Ca®”
GO MR Z R G A FVINERR, RN
TG E 5 Ca™ (55 Z AfFAEAH T AR, LA
LIRS R AR A . AT ORI S SR (R S A
FERFE— 20 T fif R 2 A AU 86 AR K Y
Ja BZAER

ARIEMA ROS 75 . M FES . KA
HERES . —2EGES . cAMP 55X R 2
RIE = P S I AN SR 4 R .
5 R¥E

RZZMEAEAG T2 A BTSRRI R AF
RS, T E TR R 2 =i oK e R
s, BARR Z R ARBASIRIZ R EROR R R
Z SR A —E R, (HIE AN R AL SRR
AT, T R AN . g5 G EN Ak
PR ZMEUIA R, BATA R EZ =ik
PRI 7 S i — 2 s JLAS I T i AR (1) A
FHEE A . EE AP A A 2 AR 25 G 0 T Bovt
RZ=MEAEY A USRI T mfET, PR 2
=MEAEYE T AR (2) MRZ =S
B T RIS 55 A TS, T =il
AOACIIES , HRBA R S R 2 =il R
2 (3) #E— LW AN B R 2 = A
AT IEFAILG], B A AR R 2 s S s s N
2o I R 2 = A T BRI S 0
RHAIFSE, By R 2 =i — 20 I AR 35 BT
FIFLARLER
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Table 4 Elicitors signal transductions on biosynthesis of GT in Ganoderma

RIRAAPR 1755 ISR 5k (5 5400 R =R MDCEE  fEAPLEE E =N
Strain Elicitors Added Elicitation Signal Metabolites GT Related gene  Mechanism of action References
does duration components production
(mmol/L) (g
G. lucidum CDNB 04 4d Hogl Total GT  4.60 SQS, LS ROS signal, MAPK signal  [53]
BCRC GA-24 032
61l o, 1.6 1h Hogl,Fus3  Total GT 8.60
GA-24 0.48
G. lucidum Aceticacid 5 32h - Total GT  39.80 HMGR, SQS ROS signal [54]
HG 821  22.68h Total GT ~ 55.20
G. lucidum Aspirin 4 1d MAPKp38, Total GT 53.85 SQS, LS Apoptosis signaling [55]
BCRC36111 Hogl
G. lucidum Ca®™* 10 14d - GA-T 18.70 HMGR, SQS, Calcineurin signal [61]
CcGMCC 8d LS transduction
5.616
G. lucidum Na' 100 2d CAM, CAN, GA-Mk  17.96 HMGR, SQS,Na'/Ca*" exchanger, Ca®" [62]
SCEI%ICC ggéla, IéNzél ,  GA-T 14.15 LS signal transduction
: ATPace GA-S 519
GA-Me 6.15
K' 100 0d GA-Mk  4.59
GA-T 3.44
GA-S 1.87
GA-Me 224
G. lucidum Mn”* 10 2d CAM,CAN, GA-Mk 6.97 HMGR, SQS, Mn”"/Ca*" exchanger, Ca®*  [63,96]
CGMCC CRZ, PMR1 GA-T 10.29 LS signal transduction
Pl GAS 583
GA-Me 539
G. lucidum Methyl 0.05 6d AAO, NBP, Total GT ~ 40.00 HMGR, SQS, ROS signal, MAPK signal, [65,109]
HG jasmonate () | CDC, CAL, 37.20 MVD,FPS  Ca* signal transduction
0.15 g‘ﬁg’, E“IQ’RCT% 37.40
0.234 RHO 45.20
G. lucidum Ethylene 15.9 155h  ACS Total GT  33.00 HMGR, SQS,— [66]
HG OSC
G. lucidum Phenobarbital 0.1 5d - Total GT 41.40 SQS, LS P450 inducer [73]
CGMCC GA-Mk  1.04
5.616 GAT 248
GA-S 1.17
GA-Me 0.77
G. lucidum CaCl, 10 2d CAM, CAN, Total GT 71.12 HMGR, SQS, Calcineurin signal [95]
CGMCC CRZ1 GA-Mk 191 LS transduction
PLLl GAT 1194
GA-S 233
GA-Me 3.03
G. lucidum Sodium 5 72 h CAM, CATP, Total GT 118.50 ACAT, SE,  NO signal pathway [114]
GIMS5.250 nitroprusside GPX, POD, SOD HMGR,
HMGS
G. lucidum Caffeine 80 4d cAMP Total GT 11.09 SQS, LS cAMP signal [115]
BCRC GA-24 0.43
3611 Np 20 Total GT  13.72
GA-24 0.75
cAMP+15 40 Total GT  10.09
IBMX GA-24 036
G. lucidum Salicylic acid 0.2 24h - GA-A 2.29 HMGR, SQS - [119]
HG

7E: GT: Ganoderma triterpenes; NaF: Sodium fluoride; IBMX: 3-Isobutyl-1-methylxanthine; —: SCERKAIRIE.
Note: GT: Ganoderma triterpenes; NaF: Sodium fluoride; IBMX: 3-Isobutyl-1-methylxanthne; —: References unreported.
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