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Abstract: The paper introduced the progress in study on triterpenoids in Ganoderma lucidum in recent years. The kinds of ganoderma

triterpene, the pharmacological action, the biosynthesis pathway of ganoderma triterpene, and the influence factors of ganoderma

triterpene accumulation were reviewed to provide the reference for the future development and utilization of ganoderma triterpene.

Key words: ganoderma triterpene; pharmacological effect; biosynthesis pathway; accumulation; influence factors

RZ Ganoderma lucidum (Lesyss ex Fr.) Karst J&
HF RN ZAREARZEARZRERN, &
F AR 2%, FRECHBAMZGHTE. H
20 tHed 50 FARLLK, RZ TSRS 7 N TS,
Bl R 2 M2 RIRE RS IR AR R e, RZ T
R K HZ) V2. REWFROIHEEE, 5%
B =, AHUER. AIVETEE AR, SRR AR
LR, RUES . BER. JREENE . PR K D-H EERESE
RS R Z RN AR, Rl 3 B
Moz —, BAT ZZ3E, Hasl AN E
Mo N T RZ =AY R — PR, A
OO R Z =il A A VIR T AT (A EEEA
1 RE=MHERIFPE

20 2 80 AR, R ZNRIEMER S IR 7T V2 1

ks EE: 2014-10-22

RN, 1982 FFH IR R ZFIARTIRFR B o B Hh
2 AEI =R B R 2R A FIR 2T B, % 1999
B, BRI =G5 REYIL 119 M, RIS HRFIE
APEIXEE =G 10 4. HETCHIEA W A 280 =k
FWEYMMNRZBETE TSR ¥y, WL
Ry AR RIEAT TR E, IR =R
ZHOVE AN FE RS E .

RZZGERWEAXS 2 T E— A 4X
10°~6X10°, S5HBCNE 2, BT CHMA 7 KB
H14 FPONEESR AL, B EA 2 A RIHUREE : JREE
FRE WAL, FIE. WAL, OMEEESE. RZE =N
KRR T 539 Caon Cop F1 Cos 3 Bl KHE
PR B e AR 25 F AR, W40 AR Z IR
Wi, WEJE. ARSI,

fEEEN: FEE, HHRTEPMER A TRRBEEE, KIAFEMHE AR S LR TAE. Tel: 13804378816  E-mail: 237353663@qq.com



¥4

Chinese Traditional and Herbal Drugs 28 46 % % 12 3§ 201546 A

* 1859 -

2 RE=BEHIEER

REZWEAT ZABEME, Wy, (RAT
FEEE. BT HIV REE PRARIHE EE S
2.1 IE{ER

Kao %P5t R ZHHTMRIE AT 7RI, R
Z=wEPUMIRE A E AL S 2 A 20, R ZZHEM
1l e A JE I M R T SR N R KRR, =
i — A A DA e 4 o P 4 i 4% 4 i 7 .
2 HOTF LR B R 22— 0 ] e e 4 4 B 5 BH A 2
it JE AN S AR T AR S I R, R
22 1 e 4 e R A A 1) S R A )
8 240 o 5 P AR R0, R =R A E 2k
ZHE, AR =AY I 4n AR A . R
FUEBIN R 275z phorh 4y B8 aiAh 15 B 10 b 1 =52
A WXT 2 Fhidg 20 Bk an /N BROAR EL9 L12100 A
MESE K562, AWl SW620. AFLERE MCF7 4
EYE, HAriE S AadE SWe20 4iE T Rk
= AL A TE S g RN S R VR B R,
FRZR A N AR ZER E GE4MH T 40 HepG,
W, RZER F. K. B. D el N =3k Hela
A, R 2R ML, S iFSLRAN SN
% HeLa ZHM T Bt =ik &0 K562
I 2K
2.2 {RAFEA

W o < R o 3R 28 = W o £ A0 1 AR 3 1
H, RZ =R TT 4 RE 08 B35 PR R s &
FRE AN (ALT). RAZREEN (AST) ALK
HA AL A K-l (TGE-p1) mRNA. FEJifi 4
JBEAR-2 (MMP-2) MRIE, WED A ERRE
=GR B IR KR LR . T
PP R 2 Fehh BRI R E =il (GT, LS
RERA). LWEY, GT P&, A&
PEEARA T+ REZ AT ELY 3 PP R AL /N
BOA B R E R, AT B R B A Y Zh W 1) 1M v
ALT FIFFR =Bt (TG) &, FERFFEE R
St , 5 BH X HE 25 % B S (malotilate)
TEFI AL ZEMl I 7 TR 2 =i/ B &
PEFFAR 1A PR3 E
2.3 #i HIV-1 #1 HIV-1 EEEEEMS

s n R 2 =AM HIV 1%
FIMLE, B = b 250 SO AT T gh, feth R
=HERAAYIPT HIV 3G M 3 Z2 @ HH] HIV 1)
BB R A . M HIV-1 SO SEEE. ) HIV-1

WO, MHEERERE. RZ=EY R
2R AL RZ# B. lucidumol B. ganodermanondiol.
ganodermanontriol A & 35 #i | HIV-1 £& (A Bg & 14,
I1Cs0 4 20~90 pmol/L!". ix —HF 51 45 5 F- 4R AT
RO HIV 259052 A 2 15 7
24 REIEHER

W TR IR Z IR REAR 17 Lewis il i) Guinea
RN AN R-2 AL-2) FEF R, JFHEm NK
ML S ig it HAA (Rt hae, RZ =i
B ReA R R4 i = A8 IL, 38 oA 2m fa i =
A, Rt g g g el
2.5 FMmAsFIFEMAEIER

AH T T R 256 KRR AR KT R S
R, RZ = A ARG TG IHREEE, %
FEREAME, BAHERREOEEH. ARZ
T B R ZIR By C £ C-7,15 AR, 1%
TAECHY H i T 4 Sh A An i b () S S . R 2R B
MR ZMR B C HIFTAYIN i B Bk 24,25- 5
FEE RS R AR A BB E R HHIER . AR ZE
= R PRI AR o BFFTIE S R 2 =k 3
VIR 2R Z MR ZER S v LA 3-F24k-3-H
BN TR TRAEY A (HMG-CoA) I JE 1T 1 o
2.6 Hft

Ao, RZ=EFMEMERIEE . Pk,
2 B RIE 5 3 % 25 S
3 REZMEEPERIER

=R EYE TR R A, 2AERA—XK
KYIBHEFR . PRI 0, A LR A4
IR TR EERERR (IPP). R Z =i A& BRI
TG BOSRHAT R, BRI B CoA @it 22 4t
B2 IR BR IR A, A Al TPP AN — H L0 A S AR R
AMCNJEY), ke IR, Bif. &i-2,3-
FALYIRI = H I A rh B, B e 20— R AL
AN B

BEE DT IER N, IR 2 AL R 2 =ik
V6 BUOSAE R B 1) FE A e PR AN S . AL
HAERREIL N B Em SRR (sQs) M,
AL AL WA A AR 3-FR R -3-H AR
TR A SRR (HMGS) PO, LR F LR,
TRAREE A RO RIKIRE) 3-Fdk-3- R
Wk 2. TE4hE A S E R (HMGR) B, ik 57z
I A B IR AR I R R G TR A R R i R Bl R (A
(MVD) P2, i fb it e R IR A= A Fr0 925 Je 56 = 1



- 1860 - XX

Chinese Traditional and Herbal Drugs 28 46 % % 12 3§ 201546 A

WA EESE N (FPS) P, 4k M A RN 2E B
S ABEER (LS) Y, S )i TR M
A TPP A — H )G I SL £ R (DMAPP) 2 [H] 1)
IR N E R, HArC e R R
REZBERES, Gi—R5Eh. B, BEk
ST R 2 1) =i, LRI S BN AR v AN TS
H, I WIAE A R A (LR P450 (CYP450)
IR AL D REEAR I B B b A &
AR,
4 EMREZ=TEARFABRNEE

=i R ZR NIRRT, IREAR )
f 7 A AAR B2 B 1 B 4 AN B8 DR 2E TR 4 ),
RZRN =AM E AR R BB, i
5 By XEEmA BT 2 57
4.1 HKEHEAXT R Z = HERIF2 00

RZNH LB PR ER R SR, HE
AR ARAA . AR TR E T EREAR,
RZ =MW R F R RS . A B EP
W7 RZF SRR R AK KRG B2 PR =i &4
W, RO TFREE = EENEY. ZHEK
WA PR, MR RG, X5 E
PR — 2, RV HPLC 200 R 2 AR [H
RE M B =i R AN, I B 22 1 3] Ji7 5 1A
WA FRE Y, iR E R E TS, B Real-time
PCR 741 1 197 A~ CYP 2 H[FFRIL, 78 4> CYP %
PRIk B, RABAL LS MRESEMAX, 5
S AR E B IEA S, Ren P00 T REH
22 JFIERNT SRR E B 10 AR R 5K,
WRIMEER ) 2 R R H R 2 =R EAH B4 K
%o REMEBUT HPLC VE20 0T R 2 B 24k et
P = b R ARG, AW =0 2 o 7 B 22
REEEIAA KEF A, W =ik RS ek
FHECAEXT D o X EE B R 3 10 B R 2 =i F R RN &
BEE SAKKE KAENAE, 6 RE A SR
EA] ) 2 e N i 1) — A L R 5K
42 EFFHIRZZMERIFN

Mayasaki 250247 R 2 = i Ah 2 0 5 3
ARREA K, UONEFAE R 21 SR = 1 Fh 28 A
A, NLFERZ, KEEW2AED . HES
e e 25 D13 5o L e LR AS R SR 10 R 25 R Bk
MR 7R Z S =R R T B AR R A 2 ORI E
MARZ . UL R Z 7Sk =mE 8 5 e e K
W —E XA, ARE—MEMiE. Fang &P H 2

LRI R IR R TR e B B R 7R T AR T A 2
AR M =R . Xu BT T AR
AR EIG IR R 2 =RE RN, KIME S
WA R 77 07 U B R Z R E B AR AR,
HERRE NI 2~3 1%, B3R 10 RikF|
B, T 4 PR =R R . FERE
TR 7 S IR 4 F T T, Tang S5PCTHAS T HERE
FLERE. FUMERVE I 4 AR R 2k B fE
7R LR R 2 =R, Xu ZPT% 2 R
BRI AT LU, e H T 4R e o 2 AR A
=M S . Fang ZPSHE L BRI pH ELE
3.5~7.0 XFHE 2 MBI =M A& RO 1R
KREEEm . 2R 4 BIE 3 K IERHE
WA AARRE 72 2644 T & (i BIR. L.
pHD X} R 2 =k = & 12 e f R 1A A BAE A
g R HIRRIEAE ok . TSmO g T Rkt
PDA 5577385 77 10 R 21 22 AR s, R ILIE YR
THaEAEKEZFER R, ARDGHRAAER Z W2
PR =i A R LA = ARl — B . RAE
W27 5 B b 24 KRB R 2 2 Ak R
Je =R R, R IR 2K SO B 2 AR R
BIRRHAEH, HARA KGN R Z W2 h e E
A= R S R .
43 FAEAFXRZ=FEEYE RIS RHIEE

TERELL R i G R BRI Rk i T LA
R Z =R, IR E N AMI S R — i
FXtRE =AM A RHHTIE S . mESPIRA 3
o6 FH B 5 LR IR T B R E BB TR R 2
AWy BE I Ay R R IR, RN 3 R R T
X R Z YRR A T AR sm, Tk
KRR ZZHERR Z =GR R e &L, K
FABHRTHSERRZ, Basersx 1M
550 FLRUR TR A DA PR IR AEAR = 1)
S S HAE ML IEA RERN A

HRFIE I (MeJA) BE8 W55 R 280 =
I N S =i AR B BSOS AR N2 R S K
(2. Ren 251U ] MeJA SRR TR 3% (1 R
ZWAHTHES, RIESENRZ =Rt
X HE 7 45.3%, 114 H 52 & Real-time PCR & R 2
SR A BOS R 2 A RO, A
HMGS. HMGR. MVD. FPS. SQS X LS. %4 %%
W MeJA F '35, R FRIEKFE L, HEARH
W MeJA X &3 R FIA KPR, HIFE—k



¥4

Chinese Traditional and Herbal Drugs

Fa6H B 128 20156 H - 1861 *

& MeJA {EAN[F] 15 77 I (8] 5 5 ik R e oK F et
A2, fEfEE R 2R i e MeJA R b
AR A O EE AR e i sk . R
RN R Z =R A& A AR . Shi
SRV IER 2 FPS BN 5T A4 2 MNBTER)
MeJA WG, 18 FPS A A& MeJA MR o
PESRFARKAALAE, 25 =R & Rgmn
MeJA {5 5% 5. Liang 25§ F] phenobarbital (—
it PA50 5 T R B IR I R Z BT 2,
SRR IR 7R 5 R B IR, JtEL 100 pmol/L
1) phenobarbital RJ{i3F R 2 & =ik = 7=, Hfa) =
YWHEBEEREE TR, RN =RV S BT
3 AN KHERE HMGR. SQS B¢ LS K #e 3K Eiff.
5 RE
RZ =MW RE DAY & BN I i@ 42 i A W
W, AWERFERL TS5 F B SRS R
KR, TIRR RS R RIA . DUBREGRRR, Y
il LML Al O S R R, RS AR E R =
WP, BB T A s R AR . BT
=R EMREE L, o EACEINAE, H AT
VFZ T FE N R Z B SV EAT 25 BE ML ik, (HZ
K2 PR TS B T A R R (AR A, Zh )
PP Rt — IR, MR R R 2 =0k
WEYIFRIZGBAER], DMETT R R ZH i
SE R
(17 fRimE. PEZGHAREY (M) dbst: JEgERRET
] iy AR AR 2R 5 R FBAE, 1997
[2] Kao C HJ, Jesuthasan A C, Bishop K S, et al. Anti-cancer
activities of Ganoderma lucidum: active ingredients and
pathways [J]. Funct Foods Health Dis, 2013, 3(2): 48-65.
[3] Lin S B, Li C H, Lee S S, et al. Triterpene-enriched
extracts from Ganoderma lucidum inhibit growth of

hepatoma cells via suppressing protein kinase C,

activating mitogen-activated protein kinases and
G2-phase cell cycle arrest [J]. Life Sci, 2003, 72(21):
2381-2390.

[4] LiCH, ChenPY, Chang U M, et al. Ganoderic acid X, a

inhibits
induces apoptosis of cancer cells [J]. Life Sci, 2005,
77(3): 252-265.

[5] Tang W, Liu J W, Zhao W M, et al. Ganoderic acid T

from Ganoderma lucidum mycelia induces mitochondria

lanostanoid triterpene, topoisomerases and

mediated apoptosis in lung cancer cells [J]. Life Sci, 2006,
80(3): 205-211.
[6] Chen N H, LiuJ W, Zhong J J. Ganoderic acid T inhibits

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(21]

tumor invasion in vitro and in vivo through inhibition of
MMP expression [J]. Pharmacol Rep, 2010, 62(2):
150-163.

Chen N H, Liu J W, Zhong J J. Ganoderic acid Me
inhibits tumor invasion through down-regulating matrix
metalloproteinases 2/9 gene expression [J]. J Pharmacol
Sci, 2008, 108(3): 212-216.

BRI, &= W, M, & RZPVE =i 1
FUMUBPER (0], AR 244, 2010, 17(1): 60-64.

Yue Q X, Song X Y, Ma C, et al. Effects of triterpenes
from Ganoderma lucidum on protein expression profile of
HeLa cells [J]. Phytomedicine, 2010, 17(9): 606-613.

Liu R M, Zhong J J. Ganoderic acid Mf and S induce
mitochondria mediated apoptosis in human cervical
carcinoma HeLa cells [J]. Phytomedicine, 2011, 18(5):
349-355.

MR wh, SebiR, B ok, S5 RZ =00 KR4
I GRS R B L HLRIBEFE (7). PR BB 2522 A0 3,
2008, 28(9): 694-697.

EUIF, FRY. RZ=EEMUEYIXF 3 Fih U
R RN ], 25525440, 2000, 35(5): 326-329
M8, PR, Mg, 5. RZ=MERON /N AT
FEA5 05 B PRSP T (0] o R S B 25 52 2% A5, 2013,
33(23): 1914-1918.

WP, WAR, BAE, & =R aWit HIV B
R [0 RATHWIH RS IR, 2009, 21(5):
258-262.

Min B S, Nakamura N, Miyashiro H, et al. Triterpenes
from the spores of Ganoderma Ilucidum and their
inhibitory activity against HIV-1 protease [J]. Chem
Pharm Bull, 1998, 46(10): 1607-1612.

FPRAEM. R ZHUINIR S R0 S P71 R o ek R
[]. dEEREZE: EEEAR, 2002, 34(5): 22 -24.
KHE, RAOK. RZREMARIE SR [J]. %
BURVE R 254 BAARHERR, 2001, 24(1): 52-53.

sk HH, BEARER, dKANER, . RZ=GERNEYNE
RN SIEIZ R (7], BT R R
BE2£RR, 2007, 27(8): 969-971.

Wk i R T FE IR A I R R 1 v e S
FILFFERIBEAL [D]. Fat: B RCRREE, 2011
Zhao M W, Liang W Q, Zhang D B, et al. Cloning and
characterization of squalene synthase (SQS) gene from
Ganoderma lucidum [J]. J Microbiol Biotechnol, 2007,
17(7): 1106-1112.

Ren A, Ouyang X, Shi L, et al

characterization and expression analysis of GIHMGS, a

Molecular

gene encoding hydroxymethylglutaryl-CoA synthase from

Ganoderma lucidum (Ling-zhi) in ganoderic acid



* 1862 -

¥4

Chinese Traditional and Herbal Drugs

Fa6H FH 12 201556 A

(22]

(23]

[26]

[27]

(28]

[32]

biosynthesis pathway [J]. World J Microbiolo Biotechnol,
2013, 29(3): 523-531.
Shang C H, Zhu F, Li N,

characterization of a gene encoding HMG-CoA reductase

et al. Cloning and
from Ganoderma lucidum and its functional identification
in yeast [J]. Biosci Biotechnol Biochem, 2008, 72(5):
1333-1339.

Shi L, Qin L, Xu Y, et al

characterization, and function analysis of a mevalonate

Molecular cloning,

pyrophosphate decarboxylase gene from Ganoderma
lucidum [J]. Mol Biol Rep, 2012, 39(5): 6149-6159.
Shang C H, Shi L, Ren A, et al. Molecular cloning,
characterization, and differential expression of a
lanosterol synthase gene from Ganoderma lucidum [J].
Biosci Biotechnol Biochem, 2010, 74(5): 974-978.

Chen S, Jiang X, Chang L, ef al. Genome sequence of the
model medicinal mushroom Ganoderma lucidum [J]. Nat
Communicat, 2012, 3(913): 1-9.

EOF, R, TKIEE, 5 EURERETEE X
Hutsit g [0 R HEY S5, 2007, 25(5):
500-508.

IS8, RFik, Bk, & REZAFEKEE I
Z B0 = S R (0], B AR AR, 2008,
15(3): 47-50.

FHME, BHR, BEE. B3R ZARAEKT RS
BEAI =R & ENE (7] WY, 2011Q2):
110-113.

I VL. FETAERA R R 22 AR R A 5T
[D]. dbst: AL AR 22, 2013.

Ren A, Li M, Shi L, et al. Profiling and quantifying
differential gene transcription provide insights into
ganoderic acid biosynthesis in Ganoderma lucidum in
response to methyl jasmonate [J]. PLoS One, 2013, 8(6):
1-12.

REM, W, FHIIL, & ARKEEN BN R ZH
22 =W S HUMR A E RO SRYERIT T (7], B2
%, 2004, 23(4): 548-554.

Koyama K, Imaizumi T, Akiba M, et al. Antinociceptive
components of Ganoderma lucidum [J]. Planta Med,
1997, 63(3): 224-227.

g, MROtYE, 2 &, 5 R RZEHAER
ZHR=MER A EILE ] &Rk, 2012, 3703):

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[43]

[44]

83-88.
Fang Q H, Zhong J J. Two-stage culture process for
improved production of ganoderic acid by liquid
fermentation of higher fungus Ganoderma lucidum [J].
Biotechnol Prog, 2002, 18(1): 51-54.

XuJ W, Xu Y N, Zhong J J. Production of individual
ganoderic acids and expression of biosynthetic genes in
liquid static and shaking cultures of Ganoderma lucidum
[J]. Appl Microbiol Biotechnol, 2010, 85(4): 941-948.
Tang Y J, Zhong J J. Fed-batch fermentation of
Ganoderma  lucidum  for  hyperproduction  of
polysaccharide and ganoderic acid [J]. Enzyme Microb
Technol, 2002, 31(1): 20-28.

Xu P, Ding Z Y, Qian Z, et al. Improved production of
mycelial biomass and ganoderic acid by submerged
culture of Ganoderma Ilucidum SB97 using complex
media [J]. Enzyme Microb Technol, 2008, 42(4): 325-331.
Fang Q H, Zhong J J. Effect of initial pH on production of
ganoderic acid and polysaccharide by

lucidum  [J].

submerged
fermentation of Ganoderma Process
Biochem, 2002, 37(7): 769-774.

2 g BREEDE T = 0E A R R A IE AT A A e
LR A CJRBERE B T [D]. B A
P AR, 2006.

Farte, BRaZR, ERGEL 5. LED SGIRIIA RGBT
RZWH LR U E AR R (], T E 2y
k&, 2011, 36(18): 2471-2474.

REW, WAL, @ K, 555 2 KR IBOR
RZ=gEEaEm [J]. B EEREZ, 2006, 17(9):
1645-1646.

EE, B, &, L JEMR TN R 2
REEAE T Z M =05 28 2w [J]. & R,
2009, 30(23): 309-313.

Ren A, Qin L, Shi L, et al. Methyl jasmonate induces
ganoderic acid biosynthesis in the basidiomycetous
fungus Ganoderma lucidum [J). Bioresour Technol, 2010,
101(14): 6785-6790.

Liang C X, Li Y B, Xu J W, et al. Enhanced biosynthetic
gene expressions and production of ganoderic acids in
static liquid culture of Ganoderma lucidum under
phenobarbital induction [J]. Appl Microbiol Biotechnol,
2010, 86(5): 1367-1374.





