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Active compounds and their biosynthesis of Huperzia serrata
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Abstract: Due to the extremely limited resources available, Huperzia serrata is a rare and endangered medicinal plant in China.

Moreover, clinical studies have shown that huperzine A from H. serrata is highly effective in treatment of Alzheimer’s disease and

improving learning and memory abilities. Active compounds from H. serrata were reviewed in this paper, and the possible biosynthetic

pathway of active compounds of H. serrata were concluded, in order to provide scientific reference for exploitation and utilization of

its resources and biosynthesis of its active ingredients.
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Fig. 1 Parent nucleus of four types of lycopodium alkaloids
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#=1 feEANE fawcettimine BU G Y,

Table 1 Fawcettimine-type lycopodium alkaloids from H. serrata

Eikl HEWHFR TR R | S AR /EZ S syl Sk
1 2o0-hydroxyphlegmariurine B C16H2sNO3 19 | 29 T2 C(serratine) C16H25NO3 30
2 7o-hydroxyphlegmariurine B C1H2sNOs 22 30 dihydrolycopoclavamine A Ci6H2sNO2 31
3 7o,1la-dihydroxyphlegmariurine Ci6H2sNOs 20 31 TEET0 (serratinine) C16H2sNO3 32
4 Ba-FRIELEIL (8o- CieHzsNOs 21 | 32 T/ZHJEEm (serratinidine) CisH2sN202 33

hydroxyphlegmariurine B) 33 serratezomine A C16H2sNOs 34
5 SP-RELGELHL (8B- C1sH2sNO3s 22 34  serratezomine B C16H25NO4 34
hydroxyphlegmariurine B) 35 A1 (huperzine 1D C1H2aNO2 35
6  8-deoxy-13-dehydroserratinine ~ CisH2sNO2 23 | 36 g2 AAZHH (neohuperzinine) CisH2sNOs 36
7  lycoposerramine A C18H20N302 24 37 HREEWH (phlegmariurine A) C16H2sNO2 19
8  lycoposerramine C CiHasNO2 25 | 38 LML (phlegmariurine B) C16H2sNO2 19
9 lycoposerramine D Ci7H2sNOs 26 39 2-oxoyphlegmariurine B C16H21NOs 19
10  lycoposerramine E C16H23sNOs3 25 40  11-oxophlegmariurine B C16H21NO3 19
11  lycoposerramine P CiH2sNOs 25 41 macleanine Ci6H26N2 37
12 lycoposerramine Q Ci16H2sNO 25 | 42 7-HERESEEWMC (7- C16H22NOs 38
13 lycoposerramine S C17H30N2 25 hydroperoxyphlegmariurine B)
14 lycoposerramine U Ci7H2sNOs 25 | 43 lle-dHEBEELREEE L (11a- Ci16H2sNOs 38
15  lycoposerramine R Ci16H22N20 27 hydroperoxyphlegmariurine B)
16  lycoposerramine T CaH29NOs 27 | 44 f#5% W (huperzine W) CuH21NOz2 39
17  N-methyl-lycoposerramine T CaH3INOs 27 | 45 f#2H P (huperzine P) C16H21NO3 18
18  N-formyl-lycoposerramine T C2iHoNOs 27 | 46 AW Q (huperzine Q) Ci16H2sNO2 40
19 VLKA (fawcettimine) CisH2sNO2 27 | 47 fi#2H R C(huperzine R) CisH2iNO3 41
20 AAZHE S Chuperzine S) Ci6H2sNO3 28 | 48 F#2WH H (huperzine H) CiH2NO2 42
21 AT (huperzine T) Ci16H2sNOs 28 49  4o-hydroxy-2,13-oxidofacettimine C16H23sNOs 43
22 oa-FEMAMAE (11a- Ci6H2sNO2 29 | 50 S8-EETZEIETH (8-deoxy- CiHzsNO2 44
hydroxy-fawcettidine ) serratinine)
23 20,1lo- —FFEMAFATN(20,110- C16H2sNOs 29 | 51  huperserratinine C2sH3sNOs 45
dihydroxy-fawcettidine ) 52 N-oxyhuperzine Q Ci16H2sNO3 46
24 8o,llo- M AFAIH(80,110- C16H23NOs 29 | 53 huperserine A C1H4NO2 47
dihydroxy-fawcettidine ) 54  huperserine B C17H26NO2 47
25 2B-BREAMAE T (2B- C16H2sNOs 29 | 55 huperserine C C16H2sNO 47
hydroxy-lycothunine ) 56 huperserine D C16H2sNO2 47
26 So-FREEANE T (80- C16H2sNOs 29 | 57 huperzimine CisH22N2O 48
hydroxy-lycothunine ) 58 huperzine Y1 Ci6H24NO3 49
27  AMZETH (lycothunine) Ci6H2sNO2 29 | 59 huperzine Y2 CisHnNOs 49
28 TR R MR (serratanidine) Ci6H2sNOs4 29 | 60  huperzine Y3 CigHuNO; 49
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#* 2 HEEAFSF lycopodine E A M 4T
Table 2 Lycopodine-type lycopodium alkaloids from H. serrata

Gy WEMEHE e SN EE HEHHE RPN
61  6a,110- —JFEAF (60,110-dihydroxy- CieHNO3 50 81 lIycoposerramine N CisHyNOs 55
lycopodine) 82 lycoposerramine O CsHoNOs 55
62 5B,6B,150-15-FIEAIAH-5,6-—HF (5,6B, CiHzNO2 51 83  lycodoline CiHxNO2 54
150-15-methyllycopodane-5,6-diol ) 84  60-hydroxy-lycopodine CisHzNO2 54
63 12B-12-BFARG (12B-12-hydroxy- CisHaNoOs 51 85 serratezomine C CisHzNOz 34
huperzine G) 86  4a,60-dihydroxy-serratidine CwHzNOs 56
64 12-MEAIIN O (12-deoxyhuperzine O) CieHsNO; 23 87 da-hydroxy-serratidine CisHzNOs 56
65  60-F2HE-5,15-EMAMAIE (6o,-hydroxy-5,15- CiHasNO2 — 2343| 88 60-hydroxy-serratidine CisHzNOs 56
oxidelycopodane) 89 serratidine CisH2sNO2 56
66  20-hydroxy-lycoflexine CrHxNO3 43 90 FHMBLE (huperzine E) CisHzNOs 39
67 NAMWAMIE (N-oxidehuperzine E) CigHaNOs 52 91 FHMWLF (huperzine F) CigHaNO3 52
68 NEMAABF (N-oxidehuperzine F) CigHaNOs 52 92 B0 (huperzine O) CiHzNO; 57
69 2-FMRAME (2-chlorohuperzine E) Ci6H2CINO2 53 93 AFAIET (clavolonine) CiHzNO2 58
70  FEABHE (huperzine E') CieHoNO2 53 94 FHIHHHE (huperzine G) CisHxN:03 26
71 FIERF (huperzine F') CieHoNO3 53 95 FFASCH (lycoclavine) CisHoNOs 32
72 AR (lycopodine) CisHzNO 54 96 AR (lucidioline) CisHsNOz 59
73 lycoposerramine F CieH»sNOs 55 97  4o,60-dihydroxy-lycopodine/(6a,15R)-4,6- C1sH=NO3 60
74 lycoposerramine G CigHasNOs 55 dihydroxy-15-methyllycopodan-5-one
75 lycoposerramine H CieHnNO2 55 98  7-hydroxy-lycopodine/(155)-7-hydroxy- CisHzNO2 60
76  lycoposerramine | CieHnNO2 55 15-methyllycopodan-5-one
77 lycoposerramine J CigHasNO2 55 99  12-epilycodoline N-oxide/(12a,15R)-12- CiHzNO3 60
78  lycoposerramine K CieHnNO2 55 hydroxy-15-methyllycopodan-5-one N-
79  lycoposerramine L CieH»sNO2 55 oxide
80  lycoposerramine M CigHsNO2 55 100 7o-hydroxy-lycopodine CisHzNO2 58

=3 EEBAFH lycodine LG YIH
Table 3 Lycodine-type lycopodium alkaloids from H. serrata

s W& TR TR R | RS HEYHFR 1A TR
101 AAEH (lycodine) C16H22N2 44 | 109 ¥ AAH, (huperzinine) Ci7H2N20 65
102 FAAZIEE (huperzine A) CisH1isN20 26 | 110 AEEH (isofordine) Ci1sH1eN20 64
103 A8 (huperzine B) C16H20N20 26 | 111  N-demethylhuperzinine Ci16H20N20 66
104 £ 428 U Chuperzine U) C16H22N202 28 | 112 B-obscurine Ci7H24N20 66
105 6B-FFEAAZT (6p-hydroxy- CisHisN202 63 | 113 @R8N Chuperzinine C) Ci6h24N2 67

huperzine A) 114 de-N-methyl-obscurine CisH2N20 54
106 % EFafl M (phlegmariurine M) Ci7H20N203 64 | 115 huperserine E Ci1sH22N203 47
107 N-FEEAZIEF (N-methyl-  Ci6H20N20 63 | 116 N-methyl-16-hydroxy-huperzine B C17H22N202 63
huperzine A) 117 1-FEAFAET (1-methyllycodine)  Ci17H2aN2 63
108 N-HEAEH L (N-methyl- Ci7H22N20 65 | 118  8a-hydroxy-15,16-dehydro-des-N- C16H2N202 63
huperzine B) methyl-a-obscurine
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x4 BEEAH miseelaneous BLAIE YR
Table 4 Miseelaneous-type lycopodium alkaloids from H. serrata
Eikl KA HEMHAFR R LR
119 phlegmarine serratezomine E CisH32N20 68
120 2% ] (huperzine J) C17H30N20 69
121 Fi#2H8 K (huperzine K) Ci16H2sN20 69
122 Fit2H% L (huperzine L) C17H30N20: 69
123 FHE M (huperzine M) C17H30N20: 70
124 Fi2HE N (huperzine N) Ci16H2sN20 70
125 lycoposerramine X CisH2sN20 71
126 lycoposerramine Y Ci7H30N20 71
127 lycoposerramine Z Ci6H2sN20 71
128  lucidine & serratezomine D C20H19N30 68
129 208V (huperzine V) C2sH47N30 72
130 serratanine A/lucidine B C30H49N30 73
131 serratanine B/oxolucidine B C30H49N302 73
132 EAt —ouHhAl huperserratine A C17H2sN203 12
133 huperserratine B Ci17H2sN203 12
134 HAh I R A8 4, (huperzinine B) CioH1sNO 74
135 L EA2H N (phlegmariurine N) CuHiNO 75
136 (+)-huperzine Z C11H12NO2 49
137 (—)-huperzine Z CiiHi2NO2 49

iy SR A IAGE =G, A Y =i R )
KKy, HAFEEM BRI =0k, HE% C
WH-ETCHEE, C M Cor thZE AR —MEAE 6c 56
KA, Cia-Cis PR Z AR LE M), BRI Crap-
Cisp RG], HLAEMN) CiehiEkdt, 5 Cu
HCs ARV L HufA & BbAk C3 F Coy fi7—
Bl 1A EERERE, ER EEAERBT
B, WK SRS, SRR AL
4 PP, TSNk R A2 BRI T2
JelE. 16 | T2 =1, TEEW . 21 8 T2
P&ty s = B AT )2 85 =S5 70 ZAp07781, ghAk, M
s R A A2 FR IR B B — A R R A R TR A A Y
=i, 40 serratenediol CLHEIESZHEA TS A H MK
i HL-60 1 TR0 28 39 5 1) /R FH UL A SR AE
HAUEENE S,
1.3 Hftmso

Br_FIR o LAAR, i e A2 HR s 73 2 380 8 i 2K
MEER. Tnh. BRI, BRI B8,
Frb s W 2R o 32 By v R SR v e e 25184861 A
FKAEMEENE 6.

2 HHIAR
2.1 HREZFMHR

HAl, WA A e EE L 2, 348
B S AT ARFBET. Luo ZBETRILF5
Fr%s (expressed sequence tag, EST) 704, MILAR.
2. M3k 140 930 4% ESTs, JF7ERE T 16274 4
oA, He 182 M 5MMEEAW, 15 42
54w, =R i R R B A R s i
i 2R FRIEHIHIRE] 20 NS G R P450
(cytochrome P450, CYP450) WifxA, Hre4 4
i FE R Hs01891. Hs04010« Hs13557 A1 Hs00093
YNGR/l D Red % P DS RPN eV ay 5
R NFEA, HIRIF 111 251 4> unigenes, 81T 5 AR
BN ERAH G R B B, 750A 4. 154 4
unigenes 25 T # & RG-S U 25T lumina
HiSeq 4000 g e A A28 25, M. M TRAF 3
HMFLER, BRHE 105 516 MR G
A, N50 {8}y 2488 bp, Tl T2 544208 H A A4
Y& ORI () DG BEe , Tn L-#t 2 R iR (lysine
decarboxylase, LDC). Hiiz% L (copper amine
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®5 HEABHZIEXLEY

Table 5 Triterpenoids from H. serrata

G RAEE/EA S ferel Sk | S AR/ EA S (ST
138 IIZ = (tohogenol) C3Hs203 80 |173  3a,21B-dihydroxy-serrat-14-en-24,29-diol CaoHs0s 82
139 tohogeninol C3H204 80 174  30,21B-dihydroxy-serrat-14-en-16-one CioHs03 78
140 L2 =FE (serratriol) CsoHs03 81 [ 175  3a,21P,24-trihydroxy-serrat-14-en-16-one CsoHagOs 77
141 serratinol A CyoHssOs 82 | 176 30,21PB,24-trihydroxy-serrat-14-en CioHs003 78
142 serratinol B CyHssOs 82 [|177  30,21P,24- trihydroxy-serrat-14-en-16-one CsoH#04 78
143 serratenediol-3-acetate CH03 26 || 178  30,210-dihydroxy-serrat-14-en-24-oic acid CiHs04 81
144 serratenediol-21-acetate CHs03 83 179 2la-hydroxy-serrat-14-en-33-yl-acetate C2Hs04 82
145 \LZJMH "R (serratenediol) CioHs002 83 [ 180  21B-hydroxy-serrat-14-en-3p-yl-acetate CaHs0s 84
146  serrat-14-en-30,21B-diol CseHs¢Os 77 | 181  21P-hydroxy-serrat-14-en-3p-ol CsoHs02 84
147  serrat-14-en-3B,21a-diol CseHs¢Os 77 | 182 2lo-hydroxy-serrat-14-en-3p-ol CsoHs02 84
148 serrat-14-en-30,21B-diol CseHs¢Os 77 | 183  2lo-hydroxy-serrat-14-en-3p-yl propanedioic acid ~ C3sHOs 81
149  serrat-14-en-30,21,29-triol CsoHs003 77 monoester
150  serrat-14-en-30,213,24-triol CseHs60s 84 | 184  2lo-hydroxy-serrat-14-en-38-yl dihydrocaffeate CaHss05 81
151  serrat-14-en-3B,210,24-triol CseHs60s 77 | 185  2lo-hydroxy-serrat-14-en-3B-yl p- CoHss0s 81
152 serrat-14-en-30,21,24-triol CseHs606 77 dihydrocoumarate
153 serrat-14-en-30,210,24,29-tetraol CsoHs004 77 [ 186  2lo-hydoxyserrat-14-en-38-yl acetate Ca2Hs04 77
154  seratenediol-3,21-diacetate C3Hss04 78 | 187  21-epi-serratenediol CsoHs002 83
155 seratenediol-3-acetate CHs03 78 | 188  21-epi-serratenediol-3-acetate CaHs0; 78
156  3B-hydroxy-serrat-14-en-21p-yl-acetate CaHss03 82 [ 189  16-oxo-serratriol C3oHasOs 85
157 3pB-hydroxy-serrat-14-en-21a-yl-acetate CaHs603 82 [ 190  16-oxo-diepiserratenediol CsoHasO3 83
158  3pB-hydroxy-serrat-14-en-21p-ol CsoHss02 82 (191  16-ox0-3B-hydroxy-serrat-14-en-21B-ol C3oHssOs 82
159  3pB-hydroxy-serrat-14-en-21a-ol C3oHss02 82 (192 16-ox0-30-hydroxy-serrat-14-en-213-ol C3oHssOs 82
160  3B-hydroxy-serrat-14-en-21-one C3oHagO2 82 193 16-0x0-30,21B-hydroxy-serrat-14-en-24-ol C30HssOs 82
161  3p-acetoxy-serrat-14-en-21-on-3-hydroxy- CaHs003 82 (194  16-0x0-30,21B-hydroxy-serrat-14-en-24-oic acid C30Hs0s 82
serratenon-acetat 195 16-o0x0-30,21B-hydroxy-serrat-14-en-24-al CioH4Os 82
162 3p,21p-dihydroxy-serrat-14-en-29-o0l C3oHss03 82 [ 196  16-0x0-30,21B-dihydroxy-serrat-14-en-24-ol C30HssOs 82
163 3B,21p-dihydroxy-serrat-14-en-24-ol CsoHs403 82 | 197  16-0x0-30,21B-dihydroxy-serrat-14-en-24-al CiH40s 81
164  3B,21p-dihydroxy-serrat-14-en-16-one CsoH#03 77 198  16-0x0-30,21B-dihydroxy-serrat-14-en-24-oic acid ~ C3oH4Os 81
165  3P,21p,24-trihydroxy-serrat-14-en CsoHs003 78 199  16-0x0-21B-hydroxy-serrat-14-en-3-ol CyoHs03 82
166  3p,21a-dihydroxy-serrat-14-en-24-ol CsoHs003 84 200  16-0x0-21pB-hydroxy-serrat-14-en-3a-ol CyoHs03 82
167  3P,14p-dihydroxy-serratan-210-ol CsHs704 82 201  16-0x0-21B-hydroxy-serrat-14-en-3a-yl-acetate CaHs00s 84
168  3P,14p,210-trihydroxy-serratan-24-ol CsoHs705 82 1202 14P,15B-epoxyserratan-3f,21(3,29-triol CsoHs004 77
169  3p,21p-dihydroxy-serrat-14-en-29-ol CsoHs003 82 203 14p,15B-epoxy-3B-hydroxy-serratan-21p CyoHs204 82
170 3B-hydroxy-serrat-14-en-21p-yl-p- CyoHssOs 78 1204  14P,15B-epoxy-3p-hydroxy-serratan-21f-ol CyoHO3 82
dihydrocoumarate 205  14p,15p-epoxy-3p-hydroxy-serratan-210-yl-acetate  C3Hs4Os4 82
171 30,21p-dihydroxy-serrat-14-en-24-ol CsoHs003 84 206  14P,15B-epoxy-3p-hydroxy-serratan-21a-ol CyoH203 82
172 30,21p-dihydroxy-serrat-14-en-24-oic acid CioHs40s 82

oxidase, CAO). iAWl (polyketide synthase, e, s SR O e B R AR UR T T
PKS) 1 CYP450, XfHIgMDFEKRIATERRKE S EPY, FET RNA JFFAN 08T, Peng 25021%
M, SEHREIRIFH CAO. PKS. CYP450 Kik&E B3R 49923 4> unigenes, 181l 2 7RI 5T R I,
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Table 6 Other compounds contained in H. serrata
TR St B4R 77 SCHR
207 EAZE  5,5-dihydroxy-2',4'-dimethoxy-flavone-7-0-B-D-(6"-O-Z-p-coumaroyl)-glucopyranoside C32H30014 87
208 5,7,4-trihydroxy-3',5'-dimethoxyflavone Ci17H1407 84
209 & XE () & (5,7,4-trihydroxy-3'-methoxyflavone ) Ci16H1406 84
210 5,7,2' 4'-tetrahydroxy-5'"-methoxyflavone Ci6H1207 84
211 Jr¥ % (apigenin) Ci5H100s 84
212 EEEK B EmE (B-sitosterol) C30Hs20 26
213 #HE N SEE (daucosterol) C35He0Os 26
214 P ERE (lupeol) C30Hs00 84
215 —W%Z%  3pB-hydroxy-isopimaric acid C20H3003 88
216 15R-12,16-epoxy-11,14-dihydroxy-8,11,13-abietanoid-7-one C20H2804 88
217 BEERK K FEFEE (physcion) Ci16H1205 84
218 EEE = ¥ElE (triacontanol) C30He20 78
219 1-dibenzofuranol Ci2Hs02 78

FEG . ZRIZE 20004 1158, 1675, 1326 3%
IR RIS, 56 R A5 3 2 1 49it% LDC
] unigenes (LDCI A1 LDC2), VLK 3 Mihh CAO
] unigenes (CAO1. CAO2 F1 CAO3). JtHEF iy
ALK K B RAKEESEPORT ORI, /87
Ft i 2321 (3.3%) MIERIRIL Ei, 2832 (6.7%)
ANEERN W, X S R 2 R R IA R AT
B, GEREIRILA 204 MEEZ S TR R AZKDEHE
WA . TS TR i R BRI R S (1 25 5 A A,
FHIFL, Wu NI A2 BEEE T 118 Fh:
Vi, Hor, A 72 MEARIHS TR R s
—Bo MR, AEWEH huperzine A huperzine B
lycoposerramine C #1 lycoposerramine D 7E 25 flliHrh
VEREEEE TR, HEAMEMZRLES. BT
Fe AR 2 58 RLAE A AR AR & O R
AL IR AN A B A 12K/ LDC. CAO M
PKS, XA i — DR R A2 AR K
KRB MUAEAB S BALHI BE T A
2.2 EYIEAGELEE K
221 ABAEYINE AR R AR i 2 A S )
FRETEYERY, HATA R A& IR 7T 2R
FET AT, HAYE BOR AR 2 S35 FA 2 Bl
B IR AT i JE AR TR B BRI 9 A R
( pelletierine ) Fl 4-(2-WR g 1) 4 Bk 4. 82 [ 4-(2-
piperidyl) acetoacetate, 4PAA | &A1 KA & Bl B 22T Ak
(OB AT AR, HoA A i 4PAA B R IR TE L

APAA 1 A-IRIEMGAT 3-8 IR M EERSE &
FEAER: AV-WRIENR A6 BORIEYI N L-Hi2 iR,
He L-F= R LM (lysine decarboxylase, LDC)
TETE B f% (cadaverine ), ' i 7F i i S8 AL T
(copper amine oxidase, CAO) 1EH AL 5-2 21K
% (5-aminopentanal), JaMi/KFIEIAN Al-IRBEM:
(1-piperideine); 3-% X —FE RGN 1L, HiE
IR O B4 A Cacetyl-CoA), &R NA K
N BE4#HESE A (malonyl-CoA), FfJ5 2 0¥ Bt
Hilg A 5 11 BURE &85 (polyketide synthase 111,
PKS 1D 4k 3-%8% 8 (3-oxoglutaric acid) .
TR E A, HETN A E 3 M XU
(dioxygenase, 20GD) Z5&/, B AN ERE
B 50 O 2 ALY B N-FR 2 -o- AR B (des-N-
methyl-a-obscurine, DNMAO), {HA AL MAE
4 B J5 DNMAO 7E 20GD-3 {4k N i H ik e 35
12 N-F2E-B-EAMIE (des-N-methyl-B-obscurine,
DNMBO), DNMBO 44840 S i Fe A A A2 i
4, AR CAE 20GD-1 AL TR, WREEIRAETE K
HE =R, 7E 20GD-2 /E R N A 20 1)
WU R TE A AT T8, WL 2,

222 fRM=N A= ERRERE =D
e — R LA =l A S BOR AR IR AT 40
= E B O R IIE R B . AR = T
BB, 2 A R VO TR AL B (a-onocerin)
e Wi SV E BUR R BERT R, HA M G AL 5
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Fig. 2 Biosynthesis pathway of lycopodium alkaloids

FEREA -CICIHA L Z 05— (serratenediol) %1, {H
BRI TE R, MWIRAEARS Lycopodium clavatum L.
EREH 3 MEALE GBS (oxido squalene
cyclase, OSC) #:[ (LCC. LCD 1 LCE), 257
20 e S 1 22 = REM AR R s R AR b s
5%, it —BuE TR AR BERT A& (pre-o-onocerin,

POC) AR =& I RBERT A0, POC 1
WL OB A HRIBIEY), &FRKR
( mevalonate , MVA ) & & 4 i 5 % & — B IR
(isopentenyl pyrophosphate, IPP) 1 — 45 P 2 £
f#lE (dimethylallyl pyrophosphate, DMAPP), IPP
Al DMAPP 1t ¥% J6 2t £5 % TR & 1§ ( farnesyl
pyrophosphate synthase, FPS) {4, 4iH 4k
JeJ& R (farnesyl diphosphate, FPP), [i/5 2 7
F FPP {Efi &} &5 Bl (squalene synthase, SQS)

YEF AR &M (squalene), & M5 M & 1% A

4 H% (squalene epoxidase, SE) {E ALK 2,3-5
thff &% (2,3-oxidosqualene), 23-AfA &GS
OSC fEH G, AL 2,32223- A M &t
(2,3,22,23-dioxidosqualene), 2,3,22,23-FR4E ff & Jfi
H LCC Frrm il A A A B 3
POC!I, Fifi&fEd, POC 5 LCD AL/ =4
FEMERE, 5 LCE EALTZ K Ca BHE 11 6/6/7/6/6-H
& HIAFAA (intermediate, IMD), BfJ5 IMD JitJii
TA L 2 I, BEERZ N K A il L2 = oo,
K 3.
3 HiEERE

I R AN — M EEWZ Y, HrEm
ARSI N8 AChE $I855), ok BENLIC JAE Y
BITA RIS 99.2%, XTEFHARNE . FaiidiZ
B RG S57 AR 2 0030, S ImPRVA T s A A
iz —. HTEAEEAETRAHR, HAam
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Fig. 3 Biosynthesis pathway of serratene triterpenoids

SEREMN, PRX-2REM TR T, TS
BIFRA @A T B A E R R R IR
VORGSR B BT B, AR T A AZ B R AN 5 A%
rr e, IRAFYIARERUR, HORZ AT A KA
DA PR A R A5 [, BIRR) T 442
B FH B B R A RS FH U0, [t 7 1A Xg S 2B 8
AREPRIE R, A RRIR I R 52 A
WETCHRIAWHRN, AT W) & e it 1 B2
2%, (HARTHRII FULAAAE 2, g e A
MAEEERAG) 2, ML, RT3
MARGUR A B R MAFBOR G 105, A3 b Bk —
I RRIRANMETC o a3 -2 A B PR 4 7 51 B e s 4

i IE R RGO 7T, A B T IR N B A
MR GBI &R FOR, BT 2 a1
Pt AR A I FORE AR TG A IR, BRI ZH A 5%
A 1, BRI T R R A AL O R IR 2R 100
KU R AAIE M S )& S A et o, [
WAk BT T e R A A2 S SR G R R A A B R AR )
HHRKREBOEE, HVPHA T 25 Rits Rigs
GBI IA, (HP SR AR 4PAA B 32T
HFERSCHEE M A, A5 Figfah 248
BRI SRR R TR ANE 485 Mhah, A A =0k
AV s, HETAE 7 Lo & 2
KEEEG LCD A LCE, HB JUEAfH G FE bk Iy
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