
C H A P T E R  II

HISTORICAL
2.1 The d ivers ity  o f  trite rpenes

Terpenoids and steroids are natura l p ro du c t groups th a t can be found w ide ly  

in living organism and have diversely chem ica l structures. Natural terpenoid  

derivatives can be found  from  a sm all m o le cu le  as in v o la tile  oil, which has 10 

carbon a tom s in the  structure, to  a big m o le cu le  like natura l rubber. The co m p le x ity  

o f te rpeno id  derivatives can be also found from  linear a p o lym e r to  a com plica ted  

chem ica l s tructure fo r exam ple, ginkolide from  Ginkgo bilobo leaves or azadirachtin 

from  Azodirachta indica seeds.

Triterpenes are the  largest group o f natura l te rpeno ids th a t originated from  

th e  com position  o f isoprene 6 units to  construct the  30-carbon structure. The 

biosynthesis o f trite rpene  derives from  isoprene units, d im e th y la lly l pyrophosphate 

(DMAPP) and isopen teny l pyrophosphate  (IPP), assem bled as ‘ head to  ta i l ’ to  give 

geranyl py rophospha te  then  geranyl pyrophosphate  connect as ‘ head to  ta il ’ to  give 

farnesyl pyrophospha te  (FPP). The com b ina tion  o f FPP as ‘ ta il to  ta i l ’ gives squalene 

w hich is oxid ized a t the  o le fin  group a t C-2 to  be 2,3-oxidosqualene. 2,3- 

O xidosquatene is the  substra te  o f trite rpene  synthase. During cyclisation reaction, the  

in term ediates occur in tw o  preconform ations at the  active site o f trite rp en e  synthase 

(Figure l l- l)  as fo llow s.

1. Pre-chair-boat-chair con fo rm ation  gives an in te rm ed ia te  w hich has 

the  main structure as p ro tos te ry l cation. The cyclisation o f 

p ro to s te ry l cation leads to  trite rpeno id  p roducts w hich are 

dev ided  to  3 groups.

1.1 Lanostero l which is the  precursor o f  steroid synthesis in 

anim als and fungi.

1.2 C ycloarteno l w hich is the  precursor o f  steroid synthesis in 

plants.

1.3 C ucurb itad ienol w hich is a co m pou n d  th a t is m o stly  found  

in fam ily  Cucurbitaceae.
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p-Sitosterol Brassinolide

Figure li-1 Trite rpene b iosynthetic pathways m od ified  from  [4] and [6], FP5, 

farnesyl pyrophospha te  synthase; SQS, squalene synthase; SQE, squalene epoxidase; 

LSS, la n os te ro l synthase; CAS, cyc loa rteno l synthase; CPQ, cu curb ita d ie n o l synthase, 

(}AS, (3-amyrin synthase; LUP, lu p e o l synthase.
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2. Pre-chair-chair-chair con fo rm ation  gives an in te rm ed ia te  w hich has 

the  main structure  as dam aryenylcation. The cyclisation o f 

dam aryenylca tion  leads to  tr ite rpeno id  products especially 

te te racyc lic  or pentacyclic  trite rpenes in plants, w hich are the  

trite rpenes m o s tly  found  in nature and found  to  have biological 

activities.

T rite rpeno id  b iosynthetic  pathw ay in eukaryotes starts from  th e  cyclisaton 

reaction o f the  precursor, 2,3-oxidosquatene, by trite rpene  synthase to  give a product 

w ith  m o le cu la r fo rm u la  C30H 50O  consisting o f 1-5 rings on th e  structure [7], Each 

trite rpene  synthase catalyses the  precursor to  a specific p roduct. เท a p lant, there  are 

p le n ty  o f trite rp en e  synthases co m p e te  to  change th e  precursor to  steroids and 

pentacyclic  trite rpeno ids [4], เท the  cyclisation reaction o f trite rpeno ids com prises o f 

4 steps:

1. Protonation

2. Cyclisation

3. Rearrangement

4. D eprotonation

(Figure 11-2)
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2.3-Oxidosqualene

OH X  ^  O H "

Oammarenyl cation Butyrospermol

Isomuttiferenol

Figure 11-2 The overa ll steps o f tr ite rpeno id  cyclisation reaction m odified  from

[8] and [9].
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The diversity o f trite rpeno ids  happens from  the  rearrangem ent w hich 

depends on th e  type  o f the  trite rp en e  synthase in a p lant. The d iversity o f 

trite rpeno id  structure  in rearrangem ent step involves rearrangem ents o f the  tertia ry 

carbocation, the  m e th y l group and the  hydride shift starting from  E-ring, w hich is the  

last position o f cyclisation, to  A-ring, w h ich  is the  last position o f  carbocation  occurs. 

Finally, the  dehydra tion  gives a d o u b le  bond  replacing carbocation. The final p ro du ct 

is up to  th e  type  o f each enzym e, fo r exam ple  (Tamyrin biosynthesis catalysed by p- 

amyrin synthase w ith  3 steps o f  rearrangem ent before  d ep ro to n a te d  at C12 (Figure 

11-2) [9]. It can be conc luded  th a t th e  d iversity o f trite rp en o id  structures depend  on 

the  type  o f trite rp en e  synthase, the  steps o f rearrangem ent and th e  last position o f 

carbocation befo re  it is d ep ro ton a ted  to  be d o u b le  bond  on th e  structure.

The diversity o f trite rpeno id  structures by trite rpene  synthases lightens an 

interesting p o in t to  s tudy m o lecu la r b io logy o f trite rpene  synthase in plants. Am ino 

acid sequence on trite rpene  synthase gene w o u ld  be the  w a y to  understand how  

trite rpene  synthases catalyse the  co m m o n  precursor to  several d iffe re n t triterpenes.

Recently, the re  are tw o  trite rp en e  synthases th a t have been reported  abou t 

th e  X-ray crysta l structures, squa lene-hopene cyclase from  bacteria Aiicydobocilius 

acidocaldarius [10] and ox idosqualene cyclase from  hum an [11], Therefore, the  

m echanism  o f p la n t ox idosqualene cyclase has been stud ied and explained 

according to  the  enzym e m odels fo r searching the  active site.



7

2.2 S q u a le n e - h o p e n e c y c l a s e  (SHC) f ro m  A iic y c io b a c iU u s  a c id o c a id a r iu s

Squalene-hopenecyclase (SHC) produces hopanoids w hich can be com pared 

to  sterols in eukaryotes. The b iosynthetic  pathw ay o f hopanoids is sim ilar to  osc 

th a t SHC catalyses squalene to  hopene, w h ile  osc catalyses 2,3-oxidosqualene, 

w hich is a squalene analog, to  cyclic trite rpenes [12] (Figure 11-3).

H

f

Hopene

Figure 11-3 The s im ila rity  o f b iosynthetic  pathways o f SHC and osc [4], SQS, 

squalene synthase; SQE, squalene epoxidase; SHC, squa lene-hopene cyclase.

A lthough SHC has 19-25% am ino acid sequence sim ilar to  oxidosqualene 

cyclase (OSC) and has shorter sequence, b u t the  id e n tity  o f b o th  sequences w o u ld  

derive fro m  a com m on  ancestor due to  the  conserve region QW m o tif  which w o u ld  

be unique  to  this enzym e fam ily. The conserved region QW m o tif  can be found 

spread on the  am ino acid sequence and reveal to  stabilize and m aintain integrity o f 

the  enzym e by form ing H -bond to  fix o u te r barre l helix toge ther (arrows Figure 11-4). 

The active site consists o f the  DXDD m o tif  o f  w hich aspartic acid is th e  am ino acid to  

start d e p ro ton a tio n  reaction.
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Domain 1 < 1

Domain 2 -*N

Figure 11-4 The structure and active site o f alicyclobaciUus ocidocoidarius 

SHC. The arrows p o in t g lu tam ine (Q) and tryp tophan  (พ ) w h ich  he lp  to  stabilize 

enzym e structure  [12],
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Human oxidosqualene cyclase is a lanoste ro l synthase, it is a m o n o to p ic  

m em berane pro te in  th a t has part o f pro te in  inserted in to  the  m em brane. The area o f 

th e  inserted m em brane  surface form s o f a p lateau and a channel which consist o f 

Tyr237, Cys233 and 1๒524 th a t act like a c lose-open gate to  lead the  precursor to  

th e  active site (Figure 11-5) [11].

2.3  H u m a n  o x id o s q u a le n e  c y c la s e

Figure 11-5 The structure and active site o f hum an osc [11],

A fter th e  substrate occupies the  active site, the  substrate sets its s tructure in 

p re -confo rm ation  w aiting for cyclisation. The substrate o f osc has a p re 

con fo rm ation  as pre-chair-boat-chair due to  the  stearic e ffect from  Tyr98 th a t presses 

CIO be low er than  m o lecu la r p lane w h ile  the  SHC substrate is in a pre fo ld -cha ir- 

chair-chair con fo rm a tion  w ith o u t stearic e ffec t at the  active site (Figure 11-6) [11],
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Lanosterol synthase Squalene-hopene cyclase

Figure 11-6 P re-conform ation o f the  substrates a t osc and SHC at active sites 

m odified  from  [13].

The active site o f eukaryotic enzym e consists o f am ino  acid residues XXDCX 

th a t aspartic acid is assum ed to  start cyclisaton reaction com pare  to  the  prokaryotic 

am ino acid residue DXDD.

เท the  cyclisation reaction o f  the  p ro tos te ry l ca tion  by lanoste ro l synthase, 

Asp455 is activa ted  by Cys456 and Cys533 causing Asp be m ore acidic fo llo w e d  

transferring the  p ro ton  to  2,3-oxidosqualene and lead to  a cascade o f cyclisation

[11], The cyclisation o f A-ring causes carbocation at C-6 o f  oxidosqualene stabilized 

by Trp387 w ith  cation-1 interaction. This leads to  the  cyclisation o f B-ring, and 

carbocation a t C-10 is fo rm ed and stab ilized w ith  Phe444 and Trp581 to  create the  t i 

ring con fo rm a tion . The C-ring con fo rm a tion  causes carbocation a t C-14 w hich  is 

stabilized by Phe363 and His232 w ith  cation-1 in te ra d io n  to  fo rm  the  p ro to s te ry l 

cation. During la n os te ro l fo rm ation , carbocation at C-20 on the  prostoste ry l cation 

m oves to  C8/C9, w h ich  is the  area surrounded by 7 a rom atic  am ino  acids, resulting 

from  the  rearrangem ents o f tw o  m e thy ls  and three  hydride  shifts. Finally, His232, 

w hich is a base am ino acid and close to  the  carbocation  at C8/C9, d e p ro ton a ted  

from  the  in te rm ed ia te  to  give lanoste ro l (Figure 11-7).
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I a n r K fp r o l

Figure 11-7 A, cyclisation and rearrangem ent o f lanoste ro l via th e  p ro toste ry l 

cation; B and c, P rotosteryl cation s tructure  at the  active  site o f hum an 

ox idosqualene cyclae [11]
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The molecular biology studies of plant OSCs or triterpene synthases 

comparing between human osc and SHC has shown that triterpene synthases o f the 

QW m otif (Figure 11-8), which help to stabilize the protein structure, and the DCTAE 

motif, which has aspartic acid playing an important role to  protonate and start the 

cascade cyclisation [14]. Plant OSCs probably have the mechanism similar to the 

enzyme models that need aromatic amino acids at the active site to stabilize 

carbocation for the cascade cyclisation reaction.

2.4 P la n t o x id o s q u a le n e  cyc lase

Figure 11-8 An example o f QW m otif from a part o f amino acid sequence 

alignment o f 5 oxidosqualene cyclases from K a la n c h o e  d a ia g r e m o n t io n o  [9].

p-amyrin synthase (PNY) and lupeol synthase (OEW) have been studied for 

site-directed mutagenesis to identify for amino acid residues that have the role for 

their product specificity [15]. Trp259 has been found to help stabilizing the oleanyl 

cation and inducing the rearrangement to form p-amyrin, in contrast without this 

effect o f Leu replacement by Trp259, the reaction would be terminated to give 

lupeol (Figure 11-9) [15],

KdGLS
KdFRS

KdTAS
KdLUS
KdCAS
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30

Figure 11-9 Aromatic amino acid effect o f the cyclisation of triterpenes at the 

active site o f lupeol synthase and p-amyrin synthase [15],

Based on the current information, the cyclisation mechanism can be 

predicted via the intermediates on the pathway (Figure 11-2).

2.5 R eported characterized  p la n t osc

เท the literature, plant OSCs have been reported for molecular biology studies 

and genes in NCBI data base (Table ll-l). Many characterized genes have been found 

to cyclise specific single product, but some have been shown to encode 

multifunctional enzymes. The characterized triterpene synthases are the data for 

studying amino acid involved the active site, protein structure and triterpene 

synthetic in plants.
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Table  l l - l  Reported characterized plant

No. Organism Name Enzyme Accession no. Reference

1 Arabidopsis

thaliana

At 1§78500 Pentacyclic 

trite rpene synthase: 

p-seco-amyrin and 

OC-seco-amyrin

AB274959 [16]

2 Arabidopsis

thaliana

LUP1 m ultifunctiona l

OSC:

lupeo l, p-amyrin

U49919 [17]

3 Arabidopsis

thaliana

YUP8H12R.43 m ultifunctiona l

OSC

lupeol,

taraxasterol, p- 

amyrin,

l|/-taraxasterol, 

bauerenol, 

OC-amyrin ,

ทานItiflo re no l

AC002986 [18]

4 Arabidopsis

thaliana

CAS1 cycloartenol

synthase

U02555 [19]

5 Arabidopsis

thaliana

LAS1 lanosterol synthase AB247155 [20]

6 Arabidopsis

thaliana

LSS lanosterol synthase DQ508794 [21]

7 Arabidopsis

thaliana

At 1§78950 P-amyrin synthase AB374428 [22]

8 Solanum

lycopersicum

ITTS1 p-amyrin synthase HQ266579 [8]

9 Solanum

lycopersicum

TTS2 m ultifunctiona l

OSC

5-am yrin, p-amyrin, 

ot-amyrin,

ทานItiflo reno l,

V|/-taraxasterol,

taraxasterol

HQ266580 [8 ]

10 Taraxacum

officinale

TRV putative  OSC AB025346 [23]

11 Taraxacum

officinale

TRW Lupeol synthase AB025345 [23]
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No. Organism Name Enzyme Accession no. Reference

12 Allium

macrostemon

ALLOSC1 puta tive  osc AB025353 [24]

13 Betula

platyphylla

BPX1 cycloartenol

synthase

AB055509 [25]

14 Betula

platyphylla

BPX2 cycloartenol

synthase

AB055510 [25]

15 Betula

platyphylla

BPW lanostero l synthase AB055511 [25]

16 Betula

platyphylla

BPY p-amyrin synthase AB055512 [25]

17 Medicago

truncatula

PAS P-amyrin synthase AJ430607 [26]

18 Aster sedifolius AsOXAl p-amyrin synthase AY836006 [27]

19 Kandelia

candel

KcMS M ultifunctiona l osc 
lupeo l, p-amyrin, 

OC-amyrin

AB257507 [28]

20 Pisum sativum P5Y p-amyrin synthase AB034802 [29]

21 Pisum sativum P5M M ultifunctiona l osc 
ot-am yrin, p- 

amyrin, 5-am yrin, 

V|/-taraxasterol, 

butyrosperm ol, 

lupeo l, germanicol, 

taraxasterol

AB034803 [29]

22 Pisum sativum PSX C ycloartenol

synthase

AB009029 [29]

23 Luffacy lindrica LdMSl Isom u ltiflo reno l

synthase

AB058643 [30]

24 Luffacy lindrica LcCASl C ycloartenol

synthase

AB033334 [30]

25 Glycyrrhiza

glabra

GgLUSl Lupeo l synthase BAD08587 [31]

26 Glycyrrhiza

glabra

GgCASl C ycloartenol

synthase

AB025968 [31]

27 Glycyrrhiza

glabra

GgbASl p-amyrin synthase AB037203 [31]

28 Panax ginseng PNY P-amyrin synthase AB009030 [32]
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No. Organism Name Enzyme Accession no. Reference

29 Panax ginseng PNX C ycloartenol

synthase

AB009029 [32]

30 Panax ginseng PNA Dam m arenediol-ll

synthase

AB265170 

(in DDBJ)

[33]

30 Kalanchoe

daigremontiana

KdFRS Friedelin synthase HM623870 [9]

31 Kalanchoe

daigremontiana

KdCAS C ycloartenol

synthase

HM623872 [9]

32 Kalanchoe

daigremontiana

KdLUP Lupeo l synthase HM623871 [9]

33 Kalanchoe

daigremontiana

KdGLS G lu tino l synthase HM623869 [9]

34 Kalanchoe

daigremontiana

KdTAS Taraxerol synthase HM623868 [9]

35 Olea europaea OEA Mixed amyrin 

synthase 

ot-am yrin, p- 

amyrin, VJ/ -  

taraxasterol, 

butyrosperm ol

AB291240 [34]

36 Olea europaea OEX C ycloartenol

synthase

AB025344 [34]

37 Olea europaea OEW Lupeo l synthase AB025343 [34]

38 Lotus japonicus LjAMYl Putative osc AF478454 [35]

39 Lotus japonicus LjAMY2 p-amyrin synthase AF478455 [35]

40 Lotus japonicas OSC6 Putative OSC AB244670 [36]

41 Lotus japonicus OSC7 Lanosterol

synthase

AB244671 [36]

45 Catharanthus

roseus

CrAS Am yrin synthase 

Ot-amyrin,p-amyrin

JN991165 [37]

42 Lotus japonicas osa (the

fu ll - le n g th  

version o f 

LjAMYl)

p-amyrin synthase AB181244 [38]

43 Lotus japonicus OSC3 Lupeo l synthase AB181245 [38]

44 Lotus japonicus OSC5 C ycloartenol

synthase

AB181246 [38]



2.6 A lang ium  lam arck ii

A lang ium  la m a rc k ii Thw., which is called as “ Pru (ปรู)” in Thai, is a member of 

family Alangiaceae. The synonym scientific name o f A. la m a rck ii is A lang ium  

s a lv iifo liu m  (Linn. F.) Wang. A. la m a rck ii also has other Thai synonym names such as 

“ Pu (ป ู)” ,“ Phlu (ผล ู)” , “ Makluaka (มะเกล ือกา)” ,'“ Matapu (มะตาป ู)” . Plant description of 

A. la m a rck ii has been recorded [39] as a small to  medium tree which grows up to a 

height o f 5-15 m. Leaves are 2.5-7 cm. wide and 5-15 cm. long, elliptical and 

alternate. Flowers are 1-2.5 cm. long, white and fragrant, and grow in fascicles. Fruits 

are 1-1.5 cm. long, small, green, nearly globular and purplish-red when ripe (Figure 

11- 10).

A. la m a rck ii can be found widely in india and countries in Indochinese 

peninsula. เท Thailand, A. la m a rck ii is found widespread in mixed deciduous forests in 

every part o f Thailand except the south. Various parts o f A. la m a rc k ii are used in 

traditional Thai medicine. The root bark is used as anti-diarrhea and emetic. The 

stem bark is used to cure diarrhea and asthma and used as expectorant. The wood is 

used to heal hemorrhoids. The fruit is used as anti-diarrhea and destroying parasitic 

worms [39, 40],

A. la m a rck ii is w e ll known as an alkaloid source. Previous phytochemical 

research o f A. la m a rc k ii reported many classes of alkaloids for example T,Z- 

dehydrotubulosine and alangine from dried fruits [41], alangiumkaloids A and B from 

stem [42] and alkorine from leaves [43], Flowever, previous study found 4 

triterpenoid compounds in A. la m a rck ii leaves e.g. friedelin, stigmasterol, |3-sitosterol 

and isoalangidiol [5] (Figure 11-11).
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Figure 11-10 A. la m a rc k ii following (A) whole plant, (B) leaves, (0  and (E) 

flowers between leaves and branches, and (อ) and (F) fruits between leaves and 

branches.
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Figure 11-11 The structures o f  trite rpeo id  com pounds fou n d  in A  lamorckii 

leaves as fo llo w in g  (A) p-sitostero l, (B) stigm asterol and (C) friedelin .
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