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Biosynthesis of triterpenes from Croton stellatopilosus and Centella asiaticaleaves:
part1, cDNA cloning of oxidosqualene cyclases

Pimpimon Tansakul®, Masaaki Shibuya?, Yutaka Ebizuka? and Wanchal De-Eknamkut?
Oepariment of Pharmatognosy and Pharmacestics! batany, Faculty of Pharmaceutical Sciences, Prince of Songkla Univarsity, HatYal. Songkhla, Thaitand |

" :Graduate Schocl of Phammaceutical Stisnces, The University of Tokyo. Tokye 113-CG033, Japan,
*Department of Pharmacognosy. Faculty.of P ical Sciences. Chutalongkern University, Bangkok, Thaitand

Experimental

c¢DNAs were prepared by RT-PCR from total
RNA isolated from Crofon sublyratus and Centella
asiatica leaves. Homology based PCRs with
degenerated primers designed from the known
oxidosqualene cyclases were.used for amplification
of core fragment of triterpene synthase cDNAs.
Amplification of 3’ end fragments were carried out by
RACE technique using specific primers designed
from core fragments {4). The DNA sequences were
analyzed for their homology by DNAsis for window
ver. 2.1, Clustal W (1.33) Multiple Sequence
Alignments and Treeview 1.6.6.

Triterpencid is a large group of
isoprencidal compounds found in
nature. More than G0 different carbon
skeletons of triterpenes have bean
reported from various 6rgaisms.
Triterpenes in the plant kingdom exhibit
a variety of pharmacological activities.
Biosynthesis of triterpenes starts from
the cyclization of 2 3-oxidosqualene into
various skeletons of triterpenes by
oxidosqualene cyclases (OSC).  Until
now several OSCs such as - amytin,
lupeol. isomuttifiorencl, and
dammarenediol-ll synthases have besn
cloned from various. plant species. The e - 7 e o l-
cyclization mechanism of OSCs is i | =5 —
shown in'L.

Croton stellatopilosus
and Centelle asiatica were
used in this study.

Triterpene found in many
Crolon species is acetyl
aleuritolic acid (2) which in
taraxerane skeleton. Major
triterpenes in C. aslatica (3}
are asiaticosides and )
madecassoside {Ursane r‘_

22

Cyclization mechanism of plant OSCs

L {Banas iseng’ Denyralenedinrl syninase |
{ Lot cykerrici, reowdtitorend synthaso;

skeleton) which are derived
from g-amyrin. It also
contains centellasaponin A . .
centellasaponin Band - . scotyl wtourrok scss
asiaticoside B (oleananie: i
skeleton); as minor
glycosides, which is de
from R-amyrin.. Ursai
glycoside in C. asiatica

Fty i LRI T

EX]
Phylegenstic trez of plant OSCs and 4 clones obtained from this shidy

higher-than 30 times to: . .

oleanane-type glycoside in- Resuits and Discussions
“this plant. o DNA sequences from central regions to 3-end termini
of 4 OSCs viere analyzed for the Homology analysis with the
tmcnscmde finOf  Adisscorde®, B0 _ other plant OSC fragments (§). CSC and CSD showed-88%
pumerde R Refehawin® P00 " nucleotide identity, suggesting that they might be isogenes.
CSC and CSD showed 58% identity to isomutiiflorenct
Further works synthase isolated frorp Luffa cyfindrical_ Funcl:ti‘cnd analysis
To reveal the function of these 4 clones. these works will be obtained of mese 2 clones will be studies after obtaining the_ops;n
1. Ampiification of 5" RACE reading frame (ORF) of them. CAL and CAM showed 65%

nucleotide identity. Both of them are among other f-amyrin
synthases. CAL showed 73-85% identity. while CAM showead
55-68% identity to /famyrin synthases suggesting CAL codes
Acknowledgement for i-amyrin synthase but CAN may code for other new 0OSC.

This work va5 supparted by grant (Grant Mo, MRGEDE04S: from the Thalland Research Fund (TRF: and the Commission on Higher Education.

2. Amplification of open reading frame of 4 clonss
3. Functional analysis of these clones
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« The claning of 3 muttifunctiona trterpens syathases {(MTS) genes
2 have baen previou eponted fiom highet plants  They are PSM from
: im {Monta et 31.. 200C). OEA frem (les ewropaes {Saimaru
etat. 2007t and TRH from Taraxacum officinats {Doka 2006). Ahof
% these genes ancode the erzyme MTS which is tesoonsible for the
cyclization of 2.3-oxxdosqualene ito cyclic titerpanes, which «-amytin
and framyin ate mam produsts The functions of these genes a1e
ditferent iom othet known OSCs. such as {amyiin synthases or
cycloartenot synthases. which praduces sofe b-amyrin and cycloaneaol,
s respectively. This leads 12 he hypethesis that thers wight be ro sole
¥ q.amyrin syrchase exists in the natute ! order to wnvestigate this hypothesis. three
medicinal plants including Encbotrya japonica. Cameaka Jjaponica ang Certelle asiatca. 2 5
which are rich 1 ursane-skeleton biterpenes, were chosen as matedals for RNA m,* Nod Idantily of MTS
" PSY. pamytin synthase from Pisum sathum
s CHEWH - TRITIORA™ PSK

Fﬁ 1.Ga éhréﬂxaiogiﬂ% of ucts.
from 8 muttifunclionst titefpernia synthases 7

{on source l';n\p

Callection infarval

3 :L.'lafé
L

i obtained by reverss transcription flom RNA

Rk of ese 3 plants  The cDNAs of GSCs we using homalagy
based FCRs and RACE techniques. The open reading frame of each
clone was obtamed by Nestsd PCR The obtainzd OSCs are Ej01 from 23

- Douya japonica, CINEVIT from Camefia japonica and CAK fiom B

y Cemislta asiatica j

g@w PEs e e 5 using the DiHA sequence data of CabAS gene (GenEank. accession
« Among 6 MTSs. f number AY520818} repotted previously {Kim et af, 2G05). The DHA
10 cthers {53-61%}, PSN ansino acid séquence are highe: &4 sequences of CAK revealed 3 differeat nucleotides from those of
similar to the group of [-amysin synthase than MTS (70% amino 58 CabaS. They are 118825 41934 and 2GTic which resulted in the
aciddentiy to Sisum satvuarb-amyrin synthase) The CEA, § different amino acid rasidues, VEG =A and FGO2L. respaciivaly.

CAK ans TRH shate high aming acid identty at (74- 3. while Each OSC was digestad -h reswction 2nzymes and hga!ﬂd?,

Ej1 shows low amine acd ientty tn othas MTS and also §+- o the same fesriction sites of pYES2 {nvitogen} to constiuct 3

amyun synthase At least 3 groups of MTS was revealed plasmids,  pYESI-EGL, pYES2{jHewll aed pYES2-CAK Yhe £33

- informaticn of these 3 plasmids. tegether with 3 knawn plasmids,
2 = . = e % (PYESZ-PSM. pYES2-OEA. and PYESZTRH} was shown in Table 1
e Functions of OSCs wete analysed by expressicn in

lanostero! synthase aurctioph Saccharomyces terevisms stia ¥ TS - v
The mutan: yeast -sas transformed with each clasmid. 3 % Fe g -—“{:—:&" AT Lt led

% The OSC proteins were indused by gatactose and the yeast cells B30 2 & I

f wore collected and oxtacted with 20% KOHISC® EIOH. After ’ggf Fig. 2 Propoged mechanism on f-amytin and -~ amyrin formagon
2 extraction with the same volume of hexane. the extract vasiy . .
cohcentiated and analyzed be TLC and GC#3S.  Ths GC A

ig. 1.

Alithree CSC clones showed their functions as muts functional titerpene &%
synthases. Major produict was a-amyiin while e f-anvr was second rajot
product. The trerpene profiles are nearly the same pattern in all 5 MTSs "@?E
although amine acid identities of among MTSs are different (Tasle 2 5

The biosynthesis of a-amyin is propos2d & be branched from p-aryiin at
the pentacyche C-1¢ cation stage. Migration o) methyi group tekes plaze at <-

% 20 leads t¢ «w-amyfin while hydride migiation takes place tiom C 12 leads 1o |+
amyna. it seems saster to regulate migration of methyl grou by blocking

4 them through steric hindrance tarn that of hydride. Tris might ke the ieason
vhy j-amynn s atwvays produced togetner with -1-3mylin. And sole :-3my1a
synthase may not existin the nature. The further mutation study will lead %
the uadeistand of the praduction of - and (-amyrins.

This weth was partially stgooted by grant ,\/f’

from Thailand resesrch und, .

Cammission on higher education and 7

NRCT-ISPS care upiversity program

PT. wauld Bk€ 10 thank PPERC fix partial Supgont on ttaveling g
s %
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