(A5 3 FHRE0)

M oW X E B

K & |EnTF nva=

g | TN 5T AR A FEBRICHT SR
(Studies on Terpenoid Biosynthesis of Mangrove Tree Species)

v a7 - BREOWEKRICAT T ATHEMEOEVEY TH Y . Br ORES
BOTAX)A FEEELTNAZEBMBNTWS, LBELARL, ZRLEOTAL) 4
FOEBRZREENC DWW TR EABE Y, 22T, AMER~ S u—7 itk 370
AR ROESRLTHEESE OBL VI ONWTBEL, T4 A NOEBZAMEE ORY
CHEETDZE RS, | _

T, WRICBET B o —TDF L) A FEREB LN TEED, 7RO
T —TDEEBLLTFE LIRSy ALBOT AL A4 FBE ST Lz, Ry Abix
TN A FEEPRAT B —NC Lo THDOEN T, T4/ A REEHRAT o —L
BEREN T IEE6BOBRSIOVRY, T A RTREANRT—A, -FIY, &
THxEn—n, EPATO-ATRB-VIARAT e — VR ORF v AT a—ABNEEBRRE
S THoT, BOTNA) A FERIISLT LHEICHEL L TR LS, BOF A2 Fi3E
Db OERZE TR ZOBTERENTNE B0 EEZ BN, Sbic, BICBWTIZAH
L OSMATT NN 4 FREREL ., MLOREHIELE LTS I EARRShis,.

RNT, AeF, FEAF, FIF<ebAE¥hd 500571214 FEiERFE /o
—=V 7L, ENEN KcMS, BgbAS, BgLUS, RsMl. RsM2 % A{tiF7=, Zhbng
BFZEERE R (GIL77) WWEA LT, BEFOMERHEN 21T o7z, TORE.
BgbAS & BgLUSIZZNZENL-T IV At —NEREETHEZZ L3, RsMI iX
Ty —wma—, ReM2iEF FHEa—, KeMs I XF—L 2 FNFNEITE
ETHEMIRET NV ERBERTHI I BRI, ThEDERTFD
Gy FEALTRIEARITICIVN T, BgbdS & Rs»MI VX -7 2 ) AREER L&V BRI 5
L. R EB-T IV vARBEEOS AV —TICREB SN, —F. BgLUS & KeMSi¥ B
-7 IV UEREERIIEVET LV - G REBER IS SRR S, ReM2 13NV~ A — Bk
BEEN D B-7 I U VARBERICEILT 3 BRADBEOSMIERMED /L — 7 ICRE X
gy el ‘

DT, AT e — L DEREREI—F LT3 L HEINAEEFEA ALY
TY¥TEe XL u—=F L, KeCAS & RsCAS L& Lz, ZhbDBEFIT.
BWREFMTICLVAEL DY 7 aT AT )~V ERERTHD I L BELIITR
OTCD
BB, INLDOBETORRALERE L OMBBEICSOWTRRN L, AEAFD
FNL ) A RABEETF KeMS @ mRNA LU E FR o fEnEm L7, R
IZA B XD BgLUS & BghAS @ mRNA L~ULbLEARMICI Y ER LA, Ll
Bh, HEMART o — LV AESBIBETF KeCAS @ mRNA L-UUIEEEDFE L Z )
T TAL) A RRTHEEBEICES L TWA I ERRRENE, EHiIZdeLF
AL NAXEARDT N A ROHREEIIESAFIC XY LR L, WEECsT
BFAR) AL ROBEERZHLTVWE LD EEL DI,




(FFALEE 3 B0

¥ ML W X E B

K 4 | Mohammad Basyuni

|eE B Studies on Terpenoid Biosynthesis of Mangrove Tree Species

(7 a =R BTN A FESRICET 3H5)
Mangroves plants are distributed in the inter-tidal zone of tropical or sub-tropical area and
| prosperous sources of triterpenoids alcohols mostly derived from oleanane, lupane, and ursane type
of terpenoids. Despite the ubiquitous distribution-of terpenoids in mangrove trees, their physiological
functions are not well understood. The present study thus sheds the light on the biosynthesis of
terpenoid with the special emphasis on its relevance to salt tolerance.

First of all, nonsaponifiable lipid composition (NSL) of Okinawan mangroves were analyzed
to characterize their terpenoid profile. Triterpenoids and phytosterols comprised the major proportion
of NSL. The terpenoids and phytosterols mainly consisted of 11 and 6 compounds, respectively. The
major components were lupeol, 3-amyrin and taraxerol for térpenoids, and were B-sitosterol and -
stigmasterol for phytosterols. Terpenoid compositions of the root are not always similar to that of
leaf, suggesting that terpenoids in the root are produced by biosynthesis in situ, not a translocation of
the synthate from the leaf. Terpenoids existed in greater proportion in the outer parts of the root,
suggesting the protective roles of terpenoids in mangrove.

The diversity in the NSI. composition has been noted with mangrove species for both leaves
and roots, implying the occurrence of divergent enzyme systems for biosynthesis. Despite diversity in
the carbon skeleton, all triterpenes and phytosterols are biosynthesized from a common precursor
substrate 2,3-oxidosqualene via oxidosqualene cyclases (OSCs). To get more insight into the
physiological significance of terpenoid, gene cloning of terpenoids synthase was attempted. Five
OSC cDNAs were cloned from young root of Kandelia candel and the leaves of Bruguiera
gymnorrhiza and Rhizopora stylosa by a homology-based PCR method. The open reading frames
(ORFs) of full-length clones termed KcMS, BgbAS, BgLUS, RsMI and RsM2 were ligated into yeast
expression plasmid pYES2 under the control of the GALJ promoter. Expression of BghAS and BgLUS
in a lanosterol synthase deficient Saccharomyces cerevisiae (Erg7) strain GIL77 resulted in the
production of B-amyrin and lupeol. This showed that the gene encoded B-amyrin and lupeol synthase,
respectively. Furthermore, RsMI produced germanicol, B-amyrin, and lupeol in the ratio of 63:33:4,
whereas RsM2 produced taraxerol, 3-amyrin, and lupeol in the proportions 70:17:13. The KeMS
transformant accumulated a mixture of lupeol, B-amyrin and o-amyrin in 2:1:1 ratio. These results
indicated that these were multifunctional triterpene synthases. Phylogenetic analysis and sequence
comparisons revealed that BghAS and RsM1 showed high similarities to B-amyrin synthases, and
were located in the branch of B-amyrin synthase. BgLUS and KcMS formed a new branch for lupeol
synthase that was closely related to the 3-amyrin synthase cluster, while RsM2 was found in the first
branch of the multifunctional triterpene synthase evolved from lupeol to $-amyrin synthase.

Furthermore, cDNAs expected to encode the OSCs for phytosterol biosynthesis were cloned
from roots of K. candel and leaves of R. stylosa: KeCAS and RsCAS. Functional expression of these
genes found that both KeCAS and RsCAS encoded cycloartenol synthase.

) Finally, correlation between mRNA expression of these genes and salt concentration was
examined. mRNA level of KcMS was increased with salt concentration in both roots and leaves of K.
candel. Similarly, salt stress increased the mRNA levels of BgLUS and BghAS in the root of B.
gymnorrhiza. In contrast to these observations, the mRNA level of KcCAS was not modulated by salt
stress in the roots, and decreased in the leaves. These results therefore suggest that the terpenoid but
phytosterols are playing important role to cope with the salt stress in mangrove root, The
concentration and proportion of terpenoids increased with salinity in the seedling of K. candel and B.
gymnorrhiza, providing additional evidence for the protective role of terpenoids against salt stress.
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