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• ^i3M(Tropical Bioresources)/55f Zx K^'ZxT V ^

2) Opening Remark (Mr. Fujio Ishikawa)
• 1995 ^(DIM Cl,

fcofCo
• l-jolt 5©conservation £ ©sustainable use fi^-Y ^x<7)^JS<7)§IH^lz:&>&o 

J^cD-o^LT, TroBIDEC

3) Declaration of Transferred Materials
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NABBInet (National Biotechnology and Bioinformatics Network) b V'* 9
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0 %%ft#m&mm^ft^^o ^#e#T(±

#(e, yyK^yT, yxf.

=* v? y 3 ySrjBEi-^# <hv^
#$r#yb. MARDi (imm^(e$)6#%y/>-y^4;y M7-y<kLT/<-^T/^ft3 

yyygy^o<5^e#^i-6mfp]T&5o CO ASEANET

9 (7)a> MARDI O#[n]-C$)6o

2-2-3 Tyt^&^im@d^(ecV^T(D/Ix—/^< «pO#W#

#f 2E#A ^ 0 % MTA (7)##

011#: 199 9^10^150
: -7y-yT###^M^BT(MARDI)

Dr.Ahmad Zamzam 

Dr. Mohamed Senawi
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Dr. Lum Keng Yeang

mm#: grnfits, sm mm)

S* J: 9 -7 u—>7&MW9ZM%Wx (mardi) tc*L, r^#. 0*i roW9E®*(cfc‘V'
-ct±, S^e%ro^*e,-fSSHro|iM5rgffiLT,
MTA 5rM%-f 5^-S»sfod„^etofc*, tro##fl^.to®ESr VfcV'j ,k#^Lfc (SU<S2 )„ 

7i/->7tii icMf SHrotf-f (^rrofcfciSfWfh©

>$) Sr916, MOSTE (NBD 7?fi&l,') ^^tp-efc^Cn? («P#< 6>V'(CT#5*jr 5 L),

CivSrS#lcr5iK.$^ifc5 jrtottSIcfcS,.

MARDI t C0fffgg&;ft igjgft g W MTA

0B# : 1 9 9 9^12^2 — 40 

Wsmft : ? k--yT^$E%E%0f (MARDI)

Dr. Lum Keng Yeang, Senior Officer, MARDI 

BUS#: KffltWit, SB ff(JBA)

a#j:9, r^-%, H*lrtoW%®*l-#5V'Tii, ESHroWrittSrBfg
LT, jk#Sr#@IAA/^#RI6%Sr#*i-^*-C&6. -trofcfcCtt.

(mta) z&m-vmm-rz&mshZ' ^©fc»®#*a^»a*sr 

LfcV'.l t#*Lfc (SU#4,y->?0#IS). MARDI liift.lC'&it U 0 irSM,<73 
3%#Sr#IT5Z 1: i:&ofc„
?R-rr^-b-x K941

feV'IcctSi MARDI
T(4SSt=SMSr*W-f5 * kzmm-fzvhz?, 5 >ySr0o-r«#Srii

2-2 — 4 jSUfyffl—Oilffi©MW

0F# : 1999^-10^140 

a# folSt: : TropBio Research Sdn Bhd 

Dr. Salleh M. Nor, CEO

Dr. Kodiswaran Kandasamy, Research Manager

# (JBA)
p
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iztfifflL tz0
(D TroBio Research (TBR) : Dr. Salleh ^ FRIM cDffi&'V

h'O, Prof. Latif (NBD) , Prof. Zakri (UKM) <PE Vl\> TropBio Research (TBR) <D

CEO

® (MTA) : TBR##/K

6P&»9lS^mL^<^V\ -7ix—

^^#mLTV^6.
TV^V^6 LV\ C(Z)^#(Z)##Afi^#^#+^^(7)^#(7)<y—— 6 LT 

4#t)ZmL7cv\
® P: Dr. Salleh It P >£ <P Lfc0 TBR teP^Cl

(####0-7^^nyn/<y-i/g^) $rLTV^6. TBR^-ry- 

i/TOlNf:&>%/<—f <Dt£ii*'V<DVfe—<Ds<'(&&M'VhZ>0
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2 . mWK# X xmvv&t17 Hr H - T y y^

2 — 3

2-3-1 A#:##

i i¥i o^i7B~io^2 2 gtcttiggvyto s*

y^i/3

#^V^V^A#FT^6)5x j3Z
y 6 C ^ & g Lt.

f-zL 7 :
00# : 1 9 9 9^10^190

: Dr. Pipat Patanaponpaiboon, Head, Plant Ecology Research Unit,

Department of Botany, Faculty of Science, Chulalongkorn University 

Assoc. Prof. Dr. Wanchai Phothiphichitr, Dean, Faculty of Science, 

Chulalongkorn University

Dr. Pipat Dr. Pipat ft* ODA

Dr. Weerachai QBG Hit, Dr. Sutat BIOTEC gijpjrS t &V>fM*riWc:ilT Vd„

LT,Mango tree

Climber Plant K

LTV"' 6) o 5 b y F y — (Information Network on

Conservation and Utilization of Bioresources(1999-2005)) ^jH-TV^C0

##F,
ODA1999 ^7^- n—T

JBA i^(D ODA y n t;^ ^ F(^) LT%o

^y (D m ^ ^ ^ #

yoi/—f/ >/y%& l^#LTV'6$&##BL&dWc 2K'^(0]gmAS&c,7c:(D 

T#gm#L/c:. ^AZ«9^T(D##^ (AT^) ##L^;0DA yniX-y^^y^,
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ODA D

1 9 9 9^10^200

tSlfc# : Dr. Weerachai Nanakorn, Director of Queen Sirikit Botanic Garden (QBG), Chaing 

Mai Maerim

: QBG<0:m(C#^zi7n:/3:/±#<DDr.Pipat

Dr. Weerachai 'y-? X 2^, 7^0^ 2!9 B

^M^W^tc^±Xh^tc0 itfzZ CD W@(D Director £ 1 9 9 3 ^fabM&XX&V

Dr. Weerachai \t ODA hXXZfc&mmmizm-f ?XMM#:# t LT

ODAyn^o:^

te fn] v vx v '5 <DX ft ft v' frb &t>Mz0

0DA1999 ^7^- n-T Lm#£#yb.

QBG n 1 9 9 2^9 X XteML%)(D%i®tm^y!)mXh}0Wtmi>Va^J3

£AilTV^5o Ztu* QBG J&S Prime Minister' s Office (O - t frb iift

QBGfl#%5 0 0-120

0M(C#@L, ^11 0 0 Oha

QBG^mm^(D#%E!f&(D*im#%£m#L-cv^. mm
T# BIOTEC, 7 n ^-7^y £## LTV^o

!>A(C1±1 2,9 0 0(DW:dS&%,

m^MX^tCo GBG(D%L&(DW9ZftMt\tMT<DMVXhotz0 Thai Orchid (250®), M

0 0#: 1 9 9 9^10^210

tli %k ^=f : Dr. Suchitra Changtragoon ( ic t4 ), Forest Geneticist, DNA and Isoenzyme 

Laboratory, Biotechnology Section, Silvicultural Research Division, 

Forest Research Office (FRO), Royal Forest Department, Bangkok
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: RFO JICA bV 1 0¥tiLWl\zmx b tilth (O'? hZo Dr.

Suchitra EA%U(A#l%$r^#

#L^:. 0A-(lODAyn^^^ E(7)^#TA^A#m#mWll^#^(7)#%^2^, 

lO0Mi (1 9 9 7, 1 9 9 8^) 1 9 9 8^1 1^

yHr — yj*u—y r(DV—yya yzf\z&tobfc <wM0tz0

Suchitra (1 ODA c/n^zef ET(lAT^#^(Dm^f LT#

Dr.

Sutat BIOTEC ##&, y n y n yA^CD Dr. Pipat 

Dr. Suchitra (D± y y a y (31(1 7 \(D* $ y V ft\'X 3 AHA^T'fco tz0 

(110 0^/<—^(D##T^)6o

ODA ~f u'y =^y E T'^ L T V 5 B3sE(1 PCR, Deep Freezer SF^tW-StM LT& 9 

tStltZo DNA Sequencer ^j%A L/cV'<1; :$r|l LTl'<50

ODA 1999 ^|7t u—Ty LSS tTlo fc0

^#LfclM7t-7A©7Di/-f^ y^%(DA#e#mL^:o $7t JBA ^fN&L/tODA

B##; (AT^) ##Lyb;0DAyoy-^^yy^ 0DAf-7V-^.

0# : 1 9 9 9^10^220

[S i& # : Dr. Vullapa Arunpairojana( tii ), Director, Microbiological Research 

Centre(MIRCEN), Thailand Institute of Scientific and Technological 

Research(TISTR), Bangkok

Ms.Salaisophin Komarakul Na Nakorn, Director, Office of the Governor, 

TISTR

Dr. Aparat Mahakhant(^ct4), Curator(Microalgae), MIRCEN

Mr. Prasit Tapananont, Chief of Pilot Plant Unit, Engineering Development

Department, TISTR

W : IE Ms. Salaisophin 1 9 y A TISTR

tlfco MSL/t0 TISTR HBffM 7 8 0AT\ B o (7) y/!/ — y (Research and

Development Gr., Technology Transfer Gr., Service Gr., Support Service Gr.) ^64# 

$c£lfCV>‘<50 MIRCEN (lftil<7)Aoc7) Department <E Research and Development Group 

(-JlLTV^o TISTR (liav^9 lp^5 OKm ^

SEt"6 r t {CftoTVd t (D^im$:Wc0 MERCEN ^^73 0^1 9 7 6^4
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^o^/E^HI^# Culture Collection, Research work t LT Conservation and Utilization 

of Microorganisms 'y^ b #Wdfe^btV''/c0

• Conservation and Sustainable Use of Microorganism (%&&%: 4MBaht/1999

• Study on Toxic of Algae ( New project, 1 0 /3 <k *9 y. ^— b) 4MBaht

]£ tz. Collaborative work with RIKEN (S^PbIW/d h T' 2 0 0

0 ^ 3 ^ #T) t LT Asian Network on Culture Collection do <5o 1 1 M # Asian

Network Conference 5%TW0##9 Z 9 2 0 OAtT0^f>li5 0~

MIRCEN # ODA bT#®^##/!"^ —n y •

ODA Ti^$ilTV>5Bgff#2h- b^ L—T\ (^ffi^tLTV^Co

vsE$ii

yc:^M(c3^mm^^yc:(7)T#m#m#Lyb. jBAf^^oDAyn^o:^
(^) L ^ ^ y b yb(DT^

L^o
Dr. Vullapa #1 9 9 3^(0, Mr. Prasit #19 9 l^Mt^fy^ b U —Sffl^fS 

n-X(DS^D#Tfc V ^(DWSLTVS AiiTfcSo ^^T^ibfd^coSA# 
^LT^#T#5. M5;5Z9m#L&B#(AT3S#) ;ODAyoy—T/y^%, ODAf-7

Q#:1999^10^220

: Ms. Nitaya Ki jtewachakul, Research Coordinator/ Researcher,

Regional Community Forestry Training Center, Kasetsart University, Bangkok

HtH : Dr. Somsuk Sukwong RECOFTC E^ic#W^ti3Stf)/ii:Zi>@ifcti5t5/£/5*o7kCo Dr. Somsuk # 

ODAi/cL^f ht#AX4iJ^^^> ?Tiime#t LTS^L
tzM9t%X'h V Ms. Nitaya # Kasetsart

by !17#i StlK#A#&amL&

^-iry^—(D^S#¥^ l^US F/l'Vhok B^^ODA/p^x^ b#Z5##^r% 

#LT1^6. #^C#JBA(DC&^A<^oTV^.
ODATP'^xi^ bT##LTV^6###3yLzz —f , ru yf-###&ilT
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Ms. Nitaya — 7 A(O/n x>T

(D^ELStfilfco ^t&LfcW^K^T^C) jODAT'pv'—7^^*, ODA f-

oDAypc;^^ h-c^#^^Tv^5##§(c^L-c^m(Dm#e#<m%Li:mv^. ##§ 

n^^mmuTv^. oDAyp^^^^cDeF^T—ooAyp^

^ b(DW%^MLX(D^m, 4

LT t, ^ XL^: (D#^<gr#oyb.

2-3 — 2 —3 1%^ ^/a ^(D#%

^=l y P >=1
P # : ¥/& 1 1^5^14-150

(mama*#)
##^"#^0#: Dr. Pipat Patanapongpaiboon (Chulalonkorn University)

2: 1999 4^7 d- p - T ^ y$#(c^v ^

9 «9T$)6o

LT, #LV'=>--ty

(Biological Resource Center, BRCs) OlWH^'&SETfc 5 „ £11 9

totl'50 b^@^gk*5feiS@(t OECD tcjoVTBRC s oM'k ##%, A

uybo
(B 2 OECD . M^Ti^T#(C t. ^Tfi^ 6L

TV^5. L/c^oT.
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= IcSE-tSr 7to|>ry7fInf
SnUto-Skftty r i: b^imk^Zbnt,.

ti_h©m$$r^-x k LT, f y @1t ^#fT#X*^T-*fl.C>-i6:
£Hfc„ E»faS$c« («*S3k*^) »^|c#AnUtil#*y M7-

? (*S6©B$ti £3619 Lfc, rlilt# U'BRCsW^yt^l-!: Ufc
#;-dT, *^5E(07*d—Ty7'*$roS*Wx^y^j: UT, HrLV'ny-feT"

<±»8iSo«#roy yy7#® ir^SSiro-e-S

l^iSLfc,

BAitey-l* • '<4 Jry-? ; n-y—by 9-(BIOTEC)

n Ikf : T/iS 1 1 ¥ 1 1 n 2 3 0 Gk)

m^bsk# : tp® #6 •

toS : #@m©<!Jf5ES£$;by, tt*©ft«.&tfK^oV'TlSiflJ!£rgl4;fc&t;:, 
y GB'10rS (Dr. Morakot Tant icharoen), ■v I) — JgRi] (Dr. Malee Suwana-adth)&U,*/k 

fkap — n la^ y g y©ife-fJrtO 17 y^7 yfk (Ms. ffanchern Potacharoen) A*£>N BIOTEC /V 

ft-^kGkay (BCC) (D^tairoV'TiftlWSrSt'ts 4*SW<£WKol,'TfK 

^iSJLSE&SrtTofc.
f#. y y -nig /&»&, ©#/uy-ar- ^ u? ->3 y&tFE-iiSrlxti $ < y?Sii^-ov

T, IMSrgltfcSU -?y -jERti&tfyy^yyftjy *;laf f-3 y^yg y, #4;%

e##©#%, ss,3Zi6L*i$tusx.fc=

4 y Mffifaj (Deparroent of Agri culatuc) 4l0t

B#:%11*11^248 (*)

3*®IK# :*###- Sfb#e%gr@B

## : 4*S(J * tijSISI Hi (Deparment of Agriculatue) ^rjKjfKU 7f*y7^S (Dr. Ananta

Dalodom) tt»SS^&U!«4l»¥St07"7^y * ') (Ms. Prapaisri

Pitakpaivan) ©UPTT^/k^'k — 3 l/^'v'a y&CT#*#I^^IIPti©#9a^^r@ 4 . Iftlti-Sr

gtj\ r*yv^Y-= y? y3 y©&*lj u:o©t, l B#iH<D|#ESrfi;'k5, a*#, ^y
/M l7?;py-af1®y5^ySS(0r. Jiraporn 

SukhumavasOROU'y 3 7 • 5 /V*fe y jj fV=f- ar — 3 y^ y 3 yw/A^ygpjJ (Dr. Vullapa 

Arunpairojana) Zy U y y 4*"7" ^ / D y — Irlf 9E©4k% k 77 /k**7 — 3 y ^ y 3 y Id OV'X

KM&gita. $fc, r7yT*%tcjaiT6%&##%* y M7-^j ©fc 0 SlwyT, 
$B£3ti&Ufc„
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P B£ ; ¥/# 1 1 ¥ 1 1 n 2 5 0 (7k)

- #fk^#%E?r2B

E#: 4:#fr4:, hgw^ (Dr. Paijit Warachit)^#

> B I OTE C(D-? V -M$bW\Bo Xy>W±<D^fi\X\ g3^#^#%pif(7)#%

:/&E#fWL r#/^= i/f ;/3 (cov^x##.
4^#. SVuftfcXI^ • ^AXXV/ D v^-X^-piT, f 73y -^'J -m

fco

g^m^xx# - /Wd-Tf
0^:^ll¥ll^26t3 (A)

: X# ^
EE : XmfvK yy^^y^Bt, bcc<7)$:§im.m$#t::o vt, $

4:#, ix^c/g

Jj'Jz y\fy k #(DC#%# (Kajornvit Mushroom Farm)

P # : 1 1 ¥ 1 1 M 2 7 P (±)

EE : Li -S:E<7>SftT\

6v^x#s(o#^#e^^.

t&zmm, mmm<D%(D-im^M3Lmfom\^\'xmRfth'itz.0 **s. ccxn, p

TkX)^#AL7hEM#ei^9^#^LXV^6 ^(DC LBSU ZKDfttodoV'T

<W^^>ftE t Sfrftfco

y M7 —4
P#:1999^12^60

: Dr. Pipat Patanaponpaiboon, Head, Plant Ecology Research Unit

Department of Botany, Faculty of Science Chulalongkorn University 

#(jBA)
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A&m# :
Dr.Pipat It* OI)A h

#iLtjsaLfc«5£#fJ,ot. $16. T9
-^roMlcMLTeiljLTV'S. 4-[h]I4, Dr. Pipat (75^rtT*^^ = ^ iSgSW-r V^n —

:/61M£!@SL;fc„ *iWa^aBEE®J**c>-7>yn-y6*B* j; y

i:, $ fc. * CDrc=i'>X7:'AKjoV'Tlil#l^#6"f"5f$6tel^-oV'Tli*>$ 9 W%S;h,"C

vx^V'ror*. B * t (DBAlcZ 0 Ait5.

Dr.Pipat te±V!irMMtfm*-y hv-f <nmmc%$>T'<'Zlt>K E%ffiSti"(066lc@o 

TV'5«6^®1fP>tl.fc. Dr. Pipat <t y B L,fcE%il?S#6nnnac)t6tttr*a L

fc«i, 3*ttS-S-ir J; 9 *¥Sro^g-CteltUfcV'i'ex.fc„

—3 w?->g l^$E£-fb
B B# : 1 9 9 9¥l 216 B

(nstda) roSe^i^d11-7^/ni?--try*- (biotec)
Dr. Sakarindr, Director 

Dr. Sutat, Deputy Director 

Dr. Morakot, Deputy Director 

BSS# : SBSiS, SB ff(JBA)

f 4 ”C(± BIOTEC */V^A-— • 3 y*->3 y (cc) tt, *6##K#W%Bf,

###. @6S*5J:U< BIOTEC (0 4*= y*-yg y£tt-g"f-5 H t Ici. 9 — 3

y* -y g y£t#Sg1-5 r t *f&fWefc5,, Cftli, i##^y H7-*KZ6 

/vj —#. SHScWii trX<3#. iWato’kiM'S-fctIPKV'tLfc
CC ^IRfgT-fci. Lfc#oT, CC ©tt-g-reiBttWll(Ci;cT(D#a(Dili-#T?fc5. 

itbiT, -y a yBMW (aw, IPO ftiO li*^ ioSEfiWSK,

B*roK*~roXi#tt*£v\ rroeiEii^Stc;itv<^§t‘&'5„ 

rco^S-lcjoVC, -ht^5z6^fcJ: 5I'. 3*ltSBScW»s cc roSffilroV'TlresttSr 

SSfiSL, ^ii£X$SU*C»TV'5gito'<>V'TiMUfc1,

2-3-3 T^-fey.iW^Sa»l'ok'T©4—tv^< 9D#M-

if mta coffias
B B# : 1 9 9 9^1 2^6 0

l8P=m : (NSTDA) %#/W * / n k y * - (BIOTEC)

Dr.Sakarindr, Director
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0
Dr. Sutat, Deputy Director 

Dr. Morakot, Deputy Director

mm #(jBA)

3 y^ y 3 y&.yro^ff-eroefSEBAlcjb'V-m, 
Sfe$®WfiSci:*ffl-f#6ro»JttiSrgf§UT. 4kE£S§:i£/lfc#|iW%£#;St-^$ Tifc 

5. (mta)

e^&So ^©ftm^roBS^Lfcv.j igiu biotec fc-g-SLfc.

KWi 0 fcK^ii^^Scfl.oi'tfeSrW^fcis. 4y«©74 yy tt«*-Cfcofc. %Ui&# 

fd*#ln i 5 k, 4-Y @cEl±*#SeSi6<7)T^*x t fimE5>('iar 551)65r*«=f-efc 

5 (vt—t-tofc*. «J©W?E«M©£*-m, 4©^ 

-Ci:»©SM£evi;:< vt>ro£®:bh-5„ 4"#. 5 y^ffO ftas ibt8*£ii»5 6

6»sRBJi-efc5.

m5im#w%m (o<tfm)

0 B# : Vtit 1 2^34 2 1 - 2 2 0

: Dr. Sutat Sriwatanaponse (4 4 [I! y ^—4lJ0

«$ : ^WHit3E#i#«ttE%-lry4-Sutat 9rfi^SUff-C5fcB Lfc«6* 6 e>x.TS 

Life (34 2 10). :

NSTDA ©TIC f y ^ -^Rg 6 it. Sutat IT*

Et"5„ NSTDA ?##*:$<!: 9 , BIOTEC ©0r8tt Morakot 1f±. @#*1^

D. Edwards If ±(6 1 =6i»S*Ei'5.

® 94 X-'kVomMT 4 -fe y Sr«$iJ+5 i64-^5 3 #K* 6 h-fc.
• (The Plant Variety Protection Act of B. E. 2542)

• 5n6\lEl'PliE't5Uii * #EiB)6 (The Protection and Promotion of Intellectual Thai 

Traditional Medicine Act of B. E. 2542)

• 4i%##*©*A6%micM4-5#aA4- (The Prime Minister Office’ s 

Regulation on the Conservation and Utilization of Biodiversity)

WjrfrT-fcS. Sutat ik\~£Zk t H k Tfc t>

5©T\ A^LTIfl^TtV,

2-3-4 S&Lfc^RS©®*#
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MEMORANDUM OF UNDERSTANDING 

BETWEEN
THE AGENCY FOR THE ASSESSMENT AND APPLICATION OF TECHNOLOGY (BPPT) 

OF THE REPUBLIC OF INDONESIA 

AND

THE NEW ENERGY AND INDUSTRIAL TECHNOLOGY DEVELOPMENT 

ORGANIZATION (NEDO), JAPAN 

FOR 1999 FOLLOW-UP ACTIVITIES TO 

THE RESEARCH AND DEVELOPMENT PROJECT 

ON

CONSERVATION AND SUSTAINABLE USE OF TROPICAL BIORESOURCES

The Agency for the Assessment and Application of Technology (BPPT) of the Republic of 

Indonesia (Indonesia) and the New Energy and Industrial Technology Development Organization 

(NEDO) of Japan (hereinafter referred to as the "Parties"):

Desiring to implement follow-up activities in 1999 (hereinafter referred to as the "Follow-up 

Activities”) to the Research and Development Project on Conservation and Sustainable Use of 

Tropical Bioresources which was carried out in accordance with the Memorandum of Understanding 

dated October 23, 1995;

Have agreed as follows:

ARTICLE 1

OBJECTIVE OF THE FOLLOW-UP ACTIVITIES

The objective of the Follow-up Activities is to assist Indonesia to promote research on 

utilization of tropical bioresources focusing on industrial use, by using the results of the 

Research and Development Project on Conservation and Sustainable Use of Tropical Bioresources 

implemented from FY1995 to FY1998.

ARTICLE 2
OUTLINE OF THE FOLLOW-UP ACTIVITIES

1) The Parties shall promote research on utilization of plants and microorganisms focusing 

on industrial use.
2) For implementing the Follow-up Activities, NEDO will dispatch Japanese experts to 

Indonesia.
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3) The term of the Follow-up Activities shall be from April 1,1999 to March 31, 2000.
4) A detailed description of the Follow-up Activities shall be discussed and evaluated by the 

Parties or the Implementing Agencies assigned by the Parties.

ARTICLE 3 

PROJECT SITE

The Follow-up Activities shall be implemented in Indonesia as approved by BPPT.

ARTICLE 4

RESPONSIBILITIES OF NEDO

In accordance with the prevailing laws and regulations in Japan. NEDO shall undertake, at its 
own expense, the following work: (refer to Attachment 1)

1) To assign and/or dispatch to Indonesia its own personnel as well as personnel of other 

organizations concerned with the Follow-up Activities (hereinafter referred to as "Japanese 

Personnel”).

2) To cover the cost of the preparation of the Follow-up Activities in Japan.

3) Upon completion of the Follow-up Activities, the Parties shall consult each other on the 

ownership of the Equipment used in Indonesia.
4) To carry out the work necessary for smooth implementation of the Follow-up Activities.

ARTICLE 5

RESPONSIBILITIES OF BPPT

In accordance with the prevailing laws and regulations in Indonesia. BPPT shall undertake, at
its own expense, the following work: (refer to Attachment 1)

1) To assign its own personnel as well as personnel of other organizations concerned with the 

Follow-up Activities (hereinafter referred to as "Indonesian Personnel").

2) To cover the cost for the Indonesian Personnel under BPPT in Indonesia in relation to the 

implementation of the Follow-up Activities.
3) To provide possible conveniences necessary for accepting Japanese Personnel carrying out 

the Follow-up Activities in Indonesia.
4) To coordinate or carry out other work necessary for smooth implementation of the Follow-up 

Activities.
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ARTICLE 6 

OFFICIAL LANGUAGE

All letters, drawings, reports and other documents for the implementation of the Follow-up 

Activities and bilateral discussion between the Parties shall be in English.

ARTICLE 7

METHOD OF IMPLEMENTATION

1) The Parties shall be responsible for the overall implementation of the Follow-up Activities.

2) The Parties shall assist and cooperate with each other regarding the following matters'.

a. Exchange of necessary information for implementation of the Follow-up Activities.

b. Provision of technical guidance for the effective utilization of the results of the 

Follow-up Activities.
c. Arrangement of meetings, correspondence and permission regarding implementation of the 

Follow-up Activities.

ARTICLE 8

ADMINISTRATION OF THE FOLLOW-UP ACTIVITIES

1) NEDO may. when necessary, assign another organization as the Japanese implementing agency 

(hereinafter referred to as the "Japanese Implementing Agency") to carry out the Follow-up 

Activities and shall nominate a Japanese leader for the Follow-up Activities as approved by 

BPPT. NEDO shall notify BPPT in writing of the assignment of the Japanese Implementing 

Agency and its leader within two weeks after such assignment.
2) BPPT may, when necessary, assign another organization as the Indonesian implementing agency 

(hereinafter referred to as the "Indonesian Implementing Agency") to carry out the 

Follow-up Activities and shall nominate an Indonesian leader for the Follow-up Activities 

as approved by NEDO. BPPT shall notify NEDO in writing of the assignment of the Indonesian 

Implementing Agency and its leader within two weeks after such assignment.
3) The Japanese Implementing Agency and the Indonesian Implementing Agency shall implement the 

Follow-up Activities under the supervision of NEDO and BPPT respectively.
4) For the effective and successful implementation of the Follow-up Activities, the Parties 

shall,if necessary, establish a Follow-up Activities Promotion Committee.

ARTICLE 9

CONFIDENTIALITY OF INFORMATION

Both Parties shall not disclose to a third party any confidential information obtained from 

the other Party, its government or any concerned organization during the course of the 

implementation of the Follow-up Activities.

28



ARTICLE 10 

CIVIL LIABILITY

In the event of any material damage, injury or loss of life due to an accident or any reason 

other than willful misconduct or negligence during the implementation of the Follow-up 

Activities,no compensation shall be claimed against either NEDO or BPPT.

ARTICLE 11
DISCLOSURE OF THE FOLLOW-UP ACTIVITIES RESULTS

If either Party and the implementing agencies wishes to disclose the results of the 

Follow-up Activities to any third party other than its governmental authorities,the disclosing 

Party and the implementing agency must obtain prior written consent from the other Party 

before any disclosure can be made.

ARTICLE 12

INTELLECTUAL PROPERTY RIGHTS

1) Any intellectual property rights brought by either Party for implementation of the 

Follow-up Activities shall remain the property of that Party. However, that Party shall 

indemnify that the intellectual property rights do not result from the infringement of 

any third party's legitimate rights.
2) The rights to obtain intellectual property rights for achievements made by one Party based 

on genetic resources provided by courtesy of the other Party in the course of the 

implementation of the Follow-up Activities shall vest in both Parties jointly.
3) After the validity of this Memorandum of Understanding has expired .if either Party wishes 

to make use of jointly owned intellectual property rights resulting from the implementation 
of the Follow-up Activities (hereinafter referred to as "Existing I.P. R." ) in any new 

activity, that Party shall first obtain written consent for such use from the other Party. 

If either Party uses the Existing I.P.R. and creates new intellectual property rights 
(hereinafter referred to as "New I.P.R." ) in such new activity, and then uses Existing

I.P.R. and New I.P.R. for a commercial purpose, that Party shall pay a proportionate 

royalty to the other Party for the use of the Existing I.P.R. If there is a contribution 

to the New I.P.R. by the other Party,that Party may obtain written consent for use of this 

from the other Party and that party shall pay a royalty to the other Party for commercial 

use depending on the contribution of the other Party to create it.
4) The rights to obtain intellectual property rights for achievements made by both Parties 

jointly in the course of the implementation of the Follow-up Activities shall vest in both 

Parties jointly. Both Parties shall be allowed to use such property for R&D purposes, free 

of royalty. Should the intellectual property rights be used for commercial purposes by one 

Party, that Party is required to obtain written consent from the other Party. The royalty 

coming from the Follow-up Activities will be determined case by case through agreement of 

both Parties.
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ARTICLE 13

SETTLEMENT OF DIFFERENCES

Any dispute, controversy or difference of opinion as to the interpretation or the 

implementation of this Memorandum of Understanding shall be settled by mutual consultation 

between the Parties.

ARTICLE 14

VALIDITY, AMENDMENT AND TERMINATION

1) This Memorandum of Understanding shall be valid from April 1,1999 until March 31,2000.

2) This Memorandum of Understanding may be amended or revised at any time as agreed between 

the Parties. Any resulting modifications shall be made only in writing with the consent of 

both Parties.
3) Either Party may request in writing to terminate this Memorandum of Understanding by 

written notice three months before the termination date with mutual consent.

The termination of this Memorandum of Understanding shall riot prejudice the completion of 

any ongoing projects.

ARTICLE 15 

CONTINUANCE

Should this Memorandum of Understanding terminate as stipulated in Article 14, the rights and 

obligations of the Parties under Article 9. Article 11, Article 12 and Article 13 shall remain 

effective indefinitely.

ARTICLE 16 

FINAL PROVISIONS

1) The implementation of this Memorandum of Understanding shall be subject of availability of 

a budget by both Parties.
2) The schedule and procedure for the Follow-up Activities shall be discussed and agreed to by 

both Parties.
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IN WITNESS WHEREOF, the undersigned, duly authorized thereto by their respective Governments, 
have signed this Memorandum of Understanding.

Done in two originals in the English language, both texts being equally authentic.

FOR THE AGENCY FOR THE 

ASSESSMENT AND APPLICATION 

OF TECHNOLOGY 

(BPPT)

REPUBLIC OF INDONESIA

DR. IR IRAWADI JAMARAN

Deputy Chairman for 

Agroindustry and Biotechnology

Date: M*VftV\

FOR THE NEW ENERGY AND 

INDUSTRIAL TECHNOLOGY 

DEVELOPMENT ORGANIZATION 

(NEDO)

JAPAN

HIROSHI M1TSUKAWA

Executive Director

Date:
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(Attachment I)

SCOPE OF THE WORK

Performed by

NEDO/ BPPT/

WORK ITEMS Implementing Implementing

Agency Agency

1. Administration
(1) Arrangement of meetings with Japanese organizations in O

Japan.
(2) Arrangement of meetings with Indonesian organizations in O

Indonesia.
(3) Assignment of Japanese Personnel and providing their O

expenses including travel costs and accommodation and

1 iving costs.
(4) Assignment of Indonesian Personnel and providing their o

expenses including travel costs and accommodation for 

implementation of the Follow-up Activities in Indonesia.
(5) Selection of Japan-Indonesia research cooperation themes. O o
(6) Technical meeting for Project evaluation. o o

2. Project supervision o o
3. Exchange of Personnel

(1) Dispatch of Japanese Personnel to Indonesia as necessary o
for the implementation of the Follow-up Activities.

4. Environments for the Follow-up Activities 
(1) Arrangement of places, environments and other items. o

including the supply and/or payment for the costs of 

electricity, telephone lines, water, etc.. necessary for 

executing the Follow-up Activities in Indonesia.
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Memorandum of Understanding 
between

The New Energy and Industrial Technology 
Development Organization (NEDO), Japan 

and
The National Science and Technology Development Agency (NSTDA)

Kingdom of Thailand 
for 1999 Follow-up Activities to 

The Research Cooperation Project on 
Conservation and Sustainable Use of Tropical Bioresources

This Memorandum of Understanding (hereinafter referred to as "MOU") has been 
made to clarify agreements between the New Energy and Industrial Technology 
Development Organization (hereinafter referred to as "NEDO") and the National 
Science and Technology Development Agency (NSTDA) (hereinafter referred to as 
"NSTDA") for joint implementation of follow-up activities (hereinafter referred to as 
"Follow-up Activities") to the Research Cooperation Project on Conservation and 
Sustainable Use of Tropical Bioresources which was carried out in accordance with 
the Memorandum of Understanding dated February 1, 1995. NEDO and NSTDA 
hereby agree as follows:

Article 1
Objective of Follow-up Activities

The objective of the Follow-up Activities is to promote research for the conservation 
of tropical bioresources, to develop conservation technology and to promote research 
and development concerning useful functions of tropical bioresources through 
cooperation between NEDO and NSTDA.

Article 2
Mutual Cooperation between NEDO and NSTDA

NEDO and NSTDA shall mutually cooperate for the implementation of the Follow-up 
Activities based on mutual trust.
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Article 3
Outline of Follow-up Activities

An outline of the Follow-up Activities is as follows:

(1) To research and develop technology for promotion of conservation of biological 
species and monitoring of biological diversity.

(2) To research and develop technology and capability for a survey of the useful 
functions of bioresources in Thailand.

(3) To research and develop the technology and capability for sustainable use of 
biological resources in Thailand.

(4) To dispatch Japanese experts to Thailand in order to accomplish the above items.

(5) The research to be implemented shall be as described in the "Japan-Thailand 
Joint Research Themes Concerning Biodiversity" (Attachment 1). NEDO and 
NSTDA may make changes to the joint research themes through mutual agreement 
between the two parties as necessary.

Article 4 
Project Site

The Follow-up Activities shall be implemented in Thailand.

Article 5
Work Share of NEDO and NSTDA

In principle, the work share of NEDO and NSTDA shall be in accordance with the 
"Work Share of NEDO and NSTDA" (Attachment 2).

Article 6
Expense Share of NEDO and NSTDA

NEDO and NSTDA shall each incur, in principle, the expenses necessary for 
conducting its own share of work in accordance with the "Expense Share of NEDO 
and NSTDA" (Attachment 3).
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Article 7
Provision of Assistance

In order to ensure smooth implementation of the Follow-up Activities, NSTDA shall
provide the following assistance:

(1) Obtainment of an exemption from taxes and customs duties on research 
equipment to be provided by NEDO.

(2) Obtainment of permissions, approvals and licenses required in Thailand for the 
implementation of the Project.

(3) Protection for instruments and other equipment against any loss or damage during 
storage, transportation, installation and operation in Thailand.

Article 8
Implementation Method for Follow-up Activities

NEDO shall entrust its share of work to other organizations as necessary. Once 
agreements are made and organizations are appointed, NEDO will convey the results 
of the Follow-up Activities inside Japan, and NSTDA will convey the results inside 
Thailand.

Article 9
Management of Follow-Up Activities

NEDO and NSTDA shall each appoint a group of representatives for Follow-up 
Activities management and shall notify the other party thereof in writing in advance. 
The replacement of such representatives shall require the same procedure.

Article 10
Material Transfer

The transfer of any biological material shall be agreed to by both parties and be 
accompanied by a signed Material Transfer Agreement
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Article 11 
Obligations

1. Neither NEDO nor NSTDA shall disclose to any third party information obtained from 
the other party through implementation of the Follow-up Activities and designated as 
secret by the other party.

2. NEDO and NSTDA shall be mutually held harmless from any liability for damage 
or loss to assets or for injury or death due to accident or any other reason except 
when the said damage, loss, injury or death is caused intentionally or by explicit 
negligence.

Article 12
Public Announcement or Disclosure of Project Results

In case NEDO or NSTDA intends to publicly announce or disclose results of the 
Follow-up Activities to any third party, the other party's approval shall be obtained in 
advance.

Article 13
Treatment of Follow-up Activities Results

1.Intellectual property rights and benefits arising therefrom obtained through 
the Follow-up Activities shall be shared by NEDO and NSTDA. Each party’s 
ownership share shall be determined according to the degree of contribution to 
the intellectual property concerned, in principle, and through mutual agreement 
between the two parties.

2. Management and exploitation of intellectual property rights arising from the 
Follow-up Activities shall be determined through mutual agreement.

3. Treatment of intellectual property rights other than as stipulated above shall be 
determined through mutual agreement.
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Article 14
Mutual Trust and Consultation

Any problems arising from this MOU and issues which are not provided for herein 
shall be promptly resolved through consultation between NEDO and NSTDA in the 
spirit of reciprocity, equality, mutual cooperation and mutual trust

Article 15 
Term of Validity

1. This MOU shall enter into force upon the date of signing or April 1,1999, 
whichever is later,and shall remain effective until March 31, 2000.

2. Either NEDO or NSTDA may terminate this MOU by notifying the other party in 
writing three (3) months in advance.

3. The clauses of Article 11, 12 and 13 shall remain effective after the expiration of this 
MOU.

4. This MOU may be amended through mutual agreement between NEDO and NSTDA.

Article 16 
Final Clause

1. The execution of the Follow-up Activities under this MOU shall begin after both 
NEDO and NSTDA secure the budget necessary from their competent agencies.

2. The detailed schedule and implementation method for the Follow-up Activities 
shall be determined through consultation and agreement in writing between 
NEDO and NSTDA.

3. This MOU shall be prepared and signed in duplicate, and both copies shall be 
equally valid.
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IN WITNESS WHEREOF, both NEDO and NSTDA have executed this MOU on the 
date stated below.

New Energy and Industrial Technology 
Development Organization(NEDO) 
Japan

National Science and 
Technology Development 
Agency(NSTDA)
Kingdom of Thailand

By: By:
Name: Hiroshi Mitsukawa Name: Dr. Pairash Thajchayapong
Title: Executive Director Title: Director
Date: Date: MARCH 26,1999

March /???.
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(Attachment 1)

Japan-Thailand Joint Research Themes Concerning Biodiversity

1. Improvement of Microbial Culture Collection Systems

2. Studies on Biological Resource Management
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Work Share of NEDO and NSTDA
(Attachment 2)

NEDO and NSTDA shall share work for the following

NSTDA NEDO

(Bilateral Consultation)

Consultation with NEDO Consultation with NSTDA

Selection of Japan-Thailand research 
cooperation themes

Selection of Japan-Thailand research 
cooperation themes

Coordination within Thai side. Coordination within Japanese side.

(Joint Research and Training)

Research cooperation in Thailand Research cooperation in Thailand

Providing research sites

Compilation of research results and 
submission to NEDO

Compilation of research results and 
submission to NSTDA

Organizing workshops where 
appropriate with participation of 
Japanese experts.

(Instruments)

Research on and selection of
instruments

Research on and selection and pro
curement of instruments

Provision of sites for instruments 
and management thereof

Instruction on instruments 
operation by experts

(Supplementary)
Management of equipment
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(Attachment 3)

Expense Share of NEDO and NSTDA 

NEDO and NSTDA shall share expenses for the following:

NSTDA NEDO

(Bilateral Consultation)

Expenses for holding consultation 
meetings (Thai share)

Expenses for holding consultation 
meetings (Japanese side’s share)

Expenses for transportation to and 
from destination and daily living 
expenses during visits to Thailand

(Joint Research and Training)

Personnel expenses and domestic 
travel expenses for Thai researchers

Expenses for equipment and 
consumables necessary for research

Expenses for organizing workshops

Expenses for transportation to and 
from destination and daily living 
expenses for Japanese side 
researchers

(Instruments)

Expenses necessary for management 
of instruments

Expenses for procurement of 
instruments

Expenses for instruction on 
operation of instruments

(Supplementary)

41



MEMORANDUM OF UNDERSTANDING

BETWEEN

MALAYSIAN AGRICULTURAL RESEARCH AND 
DEVELOPMENT INSTITUTE GOVERNING BOARD

AND

THE NEW ENERGY AND INDUSTRIAL TECHNOLOGY DEVELOPMENT 
ORGANIZATION (NEDO) OF JAPAN

FOR

FOLLOW-UP ACTIVITIES TO RESEARCH COOPERATION PROJECT

ON

CONSERVATION AND SUSTAINABLE USE OF TROPICAL BIORESOURCES
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This Memorandum of Understanding is made as of /S', M**-*tt. lam

This Memorandum of Understanding (hereinafter referred to as the 'MoU') has 

been made to clarify agreements between the Malaysian Agricultural Research 

and Development Institute Governing Board (hereinafter referred to as 'MARDI') 

and the New Energy Industrial Technology Development Organization 

(hereinafter referred to as 'NEDO') concerning the Follow-up Activities to the 

Research Cooperation Project on Conservation and Sustainable Use of Tropical 

Bioresources (hereinafter referred to as the Follow-up Activities')

MARDI and NEDO hereby agree as follows:-

Article 1

Objective of Follow-up Activities

The objective of the Follow-up Activities is to assist Malaysia to promote research 

on management and utilization of tropical bioresources focusing on industrial 

use, by using the results of the Research Cooperation Project on Conservation 

and Sustainable Use of Tropical Bioresources implemented from July 20 1996 to 

31 March 1999.

Article 2
Cooperation between MARDI and NEDO

MARDI and NEDO shall cooperate with one another in implementing the Follow

up Activities. In the event this cooperation may lead to a more specific scope of 

joint activities, then such activities shall be embodied into subsidiary agreement 

between the parties.
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Article 3
Outline of Follow-up Activities

The activities to be implemented for the Follow-up Activities are as follows:

1. Improvement of bioresources, ex situ conservation and management 
system (culture collections).

2. Improvement of database networking systems for bioresources.

3. Dissemination of information on outputs of the Research Cooperation 
Project on Conservation and Sustainable Use of Tropical Bioresources.

4. Development of methodologies for industrial utilization of bioresources.

Details of each activity shall be spelt out in proper written documents to be 
agreed upon by both parties through party representatives as the cooperation 
progresses.

Article 4
Site for Follow-up Activities

The Follow-up Activities shall be implemented in appropriate sites in Malaysia 
approved by MARDI and NEDO.

Article 5 
Scope of Work

The scope of work for MARDI and NEDO shall be as set forth in the 
accompanying 'Scope of Work’ which is hereinafter incorporated by reference, 
and each party shall be responsible for bearing the cost of its work under this 
MoU.

Within the above framework both parties are in agreement that the details 
pertaining to the 'Scope of Work’ shall be agreed upon through their 
representatives and be accepted by the parties.
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Article 6
Official Language

All forms of correspondence, communication and other activities related to the 
administration of the Follow-up Activities including preparation of documents, 
drawings or reports shall be in the English Language.

Article 7 
Facilitation

MARDI shall assist wherever and whenever is required in processing the 
application for approvals and any and all permits, licences and other forms of 
approval from the relevant Malaysian authority required for implementing the 
Follow-up Activities.

Article 8
Implementation Method for Follow-up Activities

NEDO may entrust part of its work for the Follow-up Activities to other 
Organizations (hereinafter referred to as 'Implemennting Organizations’) when 
necessary and shall inform MARDI of such entrustment.

Article 9
Follow-up Activities Management

MARDI and NEDO shall each appoint a group of representatives to manage the 
Follow-up Activities and each party shall notify the other party in writing of such 

appointment. If either party changes its representatives, that party shall notify 
the other party in writing of such a change.
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Article 10 
Confidentiality

Confidential information exchanged between MARDI and NEDO during the 
course of the Follow-up Activities shall not be disclosed to any third party not 
involved with the Follow-up Activities. However, this provision shall not apply in 
the event that either party is required to disclose such information to its 
government.

Article 11 
Obligations

Neither MARDI nor NEDO shall make a claim for compensation against the 
other party in the event of any material damage, injury or loss of life due to an 
accident, natural calamity or any reason other than willful misconduct or gross 
negligence.

Article 12
Public announcement and Disclosure of the 

Follow-up Activities Results

In the event that either MARDI or NEDO wishes to publicly announce or disclose 
Follow-up Activities results to a third party not involved with the Follow-up 
Activities, that party shall obtain the written consent of the second party prior to 
any public announcement or disclosure of the Follow-up Activities results. 
However, this provision shall not apply in the event that either party is required to 
disclose Follow-up Activities results with its government.
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Article 13
Treatment Of intellectual Property Right

Intellectual property rights and profits obtained through the Follow-up Activities 
shall be shared by MARDI and an entity entrusted by NEDO. The sharing ratio 
shall be determined by mutual agreement.

However both parties agree that in the event intellectual property rights result 
during the Follow-up Activities, an agreement which specifies each party's rights 
shall be concluded subject to terms and conditions mutually agreed upon.

Article 14
Mutual Trust and Consultation

Any problems resulting from or any unspecified matter in this MoU shall be
resolved as soon as possible through amicable consultation, based on the
principles of mutual benefits, equality, cooperation and trust.

Article 15 
Validity

1. This MoU shall come into force upon April 1, 1999 and remain effective 
until March 31, 2000.

2. Subject to the mutual agreement of both parties, MARDI or NEDO may 
terminate this MoU upon three (3) months written notice to the other party.

3. The provision of Articles 10, 11, 12 and 13 shall remain effective after 
expiration or termination of this MoU.

4. This MoU may be amended by mutual agreement of MARDI and NEDO.
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Article 16

The validity of this Moll shall be preconditioned by the availability of an 
appropriated budget for the Follow-up Activities from each party's respective 
competent agencies. Details concerning the schedule and implementation 
method for this Follow-up Activities shall be determined by mutual consultation 
between MARDI and NEDO.
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IN WITNESS WHEREOF, MARDI and NEDO have executed two (2) copies of 
this MoU on the date indicated below, with each copy being equally valid.

The COMMON SEAL of the 
MALAYSIAN AGRICULTURAL 

RESEARCH AND DEVELOPMENT 
INSTITUTE GOVERNING BOARD 

We hereto affixed and signed for and 
on behalf of the Institute by:

fcaifmSn of thdWlARDI 
Governing Board

For and on behalf of 
NEW ENERGY AND INDUSTRIAL 
TECHNOLOGY DEVELOPMENT 

ORGANIZATION (NEDO)

HIROSHI MITSUKAWA
Executive Director

Witness Witness

<ww
\

DR. SAHARAN HJ.ANANG
for Director General of MARDI
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Attachment 1

SCOPE OF WORK

Performed by
WORK DESCRIPTION MARDI NEDO

1. Administration
(1) Arrangement of meetings with Malaysian authorities 

in Malaysia.
0

(2) Assignment of Malaysian personnel and bearing 
expenses, including travel costs, accommodations, 
living costs in the Malaysia and wages regarding 
such assignment.

0

2. Follow-up Activities supervision

3. Exchange of Personnel

O O

(1) Assignment of Japanese personnel to Malaysia if 
necessary for implementing the Follow-up Activities.

4. Environment for the Follow-up Activities

O

(1) Preparation of places and environments including 
the supply and/or payment of public utilities (e.g. 
electricity, water and so forth), necessary for 
implementing the Follow-up Activities in Malaysia.

0
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Bilateral Research Cooperation Projects 
on Conservation and Sustainable Use of Biodiversity

A summary report of the results from
the six-year bilateral research cooperation projects on tropical bioresources 

between Japan and each of Thailand, Indonesia and Malaysia 
(April 1993-March 1999)

Introduction
The Bilateral Research Cooperation Projects on the 

Conservation and Sustainable Use of Biodiversity 
between Japan and each of Thailand, Indonesia and 
Malaysia were successfully completed in March this 
year. This report summarizes the achievements of the 
tropical bioresources projects. The one-billion-yen 
projects started in April 1993, on the basis of the 
preliminary studies conducted during the fiscal year 
1991 and continued for six years until March 1999.
The projects exchanged a total of 591 Japanese and 
Southeast Asian scientists, installed the most-needed 
equipment and instruments in the local research 
facilities, and sponsored domestic research programs. 
The Japan Bioindustry Association (JBA) carried out 
these projects under the contract with the New Energy 
And Industrial Technology Development Organization 
(NEDO), Tokyo.

1. Objectives and Achievements
The primary objectives of the projects were: (1) to 

assist the Southeast Asian countries in their own efforts 
to conserve their tropical bioresources and use them in 
a sustainable manner; (2) to train the Southeast Asian 
scientists and help develop their scientific skills 
through collaborative research; and (3) to pave the way 
for future international research cooperation.

Tables 1, 2 and 3 briefly describe the achievements 
of the projects by partner country. As the tables show, 
the achievements cover a wide range of areas in 
biodiversity. This was due to the fact that the projects 
involved, from the technical view point, two elements 
including (1) conservation and (2) sustainable use of 
tropical bioresources, and from the view point of target 
organisms, three elements including (1) animals, (2) 
plants and (3) microorganisms. Thus, we selected about 
5-7 research subjects for each partner country.

Another consideration was the bilateral nature of 
the projects, i.e. three independent projects were 
carried out under the Japan-Thailand, Japan-Indonesia 
and Japan-Malaysia government agreements. For this 
reason, the JBA secretariat set up three teams to handle 
independent Thai, Indonesian and Malaysian projects.

Most of actual research activities were undertaken 
by the scientists from universities and public research 
institutes. A total of 389 Japanese scientists were 
dispatched to the tropical countries for on-site

collaborative research whereas a total of 202 scientists 
from the three countries were invited to Japan for joint 
research or training for technology transfer. A variety 
of interesting results were gained in the research 
projects, though not referred to in detail because of 
limited space. More detailed information is described 
elsewhere.1

The secretariat was especially careful in designing 
and building the most-needed research infrastructure in 
each partner country that can be repeatedly used for a 
long period. The secretariat also worked out 
mutually-acceptable, transparent and practical 
procedures for handling biological resources. For 
example, the Japanese and Southeast Asian scientists 
jointly developed the inventories of specimens 
collected during the course of the projects. The 
secretariat and each of the three partners also agreed on 
the conditions for transferring these samples to Japan. 
The secretariat also constructed the Biodiversity Online, 
an internet-based bioresources information network, in 
cooperation with Universiti Kebangsaan Malaysia and 
other institutions.

2. Future Collaboration
As the Tokyo Resolution1 Conservation and 

Sustainable Use of Tropical Bioresources adopted on 
November 10, 1998 at the Tokyo International Forum 
on Conservation and Sustainable Use of Tropical 
Bioresources states, these major Southeast Asian 
countries are strongly willing to conserve their tropical 
bioresources and leverage these unique assets to 
develop their economies. In the U S. and some 
European countries, comprehensive biodiversity 
cooperation initiatives have already been launched in a 
joint effort by industry, government and academic 
sectors to commercialize tropical bioresources. Future 
challenge for Japan-Southeast Asia bioresources 
cooperation is to establish a practical mechanism by 
which the parties cooperate to industrialize tropical 
bioresources in a timely manner. It would be necessary 
to gradually step up biodiversity cooperation initiatives 
toward industrial and sustainable use of tropical 
bioresources by: (1) planning more focused projects;
(2) signing comprehensive bilateral bioresources 
transfer agreements for industrial in addition to 
research use; and (3) providing a better mechanism for 
participation that attract businesses.

While the six-year research cooperation projects
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were completed, we are working on a follow-up to projects established with Thailand, Indonesia and
continue and extend the good relations that these Malaysia.

Table 1 — Japan-Thailand Project

Subjects Achievements
1. Taxonomic analysis, ecosystem 

evaluation and monitoring
1.1 Feeding strategies of primates

(1) Evaluation of the ecosystems 
of tropical plant, animal and 
microbial habitats, and their 
time-serial changes

(1) Selecting the dusky lutongs in Kaeng Krachan National Park and the pig-tailed 
monkeys in Khao Yai National Park as target animals, their group composition, 
forest use, feeding habits and other basic data were collected.
A radio telemetric system was established to track primate behaviors.

(2) Screening of primates’ food 
plants for new bioactive 
substances

(2) Chemical analysis of primates’ food plants was conducted to gain knowledge 
useful for future research.
Thai scientists were invited to Japan to transfer the tissue culture techniques used 
to extract useful substances and produce them in large quantities.

1.2 Improvement of microbial culture 
collection systems

(1) Use of DNA-based 
classification and 
identification methods

(1) Japanese and Thai scientists worked together to separate and identify lactic and 
acetic acid bacteria, yeasts, filamentous fungi and Basidiomycetes from Thai 
samples to transfer these techniques to Thai scientists. At the National Center for 
Genetic Engineering and Biotechnology (BIOTEC), a workshop was given on 
acetic acid bacteria and actinomycete.

(2) Establishing a network of 
individual culture collections

(2) An inventory was developed for the strains that were separated and identified in 
the collaborative research and was deposited in the BIOTEC culture collection.
The Japanese knowledge and experience about culture collection and data 
management were transferred to Thai scientists.

Information environment for the R&D of biodiversity at the Thailand Institute of 
Scientific and Technological Research (TISTR) was discussed between Japanese 
and Thai Scientists at Microbiological Resources Centre (MIRCEN), TISTR.

2. Conservation of biodiversity through 
man-made ecosystems (i.e. “pseudo” 
natural forest system or mixed 
plantation of multiple species)

2.1 Interactions among different 
organisms within an man-made 
ecosystem

• Evaluation of the effectiveness 
of man-made ecosystems by the 
analysis of the interactions 
among different organisms and 
by physiological and biochemical 
analysis

• Permanent plots were set up within the selected natural, pseudo natural and 
artificial forests to measure their stand density, the number of species, average 
basal area and diameter, average height, etc. A database system was developed to 
save the collected data on all individual stands.

• For major tree species in the permanent plots, the dynamics of photosynthates, 
and the correlation between endogenous hormones and soil water content were 
studied and basic data were accumulated.

• The sugar and starch contents in the leaves of major epiphytes and their host 
plants were examined to elucidate the host selection and invasion mechanisms of 
the epiphytes.

• The levels and distribution of selected chemical elements in soils and the trees in 
the permanent plots were measured to obtain the basic knowledge to examine the 
soundness of an ecosystem from the view point of soil environment.

2.2 Genetic diversity analysis of 
artificial ecosystems

(1) Genetic diversity analysis of 
artificial ecosystems, and 
evaluation of inbreeding 
effects

(1) For the major trees in the selected natural, pseudo natural and artificial forests, the 
spacer regions of chloroplast tRNA were sequenced to prepare a phylogenetic tree. 
The comparison of the newly developed sequence data with the existing data for 
native varieties showed that no genetic mutation has occurred in these trees.
The GapC's of the nuclear DNA were sequenced for the major trees in the selected 
natural, pseudo natural and artificial forests. The result suggested that Afzelia 
xylocarpa propagates by inbreeding.

Continued . . .
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Table 1 — Japan-Thailand Project (Continued)

(2) Construction of a gene library (2) For the major trees in the selected natural, pseudo natural and artificial forests, the 
basic data were developed and samples were collected to construct a gene library.

(3) Examination of the models for 
maintaining and improving 
genetic diversity

(3) Through these research activities, the basic knowledge was gained to formulate the 
models of maintaining and improving genetic diversity.

2.3 Socioeconomic and ethnological 
analysis of an artificial ecosystem

• The effects of the most important 
constituent of an ecosystem, 
human society, on the ecosystem 
were analyzed to develop the best 
approaches to ecosystem 
conservation and sustainable use.

• For the villages newly constructed in Chachoengsao province by the Thai 
government, selected farmers were surveyed of their economic situation and use of 
forest community system and resources to study the current state of the economic 
base and resource management of these villages.

• In the villages covered by the survey, education and training was given on how 
forest community system and resources should be managed.

3. Use of bioresources

3.1 Use of bioresources

• Screening of new bioactive 
substances found in plants and 
their applications

• The techniques based on the K-mj-NRK assay system to screen anti-raj 
substances were transferred to the Thai scientists invited to Japan.

• Also at the National Center for Genetic Engineering and Biotechnology 
(BIOTEC), a training was given on the same screening techniques.

3.2 Study of traditional use of plant 
resources • Through interviews with the ethnic minorities in northern Thailand, studies were 

conducted on traditional knowledge including the names, uses and cultivation 
practices of plants they use as medicines.
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Table 2 — Japan-lndonesia Project

Subjects Achievements
1. Taxonomic analysis, ecosystem 

evaluation and monitoring
1.1 Microbial culture collection 

systems
• Taxonomic analysis of lactic and 

acetic acid bacteria found in 
fermented foods

• Improving culture collection 
network

• As two microbial resources of Indonesia, lactic and acetic acid bacteria were 
screened, separated and identified. Many interesting acetic acid bacterium strains 
were separated and new knowledge was gained. In addition, Indonesian 
researchers were trained to improve their skills in classification and identification 
of microorganisms and microbial database development.

• Separated strains were deposited in an Indonesian culture collection to expand its 
collection.

1.2 Plant conservation techniques 
(a) Conservation of plant diversity

• Basic research on plant inventory 
and diversity, and analysis of 
genetic make-up and phylogenic 
relationships of species

• In order to promote plant diversity research, techniques were explored to develop 
data for use in molecular systematics and to process authentified genetic data to 
construct gene banks. Indonesian botanists were given training on these 
techniques. The approach of molecular systematics was applied for the first time in 
Indonesia to the study of the selected plants of the families Anacardiaceae and 
Aspleniaceae.

(b) Tissue and cell cultures of tropical 
plant species

• Research and development of the 
tissue and cell culture and 
micropropagation techniques for 
tropical plant species

• The applicability of the photoautotrophic micropropagation system to tropical 
plant species was confirmed.

• Acacia (Acacia mangium) as an important tropical plant, mangosteen (Garcinia 
mangostana) and pineapple (Ananas comosus) as two representative tropical 
fruits, peppermint (Mentha piperita) as a medicinal plant among others were 
selected as model plants and it was shown that the photoautotrophic 
micropropagation system can be used to produce these useful plants in large 
quantities.

(c) Development of DNA techniques 
for the evaluation of biological 
biodiversity

• Using crab-eating macaques as an experimental animal for medical and drug 
studies, cockatoos as a pet bird, and soft-shelled turtles and bullfrogs as food 
animals, the basic DNA techniques for biodiversity evaluation were developed and 
transferred to Indonesian scientists.

• The DNA techniques identified for the first time in the world a color-blind 
macaque.

• The entire sequence of the mitochondrial DNA from a soft-shelled turtle was 
determined.

2. Utilization of tropical bioresources
2.1 Utilization of microbial resources 

• Screening microorganisms for 
their abilities of producing 
antibiotics, polysaccharide- 
degrading enzymes and other 
useful substances.

(1) Tropical plants (including endangered species) were collected to elucidate the roles 
of the microorganisms (endophytes) that live in symbiosis with them and to screen 
the endophytes’ ability to produce useful substances.

• The techniques to separate, identify and store the collected endophytes were 
established. Their ability to produce useful substances were evaluated and found 
ones with antibiotic-, high-molecular polysaccharide- and 
oligosaccharide-producing capabilities.

• Highest oligosaccharide production was observed when endophytic fungus use 
xylan substrates and when endophytic bacteria use mannan substrates.

• New findings were gained concerning the co-relations between endophytes and 
their host plants.

• Searching microorganisms that 
are capable of producing new oils 
and degrading cyanides

(2) Microorganisms were screened for their abilities of producing new oils and 
degrading cyanides

• A desaturase which plays a key role in lipid metabolism were separated from a 
Mortierella filamentous fungus and characterized. The gene encoding the 
desaturase was introduced into koji molds and a transformed strain was found to 
produce y-linolenic acid, an unusual product for a wild strain.

• Also found was a strain that transforms palm oil.
• The genes encoding a Pseudomonas-derived fi -cyanoalanine synthase, a 

cyanide-assimilating enzyme, and a Rhodococcus-derived nitrile converting 
enzyme were simultaneously expressed in a transformed strain to successfully 
convert cyanides into amino acids. As new microorganisms that transform 
cyanide-related compounds, those that assimilate cyclic imides were also found.

Continued . . .
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Table 2 -— Japan-lndonesia Project (Continued)

2.2 Utilization of plant resources
• Feeding strategies of primates 

(conservation of tropical 
rainforest as well as examination 
of primate food plants for 
bioactive substances and of 
techniques to produce these 
useful substances)

(1) A study of the feeding habits of silver lutungs found a substantial difference in 
their preferences in food plants depending on plant species and items. Such 
differences in feeding habits may be used to screen the plants’ secondary 
metabolites. Using this approach, nine plant species were identified as those that 
silver lutungs might be eating for their medicinal effects.

(2) Food and medicinal plants used by mankind as well as those eaten by primates 
were investigated for their biological activities.

• In this program, candidate plant species were squeezed down quite efficiently 
through an extensive screening. Also studied were such interesting bioactive 
substances as Bryophllin A (pesticide), Tephrosin (pesticide) and Zerumbone 
(anti-inflammatory and anti-cancer agent).

3. Promoting the establishment of 
Tropical Bioresources Industrial 
Development Center in Indonesia
♦ Feasibility study of constructing 

a tropical bioresources 
information center in Indonesia

• The initiative was originally proposed by the Agency for the Assessment and 
Application of Technology (BPPT) of Indonesia with its strong need for scientific 
and technological information useful in sustainable use of the nation’s tropical 
bioresources.

• After a series of meetings between Indonesian and Japanese personnel and visits 
by BPPT officials to related organizations in Japan, the initiative was finally 
proposed to be implemented as the Tropical Bioresources Industrial Development 
Centre (TroBIDEC) project that focus on industrial development of Indonesia’s 
bioresources.
In February 1999, BPPT formally announced the project at a press conference in 

Jakarta.
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Table 3 — Japan-Malaysia Project

Subjects Achievements
1. Ecosystems and monitoring
1.1 Biodiversity databases and gene 

banks
• Using Malaysian plants with commercial values such as durian, the gene diversity 

evaluation techniques were transferred to the country’s scientists.
• The techniques involved in the separation and identification of microorganisms 

were also transferred to Malaysian scientists. A total of 89 strains of Pseudomonas 
and other species were separated from the samples collected in Malaysia and 
Pseudomonas oryzihabitans was identified. These separated strains were deposited 
in a Malaysian culture collection and also transferred to Japan under a material 
transfer agreement between the two countries.

1.2 Evaluation and monitoring of 
marine ecosystems

• The techniques for separating and storing marine life were transferred to
Malaysian scientists. Field survey was conducted in Sabah and the methodologies 
to monitor the degradation of river, coastal and oceanic environments were 
developed.

• A joint research between Japanese and Malaysian scientists was conducted on 
Porifera and symbiotic microorganisms and separated a total of 435 microbial 
strains. The analysis of the useful substances produced by these microorganisms 
found, among others, a biodegradable polymer, anisomycin and an anti-microalga 
active substance.

1.3 Ecosystem evaluation and
inventory development based on 
advanced technologies

• In a collaborative effort between Japanese and Malaysian scientists, a biodiversity 
inventory was developed. The joint team also developed a database system with 
online data search and exchange capabilities.

• As a tool to analyze the genetic variations in the tropical trees, the related 
advanced technologies and automatic sequencers were transferred to Malaysia.
The Fagaceae and Dipterocarpaceae trees were analyzed for their genetic 
variations and a substantial accumulation of genetic variations was found.

2. Utilization of tropical bioresources

2.1 Screening and separation of
bioactive compounds produced by 
microorganisms and plants

• The techniques required in screening and separation of useful bioactive 
compounds and microorganisms were transferred to Malaysian scientists.

• Effective anti-tumor promoter substances were found in Malaysian food plants 
and one of which was successfully identified as girinimbine.

• A total of 354 endophytes separated from Malaysian plants were screened for 
their capabilities of producing antibiotics, high-molecular 
polysaccharide-degrading enzymes and oligosaccharides. A strain was found to 
produce an antibiotic that selectively attacks the Altemaria species.

• The separated strains were deposited to a Malaysian culture collection and also 
transferred to Japan under a material transfer agreement.

2.2 Evaluation of therapeutic and toxic 
potentials of natural products

• The techniques to evaluate therapeutic and toxic potentials such as anti-tumor, 
neuroprotective and anti allergic activities and the cell culture techniques for 
medicinal plants were transferred to Malaysian scientists.

• A tumor-suppressing substance was found in the bark extract from a
Simaroubaceae plant. The substance was separated as a triterpene biosynthetic 
compound and the structure was determined.

• A standard quality evaluation method was established based on HPLC for a 
Malaysian traditional folk medicine, “Tongkat Ali”.

• Nerurotoxicity prevention activity was found in the tocotrienols from Malaysian 
palm oil.

• Some of the extracts from 15 Malaysian plants screened were found to exhibit 
promising anti allergic activities.

• Araceae rhizome propagation techniques were established and developed to 
improve their efficiency.



Conclusion
Almost all people who have an experience in 

biodiversity assistance programs unanimously say 
that establishing mutual trust with partner countries 
is the foundation for the better access to their 
bioresources. The key is a well-planned national 
biodiversity strategy that consistently builds better 
mutual trust with partner countries.

References
1 THE TOKYO INTERNATIONAL FORUM ON 

CONSERVATION AND SUSTEINABLE USE OF 
TROPICAL BIORESOURCES
Results of the Bilateral Research Cooperation Projects 
Between Japan and Each of Thailand, Indonesia and 
Malaysia from 1993 to 1999 (November 9-10, 1998 Tokyo, 
Japan)
New Energy And Industrial Technology Development 
Organization(NEDO) and Japan Bioindustry 
Association (JBA)

57



Biodiversity of Edible Plants in Southeast 
Asia: Implications for Cancer Prevention

Koichi KOSHIMIZU
Department of Biotechnological Science, Faculty
of Biology-Oriented Science and Technology,
Kinki University, Iwade-Uchita, Wakayama
649-6493, Japan
Phone: +81-736-77-3888
Fax: +81-736-77-4754
E-mail: koshimiz@bio.waka.kindai.ac.jp

ABSTRACT

In recent decades, close relationships between 
food constituents and their efficacies for 
prevention of "life style-related diseases" including 
cardiovascular diseases, diabetes, and cancer 
have been proven. In particular, there is ample 
evidence for the involvement of food habits or 
food components in cancer prevention in humans. 
We have carried out screening tests of 
vegetables and fruits in Thailand, Indonesia, and 
Malaysia (n - 371) for the inhibition of the tumor 
promoter 12-O-tetradecanoylphorbol-13-acetate 
(TPA)-induced Epstein-Barr virus (EBV) activation 
in Raji cells. As the results, such plants were 
found to have markedly higher potentials for 
cancer prevention as compared with those in 
Japan (n -133). Zerumbone was isolated from the 
rhizomes of Zingiber zerumbet Smith as a potent 
inhibitor of EBV activation. The IC50 value of 
zerumbone (0.14 pM) is noticeably lower than 
those of the anti-tumor promoters we have 
hitherto obtained. These results indicate that the 
use of edible plants in southeast Asian countries 
may be beneficial to search for effective 
chemopreventive agents.

ABSTRAK

Dalam dekade terakhir, hubungan yang erat 
antara kandungan makanan dan kemanjurannya 
untuk mencegah "penyakit yang berhubungan 
dengan gaya hidup" meliputi penyakit 
kardiovaskular, diabetes dan kanker telah terbukti. 
Dalam hal khusus, terdapat banyak data yang 
memperlihatkan keterlibatan kebiasaan makanan 
atau komponen makanan dalam pencegahan 
kanker pad a manusia. Kami telah melakukan 
skreening pad a sayur-sayuran dan buah-buahan 
di Thailand, Indonesia, dan Malaysia (n- 371) 
terhadap penghambatan pembentukan tumor 
12-O-tetradecanoylphorbol-13-acetate (TPA)-

diinduksi aktivasi Esptein-Barr virus (EBV) dalam 
sel Raji. Sebagai hasilnya, tanaman-tanaman 
secara nyata ditemukan lebih potensial untuk 
pencegahan kanker dibandingkan dengan di 
Jepang (n- 133). Zerumbon di isolasi dari umbi 
Zingiber zerumbet Smith sebagai suatu inhibitor 
yang potensial pada aktivasi EBV. Nilai IC50 
zerumbon (0,14 pM) adalah lebih rendah dari zat 
anti-pembentukan tumor yang selama ini kami 
peroleh. Hasil-hasil ini menunjukkan bahwa 
penggunaan tanaman yang dapat di makan di 
negara-negara Asia tenggara dapat dijadikan 
sumber yang bermanfaat untuk pencarian zat-zat 
chemopreventif yang efektif.

INTRODUCTION

A great body of epidemiological and animal 
studies have demonstrated the close relationships 
between food phytochemicals and their efficacies 
for prevention of "life style-related diseases" 
including cardiovascular diseases, diabetes, and 
cancer have been proven (1). In particular, there 
is ample evidence for the involvement of food 
habits or food components in cancer prevention 
in humans (2).

While attention has been frequently paid to 
anti-oxidative vitamins or minerals for the 
prevention of carcinogenesis in rodents (3), it can 
be stressed that the above-mentioned ubiquitous 
chemicals do not exclusively represent the 
beneficial, cancer-protective effect of vegetable 
intake when the great diversity of plant secondary 
metabolites is taken into account.

Southeast Asia is one of the promising sites in 
the world for collecting diverse and unique edible 
plants containing various and abundant 
biologically active substances (4). In fact, there is 
considerable utilization of commonly eaten plants 
in the traditional folk medicines of Southeast Asia 
(5). The above background leads to the premise 
that edible plants from Southeast Asian countries 
have a higher potential for chemoprevention as 
compared with those found in temperate zones.

We have been focusing on the 
anti-tumor-promotion in multistage carcinogenesis 
as an effective means of chemoprevention (6) 
and conducted an inhibitory assay of Epstein-Barr 
virus (EBV) activation for screening. EBV is a 
herpes virus latently infected in human 
B-lymphoblastoid Raji and is known to be 
activated by tumor promoters to produce viral 
early antigens (EA) (7). it has been reported that 
EBV, a highly expressing c-myc gene, is one of
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the causes of some cancers (8-10). Thus, an 
inhibitory test of EBV-activation may be estimated 
to be one of the most effective in vitro methods to 
predict chemopreventive potential in vivo. A 
considerable number of compounds which we 
have identified as EBV activation inhibitors have 
actually shown notable chemopreventive effects 
in some rodent models (11-22).

Based on the above findings, in the present 
study we have screened the anti-tumor promoting 
activities of edible plants from Thailand, Indonesia, 
and Malaysia using the inhibitory test of EBV 
activation in Raji cells. In addition, an active 
constituent of Zingiber zerumbet, a medicinal 
plant in Southeast Asia, has been isolated as a 
potent EBV activation inhibitor. The high potential 
of edible Southeast Asian plants for cancer 
chemoprevention is collectively discussed.

MATERIALS AND METHODS

Plant materials
Fresh edible plants were collected at local 
markets in Bangkok and Chaingmai in November, 
1993 (Thailand), Bandung and Bogor in March, 
1996 (Indonesia), and Alor Star, Kangar, and 
Kuala Terengganu in November, 1996 (Malaysia). 
Each material was cut into small pieces and 
immediately soaked in methanol (> 95% purity). 
The extracts were stored at room temperature for 
10-30 days. After drying in vacuo, the extract was 
dissolved at a concentration of 40 mg dry wt./mL 
in dimethylsulfoxide (DMSO).

Inhibitory assay of EBV activation 
Raji cells were incubated in 1 ml of RPMI 1640 
medium (supplemented with 10 % fetal calf 
serum) containing sodium /7-butyrate (BA, 440 pg), 
12-O-hexadecanoylphorbol-13-acetate (HPA, 40 
ng), and the test sample (200 pg) at 37 °G under 
5 % C02 atmosphere for 48 hrs. EBV activation 
was evaluated by the detection of EA, stained by 
an indirect immunofluorescence method with 
high-titer EA-positive sera from nasopharyngeal 
carcinoma patients, and followed by FITC-labeled 
IgG. The rate of EA-induced cells was compared 
to the rate obtained in a control experiment using 
only BA, HPA, and DMSO [0.5% (v/v)], in which 
the rate of EA-induced cells was ordinarily around 
40 %. The activity was divided into four ranks 
based on both the inhibitory rate (IR) of each test 
extract toward EBV activation: +++ strongly active 
(IR ^ 70%); ++ moderately active (70%>IR ^ 
50%); + weakly active (50%>IR^30%); - inactive

(30%>IR). At least 500 cells were counted in each 
experiment, which was performed in duplicate. 
Standard error for the IR was consistently 10% or 
less.

Reduction ofzerumbone
Ten-milligrams of sodium boron hydride (SBH) 
was added to a methanol solution of zerumbone 
(21.4 mg), and allowed to stand at room 
temperature for 30 min. After usual work up, 
8-hydroxy-a-humulene was purified on 
preparative TLC (EtOAc: n-hexane, 1:4, Rf - 
0.63) in a yield of 22%. IR vmax film (cm-1): 
3100-3600 (Br ), 1757, 1755, 1600, 1500, 1480, 
1460, 1300. 1H-NMR (CDCI3, 300 MHz)8: 1.07 
(3H, s, H-14 or 15), 1.08 (3H, s, H-14 or 15), 1.44 
(3H, s, H-12), 1.67 (3H, s, H-13), 1.82 (1H, d, J =■
4.0 Hz, H-1a), 1.99-2.33 (3H, m, H-1b, 4, and 5), 
4.63 (1H, d, J - 7.1 Hz, H-8), 4.83 (1H, dd, J - 
10.1, 4.7 Hz, H-2), 5.22 (1H, m, H-6), 5.26 (1H, d, 
J - 16.1 Hz, H-10), and 5.56 (1H, dd, J - 16.1,
7.1 Hz, H-9). MS (AP-CI) (m/z): 221 ([M+1]+,
C15H24O).

RESULTS AND DISCUSSION

Screening for the anti-tumor promoting activity in 
vitro

INDONESIAN MALAYSIAN
(n = 135) (n = 122)

Figure 1
Proportion of inhibitory activities toward EBV 
activation of the extracts from edible Japanese, 
Thai, Indonesian, and Malaysian plants.
EBV-EA was induced by HPA (40 ng/mL) and BA 
(3 mM) in Raji cells. The inhibitory activity was 
divided into four ranks based on the IR of each 
test extract toward EBV activation: +++ strongly 
active (IR^70%); ++ moderately active (70%>IR
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^ 50%); + weakly active (50%>IR ^ 30%); - 
inactive (30%>IR).

As shown in Fig. 1, a total of 371 edible plants 
from Thailand, Indonesia, and Malaysia were 
screened for their inhibitory activities toward the 
tumor promoter HPA-induced EBV activation in 
Raji cells (23-25), and their suppressive potencies 
are compared with that of Japan (n - 133) (26). It 
in notable that the rates of strongly (+++), 
moderately (++), and weakly (+) active plants 
from Southeast Asian countries are markedly 
higher than those of Japan. Thus, a high potential 
of Southeast Asian plants for cancer prevention is 
suggested. The scientific names of strongly 
actives plants are listed in Table 1.

Table 1
Strongly active plants from Thailand, 
Indonesia, and Malaysia for EBV activation 
inhibition

Family
Species

Alizoaceae
Glinus oppositifolius

Amaranthaceae
Amaranthus gracilis Desf.

Anacardiaceae
Mangifera foetida Lour.

Bingnoniaceae
Oroxylum indicum Vent.

Compositae
Artemisia lactiflora var. gennina 
Chrysanthemum coronarium L.

Cucurbitaceae
Momordica charantia L.

Gnetaceae
Gnetum gnemon L.

Gramineae
Cymbopogon citratus Stapt. 

Guttiferae
Garcinia cowa Roxb.

Labiatae
Ocimum basilicum L.
O. canum Sims
O. gratissimun L.

Leguminosae
Pisum sativum L.

Marsileaceae
Marsilea crenata Presl

Melastomataceae
Diplectria barbata

Meliaceae
Aglaia odorata Lour.
Azadirachta indica Juss.

Piperaceae
Piper nigrum L.
P. sarmentosum Roxb.
P betel L.

Polygonaceae
Polygonum odoratum Lour.

Rubiaceae
Morinda citrifolia

Rutaceae
Citrus hystrix D C.
Zanthoxylum limonella

Saruraceae
Houttuynia cordata Thunb.

Scrophulariaceae
Limnophila aromatica Merrill

Solanaceae
Capsicum annuum

Umbelliferae
Apium graveoiens var. Dulce Pers.L. 
Centella asiatica Urban 
Coriandrum sativum L.
Erygium foetidum L.
Trachyspermum roxburghianum Craib

Zingiberaceae
Boesenbergia pandurata Holtt 
Languas galanga Swartz 
Zingiber officinale Roscoe
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C. cassia PresI

Agavaceae
Pleomele angustifolia N.E. Brown 

Amaranthaceae
Amaranthus hypochondriacus L. 

Annonaceae
Cananga odorata (Lamk.)

Hook. f. et Thoms

Bombacaceae
Helitiera littoralis Dryand

Butomaceae
Limnocharis flava Buchen

Caesalpiniaceae
Caesalpinia sappan (L.)

Caricaceae
Carica papaya L.

Convolvulaceae
Ipomoea aquatica Forsk.

Cruciferae
Brassica juncea (L.) Czem. et Coss 
B. sinensis
Nasturtium officinale R. Br. 

Cucurbitaceae
Sechium edule (Jacq.) Swartz

Euphorbiaceae
Manihot esculenta Crantz.
Sauropus androgynus (L.) Merrill

Gnetaceae
Gnetum gnemon (L)

Gramineae
Cymbopogon nardus (L.) Rendl. 
Oryza sativa (L.).var Glutinosa 
O. sativa (L.)

Labiatae
Ocimum basilicum L.

Lauraceae
Cinnamomum burmanni (Nees) Bl.

Leguminosae
Arachis hypogaea L.
Parkia roxburgii G.Don 
Pisum sativum L.

Magnoliaceae
Michelia champaca (Maxim.) Sarg. 

Mirtaceae
Eugenia polyanta Wight

Myristicaceae
Myristica fragrans Houtt.

Myrtaceae
Psidium guajava L.

Oleaceae
Jasminun sambac (L.) Ait.

Oxalidaceae
Averrhoa bilimbi L.

Palmae
Areca catechu L.

Pandanaceae
Pandanus amaryllifolius Roxburgh 

Papilionaceae
Trigonella foenumgraecum L.

Piperaceae
Piper betle L.
P. retrofractum Vahl

Polypodiaceae
Diplazium esculentum (Retz.) Sw.

Rosaceae
Prunus avium L.

Rutaceae
Citrus aurantifoiia Swingle 
C. hystrix DC 
C. paradisi Macf.

Solanceae
C. frutescens (L.) Cabe

Umbelliferae
Anethum graveolens L.
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Centella asiatica (L.) Urban 
Coriandum sativum L.
Cuminum cyminum L.
Oenanthe javanica (Bl.) DC. 
Petroselinum sativum Hoffm.

Urticaceae
Pilea Trinervia Wight

Zingiberaceae
Curcuma aeruginosa Roxb.
C. domestica Valet.
C. xanthorrhiza Roxb.
C. zedoaria (Christm.) roscoe 
Elettaria cardamomum (L.) Maton 
Kaempferia galanga L.
Zingiber americans Blume 
Z. officinale Rose.

MALAYSIA

Amarantaceae
Amaranthus gangetics L.
A. tricolor L.

Anacardiaceae
Anacardium occidentale L. 
Mangifera indica L.

Butamaceae
Limnocharis flava

Capparidaceae
Cleome rutidosperma

Caricaceae
Carica papaya L.

Compositae
Cosmos caudatus Kunth

Cucurbitaceae
Luffa acutangula (L.) Robx. 
Trichosanthes anguina L.

Dioscoreaceae
Dioscorea esculenta (Lour.) Burkill

Euphorbiaceae
Manihot esculenta Crantz. 
Sauropus androgynus (L.) Merrill

Mentha arvensis L.
Ocimum basilicum L.

Lecythidaceae
Barringtonia racemosa (L.) 

Spreng. (Putat)

Leguminosae
Archidendron contortum

(Martelli) I.C. Nielsen 
Pachyrhizus erosus (L.) Urban

Moraceae
Artocarpus heterophyllus Lam. 

Musaceae
Musa acuminata Colla

Myristicaeae
Myristica fragrans Houtt.

Myrtaceae
S. polyanthum

Pandanaceae
Pandanus odoratus Ridl.

Piperaceae
Piper betle L.
P sarmentosum Roxb.

Polygonaceae
Polygonum minus Hudson.

Rubiaceae
Morinda ctrifolia L.

Rutaceae
Murraya koenigii (L.) Spreng.

Solanaceae
Capsicum annuum L.
Solanum melongena L.

Trapaceae
Trapa incipa

Umbelliferae
Centella asiatica (L.) Urban

Zingiberaceae
Alpinia galanga (L.) Swart. 
Curcuma domestica Valet.

Labiatae
Coleus tuberosus
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Figure 2
Overlapping status of test plant samples from
Japan, Thai, Indonesia, and Malaysia.
These graphs show at what rates plants from 
each country overlap with each other by 
taxonomic classification. For instance, in Panel A, 
"JAP only" means test plants from Japan, but not 
tested in other screening of Thai, Indonesian, or 
Malaysian plants. "T" shows that the Japanese 
plants overlapped only with Thai, but not with 
Indonesian or Malaysian plants. "Tl" means that 
the Japanese plants overlapped with both Thai

and Malaysian plants, but not with Indonesian 
ones. "TIM" shows that the Japanese plants 
overlapped with Thai, Indonesian, and Malaysian 
plants.

One can suppose that the potential of edible 
Thai, Indonesian, and Malaysian plants for 
chemopreventive properties is repeatedly shown 
because the plant species selected in these tests 
were similar to each other. We have calculated 
the rates of overlapping plant species used for 
tests in Japan, Thailand, Indonesia, and Malaysia. 
The rates for plants tested in only a single country 
and those overlapping with another country or 
countries are shown in Fig. 2. The former rates — 
designated as "JAP only " in Fig. 1 (Panel A) for 
example - were significantly higher in Japanese 
(77%), Thai (72%), and Indonesian (66%) tests, 
while those in the Malaysian test (47%) were less 
as compared with the other three tests since the 
number of Malaysian plants overlapping with Thai 
(14 species, 13% of the total) and Indonesian (16 
species, 14% of the total) was higher than those 
of the others.

In any case, it is quite interesting to indicate that 
considerably large number of active plants occur 
independently in each Southeast Asian country. 
Vatanasapt et al. reported that the cancer 
mortality rate in Thailand is approximately half of 
those in both Japan and the U S A. (27). Then, it 
is tempting to speculate that the cause of lower 
rate may be partly attributable to food 
pytochemicals present in Thai vegetables 
although it is generally understood by lower fat 
energy intake in Thailand (28). Comprehensive 
epidemiological surveys on cancer mortality rates 
in Indonesia and Malaysia remain to be 
addressed.

Our criteria for plant selection was based on the 
fact that they are abundant in edible species used 
for herbs, condiments or flavors, suggesting them 
to contain physiologically active compounds (29). 
Substantially, the secondary metabolites of plants 
usually play critical roles in their self-defense as
anti-oxidants, anti-microbials, and other 
anti-biotics.

The ecological interactions between 
plant/microbial or plant/insect in subtropical 
southeast Asian regions are considered to be 
more harsh than those in temperate zones.
Also, some plant species in southeast Asia have 
hardly been given to plant breeding, which has 
been extensively done in Japan and other 
developed countries based on industrial or
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commercial benefit without regard for the 
physiological functions of plants. Such trends in 
plant breeding may have resulted in the decrease 
in the contents of vitamins and other 
physiologically important chemicals in plants.
It should be noted further that there is a long 
history of medicinal use of traditional vegetables 
and fruits in southeast Asian countries (30-31). 
Along a similar line, it is of interest to note that the 
taste and smell of edible plants is utilized to 
evaluate their medicinal effects by herbalists (32). 
Our criteria for plant selection for 
chemopreventive studies are consistent with this 
approach.

We have so far identified some of active 
constituents of promising plants as follows: 
cardamon in (Boesenbergia pandurata, 
Zingiberaceae) (33), 1'acetoxychavicol acetate 
(Languas galanga or Alpinia galanga, 
Zingiberaceae) (34), citral (Cymbopogon citratus, 
Gramineae) (35), pheophorbide a (Neptunia 
oferacea, Leguminosae) (36), glyceroglycolipids 
(Citrus hystrix, Rutaceae) (37), niaziminin 
(Moranga oleifera, Moringaceae) (38), curcumin 
(Zingiber cassumunar, Zingiberaceae) (39), and 
AL-1 (Artemisia lactiflora, Compositae) (40).

Active constituent of Z. zerumbet 
In addition to the above compounds, we have 
recently attempted to search for the EBV 
activation inhibitors in the rhizomes of Z 
zerumbet, a medicinal plant occurring in 
Southeast Asian countries.

Fresh rhizomes of Z. zerumbet (1 kg); 
herbarium No.S-203-R, Environmental Science 
Laboratory, Central laboratory and Greenhouse 
Complex, Kasetsart University, Thailand; were 
extracted with methanol at room temperature and 
concentrated in vacuo. The aqueous extract was 
then partitioned between CHCI3 and deionized 
water (1:1) to give an active CHCI3 layer (5.83 g) 
which was subjected to silica gel column 
chromatography (EtOAc/n-hexane, stepwise). An 
active constituent (1.4 g) in the 5% EtOAc eluate 
was recrystallized from methanol to be identified 
as zerumbone (1; Fig. 3) by a comparison of the 
spectral data (41).

zerumbone(l) a-humulene(2) 8-hydroxy-a-humulene(3)

Figure 3
Structures of zerumbone (1), a-humulene (2), and 
8-hydroxy-a-humulene (3).

Commercially available a-humulene (2) and 
8-hydroxy-a-humelune (3; Fig. 3), the latter being 
obtained by NaBH4 reduction of 1, were also 
subjected to a bioassay. The inhibitory test on 
EBV activation was. As shown in Fig. 4, 1 at a 
concentration of 10 pM or more showed strong 
cytotoxicity to Raji cells, as has been similarly 
shown in a hepatoma cell culture and normal 
mouse fibroblasts (41) while 1 maintained cell 
viability and exhibited significant inhibitory activity 
toward EBV activation in a concentration range of
0.01 pM-10 pM. The activity of 1 (IC50 = 0.14 pM) 
is evaluated to be the highest among the 
anti-tumor promoters we have so far reported. 
Interestingly, 2 showed no significant inhibition up 
to a concentration of 100 pM, in spite of only a 
slight structure difference from 1, i.e., the 
presence or absence of the carbonyl group at the 
C-8 position. Another zerumbone derivative (3) 
bearing a hydroxyl group at the C-8 position also 
showed markedly potent activity (IC50 - 0.95 pM), 
in contrast to 2.

> so
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Figure 4
Inhibitory activity and cell viability of zerumbone 
(1, #), a-humulene (2, A), and 8-hydroxy-a- 
humulene (3, O) in EBV activation tests.
EBV activation in Raji cells was induced by TPA 
(50 nM) and n-butyrate (3 mM).

Along a similar line of investigation, we have 
reported that oxidation of the hydroxyl group at 
C-3 of the triterpenoids enhanced the inhibitory 
activity toward EBV activation by 100-fold (41) 
and the importance of the enone group of the 
flavonoids have been demonstrated (42). These 
findings, together with the structure-activity
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relationships of zerumbone-related compounds, 
may provide a lead to address the mechanism of 
action for the tumor promoter-induced EBV 
activation.

We have recently found that zerumbone 
markedly suppressed the formation of the 
histological tumor marker aberrant crypt foci in rat 
colon through collaborative work with Dr. T. 
Tanaka of Kanazawa Medical University (data not 
shown). Thus, further evaluation of 
chemopreventive activity of zerumbone in other 
rodent models should be performed.

CONCLUSION

So far, much attention has been paid to 
vitamins C, E and antioxidative (radical 
scavenging) polyphenols as chemopreventive 
agents. While such ubiquitous constituents have 
notable activities, they actually make up a tiny 
fraction of diverse phytochemicals in the plant 
kingdom.
As said in the notion "Medicine and food are of 
the same origin. ", some daily plant food in Asia 
has been used concurrently as folk medicine 
because of their diversity and traditionally 
inherited knowledge of their use.
As the nutritional situation has improved in 
developed countries, food taste has emerged as 
a more important factor while the biological 
function of food is less noticed and neglected. By 
instinct, we generally prefer salty and fatty dishes 
which are obviously risk factors of some cancers. 
When we define "nutritional value" as the primary 
function of food, "taste" as the second, and 
"physiological function" as the third, we notice that 
it is efficient to search for promising 
chemopreventive agents from the plants which 
still maintain physiological functions.

As mentioned above, edible southeast Asian 
plants are one of the most notable sources of 
physiologically active compounds. It is therefore 
necessary to further identify the active 
constituents which may be highly effective for 
chemoprevention.
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Abstract
We devised isolation methods for plant endophytes, which are composed of surface 

sterilization of plant samples. Using those methods we isolated more than 900 endophytes from plants in 
Malaysia, Indonesia, and Japan. We tested isolates on their abilities in producing anti microbial 
compounds and oligosaccharides from natural polysaccharides. For identification of isolated endophytes, 
sequence homology of 18S rRNA gene was found to be useful. The isolates were classified into six 
families of Locubascomycetes, Hyphomycetes, Coebmycetes, Pyrenomycetes, Hymenomycetes, and 
Discomycetes. We also examined internal transcribed spacers (ITS) as markers for classifying 
Ascomycetes in detail.

1. Introduction

Microbes are by far the most abundant 
organisms in number and diversity. However, only 
limited kinds and numbers of microbes have been 
isolated and characterized and vast numbers of 
microbes remain to be explored for their 
characteristics and uses for improving the quality 
of our life. We focused our investigation on the 
microbes living in plants (endophytes), because 
our knowledge on them is still scarce. We devised 
isolation methods for endophytes [1]. They are 
composed of extensive surface sterilization with 
ethanol and sodium hypochlorite for eliminating 
possible contamination of unwanted microbes.

For the identification of isolates, 
information of rDNA sequences is becoming an 
important tool in addition to conventional 
morphological data such as spore formation. In 
particular, base sequences of 18S rRNA genes 
were useful to identify non-spore forming fungi, for 
most of fungal endophytes are non-spore forming 
and conventional taxonomic keys are not 
available [2, 3]. In order to examine detailed 
classification of Ascomycetes, internal transcribed 
spacers are also important keys for the taxonomic

studies of Ascomycetes, the most abundant fungi 
In the world. For preservation of the isolates, 
desiccation method for fungi and lyophilization 
method for bacteria were employed. Freezing in 
25% glycerol was used for both fungi and 
bacteria.
For finding potential uses of endophytes, we 
constructed screening systems such as antibiotic 
activity against phytopathogenes, enzymatic 
activities to produce oligosaccharides from 
polysaccharides (xylan, inulin, mannan, etc.): We 
are in the process of their purification and 
characterization.

2. Materials and Methods

2.1. Isolation of endophyte
Plant specimens used were young 

healthy branches (one or two years old). The 
branches were washed in running water for 10 
min, and dried using paper towel, then cut into 
several pieces of about one centimeter length. 
They were surface-sterilized by immersion 
sequence in 75% ethanol for 1 min, >5.3% 
sodium hypochlorite solution for 5 min and 75% 
ethanol for 0.5 min. Grass stems were
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surface-sterilized only by immersion of 75% 
ethanol for 2 min. After drying, the pieces were cut 
to expose their inner tissue on a sterilized glass 
and placed in petri dishes containing CMM ( 
medium (commeal agar (Difco) 17 g/l, malt extract 
20 g/l, yeast extract 2 g/l, chloramphenicol 50 
mg/I) or NA medium (meat extract 5 g/l, peptone 
10 g/1, NaCI 5 g/l, agar 15 g/1, nystatin 100 mg/1). 
After 3 days- 4 weeks incubation at room 
temperature, fungi were isolated on 
potato-dextrose-agar (PDA) slant, and bacteria on 
nutrient agar (NA).

2.2. Production of oligosaccharides
The isolated bacterial-endophytes 

grown on a nutrient agar slant were inoculated to 
enzyme producing media (5 ml/10-ml test tube) 
consisting of natural polysaccharide (2 g/l) such 
as xylan, inulin and mannan, NH4NQ3 or NaNOs 
2.0 g/l, MgS047H2Q 0.5 g/l, KCI 0.5 g/l, KH2PO4 

0.5 g/l, FeS04 7H20 0.01 g/l, (pH 6.8). They were 
cultivated at 21X, for 2 days with shaking. In case 
of fungi, one agar-piece of fungal cells grown on a 
PDA slant was inoculated to 5 ml of the enzyme 
producing medium and cultured at 27 "C for 5 
days with shaking. The culture broth was 
centrifuged at 2,000 x g, 4%) for 20 min and the 
supernatant was used as a source of crude 
enzyme. Oligosaccharides were detected by thin 
layer chromatography (TLC) using a silica gel 
plate (Silica gel 60, Merck) with a solvent system 
of 1-butanol - 2-propanol - water - acetic add 
(7:5:4:2, v/v). Spots were detected with a reagent 
containing p-anisaldehyde-H2S04-ethanol (1:1:18, 
v/v) using the hydrolysate of polysaccharides as 
standards.

2.3. Measurement of anti microbial activity
Fungal endophytes were cultivated for 

5 days, and bacteria for 2 days at 21X, with 
shaking in the antibiotic production medium that 
we reported previously [1], The supernatant of 
cultured broth was used for a paper disc diffusion 
assay with Altemaria sp., Bacillus subtilis, 
Salmonella sp., Saccharomyces cerevisiae as 
test microorganisms.

2.4. Analysis of 18S rRNA gene

Endophytic fungi isolated and 
reference strains Aspergillus oryzae AHU 7034 
and Penicillium martensS NRRL 2027) were 
grown in 500-ml volume of Sakaguchi flasks 
containing 100 ml of modified Czapek-Dox liquid 
medium (modified Czapek-Dox liquid medium 
(OXOID) 33.4 g/l, yeast extract 2 g/L) or 
potato-dextrose-broth (DIFCO) with shaking at 
2JX for 3 days. The mycelia were harvested by 
centrifugation (6,000 x g, 4°C, 10 min), and 
washed with TEN buffer (10 mM Tris-HCI, 1 mM 
EDTA, and 0.1 M NaCI, pH 8.0). The washed 
mycelia were harvested by vacuum filtration. The 
pre-dried "mycelia cake" was peeled off from the 
filter paper, frozen at -801) and lyophilized. 
Genomic DNA was isolated from 50 mg of 
lyophilized mycelia according to the methods of 
Raeder and Broda [4]. The 18S rRNA gene was 
selectively amplified by PCR using the specific 
primers for filamentous fungi proposed by White 
et al. [5]. In most strains, beside the entire 18S 
rRNA gene, NSI-NS6 and NS5-NS8 segments 
were amplified and purified with MicroSpin 
columns S300HR system (Pharmacia Biotech). 
Nucleotide sequences of the PCR products were 
determined in both directions by the 
dideoxynudeotide chain termination method 
using Thermo Sequenase core Sequence kit, 
fluorescent primer (NSI, NS3, NS5, NS6 and 
NS8) and ALF express DNA Sequencer 
(Pharmacia Biotech) following the conditions 
provided by the manufacturer. The entire 
sequences of 18S rRNA genes (excluding the 
areas Of the primer sequences) were determined 
by using GENETYX-MAC. They were compared 
with those in the GenBank, EMBL and DDBJ 
databases through the DNA Information and 
Stock Center (National Institute of Agrobiological 
Resources, Tsukuba, Japan) using FASTA [6] and 
BLAST SEARCH [7]. By using the 
multiple-sequence alignment program of 
GENETYX-MAC, the 18S rDNA sequences of 
nine endophytes and two references that we 
determined were aligned with the sequences of 
similar fungi retrieved from databases. A 
phylogenetic tree was constructed by using the 
unweighted pair group method arithmetic mean 
method (UPGMA) program (Fig. 1).
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2.5. Analysis of base sequences of internal 
transcribed spacers

White et al. [5] suggested that 
repeating units in ITS region or intengenic spacer 
mutates much faster than other genes and 
differences in these regions might be good 
indicators to classify fungi within the same genus. 
Mugnier [8] has developed a method to classify 
closely related fungi in Ascomycetes. Thus we 
also applied these methods to 12 fungi isolated 
from plants. As shown in Fig. 2, results thus 
obtained are very similar to those obtained by 18s 
rDNA analysis.

It is also interesting to note that 
endophytes isolated are somehow related to 
phytopathogens.

3. Results and Discussion
We earned out samplings of various 

plants in Malaysia and Indonesia The names of

plants are shown in Table 1 (45 plants in 
Indonesia), and Table 2 (38 plants in Malaysia). 
Those plants are typical plants in Southeast Asia, 
For isolation of endophytes, branches of tree or 
bush were surface sterilized with bleaching, while 
grasses were mildly sterilized with ethanol. The 
method used for each sample is also indicated 
Tables 1 and 2.

We isolated at least one endophytic 
microbe from each plant sample. Plants were 
frequently infected with endophyte bacteria and/or 
fungi. Coexistence of multiple endophytes was 
observed within a single host plant. Total number 
of isolates was more than 1,500 strains. We 
reduced isolates to about 1,000 when they were 
quite similar in colony forms and color on agar 
medium. We have been interested in endophytes 
living without causing any of the disease 
symptoms typical of plant pathogen infection [9]. 
Multiple infections with fogal endophyte strains 
occur in natural populations [10,11],

Table 1. Plants in Indonesia examined for isolation of endophytes.
Plants name In Indonesian Isolation

method
Plants name In Indonesian Isolation

method
Aloe balnesll Dyer Ethanol Amherstla nobills will, pohon saputangan Ethanol
Aloe saponarla Haw Ethanol Canarlum Ethanol
Artemisia vulgaris Ethanol Clnnamomum kayu manls Bleach
Buxus sempervlrens L. Bleach Coceeae purlng Bleach
Calliandra brevlpes Benth Bleach Dillenla execellaa Bleach
Calllandra tetragons Benth Ethanol Dillenia orchreata Bleach
Catha edulis Forsk Bleach Dillenla pohon sempur Bleach
Chlncona pubescens Ethanol Dillenla pteropoda Bleach
Cinchona succlrubra Pavon ex. Klotzsch Bleach Dillenla retusa Bleach
Clnnamomum burmannl Nees ex. Blume Bleach Dillenla suffruticosa Bleach
Colletia cruclata Gill & Hook Bleach Freycinetla funlcularis Ethanol
Gledltsla sinensis Lamk Bleach Hibiscus rosa. sinensi. kembang sepatu Bleach
Grevillea hllliana F. Muell. var. albescens Hort Bleach Hibiscus Schizopetalus Bleach
Holmskloldia sanguines Retz Ethanol Morlnda citrifolia cangkudu Ethanol
Kakacangan nasa Kacang Ethanol Paraya pepaya Ethanol
Lantana canescens H. B. K. Ethanol Parmentlera aculeata pohon lllin Bleach
Myrlca rubra Sleb & Zucc Bleach Poikilos permum Bleach
Pilocarpus selloanus Engler Ethanol Santalum album Bleach
Polygonum chlnenae Bleach Thevetla peruviana Ethanol
Prunus cerasoldes D.Don Bleach Trachelosperumum dfvarrlcatum Bleach
Rhus succedanea L. Bleach Wars zewiezia Bleach
Rotan calamus sp. Bleach
Toden barbara Moore Ethanol
Vllea odorata Bleach

Ethanol: suterilized by ethanol
Bleach: suterilized by ethanoland sodium hypochlorite
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Table 2. Plants in Malaysia examined for isolation of endophytes.

Plants name In Malasian Isolation
method

Plants name In Malasian Isolation
method

Asam Gelugor(Garcinia atroviridis) Ethanol 1 Merantl Rambai Daun Ethanol
Blntangor Bleach Meraun Bungga Bleach
Durian Hutan Bleach Merlimau Bleach
Ipoh Mala! Ethanol Nyatoh Nangka Kunlng Bleach
Kandls Ethanol Nyatoh Tembaga Bleach
Karas Bleach Pelong Ethanol
Kelat Bleach Penarahan Bleach
Kelumpang Jejari Ethanol Petallng Bleach
Kembang Semangkok Ethanol Putat Ethanol
Keranjl Ethanol Ramen Bleach
Keruin Mempelas Ethanol Sedondong Bleach
Lepong Bleach Sejankang Buklt Bleach
Mahang Ethanol Semalam Ethanol
Manggis Hutan Ethanol Sepetlr Bleach
Mata Kell Ethanol Slal Menahun Bleach
Medan Sarsl Ethanol Slmpoh Bleach
Membuloh Bleach Taban Merah Bleach
Mempisang Bleach Tapak Unta Bleach
Merantl Ethanol Tongkat Hajl Samad Ethanol

3.1 Anti-microbial activity of the isolates.
The anti-microbial activities of fungal 

and bacterial endophytes were using supernatant 
of their culture broth. Anti-fungal activities were 
observed to be about 20% in fungal endophytes 
and comparatively less in bacterial endophytes 
(Table 3). On the other hand anti-yeast and 
anti-bacterial activities were rare in the isolates.

Considering that many plant pathogens are fungi, 
it was thought that fugal secondary metabolites 
accumulate within plant tissue and contribute to 
host protection from pathogen attack. Little is 
known about variation among endophyte in 
antibiotic production. We are studying those 
fungal and bacterial metabolites in order to identify 
their characteristics.

Table 3. Antibiotic activities
Microorganisms Fungi Bacteria

1 M l M
Isolats tested 189 252 30 292

Anti- Fungus 45 48 3 53
24% 19% 10% 18%

Anti- Yeast 3 4 4 19
2% 2% 13% 7%

Anti- Bacteria
Gram+ 2 1 1 45

1% 0% 3% 15%
Gram- 11 10 1 13

6% 4% 3% 4%
Total 51 57 3 86
M: Isolated in Malasia 
I: Isolated in Indonesia
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3.2. Oligosaccharide production from natural 
polysaccharide

Activities of oligosaccharide production 
were examined by microbial ability to degrade 1 
natural polysaccharide such as mannan, inulin or 
xylan to produce oligosaccharides such as biose, 
triose, tetraose and so on. Sixty six percent of 
fungal endophytes showed xylan degrading 
activity and less percentage in mannan or inulin 
degradation (Table 4). In total, 76% to 89% of 
fungal endophytes can degrade natural 
polysaccharides and produce oligosaccharides. 
Such activities may contribute to the destruction of 
the plant's cell walls and solid organ tissues when

the endophytes infect to host plants, However it is 
not known how fungal endophytes inhabit the 
host. Degrading activities were less in bacterial 
than in fungal endophytes. This may be because 
bacteria are smaller than fungi when invading 
plant tissues. As the results of degradation, 
oligosaccharides were produced from natural 
polysaccharides.

Many fungal endophytes produced 
oligosaccharides in various saccharide units from 
xylan and mannan but less from inulin (Table 5). 
Fungal endophytes have stronger capacity to 
make oligosaccharides than bacterial 
endophytes.

Table 4. Oligosaccharide producing activity from natural polysaccharides.

Microorganisms Fungi Bacteria
I M I M

Isolates tested 189 357 129 376
Oligosaccharide from 

Xylan 125 235 40 68
66% 66% 31% 18%

Mannan 21 234 59 70
11% 66% 46% 19%

Inulin 52 97 17 30
28% 27% 13% 8%

Total 144 318 85 130
76% 89% 66% 35%

Table 5. Numbers of sugar residue of oligosaccharides produced from natural polysaccharides by
endophytes.

Fungi Bacteria
Polysaccharide Xylan Mannan Inulin Xylan Mannan Inulin
Number of unit I M I M I M I M I M I M

2 104 212 9 146 10 16 7 28 11 17 0 2
3 101 240 8 104 11 26 10 36 28 32 1 1
4 43 50 3 72 14 18 4 28 25 32 0 0
5 67 188 2 34 13 38 37 67 26 38 3 0
6 0 22 19 26 10 4 27 0

3.3. Identification of fungal endophytes by 
analysis of 18S rRNA gene

Spore formation is an important factor 
for the identification of fungi. However, most of 
isolates did not make spores. So, we amplified

18S rRNA genes and sequenced them for the 
genetic identification of the isolates. After 
sequencing 23 strains of fungal endophytes and 
two reference strains that were deposited in the 
culture collection of AHU (Faculty of Agriculture,
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Hokkaido University), a phylogenic tree was 
drawn (Fig. 1). Our results showed that the 
isolates were classified into six families of 
Locubascomycetes, Hyphomycetes,
Coelomycetes, Pyrenomycetes, Hymenomycetes, f 
and Discomycetes. The endophytes isolalted from

Southeast Asia are highly diverse, suggesting that 
this area is a rich source of various different kinds 
of fungi and bacteria. On the other hand Clay and 
Holsh [12] showed that a host-specific fungal 
endophyte might reduce plant diversity throughout 
its succession.

Asp.oryzae
Pen.martensii

Xylaria

97SonAc
jMagnaporthe

Leucostoma
jCryphonectria

Fig.l Dendrogram showing the relationships among 23 endophytes and 
related taxa based on 18S rDNA

3.4. Identification using Internal transcribed 
spacer (ITS) region

Sequence data of 18S rDNA is a 
powerful tool for the identification of fungi among 
genus and in some cases among species. To 
identify closely related strains of the fungal 
endophyte Epichloe bnomicola, Willie at al. [19] 
applied RAPD-PCR method using 14 decamer 
strain specific primers to amplify 
microsatellite-containing loci. Internal transcribed 
spacer (ITS) region is a DNA sequence between

the 18S and 26S rRNA genes, which is not 
translated into any protein. In this region mutation 
occurred easily and accumulated without any 
influences to the fungi. As shown in Fig. 2, we 
could classify 12 closely related fungi into several 
species. Therefore, we could differentiate species 
by these methods. Although fungi similar to our 
isolates have been found to be plant pathogens, 
ours gave no disease symptoms (Table 6). This 
may be due to differences in host specificity.
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Table 6. Relationship between endophytic fungi and their host plants

Endophytic fungi 1 lost plants Location Most similar strains Host plants or origin Location

T81 Dillenia execellau Indonesia Fusiccocum sp.:
Anamorph of Botnosphaeria ribis 
(ITS)

Redmangraxc 
(Rhizoplwru mangle L.)

U.S.A

97M42 LasianlInis sp. Malaysia Lasiodiplpdia theobromae: 
Anamorph of Bolryosphaeria 
Rodina (ITS)

Pistachio (Pistacia L.) Lf.S.A

V3B Ulmus davidiana Japan Ampelomyces quercinus (ITS) *\ticrosphaera alphiloides
On Ouercus sp.

Russia

VHI2A Humulus 1 up til ns
var. cordi/olous

Pleospora rudis (18S) 
Ampelomyces quercinus (ITS) Microsphaera alphiloides

On Ouercus sp.
Russia

III7A Rasa rtigosa Diaporthephaseolorum (ITS) Soybean
vdiia Actinidia' Ralornikta Cryphonectria gyrosa (185) Quercus palustris

Pinoak

112-3 Coleus gal eat us Indonesia Colletotrichum gloeosporiodes 
(ITS)

Leaf of Citrus sp. Spain

VH5D Siringa vulgaris Japan Anamorph of Glomerella sp\ 18S) 
Colletotrichum graminicola (ITS) Turf Brass. Poa Annua U.S.A

Ampelomyces quercinus

fBotryospaeria ribis

■Lasiodiplodia theobromae

[Monascus ]

fcolleto. grammicola

jbiaporthe caulivola

'Diap. phaseolorum]

Fig.2 Dendrogram showing the relationships among 12 endophytes and related 
taxa based on ITS
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Current State of Biotechnology Policy in Japan and 
Priority Areas for Cooperation in Biotechnology

Fujio Ishikawa
Japan Bioindustry Association

Abstract

Biotechnology is recognized as an enabling technology for the sustainable development. 
Many countries are promoting R&D and commercialization in the hope to create new 
businesses and employment, to improve quality of life of the people, while protecting the 
environment.

Recently 5 ministries (STA, MESC, MHW, MAFF, MITI) of the Japanese Government jointly 
issued "Basic Strategies for Creation of Biotechnology Industry". This summarizes the concrete 
measures to be tackled in a coordinated effort with perspective of about 5 years from now on. 
Special emphasis is placed on genome analysis and industrial application of genomic 
information, preservation and provision of biological-genetic resources, and provision of fund to 
R&D oriented businesses.

Particularly, "New age Biological Resources Centers" (BRC's) are considered as an essential 
part of infrastructure for bioscience research and bioindustry in the coming century of biology. 
The Japanese government has started building a Biological Resource Center. These 
circumstances will be discussed in relation to priority areas for cooperation in biotechnology.

Basic Strategies for Creation of 
Biotechnology Industry

A joint memorandum of understanding on 
the basic policy for the promotion of 
biotechnology industry was announced on 
January 29 by the 5 ministries of the 
Japanese Government, that is, the Science 
and Technology Agency, the Ministry of 
Education, Science and Culture, the Ministry 
of Health and Welfare, the Ministry of 
Agriculture, Forestry and Fisheries and the 
Ministry of International Trade and Industry. 
Based on the policy they promulgated the 
basic strategies on July 13, 1999.

The joint memorandum expressed what 
they expected of biotechnology for increasing 
opportunities of creating new businesses and 
employment of high quality. Characteristics of 
biotechnology that R&D and 
commercialization develop closely in parallel, 
and the keenly competitive situation in 
patenting industrially useful genes were also 
noticed.

It is also recognized that genome analysis, 
preservation and provision of 
biological/genetic resources, and funding to 
R&D oriented start-up businesses are very 
important, especially in the coming several 
years. Common recognition is, particularly, 
need for acceleration of the industrial 
applications of genomic information by

coordinated effort among the 
biotechnology-related agency and ministries.

Major Issues of the " Basic Strategies"

Concrete targets and measures are clearly 
defined in the basic strategies, by utilizing 
Japanese strengths, by efficiently 
implementing important measures, and by 
specifying the duration of the implementation, 
as much as possible.

1. Common recognition
With recognition that biotechnology 

industry is as strategic industry in the 21st 
century as information technology industry, 
three subjects of the strategies were pointed 
out as follows:
Innovation: Advancement of biotechnology 
will greatly contribute to overcoming 
problems of food, health and the environment, 
and is expected to remarkably change the 
condition of human life in the 21st century. 
Strategy: Industrial applications of
biotechnology will provide opportunities for 
new businesses and employment in a wide 
range of industry sectors such as chemistry, 
material, pharmaceuticals, food, electronics, 
machinery, environment and energy.
Urgency: As indicated by advancing by 2 
years of the completion of the human 
genome analysis from 2005 to 2003, for 
example, competition for patenting useful
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genes will be intensified. Special promotion 
measures are to be implemented in the 
coming several years.

2. Concrete measures
Stressing the necessity for cooperation of 

related ministries, the strategies lay 
emphasis on 4 priority areas of measures, 
such as provision of infrastructure for the 
creation of new industries, promotion of 
technology development and strengthening 
of support for star-up businesses, 
improvement of climate surrounding 
biotechnology, and promotion of public 
understanding.

(1) Provision of scientific infrastructure 
for the creation of new industries
(D Acceleration of genome analyses 

Human genome
a. Analysis of 30,000 full-length cDNA 

clones of humans by 2001, utilizing 
Japanese strength in this field

b. Analysis of the diversity of human genes, 
using single nucleotide polymorphisms 
(or SNPs)

• By promoting the development of 
technologies needed for SNPs-based 
analysis of the diversity of human gene, 
during the next 3 years, more than 
100,000 common SNPs will be 
developed to analyze the gene diversity 
of the Japanese people, and in the future 
the target will be expanded to cover 
other Asian people. A database of 
common SNPs will be developed,

• Analysis of human genes responsible for 
diseases, and exploring of the possibility 
to link the effort with the common SNPs 
database.

• Analysis of the genes related to drug 
response

Genome of the organisms that are primary 
importance to Japanese industry

a. Rice
b. Domestic animal(livestock)
c. Industrially useful microorganisms
(2) Provision of infrastructure for research 

and industry, and promotion of 
networking

a. Establishment of systems that ensure 
supply of biological/genetic resources 
and networking

• Establishment of a center which collect, 
preserve, and supply biological/genetic 
resources (micro-organisms, animal and

plant cells, and DNA clones etc.) and 
related information for research and 
industry

• Networking of such biological resource 
centers

® Development of bioinformatics
a. Construction of bioinformatics research 

centers
b. Promotion of collaborative R&D between 

public and private sectors
c. Development of databases for advanced 

use of the result of genomic research

(2) Promotion of technology development 
and strengthening of support to start-up 
companies
(D Promotion of technological development 

for commercial applications
a. Technological development in national 

institutes
b. Collaborative development that combine 

private firms' strengths in research and 
development

• Application of biotechnology for the 
change of society for more harmony with 
the environment, e g. saving of material 
and energy, decreasing production of 
wastes, prevention of environmental 
pollution and restoration of the 
environment (green biotechnology)

© Provision of extended financial support 
to start-up companies

a. Extending the system of financial support 
for start-up companies

b. Providing support to technology licensing 
organizations(TLOs) and assisting in 
patent applications of the research 
results, and promoting use of the patents 
for industrial applications

c. Construction of industrial parks for 
biotechnology firms

(3) Improvement of the institutional 
environment for new industries
(D Improving of R&D systems, including 
provision of advanced research centers and 
competitive research grants, to ensure 
innovative research results 
©Reform of the current systems that prohibit 
the faculty members of the national 
universities from serving as corporate 
executives, and establishment of new 
systems that promote the transfer of 
technologies from government sponsored 
R&D to industries
© Rationalization of the regulatory

76



procedures to ensure safety of biotechnology 
products and pharmaceuticals developed 
through such technologies, and protecting 
intellectual property rights, based on 
international harmonization

(4) Promotion of public understanding
Informing the public of science-based facts, 

and consideration of ethical issues regarding, 
e. g., research and application of human cell 
and tissue

Biological Resource Centers (BRCs) 

Introduction
Activities of research, technological 

development and industrial application based 
on biology will dramatically increase in the 
21st century. From the view point of " 
biological resources and information", this 
process requires measures to cope with 
various issues such as explosive increase in 
number of clones and related information by 
the advancement of genomics, progress of 
informatics and paradigm shift regarding the 
conservation and utilization of biological 
resources, based on international 
agreements including the Convention on 
Biological Diversity.

Under these circumstances, it is 
necessary to :

• redefine the concept of biological resource 
center as part of the infrastructure for 
bioscience, biotechnology and industry

• make clear the criteria to publicly recognize 
a BRC as competent

• ensure efficient operation of the BRC by 
national and international linkages and

• strengthen the public support to ensure 
financial sustainability of the BRC based on 
measures mentioned above.

Importance of these issues was discussed 
at the OECD workshop on Scientific And 
Technological Infrastructure [Support for 
Biological Resource Centers (BRCs)] held in 
Tokyo, 17-18 February, 1999.

1. Changes of the circumstances 
surrounding BRCs

Modern biology makes it possible to 
directly preserve genetic resources in the 
form of DNA segments, genes, clones and 
DNA sequence information as well as to 
preserve the organisms themselves.

In addition to the role of traditional culture

collections, therefore, new capacities to 
preserve, to provide and to analyze genetic 
resources and related information are 
needed, and the new role is expected to 
evolve very fast. The integration of biology, 
particularly the sequencing of genomes that 
provide the molecular basis for life, with high 
technology such as automation, 
miniaturization, specialized DNA chip design 
and other information technology, has 
revolutionized our ability to understand 
biological systems and to apply that 
knowledge to biotechnology and industry.

Microbial cultures and plant /animal cells in 
culture collections will increase in number 
continuously hereafter. In addition to the 
increasing burden due to this numerical 
increase, circumstances surrounding BRCs 
are changing rapidly. We have to cope with 
the very fast progress of genomics and 
bioinformatics. This means that we have to 
deal with the latest information technology to 
treat ever increasing number of various 
biological materials and increasing volume of 
related information. Need for management of 
unexplored or minimally identified strains will 
also add another burden to BRCs.

The Japanese Government recognizes 
the need for appropriate policy measures to 
create new age BRCs by adopting a new 
concept of BRCs.

2. Functions and definition of new age 
BRCs

The expected functions of new age BRCs 
will be summarized as follows :

• Rationalized management and efficient 
operation

• Provision of biological materials and
information deposited

• Enhanced capability in information
technology

Information processing capacity 
Application of bioinformatics

• Quality assurance of biological deposits
Preservation, classification, 
Identification and authentication 
(including research)
Services (training, education)

• Quality assurance of information deposits
Provision and guarantee of information 
and its source (origin, characteristics, 
specification etc.)

• International linkage
Harmonization with respect to 
information technology

77



Harmonized procedure for quality 
assurance and reliability of material 
and information

Definition of new age BRCs
Definition of new age BRCs is still to be 

discussed, but it may be of useful reference 
to quote the following example.
"Biological Resource Centers are an 
essential part of the infrastructure 
underpinning biotechnology. They consist of 
service providers and repositories of the 
living cells, genomes of organisms, and 
information relating to heredity and functions 
of biological systems. BRCs contain 
collection of culturable organisms (eg. 
micro-organisms, plant, animal and human 
cells), replicable parts of these (e.g, genomes, 
plasmids, cDNA banks) and of unculturable 
organisms as well as databases containing 
molecular and physiological information 
relevant to these collections, and related 
bioinformatics." (draft, OECD workshop in 
Tokyo, February 1999)

3. Sustainability of BRCs
BRCs must be operated in a sustainable 

manner. Academia and biotechnology 
industry sectors need to be assured that 
biological resources and information placed 
into BRCs will be held permanently and that 
competent staff with appropriate expertise 
can be sustained by the center to fulfill the 
role. However, sustainable operation of BRCs 
requires a sound financial basis, and financial 
supports are being made by government, 
industry and funding agencies consortia. 
There are many elements in activities of 
BRCs. All of the associated issues and cost 
implications of the operation should be 
considered for financial sustainability and 
long term stability.

Financial consideration for future 
requirements in terms of the role of BRCs in 
conserving biodiversity will be an important 
topic. Financial implication of the creation of 
"virtual BRCs" that may go beyond the range 
of traditional culture collections should also 
be considered.

4. Recent development on BRCs in Japan 
and expectation to TrOBIDEC

How to improve systems for collecting, 
preserving and providing biological materials 
and information for the sake of science and 
industry has been discussed in Japan in 
recent years.

As a result, within the framework of the 
Basic Strategies for Creation of 
Biotechnology Industry, the Government 
selected BRCs as essential part of the basic 
infrastructure.

Recently the Japanese Government 
decided to allocate a budget to establish a 
system, facilities and organization, for 
supplying biological resources, namely a 
national BRC.

In this context, we are fully aware that 
concept and plan of the Tropical 
Bioresources Industrial Development Center 
(TroBIDEC) was elaborated through the 
Research Cooperation on Toropical 
Bioresources, 1994-1999, between BPPT of 
Indonesia and NEDO/JBA of Japan. The plan 
on TroBIDEC includes the concept of BRCs.

Although we have not yet successfully 
assured the budget, dialogue between the 
two countries must be continued for the 
realization of the TroBIDEC concept in the 
light of the rapid advancement of bioscience 
and biotechnology, and to contribute to the 
conservation and sustainable use of 
biological diversity.

Conceptual innovation of BRCs
Number of

New-age
BRCs

Molecular biology & 
Minimally characterized 

strains Conceptual
innovation

f Traditional 
culture 

X collections
Bio science & 

Information technology

Volume of Information

New-age BRCs

duality assurance and
, International coordination J

Rationalization of 
management

Information - 
processing capacity

Increased number 
of strains

Increased volume 
of informationer

C T raditional culture collections ■)

Kazuo Kelso OECD Workshop Tokyo 1999
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1. Prof. Dr. Ir. Kasumbogo Untung

■i > PAA7#*mm*m#@

2. Dr. Soenartono Adisoemarto
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3. Dr. Yayuk R. Suhardjono
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viz—'>7

iTm

viz'f->7«itt#i; 12$,57# • y-fA'-vx-rn*©0'i:^ic»^.e>n, 
biilteS&BTfcS. H±©*g|5»«,
_7®?SlcStihTH5„ vizX77©6#7##l:4-675R%©#l:H. 1 77 5 7#y,± 
©EITEffitl, 286 #©*#, 1 T*y.±©£$i: 1 77 2 7#«±©!®^ttUi6<1:7-5 15 77# 
y.±©*##Wj#l- 7tltc 4 7#%±©##A%a'T)7&5. £5 UfcS-BMMiTSrtT© 
SRflWsf^tt, *«$©«$, Anfl©»»Hrt
T3t)6Tlga W«Bb 6 8]-3X75,

m'Am^ (7N*'T7->X7V^-f -Z»x) tt, &##B@©W%^7W=WaV5##M% 
ictox, viz-r->7Ttt, c©t%#-#%&im&L-xm
*75#7>*S¥7>if©W??^/B;t««7i*Tl;jatxT4ot3. cn^ffi3(:®S:7^^r=1ffit 
/ioTi'5. lggs^vi/'f->7B$7to#«tts$TH.
#7U 75'7>TE-ne>£4M;U #©#Bf±lcoHT7#7b75j Tt^tofTtollH^fltc* 
©67X43 0, 7ntp]R#l;, C©m©«7#$mM=M75*#7Sm#gZ27Xt,)5. 
$Zt 1997 7B$3:%S-Bttl@SX«, T77«7j:ttiS*Sj7[6]±$-&5fc©, *,*##-# 
tt 1:S075»*H7M0F3S£#*75 C61^,%X&5j 6#eux^5.

1996 TplCii. Vki7/7©#^m#%Xm©#K7:m75t©l:7>7- hm%#77 
n (Maryali Mohamed 1996), ^©t8$M©Mrrff*7'ff74lT6i5„
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i», a hMitwti tm rom af$n. *r#sw 
«»*£, wlth

-50 latixT-A-f WirT? / D W—• A V — 7 1/7 i> 3 >trH£V£"4'A:. <hCD^7)Fg£t; 

a#i:gaig$iTU5#. ^■ro^c5«fl«<y#'i|WfflttfThnTv^=ci,x s«se# 
UWSIttWUXMJ, f«* I S8Sf^SI$. CflS®NlAA#m

ti^S8ik<y#,«6lrv>rmmmicMLT# 
4> @ 4WBJ BF 9): £ It o T f Wi t > t f' 7 * T & 5«

A. #!«#

$S?i7“c£lFli®W3 l/?ya >lc®»btiTU5tO©5'6, l!t>tS:;W#<7©ti.|sfi©Fg 
*T$>5„ /ctxti, Vlx-f 57a#im%W%mr (MARDD tCti«5 7Jfr, 7K'>7IS 
); 7 (UKM) tcH2 7j 5 TttS:ISx.5giliS#^«!ff5nTA^5. U^U, lEFSEttffliteFf 
li^xAnTWO. 5toJ:57j;E^(7)3l/77->3 >|;iRi6BnTH5g*mS-<(i. iS
Wj:H$^SS:#oTV‘-5V;ST6-5. •9-/\’*H*«#»WSVfc#*©5^, IBJSShT

T$5. u<'3^(D«Mi;RWSftTH5e:)®*«li«Sttt,ifcAVj:r)roEt:t7)S0, 
A: A:xti+r -7 7 7ffljto# I:IS, $9 5fft-®m*A*&5. V l/^f(USM) left 
5 -T-fl-lct)C0ia"57-tf U 7 A (Fusarium) m’̂ tziW-WfoZ, 5 AttSfjTS 9 - MARDI 
ICFJ^&OcOgC® Ralstonia solanaccarwv<nmmt'kS,m^mm<nUfTmt$>^. EV 
BF^lW (Inst i lute of Medical Research) Icli, #9 2 T* 500 aroE^tAhSHfeSMto-KiiF 
#7)*R#$WTA5.

B. AW

iiriiCJW'iti. $ltt5>Sft-SlciilW-3TV'5S(i. 30

fitoHiW, 7>»<7)34ih^W. yz##, LA'AftASb. CSLfc#®
bt.-cBHs^-sttfcwrisniat/vAWb-ir. at-»s'«®^«91: tm $ ?? 7 r n -a«si 
ic*5. *&, **m&A^T4m##i=*TT^5#wm6/v<Ew%i7. TF-mmma. 

AATA, /;>*l'it-WMtoM (para-taxonomist) <0$J WSrFe 0 TfrAAtTV'^,

c.

RlMMTfflK )7 »!-;•':« tt. !%,
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sf/sattfr***. mmmwmn&mmztturt>. snnfcmsefcff3
t$,-$>„ *i6i4. w^gwjgis^jsiKo^ro-aitut, *T-tfcS*
HW'f->7ro5>II^SlCfcEiiU/i6itiTH-67)$, S&^*ttBSro|B|£H, 
Si^>##S:tti:IM5t$*ffl0c7)*S-efr43n-5c07iU.O'5Tafe?>„ 8IIB1:MLT14, BIOLOG 
-'p MIDI ^V^Zz*rr®|B|S->77A^fimiTe^«Mt)fcO, HARD I tti:*, BtoaSlifUgg 
t>lixTt->-5„ W'f i/TTtly’i'f *77 y n ->'-®%IiIc4; 0, @am;#l"M%t#&l4

DNAM!StS«*5ffitDnTL'-5.

D. M#

mmic4ai46^m#0e#(4. IBBUEttn-x, »SL¥«|B|ffiffl'7-7'>3 •>:/. sri

1. >7-7->3±Il/• n-X : IH$. iSKICOUT. 1997
3 H 11-15 B, MARDI- ACIAR, CAB -i >7-7^a 7;Li*„

2. »r###Ig#aK#T±m7 7 7: 1998 f 10 ti 5~24 B . 7 ly-f->7*±*fl5S,ACIAR,
7D-7* - KM (4-Xh5'J7) $fflu

3. ®^tlV X7W«F#3-X : /H *tX / D->*-©fcA®^-T7-;l/IC7H,iT. 1999 
*p: 10 4~8 B, n-f4f7/oy-t, 71/4->78S*f (Universiti Putra
Malaysia) *&## • >U tr^D 7 W ^7«e*AS®*«affl!i
#„

7K ->7 • a##±|6] It tc« WS66! &Srl$ V /r„
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fp b ffiS*Att^FE fcW %fr\Zts. V -

'£>S*f»«#iilctt, «£*©##£«.
nwc. ^t%mi±sctt. f?#»oic*o&.

hffl0S$d"$/=E^£^i'£nE1-^*?2i1hUT, SffttroStlFS, ^yb'7-i’Mm.<t*



YH ->7Ttg##i5r«WLTH-5a^

1. "7 V"f ->7 • 3 3 7lr (Malaysian Cocoa Board)
2. v y7 • 3'Afr (Malaysian Rubber Board)
3. ■7W->7E^Bf3S0r

4. •YC"f->7**E9£lfr
5. v 1/ < -> 7#* M %m%W\
6.

7. Yb^y7*±Iit
8.

9. +b7 7 7bH«»*

10. tmiMiSttans-tr^-

11. +)7 7?«Wt
12. 7K->7 • D-A**^
13. 7ly'f->7 • D777*¥
14. YWyTS?*?
15. ITM*» (x'7'Vtt«*^)
16. "73lr*'¥
17. 7l/-l-->7SS*y

18. •Yl/'f->7BR*»
19. "Yl/'f->7S#*¥
20.

21. -tmiWiEtiH
22. +b7 7 71#W0
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irt-tf-1-k‘t- (nbcrc)
A'>3 -y 7 10900 7 -i

7—v — • ir-y^y-? y y 

*? < • smm

A>3-y7 10900 j"f

E6

S'-rrti. shr*o, ;ffl»si:i*»i:jifcyTn
6®tt. fa/v®-S9(O4-:to)-Mfl-ySlciSS7d:07 7U7'J>7/\»7
<hlrffirntzm/Am^-t>7-^9^ttwezRt hza®. #m^mm®3k77a>t,,

SR®fM&«m:Jl'<^>litlru3imc$,-5„ d 5 bfcn iy7->a is
ieiBt=S$ifii®zl<?F®to£ * b, «St>Wf#7)srrSJ5®TR7au„ *fc. loi'OtLit 
w#esML%to,
^bSft$rlg»bnT®-£>t)taTt), U7)'5^Sgf-fffi£SttT®5*>t:h"et)&V\ #A# 
Ttt, 6^Xc%a®4:'L#A666/:Al:. Ib^OtLfcftiWliat

#{b7-5C6A%E?&6.
71W* ® ff, y-jS^&Wf % £mtU- }ff«c$-e--5l>t7®*fetUT, 
is^WffirfMsis^a#bT^y h 7-7 sis it;
n-5. lcM~75M-L'OTltyjiMtc ,1; $ -5lionx, ayR#®#.B#ll#kAT
lyietcttoTjoO. ^n-e’hroiteiitxicRr^n^htoHicM'T,

$ L T $ 7 7 712 £ #J S- # f± ® B. g »' P 
'L'ffiTS) D, ® < 7 ®Mto®fc$>5Z:*, ZcisS bT*3„

J¥iS
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msm as fci % s«-t * -«£ n stismf^-es -d t ,

mftmymmiztoftmmw<. cfumamammcaio&ectarr^nm-c*
-5. S»*fMOii'iiuli', rextoj o$o r&toj

##*^*^6^?. *SUttm®*>»^#£*tffl?fToTSfc. <•©*#*> W##j 
ig+©A»m. ma©6EI9#llBrtC».5Rffi6«lctlFK$tiTR«Sn, a*t|3fl©

g 6t:BA/Tf?1? t: &, fiJfflTS&nyeKlcSS.

-e-5 L£»ES©3l^->g Mie<»iLT

l>5. @AA%%3 l/^->3 >t UTRffUTI/^iS^feftntf, #4 AA#0Mi#6l!M,

SJWoSJt, E%rTrlcWEd#iT^5*6-fci6 0.
t)*nti, SJntai'CitSS. C5 Ufcn 1/^ ->g >ti, SSOiSliSbTfc** 

/imnwxfcfr, bcdu^-s^s^em®*,
AT;rn£l*®L?tO. AO$£©fcO LJ;5At"5M6tei!ito.l;t, ;nSTI;/i5«t 
;i!i%l>. C5 VXtn|/^7->3
^#n5>$f-^nEA&fe-gfc)>IM¥S©iBSt)i¥6V/j;V'„ -e©fc»^©|SlTH, ffl^>$i¥'

3 6LT&. 4>S^©SnSH rtee^Uj, 

f r?%] t^-5, i‘]ttco£SU7)Vj:Utt«lc&5.

1992 ¥IC7'5 ->';W7) V Jr-Ti/v^'-l DTi6W5 y h^'P^WStX, *W?4£#1#M±##J

®g#tlt, a^E^BMB&PfllliftO, f#E5Jne^#H©%B/j:£C2:oTStD66 

TS*toTWx4/j:^eA LTHIgastiZc. P,Sfgi£l;Bi^5 t>®tt, *Hft9l:#AE¥ 
©ngA^wriaawsuT^-st)©^. #A#©s

c©as']W6s©sroH- ^6fac6-e
SO, XE^ttEtCli ITffiTtSC A o$0, tV5E,^t)>
b, ifctsretc. 4-$"n>*icSfts^iW<
liar'^nTtfc^tue., ®^Btc43tt-5a»E^®is«t, «*©?iBiciPiafcfs» 

SI-rWiftgtt.lC^I/'T, H9bA4:f-BCATS^.
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7177, as* LA'W$j?L»V>S3l©tfim7MT5mJlti;, 63817

%^-r-E.Eti:*, wbt$5e**7$©iaf &#±Bl7MMT5 7vi7#!k@@©7>t 
7'Hi, /:A:±#A^7lfil©#A7$#^M#t7*5^A,
ftl:, #A#_ 6%Mti^i)AT2L^7)\ *fflt7|faitT«^;*ii

Tl7fct7 7i'T$>5„ #@©##g##l:gaT5##&g#l, W&teaittOT^TSrlfiJSr
u, 7j'o-e©w#©M«&»»j-r5*fii8©*ni»ifli**%ttn«. (ipio tt-e

sr*(TUfctt-r>', KWH riPMj twu-cfe. neAamsxeaj juai
W$>&. 7iitt. Bg5$»±BH>0 7)\ ^OTSraAtit^ef’SS^BfT'EStien^iiar 
&5C

7i©i=7C3emA;TMi/Tw^mt:6oT. ss^iitgftg a *(£>•, -e ©%#A# 

STlo/H). £< ©^fl-^W^ititttoS^ElC^^o/i OTS 7 77>i$>5„ OlJTOi 
75, 7) LZtS-aii/ifcje©i:Sfc*ttteti-ntiSH<h©*x^5, «IS#©W?E^fffc

vi i', e*©f±ffl5.(7HbTiJ. 4-m©#m^w%e#x:^aim6A^. ss^-eroifg

f SJ^TS.5. i/i. *St«
7M)f^£fr7 77fc®gT*5„

*ist7*5-ffig&©7is. a»tEg©a*it>rn*#gE«%T»5. 7©mmm«*ma# 
i7'£A/ei75*s, *mfb^i#{b©K^t,/:6f &6KD5%tm^6©R#t7, Sfcsbr 
Bwsti^ru. 7iT«, 7Xgm##i:wf 
sii7$,5. 7na, s^7Kgjg?s/;ttT7j:<, R7k^Mo©gm*.

a#^m$©m#?mKa*m7**tm*i7*T&#. 
©ae«ftt'fett#tttt©a^6«i<te-t-h»t*^. i775f,:a(7j;5a*(i, *&#©# 
kKtctf 6 < %X £txftl7&7*©g5$g£4*T Li o fcfc® 7#x 6ii5„ 7ktm##i7

siiwz. %*#©**t#%7xmc.
fvh7'©i7&#w:fe^il&/j5%®LTt7 575'£E8U 5tl$:Hfl5^ic-r5^>5L7-7 
7 VT&viz73ttt'T$5„

7iTli. aSR+»m, Cttl7bfc5«#t6$E»<Rto»l. SPOtttl

U/z/j'71/ixii, ESS k, EiKmVl:. *m©&5#*^#%#(0#gt7-7WT, 

to$nHSVj:S'oXi 0 ?; kSi^HX: D LTzfztbT£>5„ ^*L37*5##t7*LTH, 0-’ 

#<k©mR&«6$, #oftV'it«>^fcJ6K, r$ttM/>->
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> h'D—Aj 15. $B%## (MPTS) (Dfflfi •

*<if biLmti&'sv'ftionx^^colas+w, ©jsafflEst,
ro^M&AMx&A. T’S^-<D|j|$Sffi< ^ <h7)^-5„ iSiS®-M6Stf#tta, V>n* 
7*>AU7*6«7&S#ltieiT#gto«toAUT?f&ejil,Ail§$, 1980 7fma> 
6 1990 VlASHOtciWr, >l:o<*->'75^T->*7*¥ffW*lcSAStiT
«3StoiciSx, iiftia77U»6EbUTH5„
«®gtt£r¥#K t> tc-rs fc»T;fc3„

yX'f *77 y d 7—l:*5t;t"-5ffi:/>lfi4i®i£Mgffc

/ >7>itoe%7)'6ii6$o AilGW, a>filGV, rDNA &«^«{5T 
sicdiiT, LTB/nafyyDy-ii. /x**t*x7y

gn$, mmm.mtffiMikiz$]» 
T, h7>x->'x^-y 7tt#/7)X|*%SnTH5„ 77Tta, h 5 >7 yi = y 7«© 1-7 
K /X/X77, Hf,AtE%mTM%Sn, h7>X->'xX-;/7 • h^ht Bt #,l:3©Tia. 
m^U^m^ntz. :£co85igM:*»f#re8-5 Bi h77nn->l:oV)Tfe,
LOTI'S. (GMOs) ®H
##*t:ta V X 7 /!W 5» 7co/X-f *-b7 7 7 y - A -M'JStiS V X 7 A<7 81Ctt,
»*t&5B7>yyi7^ya®*aixf. ammma^«m##t:iwLT. ejsu

i«n4>-r^SiaiV'7 fe©ia, -EfSSVitE/aeA'STtreMShTLiitd A, 7;®¥E

#m^m#e@7*6(oiaa37 6<77#B?*'5. &b;*
©TWaC, «n-5iifIt;«7J@B5iSia?>ct^Bt/a5. Vt)iV, <K7fge£86$M

ffx>s»*i;AoTia, #%&#^A#Am@A©T8 
e. uif/job, tfvmmztiTt). mim^mmmmiSiMtz'ntitifz r®t*j &a\ 

Afl$"Cl;:z>A7>t>/al/7)'bT'$-5„ TSTOMUABltiia, tSfSBTiRSU ABlfi Ata A 
#<i#7TX^©T86. «i8*S6^lfflT-E,Af@©#£|l)tt, 7ftOTij VnJ (£»;*'A'i> 

71:N#A<, *fc,tElW?lMH,«^(Cckb*. VTlXj^fetlt&ftTtoS. 7©A», 8 
3»s£cossi*|A]t, AttAaf#<©W&&Vtei«A#gtoV:#!#>'. AROffifttcAoTA 
<oe$$T$s^sta, AtotiiisxieMA'iSKsn, $A£®ea$T»«i;ffi-3< i: 
73TC^777#l:m@*6C6iaA"i#X8&. 7<0#6V. ##&%7$#A7Af
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$fK$eic&-57)\ 5 bfMtHititZnzm-hZ’fMT&Z, tc
fpibz^ccvbsrc, fflmyttftmtfzt)#)t»et*o. «5«***2>©t**.

X'wmmAzisvzm'Am-Tn&mfk

(CBD) £*Ot«ET©ft©SltlfST£f', bX^
1 AAlciaoTw&f ©&©f. Sfc^jSrffSI"-afctolc&iEf'T
Sfr£3fr£3S£TW&lliroK®TfcS. £t>lc, 
wrsifett^wfcicw^-r^sji'if^dxoasftfefftonT^®.

150 !MB»tMl6#t?BlT©S4:t>5©IC, SmSIClSlttfcttStt®* 
'- , - U EL. tttif ICSM-tS f f-ffWTiSfcWlllJil^^iHT:*,?,,, ®K
®#m, »«*#«. M-uam/w^yox^^f- a*fw«si©

6c6^©##;aa©iwa&, f g%N'D&m&x©^>. *

-HMc
8lE©SbtlT©&©*E£ti5«UJ:5£ UTRMf 5©llll>tfT©-5,, ftU:D fctf 
L3, 49 * © H <E ti 5 IS % (C l>W T, 5 6ti5>«^S9=#|B]S*©SI#$:SfST^S"eS
-5o

£©c>Sl« 6 L©SaiH, SfrUsl^Sf 1:9311-5 
MM 0 Z(7)¥-mz%\Xxm&Wi&Wi < IT, -H)-i:S$jlTSJ;5 Ilf A%
©. C©m©±##»#*#H#©m^t=f V >f ffilt/1<H £8 519*©£'/uM 0
m*t,w»T. «#a^>mc95ii5i8Wi®9m*<kiB«69&$8at»tfhtf. amt
5M#f &5. *n%mi)iig©6ll^/u^49 6H&©l'T©%4^&#Af 11, &##-«#© 
S^^SEEJngfttimicPfll-SBISstHf T’nyxi' h^, f©M*?i5#a%5§## 

>yiM%smm'lTLA^<, LTc®Dm©-f*.!£©J:'5l:. $fc, ©3 

%Tf 5f II. i'jTc<f#>E>fc©o

ft^afwas,

:n$T©<t:d5'T"TH, HASlllfif Bia£$t#tl£lll<te>llT©&©<,
1995 f 1:11, ;l>3C7©-rL-5'')>1 ;'i>>5--»©^D> • ®7>l:&5, ©W5 

f?/44 DX©-BIS<ELT, ##&*### (MOSTE) © fSWT'IS izlfWIf till ARISES n 
TzfiK ®flM©Sljffit)l:Mf 5IE0, cn\Z&mmt\Za7L-?, Dfl<iM:Rfffl©i®E
■e»5. (TisTOhuircen x>© ti,
je©fflftl«i'-fttT:#:8'e$>0, ffi©fXi¥«SI<E fc U o f 9 £ * y Er7-^T?*gH*nx©
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LT#;K@@:gr##3ttT^6. X>n AcoA-tm- hAgAOX—txt;3o-5

1/1Ai$>5 rrf-y K7 'J — • 3 H7 ->3 > (Godfrey Collection)] A!? HAlT V m A-I1 ©g 

lltnl/AAg >li, 1900 ip^ffls6lc^HA®iK##6*sa^H(DiK*®^*S^tte/j 
LTtitFfeAfmTSD, 816, 6©*#, #@, SE, A'>nA©fiS*S£il •
$)!SlWj"ef-TktlT©d„ :®Mll®3l/>y3 MiA't'TflxASff A£ttT43C>, 816 T 
tt, 304 WclSX 7 X 400 ffi«±©gil1,23 # 170 ffl©A-, 16 # 80 ffl©37^7)8m$Sn, 
c©n h-AXa >l:iKAbnT©5„ IBJCA-S Agitiron V37->3 >A$, AtA- HA# 

t)iRi6e.nTU5. I960 66I:AAA- hA# A/\9A A#
©6|H]7"n->"xA hi: UTAV-f A-f-©3K®5r$ttTte8()bn/:t)©T'dD-5. A©#t:&, 
8f8©ASA:r] IvAXa >7)<lSl*l©tt*ti;A'1j6i;®iS:StlTUZ: 0, &M&3 XA ->g > 
thtSiinTi'i..

(NBCRC) it, 1970
W6&AMft#l:®$LZtA8?S&©#H8ttn im->g

WKMsIS (Natural Enemies Reference Depository - NERD) Acmtl-SAWT?, A'An A 
©AAA-hA'#t:&% NBCRC ABBA, An >A h A©|bJA¥A>A>-fe>tttc*>S NBCRC 
AtfeifiBICS^nTI/r-S.

£A, #%#. Ax>-\"f A#A©fA©#*#MtcH, &6@*©##ink
('yg >A*iK©bXlT©A>„

y,±©A56K#©«6*m©##B^&m& Aois x tifciM£«A
KIcEfflTS^A Afm&fc©©AFflW&f±fiiAA5®A'HtcAttT©-5;i Ate, a AST

Httilr

AATtt. #)E©4hm#A#f9AA^6m#@H&ASI:AL,A©A:©. ffl Lift b® ABB 
4m, AnA'n©SH6$F©A.!Weisi)ET-5fe©©EtWS:+4j'Aatj'TH5„ AA©»IB 
#@^EL©#(o;akBeA6CAt4:HAA,AA:<, Elcdbo AA UTA, AlcWStoWPI 
mA©#m#6T&-5. $a, reaAtiA?*© r&##j tax©s

StSFSirSESnsfctoliAX'ASTifc^).
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