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ABSTRACT: Maliau Basin is one of the
world's hot spot of biodiversity. Maliau Basin
Sabal has such forest diversiry such as drc

heath forest and the submontane hill forest
thai contain the fanily dipterocarpaceae. The
unique geological landscape which gives rise
to the multitude of watff falls. The Basin
supports a mlriad of flora, fauna and miffobes.
These microbes serve the m4in pur?ose of
biodegrading organic materials and enrichitrg
the soil's nutrients- Actinomycetes and
microtungi have been known to be Folific
producers of bioactive secondary metabolites,

which affect signal transduction and cel cycle.
The search for novel pharmaceutical products
requircs a very large collection of new
actinomycetes and fungi to be isolated frcm
new micro niches- Certain microorganism may
have a tendency to dominate or co exist with
other microorganisms in a certain niche based

on the organic materials being degaded or its
ability .o produce certain compounds. Based

on this assumption, we have sampled the soils

just below the leaf litter under identified trees.

We have successfully isolat€d 98 strains of
actinomycetes and 254 strains of microfirngi
ftom lhe soil sanples of Maliau Basin. Ac€tone
extacts ftom these microbes have been tested
against various yeast based screening
systems. We screened for inhibitors against
mitogen-activated protein kinase (MAPK)
pathway by targeting the activity of MKK1
and MSG5 proteins, which are involved in the
yeast €e[ wa[ iDtegdry systen Overexpression,
under induction by galactose utilizing tne GAL I
promoter of a hweractive mutant MKKIP$6
leads to cell lysis even in the presence of D
sorbitol (1M) as an osmoprotectant. No
actinomycetes and filamentous fungi were
fornd to inhibit against MAPK kinase
(MKKI) in yeast and 3 actinomycetes stains
+nA9'7.H7944 a H'7913 werc shown to be
toxic towards yeast in the M
system. The inhoduction of a dual specificity
(tyrosine and serine/tbreonine) phosphatase

MSGs acting on Mpkl (MAP kinase) inio the

MKKlpse system led to cell go$,th and inhibitor
ofthis phosphatase wil lead to gro*th itrhibition
(ce[ lysis). No actinonycetes and filanentous
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fungi were found to innibit against protein
phosphatase (MSG5) in yeast. Five
aclinomycetes strain H789'/ . H1944, H79'7O,

H7973 and H8528 showed toxicity to yeast in
MSGs screening system. lD the Ras/Raf
protein interaction, the yeast two-hybrid
system with cloned mammrlian Ras aIId Raf
proteins was used. No yeast growth will be

observed on medium without histidiie if the

inhibitor blocks the Ras/Raf proiein
interaction as the histidine biosynihetic gene

(flISJ) would not be transcribed. The
screening done in the Ras/Raf protein
interaction involves the inhibitory effect in
which the protein-protein interaction was
blocked. H7897, an actinomycete was found
to be a poiential inhibitor agaiNt Ras/Raf
soeening system and 4 actinomycetes strains
(H'79t5.H194O.H7944 dnd H7976) were toxic
against yeast in RasRaf screening system.

Another strain, H7944, an actinomycete (a

non-Strepto'nlcer) ftom Maliau Basin soil was

screened as toxic to yeast and found to have

decrease phosphorylation of mammalian
MEK1/2 and ERK1/2 kinases in the Westem
blotting analysis- Ras/Raf protein inieraction
may be affected as evidenced by lowered B-
galactosidase synihesis. For the serine/
threoniDe protein phosphatase type 1 (PPl)
inhibitor sueening, the yeast that possess€s

one catalytic subunit (G1c7p) was used as the

target for the sclbening. The sffeening system

uses two alleles of the GlcTp wtuch arc GLCT,
the wild type allele (PAY704-I) and glcT 10,

the tempsature sensitive mutant (PAY7004).
The mutant allele causes cell wall irtegrity
defects and cell cycle anest at 37"C but
rescuedby hish osmolarity (1M D-sorbitol).
An inlribiror acring on Glc?p in the wild tlpe
would behaved same as (he mulant phenotype

as that caused by the mutant allele, with
growth inhibition at 37'C but rescued by D-
sorbitol ( lM). Two P",i.illi"'n strains (H930?

and H9318) and 4 unknown fungi (H91r4,
H9213, H9316 and H931?) isolated fiom Maliau
Basin soil showed up as posiaive in the scrcen.

SCREENTNG FoR No\EL SEcoNDARy METABoLnEs FRoM AcrrNoMycErFr
AND FrNcr lsol-,JID FRoM MArL{u BASN. SAn4r

In m vtfo system, tbree strains (H9307. H931?
and H9318) also decreased dephosphorylation
by GlcTp of yeast as well as the mammalian
PPl ganma.

Mycoba€terium

ln the screening for inhibitors against
isocitrate ly.se (ICL) in M) cobactunwn,therc
are 3 extracts (H7893, H7910 and H7944) shown

toxicity against both the wild type M.
9n€8nd.tr (H8000) and ransformed M.
J'?l?gnarir (H8012). These exaacts ifibited
the Etowth ot Mlcobacteium on both
glucose and acetate Dlates,

INIRODUCAION

This paper concerns the search for soil
actinomycetes and frlamentous tungi from the

hurnus layer and leaf lit0er {iom identified trees

and other plarts in different primary
vegetation types in Maliau Basin, Sabah
(Marsh, 1989). Maliau Basin is located in the

cente of the southem part of sabah in Bomeo.
Maliau B asin is apFoxima.ely the shape of a
saucet perched on highlands. The rim of the
elevated basin nnges ftom 1500m above sea

level to 190Om. The almost circular Basin was

delimited by cliffs on almost all sides. This
peculiar shape had been moulded by faults
and eanh movements rcsulring in the Tanjuns
Fornation during the early .o middle Miocene
ase. A set of the Sunsai Maliau tributaries fans
out into the area. Sungai Maliau itself gorged

out of the souih-eastem comer of the basin
into Sungai Kuamut which in tum feeds the

longest and largesi dver in Sabah, the Sungai
Kinabatangan (Mar,r,ati, 1998;Phillipps, 1997;

wong,2001).

There were four major forest t'?es in the
Maliau Basin (Hazebroek, Adlin & Sinun,
2004). Firstly the lower montare heath
(kerangas) forests was found fringing the
nofh-westem and westem portion of the rim
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dd ft? rourh rir n.& whft d'e b!s. cmP
(can l riopny) li vd ch@died by dre

thict lryer of id* on rhe rored floo(
qcircljng mod orme stuoted @ a'rd'd
dd mifds domituted !\e heln fcn wid
olne miqE pl b Nch a pnchs pla
(I',p€iriar rp.). Orher L\s dre hedb foE r
*peciany io rh. ;mr ponid of $. Bsitr
ras !\e lubmo m hill lof*. Tnis ws

,{sd,'ir d .ift spcis of r]1e diptc'rp

In m udisturbed situriotr. rhe ftsioi 6b

pororny or soir Irle porosity of rhe soil {s
hish,nd rhaeloE @evarudily ibsorbc4

sivins v.ry liric m ofrs. As such, rher vs
lnd. ornolo$ ofrop sil, *hich is viEl a rbe

Eraljvety p.oiThe pmr condidDd ofrh. $il
vs rh. hsis or !\e hath foEs, dd ,rfE6
prai. bchaviour. Nevein hs. theE were
lb&lids in som !s orrlE B:sin md rh*
s.E accountd for by rh. $.pn6s of ln.

dvswEfi irlys.nimn&d (Mqari 193).

soil Mmpla .olletions w{e .di.d ont for
lhe pedod ol 13'24 Miy 2001 ro rhe M'iirn
Basin in collabo6tiq eirh LLe DAxcED
Mlridn BNin projc. by sabah Fouoddion.
ldalutssin wacbosn fd i6latly.xhtr
poolnutimlbjghryacidicmd{dsoils'Tl'd
soil $mpler mder id.ndne! pl b c43d}lt
rp. md sroza lp.) wtr coll@!.d by epri.
ne$ods. A.rinony.eb $,i cm sraw at
pH3 5 di pH?.2 w* epecirlly i$laEd o!
htrmic .cid (Hv)
cyclohdinidc. The fursi @ nohd ar

pH4.s od*le.dve PoabddtG asd(?DA)

'nd 
ar rhe pH of 5.6 d DRIC d.diuh. Tle

pure isoh..s w.E sern *mbi$lly bd
acddie.xtreh verc ptudu.'n.

s.ienins mEbboli$ fFh soil mimb6 of

idcuifi.dion d nobiio! dr r lrse hunber
of anribiorhs for 4mde rhe ri-fil ial
avfu ..tin ft o[ s'.rl,r).gj ay.rD',,,''
Andaumor dribiotiB e andsn lhe don
impdmr ot the chcc .hcmorh.npeuric
asens, shich iicltrd. daudomycin Elarcd
agents. dluiomy.in itselt adn ycii, rh.
smi sy beric derivariles id!rubiciD and
epi0bicin (N.rllM, cnee & smdd, 2000t
E*c.p1 for lne seni{yndretic conpoDnds,
IMy wd isolabd ftoh vdios SrEPrd,!..r
spai6. Menlbss of rh. onld,{./ii,r}d,ar,s

neraboljb., nodbly sntibiorics a noi'
dnbiorics. some rinomyce@s de,lso a
souce of inhib d of curryotc en cycle,
for ffiple, ricbo$din A ftm&zp,a,).ar
,,}8zso,ltK6s*ff6lofi\e€ncycle
h synchroious ctrlrures ol normal lrt
nbDblsd in bon\ de c I and O2 phes by
ac.ins $ r potent inhibitor or histonc
dac.tyle (Yoshidi, Honnouchi & Beppu,
lees) sbmspm.q d bdFrsrl lgent, is
p\afued by sad hdrun1tu a.ro. o lotis et{
bd $s round ro inhibi! PxC,16 synr\e[c
d,io3ue, UCNoI (7'hydnxyiaurcsponne)
arso brocks cel I'cy.lc cbeckpoint coDtoL
rin8e cHKl (cohcn, 2002). A major

ro &rs discovery i. rh!! i. ie crprbl. of
@vidiog ddd noled* rbar would nor

one ol rhe ctu.irl .ondhiors in ndural
prcducts apprcdh ro drug disovery is rhe

bqdJirerd $Enins sFFn 6 idediry
sle.ific innibibr in de crud. ertm6. This

sdh rd nowl rhenpeudc agrnts (Ktro &
cmiiy,2002). One such cmvdjd sGnlng
sysem n b ulc.he noL.uld rdsered sysem
in Fst (CrsbLy a Thiedckq i999: P sonr
4ol,2003). Tn s indude dre ldAP( K]re



(Mrxl), MA? Kin*e Phosphahe (Msc5),
Rd/Rrf proreinr interac.ion rnd sinc/
$mdnephosph,Ns (PPr) in Yss Itt@s.

scEgiiic ror secoid,ry ndabolnes $,t
afied tne 4karyonc sigoal tuduction *s
cari.d out on dl rhe i.oldcd nicdbcs
($rinomyc.Gs dd flmcnros tungi) ft.*
$conddy meEboliles are of inrcres a
bi@hemicalEsdtinnolc.trktr€IbiolosJ
:ld as po&rtial ddss fdr cm€r (Ho, 2003)

'ft,e abiliks at Myobn knvtubq.ubsn
o iifed mroph4es. e ablhfiins a lons
rm. pqsftbnr hfectid in lne ho* hrve
Ddsiimeoffum6l{idesPladdised.
ii rh. wcld. Duins lsMt infkdm, fdryacids
ft u*d s !\e min c,Jbon sout. dd in
responscl rhe slyoxylrte sbunr is uP_

regula@d h nie, lt disnption or ti ge'q
*hi.n cod.s for rhe gtyorylare enzvne
isocitare lyase (IcL), rnenua6 nt
torgubrn pasishr bfstid (M.KimeY
dar., 2000). Tlc shElJ fdr suflival ddng
the ctuonic naser of intec.ion enkils n

mhbolic shifr in rh. bacilli uriliarion of
. borourebC,!b,ma Pai.ularrY in
$. rorn of rdvrcoA 8.n.*Ed by p'
o*idarion of flty acids Under rhcs.
condiridns, slyorytar. shurl sllovs
anaptcrcricmiitm€of dEUneboxylic
mid cy.1c rnd !$inil'don or cadon via

Ai,piddn!r(.n,DgstJesl adapredftom

lrbd@ry.Tlisscdinsstdegy.ss ianY

e{ch* tur poreid,l iobibiro6 or IcL. Tnc
sy$en k pddciprlly bi*d on rhe grovrh

inhibirion or ao ii'lssromdr growr d

erployed is r ii.r r,t r,errlrir draot
.onpl.tuucd 'ih $e M rlrsrclldtr IcL

S.E€Ndc ToR No[L SEM*Y MfA
!$ FmI rsoliD FRoM Mehu BaN S^Bd

MNIERIATIINDMErHOD6

d Sotl snplilq rnd islalion ol ni@b€

Abbl0f1.16 soil spksw@ @ll&ftd und*
$g lcsr liEr dr ideirified @s rion he,rh

tdre Mali Brsin (T$l.l) The h!p! in
Figw I bd Fi$E 2 3h@.d dEaPploxln&
sanplins es in M,llau sdin Cceddim
eq sib'hFiguE I shortd rhevie{ ofGiluk
Fans vnh sm sil smpliig nd lne ciluk

or the cimel Tmphy cmP. FicuP 4 showed

lh. Malaq Basin he.!, v.gchrion doninded
by shrll md n€niun stE offt.s od Pknt
sPt!^\ rn ao ap'sn,)ilati tP dr\] e)

l@coll{Edftmidsideindoutidelhe
Nl3lia! Basin dm lo lhe d.Mindior of eil
pH of Mluau Basii CLbl. r) soih weE
esF.idly collecied Dndtr 6ins (dmm )
DrodjhgdD'eIo.',",,J,l,Zo\PplFiglr
i) 5id &d,ltr 5pp lFsm6r{ilhProtui

Adinonydts ws nohlqd by suspendins

0 1s orsoil imo l0orl-ofidil. disrilred wlor
aDd lah dilured up .o l0!. 100!L ol rhe

susp.ision i5 spErted onhumiacid (Irv)
lndjn B plur .ycloheximile (Nononum &
Hry3raw4 ts33) lhh pH 3 5 sd pH ? 2

fnnHvtudimonb sinilrpH odealAst
(oA) daa,nd inqbd.d d23'c ror ladrvs.
colour ddemindion shonld be fradc undd
nom,l daylighr for rhc nNs.olorolmturt
cdrftGpo ldbg aedal .urfe. src{tb oi
rie asd), &e olor olthe strb3Menv.clim
Gs viewed lioni.vw side oftbepld.) rd
diffusible$lublepilnents'Thcabiliryof
spodlariotr eas rls obsned md @ord'!d
Fu$] strins {erc islared ftom soil soure
usinc rhe didr inmbrion or soil onro nie
plrbd rolrowed by spHdiog. Th. mounr of
soil tobe pld.d od d $. nohdtrs plaE w*
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linired ro one pin.h of th. rorc.ps. soil
gmplsth*ft6l16Edwftpmcds.d
lorfoisi isolarior rbio 2 ve.k! Twd rlTcs
ormediawmu..drdi$'l idormimtuosi
Tte inirial n.dium was PDA vnh
chrffi ph.ni.ol (so!g/n .fraldeMid)
0d high cdeirario of N.O (?.5 %) rh

ln.pHd4.5, lolw€nbyDRlc mediunvin
Nlcl (2.59!) 

"ith 
d. pH d 5.6. Apincholsoil

vs spFd d.ily on dre isohdnc xs& plrb
Ddhg r ncdlcslss rcd spi.rd.. The i$ldhs
plare *s rh.i f.ii lor incubdioo lrom I b 7
days rt 23"C. colonis ftd app.tu on rh.
hol,tiic plrts weE taNf.rcd rD n.v
pfin$doh plats of iom'l PDA Bins 3

{.dle rorep6. Tne tssld*old b€ a pinch
or r !m,11 pMion ol the .+e of rh. @lory

media ag 
'tr'ch.d. 

Thn i! !o ,void
conrmi iiod orb8ctda or funsi &d did nor

isolaring media Coldi.s ortutrgi at tbe edse

or rhe isolatiig plabs vcE avoided s n\eF
could b. a pcsibility of codrmind.d tunsi
iion $e lir sm*ins on rh. isolari4 pkEs
Tbe cfrov,1 or nultipla luogal shins from
$e isdlnior plrbs w6 b$cd oh rhc vnibL
cturact.risrics ol the .oloni.s. The

color of rhc bp dd bofton of the colony
rnd ft..xh cdltrld pigmeobtioo prcduc.n
by rh. .Dlodes. coloni.r et dificrin de d
norcofrhsech ad.nsds wft idedified
dd thsr.dd od to nev puificinon PDA

&c substde myc.tum or the pum.d firdgi

erh eultrpign.nbtionprcdu*d vas also
nrord.d.Tb.cobsN ions @rc doic ? b

fte micrciie, ws .rso tr@d soe dr 6.
nimfDigi sa,ins which hlve siv.n positiva
r.snlls of s eeiinc r.ss wer. tunher
obser.d undei optical mnsscopy lsios

b) Prodsdon ofoidbhl qlr..6

or maDnirolDcaron. liqrid nedion (D
nannibl 2c, Fprone 2g, D(+)sluco$ 1g,

disriued sard 100 Dr) in l25nl Err.nn.,q
nsk ar pH 7.2 rnd io har.d rn*idg
2zi]Ipntu 5 d.y. d 23qC. tu.q$l vol'tr or

ropmdusnimbialahd ddq.n 4'C.

Fuci {tr mbic,nysowd i. l5rDl oryedt
ddc.p.proolsuctwliquid n njum (yed!
dtur l0g, p.lbrc l0s, r@* l0g, K4Po4
1g, MgsO.7qO0.3!. dndu.!w&rb 1 lie)
pH5 4ddii.din l25n Erl.nm.y*tlsks
ddid$brcdsh&ldJ'g4,,oipm'ol7d:ysd
23'c. An equal volume or*rdd. *s rd,Ld

cJ Scn. rg ror sp.citic inbibiliotr ol
nol4'ljr tugeb b dr ba€d sy8t.n

l MA?xl{i!e(M(I(r) dlllaPldns
phdpbrb (MsGs) in cI rrn in&€ri.y
qtuidld (Gudodd, r9&rr!hlie!.,
Irie & rr.t$no!o, r99s; Y'!hr.!,!, t99t

'Ihe srding roridhibid,s,ln* MKK1 dd
MSGs tollov.d rh. nerhod as describd io
Ho,r.rGml}Ani'bibibofMk*l*i Hdr

diek cobraini's n\. extsct in n\e grl&b$
medim $ilesp{h*i[ 0{{E {hobple

caus€n by 6. iihibib cmcellinc rhe l.rhsi
oysn) .ff.cr of rb. overexprcsed nuhnr

rhnush thc Grl-l @mob ii rla er edl

An inhibib of MsG5 rill $ov a grcwrh

i ibitioi h.lo arohd tb. p,per disl
.onbjning dr cxtu! ii slhc.ose m.drm s
rh.plotitr phospba'* ofMscs vill n xi!
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The sdeenin! utiliad $e v.dt rwo hvbdd

kbmdmllmr'iRssdRdn gn.m T1"

Lz.Hto0lal",*fo^-".fLalc'l(0lF)

'Rir,d /'"z*iln'!oA us'"Glroor r)
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ur

dE fmsnd ofrhedmpls phrRAsur rnd

rdlis prcdn-ptu€in h€ruction is inlEnpred

*-...1""*."t1'*,*.0,'"''
'hr 

abetrc !i brd'nt gP€*'oi ot he

Fcrlld6idscNry lqu.nlillrivddo (rn

For qudMr\. P.s!r&r\d6c d{t, rz
iHrtur4r {s Fln'n L[e SDb']!id mduh
;ii it\ oimnend€rchd oD@- r' ften,
o zml of the eus wcF ldded ro I 4 d or z
hnfid .Milltr 1s2) .oibinios oj5frg/'d 5

bmnoihroGr.iidorvLFsdrcbpvnNsidc
r.10.2?*B tulrpoe$md fr'cll {erc

*-"di';b" .,i,*('*^ "n'") -d o ,.r
h^* sns 

'sost 
o c+'ct tu *" 

'dd.d 
* t

0 32nl of rn oNPc (o'iirrcPheiYl p D

eLro8rmondqsolutdn Th€ milEr wI

"i, 
r ru.-'ro'c n."**".* **-"a

bv iddiN0.snl of lMNqCOr ThcnixruF
ri-r.i"* *"trt"g.a . p"n* 

'r'. 
*tt

M rqsirsvft .rlcul&d$dfmuhbclow

Tlrerc wer. iwo conhb L$d itr lbis t$ one

cmrol {d bldkwirh no oNPc ro.ored fd
colou dne b ft $mpt (Lz c?lls) Anorhcr

ror sponrmous hydslYsis or oNPG

r. ct,c7, ne t'blvtic sbunltoIs-bc/
ft(onin. Droreb Phcphre ttP€ ll}Pl)
in y.s. (sNwn d ot, r999r Shemlik'4

Tne $EeninP svncm (Ors ?tar'.2co6) used

,he rdFarre $nsirivc muhr 6raT l0
rPAYToir) lli c.n cvde ,rcn d r7"c b

rhe lerhil dlsr *is $pPissd 6v hish
osnolrriw oM D{orbirol) (Andevs aid
sb*.z(xil). rrc ifib d ftd ads on cLcT
nmbii itr 6c vild ryF (PAY704D should

i'*. d'" *n".b@di"'ic ". 
rb -$.d

btlh'dFEfun*n$L*su$mLlk7'
rbr m".'v *,i s'{d I"'"b,!- d 

' 
t b'

wtublotdns srtt$.nphcpnorvl.it'n
orlltNumMEKY!mdER(rz

A bodv.nd ccl.uxtrn. An mri pholPb
dr4.2EiK r/rCnTloyrF2B)m borv sd
1," -'.nt'*pt'-ve*tP rs.atrr::t,
anrib.dy sde puthased rff ce11 Sisndiig
Tdhnolosylnc Ananii_MEKI dibodvw6

BD Tnnsdrnion
;bd6n*. An mri Fbbn u. hoscdnh
itroaLdu no*ed whdc.n,,body (Fm
l-r.vr *" p-.n'*a t-. e'."n,.

d,inhiocdinDMIMOnsuiPhmeeuticll
co) continira lot', h. inactiv&d rcsl
hsnE smh rFBSXCellCnlmLbodtri*J.
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cuxure dnh Gdcon Labw,ie) ir conple'c
@d d cdlstrr*'um smed (0.5ts redl
bovine snm) ovemigh pnor hlru'r *nh
cmh compounds 5'n linal cor.dhrio ror
30 min and rhcn ro in.uhrd wirh EcF r 4/
nJ lorMAPK family indtrcrioo rdl0rin. TIE

50 FM HEPES (pH 7.5). l50n'M Nacl. 1 n'1,
EmA.2.5nMEfi]| Ln,lDTrior9irwtr
20. l0r, (v/v) gryrtnr,0 r nM PMSF. r0 N
l3-glyerclh6Phde. I nM Nan 0.1 nM

lysates sde cenratused at r5,m +m rq r 5

mrhod (BicRld Lbdbnd). F4ul m'dir
ofpmEin va\ dded vidr 5 x Lenn'ni lmple
rordiis bufier follovcd by boilins lor 5 nin.
Pfuiis *ere sepaEE{r by $dim dodccyr
$lrb10& polymrylanideccl ch.hahmsis
(sDs.PAcE)sdtusfontdb rpolyvitrylid.r
dilrdide (PVDF) nemb,rne (Miripo€) by
clcchblouiq. Ibe nerbftncs {crc bl@ksd
ns 3e6 nirk id r0 mMrdrrcr- (pH7.t,
150mMNlclsd0.1*T setr20rorr0Dina
m. nd ii.uutd wi'h primiry an'ibody ( I :

1000) win\ sru bufft. eicepr tu 5s BsA
gcntlc asihrion ov?mishr n 4\C. For

I hoi$ndish percxids+conjueded
$cond!ry rntibody (ri20m) ror t h rcom
MP.dfunrcmdgdm'ibodysmpl*s

dd{rion rft (Anc6hrm Phmmia Bio&ch)

otrhe 6loh {ee subjcd.d ro immoblorine
for.oftspondins nonphosDho a iMr]1E

btrjrei (R.rorc rM wendo Bld srippiig

wemblotingDd':i!onphcplDryldion
dtr trlr€rtu'p38MA?ureldsAPlqNx

adibo{Ymd.€lldtu Atr ri phosph}
pr3 r\rAP kinN (rhr 3o,nrl32) rllibody
rnd Ar a i-phospho.SAPlrNK (Thrr33/

1n35) $tjbody {erc purchsd rrcm cdl

borsradish pemiide linkedvhole Dribady
(tsndonk y) wcE pmlu{al rmmA''mhm

col .onrdnins 10e6 h.d imdivMd Lt{l
b0vitre serom (FBs) (cell cuxur.

cdrtrr dish (Fd.oi hbwm) ii .ompler

conpound 59, tinal concenraiotr lor 30
ni sd $nony.ii r 00 ngnr s r pdsnilr
codol.Ccllsw.ft wshcd 2 rimsrilh ie.

conhining 50 nM HEPE5 (pH 7 5). 150 r'M
NrCr. r mM EmA 2.5 mM ECrA, r mM DTr,
0.I *'nven 20. l0% (v/v) slycdor. 0.1 N
PMsn l0 mM 1r slycercphosphare. I nM
Nrn 0.I nM sodim vina&rc. rnd l0 nM

l5.m0sm ror 15 min d4'C. and Forein

ddemined by Bmdrord mdhod (Bio Rad
rnbtrdoriet. Equalmou or pro@itr was

sepanL.d by sodium dod4yr sullarc-Iog?
pory,cryrrnid. ser d..tophor.sn GDs-
PACE) and trnsln.d 

'o 
r polyrinylidcn.

difluondc (P\DF) mcnbnnc (Miriporc) b)

drtdskinnlbn I0R {rd!HcL(!H?.5)

RT, d hcubaGd wirh prinary anribod,
( I: lO00) *i1$ $a. b!lldercepr ld594 BsA



;d.-"" .nembtr5wc'mbr'.i*i'n
r hos.ndish teroiid$_conius ed

5*md4 erbody (l zoarclrror bdRI Tn!
iidsenroubody Mpk\es wE risurriz.d

-,t' - tCl- w*m ut.mg a.".u* ut
(Ansshd PhmciaBiote.h) sccorditrg ro

wedtlotEteDrl$irdPtoahorrlr6m

Andbodt ud en cd@ An di_PhGPhG
MKs6 kinasc (sq139rm) rndbddY w,3
ourch,rd from cell Si*.rlng lech0olosJ
;" r^-' *hhr ts. hotr.Fd,sh l*.d*
rirk.d *hole otiHy (ftod don*.Y) s4
pl(bded ttrm e!6\m F6ffiD Biobh

.Ni$i Pham{euti€l co) conbiiiu 1096

ha idiv,td le6l bovire ffi(FBs) (C.[

w6bmhh,ndvns l\rll13T3.cns *.8

lm,- a*r,r"m' r***, . -.pto.
mcdiun C.lls wdc ee ed with crch
obpolnd s 5i! lin,l ondhdoi ftrlo
nhsnddison(ii|cooq/frraap6Ne
onftl c.[s wec wssh.n 2 iilm with ic+
cold PBs dd lyzd wi$ ic cold rysk bufter

cohr,iriog 50 nM EPFI (PH 7 5), 150 rM
NaCr, r n rDT42jn {FCTA.1'J{DTI'
ol* rwecn 20, lo* (v/v) slY.dl 0 I dM
PMS4 10 6M lr-glycrcpholphE I n'l,l
N,I, 0.r mM sodium v,n!d!&, mdlo n {
Ieupsptin. 

T he ly$Gs we( ccdrirtrged *
15,000 

'!m 
fd ls rii d 4"c, and Polin

roicenrFtions of rh. suPemtant w.r
detemired by Bradrord man\od (Bio'Rad

Labontorier. Equir mount of pmFin *xs
,dd.dvi& 5 xlsm i sn+le lodi4brfl
foll4.d by boilins fm 5 fin Pd.ihs *ere
Eed&ared by .od'um dodecvlsulrik l0*
eoly*ryr*d. sd d-tr"ph"*"" rsDs'
DlcFl'.dtrstrfdedoroolvruvlidJe

Drc FioM Ametcm
!M RJffi hOLm FROM MdAU BAN' S^BAH

difludjd. (PvD4 
'mbtu.6'liupft) 

tv
elahbldjrg.lbe IMbm* w.a blcked
s.di396 slinmuin l0mMTrirHcL(!H?.5),
r0n tNrc! 

'ndotslven20 
ror30 min 4

RT, md indubatd vi6 Prin Y mribody
(r 1000){i 15m.bnffer.K.fl rors*BsA
oe.rl. :c 

'on 
ov i'shr 5r a'C For

;d*d-. rbe.".b''.* *. i*blGd 
"id,t hdFddisb Pddxids+coijusd.d

sond,ry s[bodY 
' 
1 2000r b Lharff ft.

!';d EcL w*m blomc d.snon rjr
(AftBhm Pbmciaaioc4h) accodiig b

sd..ning for IcL inhibiroN usins M
rnz?'4!ir H3000 (wld m.l6d ll30l,
/'*;rormm,, *s dom b! FD( d,sk
s$oubrN Estrlnod. H3Ol2 B ! d.l
M ';a',;, -.pr.'.*.d .''h M
ar.rddinmillCLgeE BonHsm0r'd
H30r2 will be plded on iiiim,i nedion
coidining cinrer glucos or e@.c s L\e

tu lcl inhibiM is

iusD,lir on e.hre PlaE hut not on rh.
glEos. ple (shxm?r ar.,2Lrm)

RIJUL'TSANDDISCC'IJSION

rr'csoirs sd p;ft ofMrreus.dr

146 soil ssnplc Clhble l) sftco[e'.d fbn
144 si6 (Figm 1 dd 2) iisidc d otrrsid.

!\. M,liru Bssio dn {hich codd b. diviled
in66lmpliryda'IrcFwftNoE!€36
in rhe san sn*, which w.E MB46 snd

MBl47. Ou. of thn nudbei 4 ol rhe soir

sndesoll*En@ ffi d@ vAsocied
.uri.vpr.t"p'-, r*"t". tq:.it'
smples *er colleccd rron under 140

$pmE prdc Osbl.2).Ix. bdkofd. plrnr
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MiNtul*i tol,io..Abd orz54 di.otunei
stuis w.E i$laEd nom M.lio gain. T{o
islariotr nedb w.n osd ror lhc nolarid ot

nohion m.diun u.n ws PDA wi$ 7 5%
Nfrsod50rgn chlorumpheoicol vi$ lne

@ded ftrrhe holrdon phcs to solidiry tu
age coNenblidi ws incFasd ton I 3s
lo2'59''Asllrisjsl,'irynedinmyifpe
bish r.r..tiv. .ondnio and my linir the

veiety orfrh8in\atsddbe ielatd 0 sond
nohdtrg nrdium v6 tr*d. n'ls islabng new

56md2.s%orNacr Ftrdgi iion silMB 29

using $e Est hohtid m.niun. o or fie
102 soil supls pr@*sd using fte 6dr
i3Dlrtjan nediun. 69 soil saBpler hrve
pmduced tuns,l shins The soil 6mpl6 Ml
nngifilmIoMB23*eEisoldedsinelbe
s@id isoladon nedim lhich wd rhe DRBC
lce wirh 2 5% McL l0 oui or fie 23 soil

dnd ngfthrble firngal smii s A runber 7 soil
lmpl.s $d Ms pPlioslY Plrtd on PDA
*nn succ*sru! ndhdon (excepr MB 36).
pioducd distisuishable tunsar .Ldis osiae

sc...nirg ro. spccttic ihhtblrton ot
nohlrbrgd in @I bGed sYicn

l.,v* md bi* chdscnsdcs d $. saban

wh . de 6t were id.idnd in oc 6.ld out
ot n\e 141 pre6, lt2 were id.ntified ad
lodner subdivid.d ro 24 ptsi lmilns Nios
plant w@ nirnown alrhotrgh n\er mlY b
shrbs dd m$6 Fwinc alo4 wift &.
d ehc !\. sil ws colled.d, ohlY rhe M

mai! tambrh.roditcdimoldtsoil which
lddsiorh.*L.don d divtrriy orfie soil
rimb.! rhet E rtso oft snpleotBtot)
coilcad lon wrtt *irh roam fron th.

As sho{n ii Trblc I tr1L soils orMaliau B6ii
was found !o 6. hishly icidic. The soil

ci@gona, nie sil ou€ded oubide $e Bain
dd lne soil coll@@d vithin dc bsih which

induds $e 3rg dclos.n bY ln. Baitr dn

to b. slishdy morc {idic than ihe soil

foudd b be lbor pll4, while all rh. soil
smpla colecEd in rbe Mari Bsin has

showo pH beldv 4. Bside dis dhrhdion.
fierc is als , diffftnce ii rh. 

'iritud. 
ofi\e

smprins ms whicn did srbefoBrtyp.s
of rh. ma. Tt. rmn smdins rhD bsin
is donided by dipEM3JP @s whne wid'io

s.eningrtrinhjbib6rssiNrheeukrryodc
IsDlrlion or ni4obs (dinmyee. ud sisn t,nsductioi wd caried our on

ftDgt) rmn M.lbtr Baitr sle.tn nimbial eftach

a md 5) and 25a idares ortunci Oablc 6) rndsruni4EUrb

siBin!\.f(Hro d,lkoBasin,sabah. wr.ao$e, Ii. & Matsunolo (1995)
onsrirured a pldmidpN\t M(rl cmbjniis
cALrp.MKls$, which !6 intqimd ro



MAPKpbsphas.h,rbeidddndd
sp-ia, nigirs fron yest ([toi , /r. tca4)

olns FRorAalo rr:ms

{ild rype ycan {Eio nr rhe rDl locus.

{ rb. posirion 336. Thi mubrion siE lGs

pho3phorybrcd by Bckr. The MKXrart
mordioi k sbrc b !ppE$ borh rhe Pkcr

rsoci cd virh Mprtr null nuhrion:.

Ue8hmdMPk'M((rPsi'I'rbiEd8lo"lb

GALr prodo6. nrus. ovccxpEesion oirhh
geF cm be &bi.v.n by iiducinc ir wirh rhe

inhibi'oryefldwasppssedbylheMptl

Mpkrp{rh*!risroxi orh'y.ane ..1}o
sre*h inhibirory eftd e6 nm $ve rhci

alvahmbc, Ir . & Macomoro, 1995). rn de

pLbs. ch rhe gar{rose plaEs, GArl pomdd
is iidrced *rongly resutring in

rbde is m eizyfrd irhibnor in ne papq drc,

extach (H?39?.H?944s'l H797, sho ns
roricityagrin$MKKlD"(H10063)yesr otr

b) M^P kin* phosDhahs. (Mscs)
srunins sysb ,nd ftru.nrng Bulb

ir'irid dMAPKS ft 4hry snscRcd,
as ft rhe ,mhbisft for men ac.ivarior.
waranrbe, tie & M$uroro (ree5) rh
phoqhdNs which negarilcly nsulrbs rh.

by using yea sciomic tibnry cloned in
mulriph copy vccroi Yepl3 (mnftiiing s
c.zurrgf, BU2) m?rbnry{arufned
itrbrr'.*ird rype saaii wnich cais acAl-t-

D sorbnol and in rhe ahsence of leucinc

muhicopy $ppn$or ofr\d rmn coused

deehspbolylsmdimdjhcsFu3
MAPK idng in rhe mdirs phmmoie sisnl
brnsdudior Mpkl (Doi ar /J., t994).
ovcrcxprcssr.n ot Mscs suppreses rhe

dephosphoryrarins dd iructivding Mpkl
Thus, MSG phdphdis. rpp.aa io er or
Mpkl undd oveiexprsEd conditions aod
minEin rhe eu Mrl inrgnry or y.6$ so,
oi &c grr,.@se plaie. rhen i,s cio{$ of
y.sr. Ifrhse is m iohibirory zoie rmuid rhe

*Errberheurio!olminl birorkdrheMs65
(wlhmbqIi.&Msufrob.1995)

In rre sEenins tur MAPK phosphrsc

(H?39?, H7944, H?to, H7973 and H352t

(HrMe)(r,bre) NornhibtroBenmsrh.
eirach rfle found asaiir Msc5.

c) Rls/rrfrd Nd hybnd$@insEdm

horei.rrorin inrradioi b eeen rwo



cHusmPHER VOO r.( YUNG, LAI Ngirshin, CAROLL\E Kibd. PUAH S.ok Hwr.

HEw chN Sd. LEE Kun.Hvuis & uo cov chok.

biochenrd dlriquc such a ms linking,
co.imnDdopEiFudor rnd cG6etiordion
bychrom ogdphy. FieldMnd sons (le3e)
have gdft ed a mvel senetic sysem dr d.
year Saccra,,ry.a ..rurir,u. b iilcidry
otur.in'prcEin iobRdon i, !b, rhmtrgh

rt.odnnunon ol rhc r i*rioi of I

on $. pnp.dies of dE yeai cAu p6rein,

responsibl. ld DNA'hindins and

u,n.dtption icliydioi.Pl6mids.i.oding

x .nd rhc oth coBndns or the cALa
rcbvation douin iuad ro Pdein Y m

'r'cM$liplimicds'joofaapodcoecaftinins . bindine siE lor cALl (chien .r

cnr dr.tiDt oJ tro hrbrit vtu tt RBt

Ressrdins ro rhc rwo hybnd qs.n usd in

rhis saeniis. ore hybnd is I rusionbdNetr
lhe L.rA DNA tindinq donaln (anino $ids
I b 2l I ) nd a prcbin otirms (oococeii.

domtn sd x sond proEh or ihterc$ (Rlf
l) Individslly, rhese hybids m unable ro

DNA-bindins domrii. rtrd tne o$er dcs not
.onain en rcnvatioi domin

tJs3 cde md rhc bmtiirl r,.zse&, ehich
.ofiain binding sih ror $e Lei A pmtln

hybid pror.ihs which G rrolotophi. ror
hilidine and con'liis ddedrble 0.
sdmrosidNe acriviq ryoiGk, Holldbns &
C.opei 1993) Ir rh. RdRil inEEdioi is
block d by d iinibibr $d y.sr inin (La

pvPt6 RAF n u.eblc b mnvlb lne lllsj
and ra.z rcpodd s{e! so re. idicicol is
qd.d rs $ inhibitor or m in !it, RltR,r
inr dion Mh tu y.atso hybrid rRdig
sy{em (Ki 4 ,/.. 1993). This syicn win be

developcd ro smen for Rrs/Rd litturion

h lnc ffiering for inhibiroa aeain$ Rae
Rrf pnEin intturion wirh rhc y.ad NG
hyb d ryscn, rhcrc ws I t-t (H?397)

pra@ vi$od rhe addftion of hisridine h $at

G{?915, H79a0, H79r.1 .nd H7976) showed

brnny rsain$ rz yesr (s 10014) (Tabre l0)

d) Resull or B-srlectosidre. rsay
(qurnlt1ldc hsl), R6-Rrf ine$tdon

A..roi. crude exrel (zqll) iiom H?e4
shosed rc ihibntry e'iv v m rh. p-

salado:id$. syorh*is (rrbl. ll) h !n
id.pcndot dp{imst, H7c44 crude f@2.
dri.dexbmr 6id.on.ctrhrionol119/61
rcdued B-qirctoside ad iy or Lz.ells

Go rcl).ThesRdLlindi.dedrh H7944
.x.n inhibitory

0 s.ioG/lluonn*pmrft PhGphbllel
ePrl gl€irgs}th md$runingB'nt

Thc geic 6rc7 encodes de.rhlyrk subunir



N'FUruI'OhibIrcMMMUBAS,S$AH

ihri 30t6 sinir,r ro mrmmalian PPl.

slcTfurd6 hav. €v*r.d d'ar rhd yesr PPr

includins guose Eprcsion(ru & cdlso4
1994i 1995), kireEhore firncrioo (Blo6her
& rdchdl Ieee: sssom acr., re99) v6icrc
fusim deins piorein k.didi (Pc6 .1,4,
leee) slyosensynth4is (Ieng 

', 
dr, lee l), .

ftidis (Briri3 & Ro.d4 2000: n, soia &
cds.a 1ee6) and cnld intgiity(,antuw
& sb*, 2000). I' is 

'n. 
runction or clcTp on

e[ {driitrgrily rh $BreeNhurjrizdb
fiid idv.l .orpoun6 thrt rffet ds PPI

Two Penici i!, sr,i6 (H9307 ud H93 r 3)
adaunkno*n rutrgus (Hel 1a,He2l3, He3l6
3nd s93r 7) i$rared from r{aliau Bsin soir.
have beed found ro innihit thc src h of the
wild iyp. y.sr d 3?qc dd dr pftsdc of
D{odirol ( lM) fleved lnjs idhibi'ioi. In t
rrz sysFa thle shios (He307, HerlT ad
H93ts) also d.m.n dephsphdrybddi by

srlma 6 deEmined by Piot Michel shk
dfrid.eUnivdily,s.dl]ddwhL5ob
dinmyers shiis (H7397, H?940, H?9r4,
H7e70.nd H7e73) sho{.d 

'oxi.iry 
sgaih$

PPI erceoins sysEn Crabb 12).

va@ Lr64 rnrlsb ulh.qh.alrnn
o!,enn rid nEKna'n asnD

(MBAe4.2) d ue phospholyrdion ofMEK/

Epidmar soqh rmt' (EaD *d us.d 6 a
iidtrctr or ME(-ER( prd*4 Unftrtd

ERI{'2 (FiguE 7) P$dr non nrib{dies
idc iryinq phdphodlared MEKI/z rnd

ERKI/2 onfim rbar *rad lon It7944
show.d inhibiroly df€tin dcERK p,0rwry

phdphoryllrid of MlKlrbsideERKlr.
This mms dsr H79r4 sa3 abr 6 iihibn

R /Rafpotii inbdcdoD is n $e lpsaem
of MEKI/2 dd ERKIa Th? Fsibiny rhrt

fMfdis R,sjR,r pdein incd.ron was
tu$ erluded by d.sariv. rtsulb obbined

(rable l0) aod p.garachsidse synthcsh
Gsbt n). Hd.k hrd.rpdfudb using
hish corcenrarior of cnd. rr..2 dd.d
qtu did lowr nte le€l ol Fg.lerosidcc

Wtubltfuaaztris ptuBpl@Ltoa
ol tunnrrha p33 trAP kiu'. and

h63d! d..fdof tuI H?944(1,{8A94
2) vss .]dimd Dd rhe pnsphorytarion of

prse+ Anisdfrycin ]c,o ngd sas u$d as

ip6iriv.@fu o1. Expsim&d ddEv.ared

phGphorylarion orb,mturid JNK, rstur
Ifl 944 alphd noerdotlEF\osphoryhioh
of ''ffisrm 

p33 clse 3). rNK is { SAPK
Gft$ ebval.n porejn kjn,e). whicn ;
erivlred b Ydru euular sfts substu.*

Thc pdein sFln.!! inhibiroi disomvcin

.ri $ron*ry rid &ledivcty rdivare

scr{riv. driwbi df INK/srf Ks, elicinnsno
dd.cbble adivrriod ofrr. ERKi dd my
prcve exrEnely u$rd ii uiFvelins r$e
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conple*y of cncuiry upsftm oflnc JNrJ
SAPK. (Cdo &M3nadevm. 1995t

wM hl6i'ts a&IJlil e t@Jbrot

b 6is 61rheefrdofe}fuH79l4 (Ml,{g!-
2) % ermined d rhe phospho'tlation or
tlr:lmarim MKrs6.A.n mycin h.,l3bdrd.
beca$. MKK3/6t appir. nolecnlri
rcisnB w 40 6d4r lDa bur rhe nain ore
rda0rDts. Theodrtrb d(3elDto vs
6. non spamc bmd. All dlts incltrdidg
H?944 did mt sihulaE phdpho''ldion or
nunDdiaMKKS6(Fi$e 9). Sin€rtAA3
6 fumrioi u$lltm ol &e p33 pdh'ax a
dtubddndshw v.detoip$Flnmy

tto.t d. tya. X dloqtrk Pdthea i^
Mt.ob..bnud (tcL) rt..aing .ad
sn iar4ubs

In rhe scn.nins lar inhibnoG ig.inn
i@ihc lyae ocl-) itr Ml@rod;l4 tn ie
e3 *d 0t/3$, ri?9l0rnd H?ga4)shoM
hiicny a*'ib both rh. *ild lypc nt
rr.smri' (H3000) and tsNforn.d M.
rurmd Graola crdc I n.ft.c *8cb
bhib&nllesnvdof 

^4.,r..t 
nlmoobod'

gru@ dd &e@ phB d Eribd Bb.

Inpotunr itrding, fren ,cd.oDyccbs

Erhd fDn srain H7944 sbow.d bnciy
acaio* MAPK kinrs., MAP rinase
phspnddc (Msct d rype I ptutin
serintrhioonine phospharare (GLC?)
$iedilgsy$ems'h0r.R.s]R,fincmtion

roeercd F err,cbsidffi. d'ivity wnbotrt
affecring thc tllsj repo er. Tha no$
inftstingp.in'islhd'be*fun'mH794.1
sho*cd iihibition or phosphorylation ol
damD['ERr]r3.dMEK l' E\@rnon
H7944 has no sctiv.tioi .tr.c! dd rh.

phoghorylation otrmnrlio iNK md,l.o

manmrli8n MKKr/6. Ra&Raf proreiD
inrEcrion n UPEI@of MEK1, mdERKl/
2,50 n is possiblc rhd onpouod iiom exftct
H79,s iinibitd mmalimRa.Raf prcrein
interadion. sn'in H794-1 b.loic b ioi-
st p,,rrgr b*d oi rhc lresdc. oru9
DAF itr ir\ pctidoslycs ccll wall. Table 14

sho*ed tbe sumnry orln. &@ina adc

In n\is study, r rd1 of 93 elitufry..r.s dd
254 fungi stains w isolded frcn M!|tutr
Bdin.nriiddns sMis mn\etuuo{ing:
H73t sbo*ed podridinbibibrasaind Rat
Rar Plotin in@tioi wnh tnc y.ar two

i.hibirim olFsalactuidderyn'h*i. E{tut
ftom H7944 wiE found ro d.(.as.
phosphdyldid of m,lm,lim MEKIz and

ERKI/2 kinses in rbe wesbrn bbnins
lnalysis and irhibired RatRaf pro@in

B-arrr'o6ids.synrh4is rtdero& H7e44

Pa,i.irrn sftitr (99307 hd H9313) md 4
' unhro*n lungi (H9ll4. H9213, It9316 sd

iihibirion rowards rh. sr/thr protciD
phosph se rype I or saccrrron ..r
(H9307, He3L7 md He3l3) also d€I6ed
d.phGphoryladd by GldTp ofye4.6 v.ll d
denalTlio PF1 c@(ois 4,r,2mO.

In the &re.iins for innibiron asain{
isciMelye (IcL) in i,tlmr,&tu, thre
m3tu0t393,lI79r0odH?9,14)shM
roxicny agrinn bolh rle *ild ryp. M.
rr.szdir (H3000) rnd hnsformcd M.
rtu8rd/. (H3012). rha. dlM inhibired
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