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Overview of the results achieved in fiscal 1997

1. Utilization technology for unused natural resouces including wood

(Utilization technology for unused natural resouces)

(D Intensive utilization technology for woods and their components

• For utilization technology of the symbiotic microorganisms in the digestion 

guts of the termites, cerambycids, and other wood-eating insects, various 

genera of termites were raised on the filter paper soaked with lignin model 

compound, i.e., umbelliferone ether. The yS-0-4 ether linkage appeared to 

be cleaved by the termites including Hodotermopsis sp.. The bacteria culti

vated from the termite guts showed stronger activity aerobically than 

anaerobically. They were also more active at 37°C than at 25°C. Such activ

ity apparently increased in culture by bovine rumen fluid added.

• To construct technically the wood-decaying bioconsortia and develope the 

vector system among interrelated microorganisms, a new screening system 

was constructed to find the combination of strains indicating interrelated 

action as the index marker by measuring the dissolved amount of the syn

thetic lignin from the filter paper as breakdown products. The lignin- 

degradating enzyme genes were acquired to study interrelated actions 

among genes.

• For the screening of the lignin-degradatmg enzyme mediators and their 

utilization, a screening system for the laccase mediator was constructed as 

the index marker of the oxidation of veratryl alcohol. Several fungi were 

selected as the mediator producing strains.

• To utilize technically the differentiation control factors mediated with the 

actions among microorganisms, a screening system for interrelated actions 

was studied using basidiomycetous fungi including Pleurotus ostreatus and 

Flammulina velutipes.

• For utilization technology of plant-associated microorganisms, fungi were 

mainly isolated from the decayed woods for above purposes.

2. Technology to manufacture a useful resouces in place of mineral oil

(Utilization technology for microbes, fauna and flora of complex systems)

(D Intensive utilization technology for tropical oil crops

• The conditions of callus induction from oil palm tissues were carefully 

studied. Using 5 to 16 years -- old palm trees, the younger leaf tissues 

(unexpanded leaf) isolated from upper parts of meristem were cultured in

7



the MS-based medium. Callus was appeared from this tissue at the fre

quency of 20 to 50%.

• To establish the Agrobacterium-mediated transformation system of oil 

palm, the expression vector harboring the reporter gene ( yS-Glucuronidase 

from E. coli) and selectable marker gene (hygromycin resistance) was con

structed. The vector was introduced into a binary vector EHA 101.

• The cDNA bank was constructed from mRNA of palm mesocarp tissue. To 

screen the strong promoter, the ubiquitin gene was isolated and the partial 

sequences were determined.

• One of the most important pathogens for oil palm, some Ganoderma 
strains were isolated from palm plantation in North Sumatra. Microscopic 

observation indicated that the Ganoderma strains isolated belonged to 

Ganoderma boninense.

3. Research study for the project

• in order to manage ana promote tne progress oi researcn at tne lNationai 

Institute of Bioscience and Human-Technology, where the centralized man

agement of this research is carried out, meetings are held once a month to 

examine the progress of research at the institute, and reports made and

discussion held on how each research item is progressinng. Additionally,

meeting of the comittee to promote research are held every other month to 

think about and examine measures required for promoting the research.

So as to promote and improve efficiency in the deveropment and technology 

research to manufacture a useful resources in place of mineral oil, research 

was re-entrusted to Sao Paulo State Institute Butantan, Brazil [Lichens of 

Brazil: Cerrado (Savanna) Region] and basic research was furnished in 

support of this project.
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-tz % ^ c 6 c ^ ^ ti % j; 9 c ^ ^ z:')') ^0

A#C#AU -e<D^^#LT^#m2:f6#A#6LT[i, ##, %*##, #A 

m, A#m. mfm. A# ^ ^ z?# £f 6 a a o cnb@Ht\ v 7- y^m^mm
ZC%#j^-^UTL^60(4:^ 5 o IBIEII (Pseudomonas)N %#
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h^/1/7" (UKP) y/C&l'TZmfb^y

#y^@AL, ^L/:Mn (n) czamv

fiJffiLTV^,0 ^ZcLip’/Stt^ZcfN «t:ioTMnP (i'J ^"-y^O + -x y 

C9LZ:@(D#%^^ V/-y^#C^UTMnP^#Z:L-Cl'%

6^>(DT^6o L^LZC^

MSSlN ‘V 7 iZj^ifA^Y'o

?'-y##m##m&fT9 c6&B#6

f 6C^^B89^LTf. sorcficfa YK-624 #^6(DMnP###Ef(Z)^ a-yjk^^ 

CXC#m##^#&Z:o

B#-C#1500#a*/ i %{z^tz>5$jl5®

t7n, %/ 4r?f <D#ig

(4:#A/#1[LTl''6o + ^ (Flamulina uelutipes) 2:> h 7

f 4r (Pleurotus ostreatus) LT£i^ < 0#c3^db 60

v ^-y^#86 ky LTgmiri^r%)fp

^dd#3K&^%^:LT4o< £IiilH]B#(c> & 9—o©@#JteA 9S

3C#2:mA## T##

BA#% (%/+, ^yy+Zc^^mA^Mm). mA#%
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2.1 yoT 'Jjb-<kt>'* i * IJ A

2.1.1 ->ar u
(l)*BiSSK*itj-5 ->oy ij S®f$S

^nT'jflMi'fc V ?'- y t rvWt^ti® 5}f8IE©@WSIS6K «t 5»B £ N ya 
T ’)»4«a6*®in vitro «**(;£ $, ij 7'^ y t xMt&^ffl^JBffifflftBli©

5fcfe® y pr '] -vfco *±»±#©##mi±yarv®
aicJt-vTSys 2:%x.6n-5fc». £Gv^SSlchfci.<j:3-^< ^8® yar V %B 
*SW't.8it«ci4B)§lfc. -irofcrt, yoy ij©mo©^}*@4##:L. 
SWF4-e^ < ® y □ r U »«@!TS 5FfiBsfS®e;XB, B86, 4SFHS©
4 Amtcjb-vrii-yru y^ff-vfco S*i±i997ipnfliOB j;02iB$rnrofc0 

y d r') 6 (,#6
Atilt© 3 * -f IJ ffi£ ? 7 ii9 A ySfflSW^URtcjf r. fco £ < tc o'* 7* v ffl

I±ynr iJS^StttoicffiST^O^ am L c £ * ft &. y

07 £ £ KHgJtifiKffl V 5 C £ »iT £ 3 <k 7 K WSEli X h v 7 o

o - - £ L TSWT S 5 /: y ®+#ti:e£S®;f 3 S4 BS L fco 'iMiftSTOftM

UBg&ZtltZo
l'T!±*C*iS®f 5H®:

(2)y 0 7 u fc J; tfftiasaoa
iWA

x^tnr 1'ac6^gr&a0 nfn©®#
imm*m^fr^t6tzi6icbMfo%k$Lmm(Dm^&mx&z0 c(Dtz&. ^s®

•>n t u thiz^ f (D#it#Ao#^##^^r
£ Lt, *-x h 7 U 76^77 V tiMUS^fe^r

#^m/j#&mmmm#&mmrmi^r, ^07
v omit#^% 7 ^ K ^'7 %±r#^ij L/:±rm##^f /:o

<j 6 inn *-* h 5 v 7^Mm^

Darwin j^SCD^tC^-^r & A * '7 '7 □ 7 V (Mastotermes darwinensis) £> If £> 

n6o $/:, F 7 'J 7^®Ml'®W^ ^xv-7, ^77 U tijtiffi
SL. v 6<t<nn7a7V
(Porotermes spp.) <^b'777t*^-'>D7V (Stolotermes spp.) r i

it • V 7En^1 ^ §na6r%i^%Vo 5^^ Ivtii/

y i/ o 7 U ^4 (Rhinotermitidae) T\ 7 n 7 V 0(t <t ©>ft
6 n 6 /c )6 ^ C O # (C # "#" 6 Heterotermes, 

CGptQterm.es, Sckedorhinotermes, PrQrhmQterm.es, Psam.moterm.es (D*4E#4^ 
#(Z)T-^e#&#t®Lno *-7 h 7 V 7t'[iIJW
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Townsville, Darwin, SitMUmo Sydney BSO 3 %is^

$37 7 V George, Sponngbok 02%

m&MMi&tiT&AtZo y y ^*-T#m-?to

h 7 V T^1997^12^ 10B^£12£21 H, 1^77 U 7^1998^2)3 2 2

^14HOHgtfTo/:0
5/:)6, WgO#%^T^TO

4 &#m Lfee
Townsville (^-X h 7 'i T) :

Dr. John A. Holt

CSIRO Land and Water, Davies Laboratory

Darwin (^-X 1 7 'J T) :

Dr. Alan Andersen 

Tropical Ecosystem Research Centre 

Sydney ( d" — 7 b 7 9 7) :
Dr. Michael Slaytor

Dept, of Biochemistory, The University of Sydney 

Pretoria (^T7 V 7 ) :

Ms. Vivienne Uys

Plant Protection Research Institute (Agricultural Research Council)

0)yo7
yoy v#ov mm&o#

-3 f: o ^LT^moyaTV^m^ 9 X:

36, co/=&,

-xvn°7 7"-&Hi LT/hW^TrO y □ 7 V OEW^frV, 3ilfyj£ 

X: o fflUXc i/u 7 9 It* * y a 7 >J (Hodotermopsis 
japonoca), T x 7 a 7 1j (Coptotermes formosanus) 3 7 y ^ y y a

7 V (Neotermes koshunensis) , 7 7 7" 7 y o 7 V (Nasutitermes
takasagoensis) (d@SS, 7 7 y y n 7 9 (Glyptotermes fuscus) (XAbSBBT' 

L X:o IrTOc, 7> 7" V 7^ XH7>)f4 7> 7 9 (Salganea esakiL

5 cm 0 7" 7 X y * - yft'eS^T'frV, 5-40##: ( 74" 7" U ic-o VT (i 1
##f-p&#ALf:o

(4)W^ y n 7 9 T*>'£ SSUrRNA m#fO 7 o - x y

7"



OSSU (168-like) rRNA&E?#7 n--y y&&c%-3/:o y a 7 V (i ; V'#y 
7 y □ 7 y fcl-OfE^fflO/Co ^ {Pseudotrichonympha spp.)

& 1 @L frfttz ft V' $ '/ft y 7 y a 7 'J /Co

7 a/- k© dna £*ryy*7 7 A^uTtititiu pcr y

vi/^b-^JDttiLTifWSyL/Co PCR (c E O 7° 7

^ v-T'Perkin-Elmer (API) Q(D*- h y- 7 x y yfcj; b>ofcG

=k Dff-o /:o r vl/7 '>T|iO Sure

Clone y d Y~ '> a y + v h VT pUC18^ 7 7 — iC 7 y y — y 3 y Tv## 

DH5#(C7 a - WbL/:o

2.1.2 y □ 7 V ©/fct/ftiWWSfc J: CXMSWS^tc -o o r

(1) #t|£y a r V

/ / '> a 7 'j N 3 2 y A y y a 7 'K N 77H7->'>a7'J (Reticulitermes 

amamiensis\ y x y □ 7 V > ^ / t ^ iv a 7 'J % t 7 t"> a 7 'J {Reticulitermes 

speratus ^ o<i3?|iniliRlKKlti®)^ rxr^rvhvnrV 

{Reticulitermes. yaeyamanus» @##7r#%) L Zi0

(2) W # M

ES3.7cm oy-r- y(cN 7K50//1 fc£t£V y-yyyMb^#^##$#/:j[t## 
*Bj§7 5 7 h/N°;V7°y- h (ES 2.6cm) CniC#I'>a7 'J (—
lV:ya7 'mi^l C^f) &WnLT25°C -e^^MWL/co

(4)7} #

SHlWf^x yS-0-4 M V 7"- y eTVi/jbA#^^0L/:M#^C7l'tiiN y a 7 'J •
a^(c%m#u mm

xy #7 7 n V h 7" 7 7 >f -Cck 4-y y VL/7 y^
V 7 ^ a y L /:o #7 7 a 7 h 7" 7 7 -f

/7 7 A : TC-17 (GL Sciences Inc.X 7}fJrlP!£ctfcm.@'! : 120°C> y '/ 7 x 7 '> 3 y ZmUSi : 

270°C^ T^f %7 7-^& : 280°C^ : 10T/7}

DHPJCOOT lllfi, y n 7 V • t> /1> TV y A/* vl/A 7 ; PC###

TV y vl/y V1/A7 ; KS^y>ztiii7 n-7 h 7" 7 7 -ted; DTttJrLfco

y vi/#m7 a ? h y 7 7 /
/; 7 A : TSKgel G3000PW (Tosoh/ 7##^ : 50%T)^ y vi/^vi/A7 < 

iS : 1 ml/min



2.1.3 '> n r V

urn m # #
l)

7 Ux * 3h '> n T V > 'f x y a 7 y A 3 ■? '>* >->aT

-7 h '> a r V > 9 t!-? 3' >' a 7 V ^ ^ >y '> a T !J ££} L /:« f

# 2 7){C/j\ L fc0 ^ 7' 'J (Panesthia angustipennisN #A#"C#%)^

H7V^f + 3'4 7' V x £ 7 tf * A '>©#1^ (@^#T#%)^ *; + 'j A y ®#J

2) '>DT'Ji[HMi

•r < h ->' u 7 !j ^Illixwji^n A/v^ bf*t$( u -x 7° 7 a f 7 y 7 -r — U (C 
870mg g$##CA4l^7K^ 4.35W (200mg ->n 7 V /ml) ft0x./co $J 1

100°C T- 30 L tz0 lO.OOOrpm T' 5 LT, ^
0.45mm #74 -*e6iiL$ b (:##%(: 0.22mm ©7 ^ A/? -T'di® L 

T, ^D7'JMIHfc0 c CD y □ 7 y 

(v/v) t fl 6 X 7 i£ftS/in Ltffll 'iz0
3) vi/-^ A

-20°CT
15,000rpm T-15 6}m;56}#LT^O±y#

f<D±f#&121°CT20##mLf:o CO;i/-

> y%(d\ 20% (v/v) i^-Sck 7 {^^//uLTffli''fc0

4) v f'-ytf MbA#

V y^rf ;HbA#(h L%\ g) 1 (c^L/:B#C 4-^ f vi/7 >^ U 7 ^ a y ^ 

#"4" 6 0 -0-4 §9 U A— y -E T(Substrate I) ^Mt Vc0

l2)Ja $ Bfe ti2

1) % # m #
(200rpm) Tim^, #m(*#(iH2-COz#% (H2:C02 = 

4:1) B& L T 3 mrmm&m L tz0 #m##C (±#^^1 (Na2S, Cysteine - 

HC1) 0.3mg/mr®nL/co ^#^S(i25°C 137°C*lt® L tz0 pH

kU y D 7 y jm tW\'C pH6.8 tltz0
2) % m

DSM Catalogue ($3)8)^b 119 S£^FSIE LTffl l VcG ttz^ 
y fbz y6}#ygi±m^6MW#-e^6 Microtetraspora m@ LSV ## (#4 )^&

3)
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/mi ^7j<ttsz&o immwi, nm^mx'n-otzo

U y- O t f yi/b n'^I'Tf S y ^ »J 7 x n y • x — -r ;u (Substrate I ) © 

/S-0-4 x-TL/:0 ##
#^##x^;i/T#aj L, 10^{C2glH|LT 10//1 £ TLC 7° u — h (Merck ## 

Silicagel 60 F254) (CXtf y HN h y : ##xf ;k= 4 : 1 UV365

nm "C©#7ic<^#j% L /c0

2.2

2.2.1 v
(DAB&##? V 7"x yDHP©##

0.1M U '/ii? V 7 A buffer, pH6.0, 100ml 6 7-k h > 100ml 

3 mg ©@#6) £ IS Peroxidase (fO^C No.165-10793, lOOunits/mg solid) L

/:^%^ 340ml##L^ C^lCConiferyl alcohol 2%7-khy#%50ml63% 

H2O2^%20n^^m^T##L%^k,, ^^<76 14hr^^T#TL/:o 

$ biz 2 mg© Peroxidase £®nU 12hr 4,000rpm T 10

istr-f-rPEMit 'J vT'ttlt, fMUl DHP &Utz0 ?**■*> 90%7K^®(c 

x-f7l/#:(C#TLT4,000rpm, 10^©^C^#"e%t##&^6#flP&#7 

^LT###a6L/:o

(2)ym#]^&
am^©^(c#C/:^o DHP lmg&90%^^4T-y7K7## 100ml #

(7K^yf v7%#!, GA-55, g@21mm) ^^47" y

£ K y 7 h cbXf'Sifc^N PDA *M7° y - h ±43*S(cB ^ x 

^ilL/co 28°C T 2 #E±©m^^%7^#, 0.05N NaOH"C28°C^

2 LXttitJtm^ 280nm ©MS^SJ^LT, #7 7 7 ^ ;k7 -±© DHP

©m#m^mmL#: (®2)0

2.2.2
(i# & m

6fem^S p. sordida YK-624 # (ATCC 90872) L tz0

(2)i§ » m
1 ) -tr A/ n — x £ tl £ ferrireductase

100ml ©5A 7 y 7 3 7 7 h ^01/7° 2 g &U7K4 ml £'®DU

121°C> lS^tflM- h 7 u-Y'tcJ; t^MSLfco
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I

m (15mg/ml) 4ml£»U 30°C Ltz0
2 ) siderophore

ES 15cm © * + - UiC^R^nys'yp }> Kirk ###& 50ml &&V§±U

Ha ^ ^tJO L7\ 12 B ml 30 HE u tz 0

(3) siderophore #jkA#l©##^

###, 70% 7-k h c

tl^ Sephadex G-25 # y -MCdt D ## L siderophore #{LA#I<h LT^i
L A-o

MnP BitfYE ferrireductasel2\ cellobiose dehydrogenase13) -^>

T^ttL/to

2.2.3

am m. m
P, sordida YK-624 iz.tz.zi y f- n —)]/1. IT Phane.roc.haete chrysosporium 

ME-446 W^^&mLtZo

(2) MnP ##&&?© 9 n - yjk

BE#© MnP 9 3 >-t y^X%@EfU* t> i tc Primer £I£ff U P.
sor^a YK-624#©%&#DNA&##«hL/:PCR&(:j;^ MnP##mfs?©t# 

^f%&#DNA©%m^T©^&(c#L:TfT^/:o ###^PDA# 

% 7##i& 200ml © PDB %hEic%mx. 30°C T—5
%#L/:o MIRACLOTH^m^T#mL. ##^0.8%NaClT^##,

$>,(:^&#:DNA^mmL/: (g|3)o
Primer ©lxIt(d.piTZ^<i£ ^ Tft-~>tz0 IB IJ genus 7% 6 Ps chrysosporium, Etjy&© 

mnp-lA mnp-2» mnp-3 © 3 y -b y -tt XHd^iJ£ t> cb tc Degenerative primer (Sense 

Primer : DHF, MNP) (Antisense Primer : PER, MNR1, MNR2) (30—36mer> 

8-16x) (^4)« ±EC%-3T#mL/:#^m©^&#:DNA&#@!6L
T PCR -3 tz0 DNA Polymerase (i Fidelity ©i#i W -5' exonuclease

(Proofreading^) TaKaRa Ex Taq£8H'fc0 £tr PCREJSkmT©
fcD 1 cycle (94°C, 2 min\ 30 cycle (94°C, lmin, 70°C, lmin, 72°C, 2 

min)„ 1 cycle (72UC, 10min)> MgCE iHlE 2.0mMo

o) MnP #mafs?©#mwr

#b)#/:PCRo-yjhL. & c; ic * t a ^

/:o 1.5%7#o-%y;i/mm^(# (TAE buffer) (:=&% PCRMlG#©#m&fTl\ 
P. chrysosporium ME-446 Wd. P. sordida YK-624 It •5>#k!8j'N?;? — '^©thfe
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PCR ^ - pT7-Blue (Novagen %) tc TA 7

o--y 7"Lx XB@ JM109 L/:o 607°7 % < KOftiEti£
OA\ ^ y-^ - h OWto^BEEx n- yoJ^SE^lJ^ Perkin Elmer %
© DNA Sequencer ABI 373A ^ V T Dye-terminator i$ tc j; <Q L > 5 <y (C 

BLAST 7°n/7A^i^T*tn o fc 0

2 3 i) 7"— y

2.3.1 y y ^--b'Oy

LC^IM^SE ti Fl igite (-fTFfy/y2%, 7O1/3- 

Xl%x %x^y<-|'2%x KH2PO40.1%x MgS04"7H20 0.05%)x

(^f h%yyy 2%x ?"/i/3-x 2%x ^^^y ^ - h 2%x ##% + x s%x

NaCl 0.25%x CaCOa 0.32%) xr 4 Brak 28°CT1 L"L%##&#6o

(2)%##^ ^OT>y-tr^ 

60

(3) y v tJ —If O y t x

1.5W#0%'y-;y P/i/7f ^-7!c0.2Mm#### (pH 5.0) 75 pk y y *--b'

15 30mM veratrylalcohol 15/zk %#_L#45//1 28°C X'—fafcJBZ •&
&o -eo#x yfy-;i/200//l^A0^f:#x 16000rpmT5^^^LT^##l&^ 

S> HPLC <£ o T veratraldehyde Z> 0 HPLC # y :
ODS ( 6 Xl50mm)x ### : 70%MeOHx : 0.5ml/minx #Hj : 280nmo

2.4 meet

2.4.1 I/ + 7A by ^ 7- fj: J:

(D# S

+ (B#86-l, 98-1, 98-2, 98-5)x by

9 >T (Pleurotus ostrateus) 5 B# (86-98, 86-100, 88-8, 88-11, 98-3X T < X 4^ ^ 

^ 1 B# [Polyporus (Favolus) arcularius F1268] <!: L fc 0

^{EiiEoEMS^ IT MortierellaMW&tp'bfc
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-f • *M><7)MJ£4 : 1 (;£i£T'tiSEifc 10 : l-3> 
#*#65%x R## (V +- IS4 200 gfrb OiH*, SA 20 g . 7* K 7

#20g^ v A/ h - x 5 g> (malt extract)^ li^4-7N V ^7° h y# 1

g £tR i 000ml ©fill (D g A 5 % £'^ 7° h y A v £> Ivl A mm % 6" t? z> & 0

#7%#: (500ml#) iT°7Xf^I (600ml#) £{$fflLfc0 # 

PD broth %#T\ ffeC>#^T(M* l VcG

SSxSE u" 6 £fr x 0

2.5

2.5.1 /MiS£ dETfclEl/:7< 6 *

g-io ^m#m#ST#&#%f a zX i°j 'CmpJrfr
u ^ ^ /: 5 **'-?

/RSS (US '>?* '*) 4.5cm tt'llcitt 1 30 B

z btces©5 ^^mcxmaiscm rc®i±^

T 80mi #©# ^ xm(cxa##%%A^i: 0 2m®^#&mmLi:o #x### (18.7
37.4g/m) CEmf6#m (##) ©^#7R&j!m^^ 3@©5m (Advantec) 6 2* 

omss&Afito m#S(iA*®2/3^±#(c^-c-c^LXo c(Dj;9(cmmLxm 

25°c cso u?mw.'ik\*\Nitzo cnb©iepri< 

7x v 7k&^-^°-? * A/-cro vTSSAigi$ wa k

7°y- 5 L 25°C 7? 1-2 B^##L/:o

m#s©E6E&it^f 5#^©E6^&m^. #ss©^feS(cEfem

2.5.2 y □ 7 V 6 y D T U &##*%&&##
(1) > n 7 IJ £ y D 7 U L T t' £

-fv h y □ 7 V 6*ft«^£SLTV5mWtd:> o < 2 t@ifi
^IHrl >-IWHIIrtiifa.*m i~ S/7 ^-7=j52flV I +• ++>vnr II uA^tfci I -T\.\ Z. B3ii;

(2)*ttl©^«

•> a r V (±30#fy«*ft#8U S^-h-enis^yjttLr, ggtK^-en-rn;

%±©gw@mt:g#, 22°c r 2 bra$ fci± io°c -e 5 biaig* ltz0
$ L <i »* 6. S^StiJE V T PDA IC#U 22°C T 1 SF4H±lS#tfc„ •>ar V ©4 

*Lrv5Wfiti-®#ii. ©^$#*%±rm#, lii-yor



fc ix'rrofc,

PDAim^iAz^Ltz^(D(Du^m^m^m
Pictorial atlas of soil and sead fungi15) (Cllj o T1e]/i! L tzD

LT,

3. ttjkts&vzm

3.1 > o 7 V&£XSil i + 'JA

3.1.1 '> n t v
(ligi|(;fcil5'>ar V#©##

$S£tVO o 7 V W,'(hf 6V x h o > o 7 V (CO

t\T(i4#6#(ct)/:&a+ 10@&##L/Co Ctib©v/o7 V HMMtf G"
£: AS x fa-;i/y-xtiL< ti^7A°"')i7 - tc Ati/c $ X ^ ^ ^ x
h .y X 3 a ^ L Az)^ /; X > > o T V (iAS©&#X" - x (c# L#x.TW# L Ao 

W AX AX-r7”->n7 V (27 — A — • V ;v> -h - © <^ T ©S3 W^'BS T £> S A *A A - h 
y m C 6#% L AS&^X- - X rmw L /Co 

CftbCDX h -y X o O ^ - <h*(C^ '>0 7 V ^ =k[X##L
/cmil:#m%^#(cj:6 V /-ytT;HkA#;^#m#(D##(c#L/Co

(2) > o 7 V & Z CX*^#^#!©#

x h 7 V 74oJ;0'p^7 7 V AtcfcVTSttLA 7 y © y X r ■$." A 7 (Cyjx'y' o

y o 7 V A 7 #4: 6 #(cAA %, ^#8^(C (2A>tt D 6 C 6 ^{jj^Ao

C © A % N > o 7 V #^-©f < 5 # ( A A > > n 7 ') 44 • d" d" > o 7 'j 44 • >z% 7 A X 

> n 7 U f4 • > d b" > n 7 V 14 ‘ < '/if > X > o 7 V 44) T(2^4b#l^(C^<X 7 V 7 6 

#(C%##^^f 6 o l^^##i^©^##© o Ctllt'^i^OitCi

t* 5 © 'ifist 8 (C/jx'y*0

$ '/if is 7 '> □ 7 V 44© > D 7 V (2 Pseudotrichonympha, Holomastigotoides, 
Spirotrichonympha © 3 M££ "t* 511K^##©#&Wl<&j$o #) © t ^A A^ 

6o C©A(2C4l$-e#^^2tT^6|q)44©>oT V 5##T^6^o AAL

^lj^t>6\J(C Parrhinotermes #(2 Pseudotrichonympha sp. —#©<& L 

£ & A 7a v ''S*^ b A* (C ?a o tz o
1/ d b" '7 n 7 V 44© Glyptotermes sp. (2 < V' if > 7 > o 7 >J 44®4H i (2 A # 4 MA 

5l^^##©##^^#oo S*M£ LT(2ftk© Glyptotermes M©£ < © > □ 7 V 

T^JjffSr (Deuescovina, Macrotrichomonas, Foaina^^:{^Hir &) ^

£ b (C Trichonympha IOl^j|oCiiiH4:^fc!Ut77Xa7 V 

(Glyptotermes satsumensis) #© AS Glyptotermes Jm(cdkim L To- b> tl •?> ivfil&T

*5o >o7 u(c#mLc^(2, #±>07v®&
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6 c 6 a & # 6#%. & a%

a'"o

(3)^0%

am^«kO:t;l/a-%^9y-^#g<h LTffll'fc^l-> o 7 'J Ofi^fHi (# 

9) £oH\ 10 o 3 jiPelOMWII^T'ii-f X > □ 7 l) © 1 #lj£©^' <

AT#@-e 90% L. c
^ bO t^fr>tltz0 tztz L 5 il^(7)SRlWT'(ii@^:|^C)*^j: n— — ;&*£



X'\$±TWmLXL£^tz(D'(:\ 7 * 7 - substrate E

6C t kitiMLWti&tibtl't'o C®&ico VT V'tzftffi

6 6 o

±E ®H# (i 2 ##: e 7 ;i/ T & 5 & x HE® V

^Ct\ ^ f-3 /: 11 y a 7 U , fciO'^or lift 

A/®#^®^-? x y □ 7 V £fflVTx DHP ®##H# 

**'>nr Vri± DHP Oftffi (l&ftTlt) DHP®

A max ®SES •>7h $ ftfc0 ^ ^ '> ° 7 ') THi DHP ® A max ®S'&S '> 7

DHP®MWi#&*flf:o DHP® Amax®^&^^7

lz&Mi'£S]gfr£)Zo

1.3 y o 7 V

EMi§#T- lit A, £'B & <IcoPt ® $£H® <$■ £

^lOC^fo #10ct%B8&;Mct7(;% 25°Cjg#ekt)l)37°C^#®^^ ^/:LSV 

##ck^ t> DSMH9M , u 7 ^ y tfDi/jbA#®

17,-c> y 07 A/-y y$

(2)##y o t v mjb@m$m@-e®it#

DSM119Mj#m. 37°C lig^o/:^(j:3.1
tWlffica-otzo tztz Lx ;i/-7 yi^icititiL/-:^® Ov-7 y+ ) £'®nLte

V '* £) ® (;i/- T V 7"- y e L /:

(i> * 

h

m#L

##y

T % T

y- y n 7 V x O 7 y J. y y n 7 V > ^y->n7'J, -\? -7 h y o 7 V x tit7 

y □ 7 V x 7 X y a 7 ') & X Xf 7 ti 7- o" y n 7 H £#} P/:G #7 ® y n 7 >) fr b

/•c|fflE®t|M^ V 7 -ytf'MbA#®^#ygtA^# 11 (c^=f o 

n 7 u r/v-y y$®W?n^M^Ig#> £tix #ic*y- y □ 7 y x -f 7 h y □ 7 y x

v t v r x n 7 7 x & <£ D> 7 •y D7 V -^z^ET) y ti (̂

(3) -y □ r u Dl^®##%M^-e®ygtA

y n 7 V P!4® ####,* 6 LTx ** 7>7”y (M7.B$\ M7y^f + ^"+

7" V GBZBSX 7 7 #7 A y®^j^r (@^#^) fcckt/# < + V A y ®#j^ (o <

i«)x f -#m*(hL-c7 7^Ay ^^gi\Tx 3.2
6151#®^^% V7'-yeT;HkA#!®^#^^itRL/: (^12)^ f:%'Lx



3.2

3.2.1 v /- y##mA&©#m<bm#

(l)l£—jfg^'c'© DHP Ojysm
{WF#©4>^ b LT*-© DHP l tz0 # 14 (Ctjx

~X X p \Z^ t 7 9 *T (Pleuroteus ostrateus) "C(i F1294 35.6% tl 7
7? 4" (ConoZ^ uerstcoW T(iF1265 #^25.8%©^#$^ fLT f. 

chrysosporium 20.2% ©^t##^7h Ltz0

3.2.2 6 fem^S © *t^iW <c ih 3 BSS © i£S

(l)-fe 71/ n — £ tl £> ferrireductase

4[g4:;i/a-%m#6LT, /<";!/7^^mL/:o Cti#8#^(c

;ua-xd;D V

6 o 9 (C7jx"#"o P. chrysosporium # "C ^ Hi ^ tl T V •& cellobiose

dehydrogenase (it&Hi cF tlUfr n tz0 C ©i§ISt3; Fe (H) &#7C"#"6##6 LT#B 

^r^ouTv’o«\ ^MdDylyxra "Ifdi to Hi c? tl ?S. aP -o /Z C £: /v1 b >. ferrireductase ©Jt 

Fe (in) izE^-LTV^chgton^o ttzs i«i> MnPto 

X O' ferrireductase fiSfifHi (5(J|n] Id^^fSl^Tjx L tzQ %%#^"#©f#tn ^77

h )\/7°X 0 L tz (bStot'U C ©InUdt *9 ferrireductase (i Scheme 1 (Ctjx

f Zi)y#yom7c(D6./Ibf, -%©##(:

titZo

(2) siderophore #{LA#I©####

siderophore #thA#Ht: Fe (II) X Fe (IH) (^$n A"4" 5 C i

%)#^^tlTU^^ sordwb YK-624 #j;t)#btl6 siderophore#

it'gW'CliZ'ofr, milfZo ME© Fe (n) iKliFe (n) & siderophore

(^io)o

M2 a -7 f> $"y 7 >f — (Ctb'UT siderophore 140^160mi ©{4SfC

-e©@^©^#m^#j^Lt:6C6x Fe (E) j;^Fe (m) ^m^OLtz 

siderophore8#,^?#?. sordid YK- 

624 # =t % f# b tl & siderophore #{b^# Fe (II) X*) Fe (H) ©^C#m84(zM

& commute.

3.2.3
T *" n - X y X 0 PCR KJ»©«tfg£fr otziC6. ##©/^y K©i#
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fr -3 fcgl, P. chrysosporium ME-446 $;El35f<© Mn- 
peroxidase 1C DNA 65~70% fflKl /jrf51 'IcMC£5It6 ISffl ? n -

y (DHF—MNR2 T 1 8L MNF~MNR1 T 3 #L MNF~PHR T 1 MNF~MNR2 

'Cl®) L /C (0 12)0 31 /c C tl k>©X D — ytiV^’tlt) P. chrysosporium ME-
446 $i!3|£© Lignin peroxidase cfc !3 L Mn-peroxidase ic DNA u ^ T iSj l1 fli 

7]\ L/Co Dl_h<fc I) C 4l b©ISIS'plrEii Mn-peroxidase T cfe 19 > ^Bttlc4olAT£S!&© 

MnP T4 V-tf-f AAiffSLTVSC):. #^IC%%(DTd y D= -< A©#£IcX V)
AiiSHy y y- y

3.3 y y*-y»»»*ffl#i»H?©g5*ifOTft«

3.3.1 5 .vrt--tf©y f<x-J-0»K

c-eic±is»>bttmltznmspcfimm, #1280#©? mn#

©ig®S®±i*IC7 v rt--t?@y T-f X-j--®Stt^$g»y-Co L»>L> Cft6®> T-f
^f y y-y®##8%#ic&uT<y®j;-)%##%-L-ci,'a®&ii#*7-c

Vti V0 cnbffl#tiV-ftlfc*S-C*-3/Co SlcSSttj: y tN X- # -@tt©3£S&

$j$l, stt©@v'tt^b> f ^ f -? -c iy <.

3.4 fflicz6»ft®]»H?®f'jffls«

3.4.1 iz + ^ir, k?fmm©fm©#t#©K#
xnniri x *' 2-y £ n/c. ursa±#E.

efts® 2 „ 3
6:tic$6K c®5ffi®ef3£'cii. *%#®mm-fmatej;a?###& 

©@#M"""ifih%„ aicmfmicj:#a©ft*-5„

5 ic as iufritz o l % ynif
a«^*fcS^TV'o t7i"r£K> fcSfflH-cSBicS^igtt^T^IK*® 

fig^a-5r i x+'?y%a'&#:'icit, fm#BgRmma*m#©xx »-x'/« 
4-mWLfcV'o

3.5 #%#t#t#l©#lfflR#

3.5.1 nt#t$ <k sE-ciste uco < ii-e® ±a*«a t z ®s#
±#®S*tt.aT#tt®Efe*iclitl 6.ftfc (El 13. 14). #E£ft

is JST7MB8Tii n *, 5ETti i3*»(0f6StT., -Cfflrt 8 R*i*a 
irv/c. $6ic*|s|SBfc B -e •) © ii v tt £> 6 25»S»(6aJbic))ffi-csyc «i5).
$ *m*«±-csa-fIfM ITU/c Helicomyces MBi"#»fflB*sitSII^Sft/i (0 

15) tiK *l=IEB®*lccnb®S5'St,’aI|gtt(>*8Vo



MiLt V
Penicillium

ymts^zo(±bhhx $/:

Ittztz—~z>^ftWfk(cS-d'VTfci)±###£>j£-f L

17 (Ctk L tin #MMMfr b (i, T^EOSEI^ b#8@ L 7:#AT , dhgR**§K

/v1 <5 yj'mfc L n-XT' tb 22 C *C(* Trlchoderrri.u *C> *€■ '7)ffe Mortierella IM'ZZod '->
tzty n Gliocladium M~C tz L T > 10 °C XT' (i Mortierella ^ ©ffe

Trichoderma Sclerotium tz > Trichoderma M'P Cylindrocarport M
T'£> ntzty Ltz0 t ^ o 7 !J b tu

$SJ7:'(i Arthrinium ^ Lx dtiEO^^nf^T' ti Acremonium
U.A* > /"V *«. _ L. 1- L

tz 7^ ia is ^ lx 19 (c /j\ L tz rn M S$ >% /vi b vi x .ix ktc ® >S a- <- 22 C 'C (*

Trichoderma
Mortierella

It\ tr 0# Mortierella jfiJP Gliocladium Tlx. 10“C
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+ 7 7 7 U -£- y a ytcoVTtd^ tilil£W$ltc o vTS^

m.j£tmm&m%iit^K ^c^7fv

9 a o 6 < (c V 7"- y^#(c ^<D j; 3 L T1' a

&&&$*.' ftib(Df^mmmttiL&%omimm&*m<t+ a^cm^m^®## 
m$T±&b-&XZ.(D£ote^mi$lt)&%Ui-Z>b®t&htlZ>o 

£Lh©Slllck ^ > tt y a 7 U
x y a r y *e (t/fctMFjTj (iA § < & v**\ v /-

7"- y^}#^(i±

y

7'

< %l'C —Jj,
4#0#g6LTx A^A^MT&a^iyn

X y ^C&S £ tl a £ S:frtl&o

tt\ V

$/":g|8 (cj;37x / -6T^

;H*7kBSr'(±fe:

.4 X — T /i/feH^VjET

6feW*5S p. sordida YK-624 #(: =ka7 5 7 h/>?;!/3°(D^#(:^UT^ -t? A/ n - x 

(Dftffllz ferrireductase L T V a C £ ZtltzfiK iS#fM*e (i-fe 71/□ - X

TT^fm^xj Ltiiv' ferrireductase /'Sii^wmo tlTt'* a 0 C tl (i i^Rij ® to cfT? x a A

^#c«j;a7 x 7 ^-7'v -f y7lc^^"C%#%%9(:%#{l:7y#y7)

Cfl^m7cfa/:A(: ferrireductase C«h^#X.
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( 5 c $ P. sordida YK-624 Pfi P. chrysosporium ME-

446 jA$Bf*Bi7 9 7 b (UKP) <D«d *7')-?'■/ 7'ICjo

VTV MnPMnP &3 - Kf-
5.iS6^$m7-oe-4--E?i|fcJ;o'-emzgtt?£$#SfcS'fs't'RSg;v, BM

•e*3*H&aiu /-LTOTSit

urfflv $ ki±pas.a»s#vv

®^?±%#mtc##*;gtT,-ciy &#? 

*5„ f ®A, Genetics ®flJffi»s'SST> £ 5> tc 8IS® 368116* tc«tt T V 3 

Aspergillus oryzae LTtHt'&tCiiijlL

»> L t£»<6, MnP ®gtt36$ICIt Mn Y * y. H,0„ ^Ayi£'$|6ffl#H^®#$»s^ 
oJAT, c4t6KHe,Lr< SiSex*fctig#*4>, »e??-Y7f^ y 

f®#%£ ItaiStjai'o -£®8#Ticfc» 5 V /- y^#®*f^ * -

4.3 ') 7-y WWXeWB^sSSjrfOTSffiicnH'T

±ia»^^ssnyc**i5j;y'ttiga®jg$«iti»^y .y »-4f®>

6f:A®7 v tYm®#m&frt\ susicx? u - -y^SteLAo *®e$, » 
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Ferrireductase

Mn(ll) + 2Fe(lll) + 2H2O

Scheme 1 »57
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Solutions

Extraction buffer (TES )
0.2 M Tris-Cl, pH 8.5 
0.1 M EDTA, pH 8.5 
0.25 M NaCl 
1 % SDS

5 M NaCl
CTAB/NaCl

CTAB (Cetyltrimethylammonium bromide) 
NaCl

Other Reagents Needed

Proteinase K
JLVl Xadv r\ ( i v 1115/

Culture filtrate

il)

100 ml
20 ml of 1 M Tris-Cl, pH 8.5 
20 ml of 0.5 M EDTA, pH 8.5 
5 ml of 5 M NaCl 
10 ml of 10 % SDS

100 ml
10 g
4.1 g
dissolve at 65 "C

Freeze dried ground mycelia (0.25-0.35 g)
*“^0 ml Extraction buffer 

Proteinase K 1.0 mg (0.1 mg /ml) 
suspend
incubate at 37^50 13 overnight 

M.8ml5MNaCl ~
mix throughly and gently 

1-1.5 ml CTAB/NaCl
mix throughly and gently 
incubate at 65 13, 10^20 min 

J—Chloroform/isoamylalcohol 
C ^ centrifuge for lh ( 13000 g )

's^—UNase A (10/z g/rni)
incubate at 4 13 overnight 

Phenol/Chloroform/isoamylalcohol (1 ~2 times ) 
C centrifuge for lh ( 13000 g )

r
.6 vol isopropanol or 2 vol 99.5 % ethanol 
__ incubate

^3 centrifuge for 10 min ( 8000 rpm )
70 % ethanol 

dry under vacuum
0.5~~1.0 ml TE 

Chr. DNA soln.



sense primer

DH (35 mer, 16 x)
5' -CTC GAA GTC ATC CGT CTG ACC TTC CAC GAC GCC AT-3' 

T T T T

NF (32 mer, 12 x)
5' -GTC AAC AAC GCG GCG TGC TGC GCT TTC ATC CC-3'

Cc T
Aantisense primer

PH (30 mer, 16 x)
5' -GTC GAC CTT GTC CGC GCG CGC AAC AGT GTG-3'

T A G A

MR1 (30 mer, 8 x)

5' -GGG CTT CGG CAC GGG GAC GAC GTC GCT GCA-3'
GG C

MR2 (36 mer, 12 x)

5' -CGT GCG CTC GTC GCG CGC GAG CGC AAA GTC GGA CTG-3' 
C G T

A

manganese peroxidase £>iiite(C$(,'£: Degenerative primer <£>I2£iJ

Termitogeton planus Termi togetoninae

Prorhinotermitinae

Heterotermitinae

Coptotermitinae

Heterotermitinae

Rhinotermitinae

Stolotermes sp.[ **->D7U£J.
WS)Hodotermopsis japonica

Note: 687bp, h X b 7 -j ~f¥L (1000(0 y V ViO



Phenolic- 
(Subsrate II)

Non-phenolic 
(Subsrate I)

4^£^(mole %)

8 TUfdckS ()-o-4gu

7 x / -;i/147K^$<T)^W
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Enzyme activity 
Ferrireductase (5*nkat) 

MnP (dA/min)
CDH (nkat)
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3-

2-

1 4

0
140 50 160

Elution volume(ml)

□ Fe(ll) concentration 

E3 Fe(lll) concentration

Ei10 Fe (II) L < (i Fe (III) Ltz siderophore
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1 ufc->D7u

> □ 7 V

^->P7U 1
3'5->2»P7iJ 4
-fx-fr’v-lrv h->P7'J 20
-rx->P7U 13
^*-y-d'->P7U 10
■T7 h->P7U 20
775+7y->P7'J 20

* ->P7U
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L fcyDT'J

Mastotennitidae # 'y'yvT U #
Mastotermes

Hodotermitidae VnT V #
Anacanthotermes
Microhodotermes
Hodotermes

Termopsidae ttv'oT U #
Archotermopsis
Hodotermopsis -------------Hodotermopsis japonica
Zootermopsis ^rir'yu ~T ])
Porotermes
Stolotermes

Kalotermitidae V-i hf izn T V ^
Cryptotermes
Procryptotermes
Epicalotermes
Bicomitermes
Bifiditermes
Proneotermes
Tauritermes
Allotermes
Marginitermes
Incisitermes
Pterotermes
Postelectrotermes
Neotermes -------------------Neotermes koshunensis
Rugitermes ^ ^v/ayy,n7 V
Eucryptotermes
Kalotermes
Paraneotermes
Ceratokalotermes
Comatermes dJ % 'y 'y n T !i
Glyptotermes----------------Glyptotermes fuscus
Calcarliermes

Rhinotermitidae ^ '/ id 'y~7 'y n 
Stylotermes 
Termitogeton 
Glossotermes 
Psammotermes
Reticulitermes — 
Heterotermes 
Coptotermes — 
Prorhinotermes 
Parrhinotermes 
Macrorhinotermes 
Schedorhinotermes 
Rhinotermes 
Dolichorhinotermes 
Acorhinotermes

Serritermitidae / =* =¥ V is n T 
Serritermes

Termitidae '> n T V
Apicotermitinae 45 M 
Termitinae 86 JH
Macrotermitinae 13 Ji 
Nasutitermibnae 81 #

- Reticulitermes speratus
h 'yuT y

■Reticulitermes amamiensis
% 5-T 'y'y&T V

■Reticulitermes miyatakei 
i/uTV

■Reticulitermes yaeyamanus
h iznT y

- Coptotermes formosamus
4 ZL'yuT V

y#

Nasutitermes ■Nasutitermes takasagoensis
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3 DSM119M ipiti! (pH6.8)

kh2po4 0.5g/l

MGC12-2H20 0.2g/l

CaCl2*2H20 0.05g/l

NaCl 0.4g/l
NH4C1 0.6g/l

FeCl2 5mg/ml

Trace mineral solition lml/1

Vitamine solution 10ml/l

Yeast extract lg/1

Polypeptone lg/1
NaHCOg 3g/l

Lignin* lg/ml

Resazurin solution* lml/ml
Na2S*9H20* 0.3g/l

Cysteine-HC1* 0.3g/l

FeCl2

CoCl2

MnCl2 • 4H20

ZnCl2

H3FO3

NiCl2

AICI3

NaMo04-2H20

CuCl2

Biotin
4-aminobenzoic acid 

Ca-pantothenate 
Pyridoxine HC1 

Nicotinamide 

Thiamine 
Thiotic acid 

Folic acid 
Vitamine B12

Riboflavin

10mM 1270g/l
ImM 130g/l
ImM 198g/l

ImM 136g/l

O.lmM 6.2gfl
O.lmM 13g/l
O.lmM 13.3g/l

O.lmM 24.2g/i

O.OlmM 1.3g/l

20|iM 4.88mg/l
20pM 2.74mg/l
20jiM 9.54mg/l
20jiM 4.12mg/l

20pM 2.44mg/l

20|iM 6.74mg/l
20pM 4.12mg/l

20pM 8.82mg/l
20|iM 27.1mg/l

20pM 7.52mg/l

Legend : *; only anaerobic condition
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4 LSV iStife (pH6.8)

Humic acid lg/1
Na2HP04 0.5g/l

KC1 1.7g/l
MgS04-7H20 O.OSg/l

FeS04-7H20 0.01g/l

CaCOs 0.02g/l

Soy bean meal 0.2gA

B-vitamines solution 10ml/l Thiamine-HCl 50mg/l

Riboflavin 50mg/l

Niacin 50mg/l

Pyridoxine HC1 50mg/l

Inositol 50mg/l

Ca-pantothenate 50mg/l

4-aminobenzoic acid 50mg/l

Biotin 25mg/l

Lignin* Ig/ml

Resazurin solution* lml/ml
Na2S-9H20* 0.3g/l

Cysteine "HC1* 0.3g/l

Legend : *; only anaerobic condition

Hodotermopsis japortica 11'> a T'J 0.6
Neotermes koshunensis a 7 v > v n 7 V 0.6
Glyptotermes fuscus ii 9 > y n r') 0.6
Reticuliterm.es speratus t-7 h ’> n 7 V 0.4
Reticulitermes yaeyamanus b v□7 V 0.4
Coptotermes formosamus ^xy07'J 0.4
Nasutitermes takasasoensis ^ D7 V 0.4
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6 SeS#6lcfcixT8U6Ufc*m£$*i£

#sw as

•>a7ua
**>07'.m **>07 U (Hodotermopsis jaoonica ) a*•a^a
KeyD7'J8 *^»07'J (Gtyptptermes fuscus ) 

3l)>i»Q7lJ (Neotermes koshunensis )
a±a•#ama 
sas•#ama

;v^fy7vn7US >7 h>0 7 U (ReticuEtermes speratus )
775*7>>0711 (/?. amamrensis ) 
775>07'J (R.miyatakei)
7x7777 h>07U (R.yaeyamanus) 
7x7777 H>07y ? (/?. sp.)
*X>07 U (Coptofermes formosamus )

axa
as*
as*
saa
**sa
asa•asa•saa•saaa

>07 UR j,*7d>07 U (Nasutitermes takasagoensis) saa

i
**3*7yf* **d77U (Panesthia angustipervm) 

x77^7-*d'77y (Salgane esakii)
7>^77d77y (Salgane taiwanensis )

as*•saa 
mxA

as*-saa

saa

*-X U7fc«kVS77 U*TI8$L/i:vnrU

Family genus species locality colony No.

Aa»o7y#
Mas to ter met darvAnensis Darwin. AU 22

**>07y#
Porotermes adamson Wyong, AU 84
Porotermes pianiceps George, SA 12.14
Stolotermes victoriensis Wyong, AU 83
Stolotermes afncanus George, SA 1.3,4,8, 9, 10, 11,13

>jL0AS>O7y#
Microhodotermes viator Bitterfontein, SA 21

>4"tf>o7y#
Glyptotermes sp. Wyong, AU 56,57

2l/^>7>07y#
Coptotermes /acteus (7-5 > KM) Wyong, AU 51,52.53
Coptotermes adnadformis (?)/sp. Wyong, AU 50,60,62
Coptotermes adnadformis (7 9 > K*) Townsville, Darwin, AU 11,23,25,46(7)
Hetervtermes sp. 1 Townsville, AU 1,5.8
Hetervtermes sp. 2 Darwin, AU 26, 37, 40, 42
Hetervtermes sp. 3 Darwin, AU 38
Hetervtermes sp. 4 Darwin, AU 27
Psammotermes aHocerus Nuwerus, SA 16,20
Schedortarrotermes sp. Townsville, AU 3.15.16
Schedortunotermes sp. Darwin, AU 47,48

>07 y^
Odontotermes SPO. SA 2.7
Microcervtermes spp. AU 2. 12, 17, 20.21.24,41. 

43. 44,49
Microcerotermes sp. SA 23

Nasutitermes spp. 8. 18, 45,61
Tumulitermes (?) spp. AU 4,13.14,31
TrinerAtermes sp. Springbok, SA 17. 19
Gen. A (Nasutitermitinae) sp. Springbok, SA 18
Amrtermes spp. AU 32. 33,

sp. SA 8,22
Drepanotermes sp. AU 9
Tenues group spp. AU 19. 28, 29, 34, 35, 39
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11 #HVD7UU ^t^

ynr'J SjfcajK

;u — > y -f )l — > y — ;!/— y y 4- Tv—* y —

ttvnT'J + + + + + ±
n 7 y ^ y y n 7 V ± ± + ±
7 ^ y y n 7 V db ± + ±
fTh y n T V + + + + + +

h y n 7 V + + + + + +
Y X y n 7 V + + + + + ±
?*t^yDT'J ± ± + ±

###(%) §if (g) 7^# (ml) mg/## ml)
**=f*7'J

13 yDJ'JWOMtliM F^^fflSfCckS U tf

ms

y%+ 7V — ^ y flg—

n y h n —;v ± ±
^ ^ 7 V Panestkia angicstipennis (HA A) + ±
7 "f 7 y 7 7 7 ^ 7 V Salganea taiwanensis (£§£1 1) + + +
>7f^Ay<oai (BEA) ± ±
^7 < 7 V A y(0&b& (o < (f) + ±
7 7->'A-> (o < l£) ± ±
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14 DHP

l«No. -RffNo. #3 DHPi8fcti¥(%)
1 F1230 Pleuroteus ostrateus P 7 7 7 17.2
2 F1231 Pieurotens ostrateus 14.9
3 F1232 Pleuroteus ostrateus p 9 7 7 10.7
4 F1233 Pleuroteus ostrateus c 7 7 7 11.2
5 F1234 Pleuroteus ostrateus P 7 7 7 12.6
6 F1235 Pleuroteus cystidiosus t7 R 7 7 7 2.5
7 F1236 Pleuroteus pulmonarius 97R777 24.3
8 F1249 Pleuroteus salmoneostramineu 16.8
9 F1252 Rhodophyllus crassipes 9 7^—v 7 v -12.8
10 F1265 Coriolus versicolor #9977 25.8
11 F1280 Coriolus versicolor #9977 18.1
12 F1286 Coriolus hirsutus 7 97# 9 7 7 7 21.7
13 F1291 Pleuroteus sp. R 9 7 7 21.4
14 F1293 Pleuroteus sp. 33.5
15 F1294 Pleuroteus ostrateus R 9 7 7 35.6
16 F1302 Coriolus versicolor #9977 3.7
17 F1312 Pleuroteus pulmonarius 9%P977 14.6
18 F1332 Lyophyllum decastes 7 77 7 7 -7.1
19 F1333 Coriolus versicolor #9777 17.4
20 F1259 Tncholoma psammopus 4" t: 9 7 7 7 0.9
21 F1701 Tnchoderma viride -0.9
22 F1702 Trichoderma viride -1.7
23 F1403 Phanerochaete chrysosporium 20 2

55



Absidia
Chaetomium X4
Cunningham ella
Cylindrocarpon
Cylind. XI4
Fusarium
F. oxysporum

G. penicilloides
Humicola
Monacrospori um
Mortierella
Penicillium
Pythium
Rhizoctonia
R. solani(b)
R. fragaiiae
R. (cream)
R. (white)
Rhizopus
Trichoderma
Verticillium



*15 i\fco< ges)

6
T|SIR!-

7
TiSjR!-

8
TjSiR!-

9
T| SIR! -

10
TiSlRi -

yu St
T F

«€
Absidia 0 0
Chaeto. X28 I; ! ; 1 0
Cunninghamella 6il! ! 12; j I C

O 1! ; ; 22 1
Cylindrocarpon 1 : : : 1 ; \ 1 : 1 2
Fusarium 0 0
F. oxysporum 212; l! ! 2! 11 : ! ! 1 m i ! |2!1 2 11

Fr. 0 0
Fs. ;1;4;2 ; ; ; l 0 8

Gliocladium l; ; ; ; ; ; 3 1 3
G. penicilloides 0 0
Humicola ! 11313 0 7
Monacrospori um 7!312;5 7 10
Mortierella 15; ; I 2;111 0 9
Pa ecilomyces 1 ; 111 0 2
PenlcilHum M !3 Mil 0 4
Pythium 2:1! 11 2 2
Rhizoctonia 0 0
R. solani(b) ; i ; l ! i ! l 0 2
R. fragariae ! = = 0 0
R. (cream) ;2I2;5 0 9
R. (white) 1 = : : 1 4:3: : 5 4
Rhizopus 0 0
Trichoderma Mil ! i ! 1 0 2
Verticillium ! ! ! 1 i ! 1! 2 0 4
X20 ;l! i 0 1
X21 Mil 0 1
X22 12; i 1 0 3
X23 ; 1; ; 1 0 2
X24 0 1
X25 ; ; ; l 0 1
X24 ; ; ; l 0 1
X25 ! ! 1 1 0 1
X26 ; ; l; 0 1
X27 ; ; l; 0 1
X29 Mil 0 1
X30 ; ; ; 1 0 1

F : 6^0 3m (S, R, -)



Termite No. M B a Termite No. » * at a

m a fl a

1 Arthrinium to. 1 Mucor so. Mortiarata so.

2 - - 2 Acramonium soNo.I -

3 Arthrinium so. Arthrinium so. 3 - -

4 Humkoia to. - 4 Curmin/thMi faila so. Humic o!a so.

5 Hjnacaia to. - 5 Acramonium so.No.! Mucor so.

6 Cladosoorhrm so. - 8 Perriciflium so. -

7 Trichodarma so.No. 1 - 7 Trichodarma so.No. I -

8 Humicola to. Chaatomium so. 8 Cunninahama/la so. -

9 - - 9 Trichodarma so.No.2 -

10 Trichodarma so No2 - 10 Trichodarma co.No.3 -

11 Arthrinium so. -

12 ParricHHum so. -

13 Arthrinium to. -

14 Arthrinium so. -

15 Arthrinium so. -

18 Trichodarma so.No.3 Arthrinium so.

17 Trichodarma so. No. 4 Arthrinium so.

18 - Arthrinium so.

2. io'crc?0)ttf*

1 Ctadotporium so. - 1 Acramonium so No 2 Acramonium so.No.2

2 Arthrinium so. - 2 - Acramonium so.No.2

3 Arthrinium so. - 3 Trichodarma so.No. 1 -

4 Arthrinium so. - 4 PanicHEum so. -

5 - Arthrinium so. 5 - Trichodarma so.No.2

6 - PanicilHum so.



i. ZZ V I'VVTTHE

Trichoderma sp.No.1 11 ft Trichoderma sp.No.1 18 ft

Trichoderma sp.No.2 13 4$ 254$ Trichoderma sp.No.2 2 4$

Trichoderma sp.No.3 1 ft Trichoderma sp.No.3 2 ft

Mortierella sp. 13 ft Gliodadium sp. 19 4$

Fusarium sp. 1 ft 7 1 4$

2. 10°CT(7)e#

Trichoderma sp.No.1

Trichoderma sp.No.2

Trichoderma sp.No.3

Trichoderma sp.No.4

Mortierella sp.

Sc/erotfum sp.

Mucor sp.

CyTtndrocarpon sp.

PeniciHium sp.

1 4$ 

8 4$ 

2#

1

49 1*

10 4$

4*

2 *

1 *

124$

Trichoderma sp.No.1

Mortierella sp.

Cyiindrocarpon sp.

C/adosporium sp.

n

4 ft 

21 ft 

2 ft 

1 4$ 

1 4$



*18 -frvhvnry (B2.6)

1. 22tT?®#St

20E4]l5E^b5j-Si'C-$fe,____________________________________________

Termite No. # H $ ft

p M
1 Mortierella sp. Mortierella sp.

2 Mortierella sp. Mortierella sp.

3 Mortierella sp. Mortierella sp.

4 Mortierella sp. Mortierella sp.

5 Mortierella sp. Mortierella sp.

6 Mortierella sp. Mortierella sp.

7 Mortierella sp. Mortierella sp.

8 Mortierella sp. Mortierella sp.

9 Mortierella sp. Mortierella sp.

10 Mortierella sp. Mortierella sp.

11 Cunninghamella sp. Tn'choderma sp.

12 Cunninghamella sp. -

13 Cunninghamella sp. -

14 Cunninghamella sp. -

15 Cunninghamella sp. -

io°cr-5)5j-Sl
20E4314E^b^StTr#/'-o

Termite No. # 8# SB ft

m m
1 Mortierella sp. Mortierella sp.

2 Mortierella sp. Mortierella sp.

3 Mortierella sp. Mortierella sp.
4 Mortierella sp. -

5 Mortierella sp. -

6 Mortierella sp. -

7 Mortierella sp. -

8 Mortierella sp. -

9 Mortierella sp. -

10 Mortierella sp. -

11 Mortierella sp. -

12 Mortierella sp. -

13 Mucor sp. -

14 Mucor sp. -



I

$19 f? t- vo7umamma (m&M)

1. 22°CV<DftM ______________

Trichoderma sp.No.1 17 #

Trichoderma sp.No.2 6 # 25#

Trichoderma sp.No.3 2 #

Mortierella sp.No.1 15 # 24#

Mortierella sp.No.2 9 #

GHodadium sp. 5

Cunninghamella sp. 1

Mucor sp. 1

2. 10°CXr(7)^vSI

Mortierella sp.No.1 35 # 46#

Mortierella sp.No.2 11 #

Mucor sp. 1 #
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IP

Arthrinium sp. 

PeniciHium sp.No.2 

PeniciHium sp.No.1 

Mucor sp. 

PeniciHium sp.No.2 

PeniciHium sp.No.1 

Trichoderma sp. 

Mucor sp.

PeniciHium sp.No.1 

PeniciHium sp.No.1 

PeniciHium sp.No.1 

Trichoderma sp. 

PeniciHium sp.No.2 

Mucor sp. 

PeniciHium sp.No.1 

PeniciHium sp.No.1

PeniciHium sp.No.2

Mucor sp.



1. 22°CV<DA1&

Trichoderma sp.No.1 3 #

Trichoderma sp.No.2 1 #

Trichoderma sp.No.3 7 #

Trichoderma sp.No.4 10

Trichoderma sp.No.5 12

Mortierella sp.No.1 3 #

Mortierella sp.No.2 3 #

GHocladium sp. 4

Peniciflium sp.No.1 1

Penicillium sp.No.2 2

33#

6#

3#

2. 10°C"C(D#8#

MortiereHa sp.No.2

Mortierella sp.No.3 

Mucor sp. 

Penicifflum sp.No.1

32 # 

9 #

41#

1 #

1 #
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1. «*.**«»)

u

1.1.1

2200 HU fa 1 TjS^^CX^tj'/'c^cDT'ti/j: y

L"Cm#&##L. f LT^#f^^D^/:#TV^%)(D^V6o
4:"d)^7^7®+y 3^07 V 7 V#(d:#^#(C^VT^:^^
L"CU6o ^7^7(c^VT(i^ ##6y7//<^fV7(D##^^#T3b6#& 

It i^30^i>d7iJ^!\ ±#43(D#^^##(c^#89(c## LT u 

6^^(D±##yo7V^mLT^6o COj;9(c, ya7V"##"##fLTmm

#^(D#t^cD^jT^6^U v-o7V#^7V#4)^ #Wfc# 

^m#^^-3"CV6##^%^flTV6o 7V#T(j:, -F77V##2)d-;f7V#U -f7 
7VW^ by+7VM^6'T^6o C(D9^^^7V^r(d:^ #6/L6'o@-c#^m#& 
W^tltl'5 C 6^'ft]btlTV64)0 f^T 'JJiTTii— §B©^|0<^7;'MbtlN 3 o 
-- C6(cf l/:i^7'Jlt^ ii^41Ltl^i

tvr'Jl, b y *7 USr-ii, S Witu &g

LTU5o A####r&6o
y-^-7 V # 6 7 7 'Jl-t y +7 0 #0^(c(iV < 0 7^©fM;5.;^£> 6*U W#6 t>

6C6. ^-^7 V^O^^#-e^^-77 VM- 
by + 7 ^77

g^T^66f6#l)^6o C^^O#A#cD%#iJf:"9VT(i, */:C#S6LT
V^V^U #^T^,67V^(D^###K LTU5%#^mi\

1.1.2
®E^^©=ko^M-e3 y h D-;i/LtMLti'50K 

ttz^ BEi^£tlTV5 6'©ck LTfiJffl LTV3£>;K £>6 Vtelffl

a ® j; o L% i ^ /z ^ c a 6 A, ^ 

ftPj^tirvte v0 foiiiiya7 VH&<ba'7 V # 6<o(c ^6 6<tam

-ec-e, ^6

6 b K N :tlb C##&ck am# CD DNA j^tJf^fT 9 o



iC6t\ */ Oi/ar 'iMfrZkigtZMW®** S'a 7 ') 5"t (Termitomyces) 

ti5\ f ^"p-7v ^<r#6i5jemf##cmLi:uT^ f

c 6TEA/TAMC LTU60 C£>£7&>£^b> Ctl
b<%##6 ->d T V

^#G,aa*)x eoBmma#

-ece^ 7 yyoT v v f
i%m®tz&(DtiLMMmvmm, B^bODNAfatiB

'S©$is'f;£ L tz0
T'JCiLtii, c <b #%n bfrcu 6 7

7T V##®9S 5#16@&b, IGSrRNA ^3- K^6 DNA

1.2

1.2.1 'Anr V £BE©IHH£

B&z&tfz ab 6 ###& J:

r#% £ n fc1i ti&© k © T £> 5 0
7 A 7 y >y ” 7 V (Gdontotermes fonTt,oscLRiis')

’>a 7 V (Macrotermes gilvus)

g&W#&b05S#&b 16S&=tCf ISSrRNA ^©ittefilgM^ Wtc

[SNRL. 6^C#

(l^x ztilk Syt^ltmu Btk)

1.2.2 7 V il^4il©ii

7 ir 7 >J M® Camponotus quadrinotatos b^)E£ WS-^fitiLti L> ^tl^f
il/A b DNA ^rjttim u PGR template c L/i0 PCR m V’ /Z 7° 7 7 "7 — HIE Ira B® 

16SrRNA itE^ (A^ 1500bp) (D 800bp b 1400bp ^T<D^ 600bp ^ J:

3^gtAftTt\6o PCR I't'tlhW&ZtlZMZ (DBHffits y y ^Di/ys' y k

•§r-f¥/‘wo

PCR 7°7X ; K UC18 ^ — icftjl\ Escherichica coli (DH5) (C#A

U y d — —• >' y^ri? t/:0 *Pm DNA •$■ template c L A PCR b 8 y n — >\

9PS DNA £ template <b LfcPCR g#l^ b 6 y X^oA^SE^J

14 ^ n - yc#@ 11 X n - y ti[Hj—E?ijT'& o tzQ ^lQ(D3?a-vk 

1-2 i£S^W<£ £ ©<5-7% D x iSifriAtl/'c DNA E?'J7ab o tz b ti£0

65



£. tz Plagiolepsis pigmaea DNA & template t L tz PCR bLwjjp b

6 ^ a-y, ## DNA & template tLtz PCR b 6 X n-y©y-^iyx^

PCR o tz0
Camponotus auadrinotatos•* Plagiolepsis pigmaea h t> PCR y — X x

yx L #) 1^—btlfcOT'p^4 ^ 7 'JI 6byXttT ')M 11L

h 77 Urn 5#^ ') mi t x 4 r »j /m i Mo lesrKNA AW-o^aBexu ti x
4 u X h y - X x y xT'&SL/:o

1.3

1.3.1 y n T V

¥$9^6 ft (C 5 ^-BfRcfcVTy D T V X70f^#:#^& 

#ML7:o 4> 2 C6> Nyyyar'JolS^Lt

LV:0 #g?L7:#@o—*tto7-te h ycte-f^S LT4 &0 

7y-yTO^jt|i:fcl^ ¥l?£ 9 ¥ 9 A) KW&M&^n^tZo X 7 XpffiicfcVT
4Xy^'x44 y a 7 v ^ x<D^(Dmm%wwtz>z.tfrX'%iz0 uMLizm
So—SIR ^#:(±7-b h ycp(c{^#LT^6o 

16S^«kCXl8SrRNA]i#{zf 7 4 X'
;7 B# S (7) li: S fog t Ff 7) M # t K 4 fx! X i- *S .„ fE/±, */±, ##)

f < ^ ¥¥gmbkissx?r# b n f\ ##(:¥¥

g 1 ^ Rf 4 jiS 4 ^l/c0

DNA ##^b con o^#4fr
i. \ + y 3 y o ? ii EiM(7)J2;^-to/r kYm&mit;! 7- A r x ^HtfcnffytEirS-i' y 3£S#®>^ixnvuu^y

L fc0

1.3.2 7 V

i-? 7 v lesrRNA mm? c mmomiwi#

iittr V m 7 EfMR k /r 'T vmsm^m 95% m± Hi7 111? f§ KM 7' £± QR R%

-Tl'k^tZo 4fcSfyi®f81%td:4 4 7 V 92^93 %> t77'Jl-b> +7 9 MfS
95.6% 7:^44 7 V# 3 #7 4-7 7 V#- b X 4 7 'JliOfltli 91.6—89.6% t

Genbank 7' — X ^ — X 4flJ¥ LT4 7 V O 16SrRNA lAfe-pimSSS^J

OtBNTE^I5E^ 1ab-7C 6 C 6 C b ^ Proteobactria y'/u — yVj B mffi 18 mC SB C&

& C <b *^#0 /:o
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BMK]iat£-<i&m£^z-Z>tiT^tzX-?7 ')m-t * *r
tz o L^L777 ') W^MLXteXJ u? h cti

6 9 (c^EBSo&0T&SEEM© 4 #(c!t^{gl\

777 V3 L/C6#x. (3

tl'Bo
16SrRNA L/: 16 @0-5 5 10 @0#^7 D CD CO II £

3-Kt5; h n y K V 7 DNA974bp ©i£SK?iJ£&SU 3 K y^ H—

3 K y 650bp ^ bS^lln o'^t^ 4: Lfco (02)

t£ 4b\ Camponotus japonicus, Colobopsis nipponicus, Plagiolepsis pigmaea, 
Formica fusca, Oecophira smaradgiua (DX— $ x y x t — ^ (Co UT (idtiSil^^

^■ir'Ji, h7"T VM© 2lPtgr(d;*MS©^E^:E^©SE(i—i(L/c*k 77 

7 U cnRMpNT'A. A A . h 7 7 ') I - h 7 X7 7 7 ') A /X A

ttr'jm®3i ttr'jm, hyrv je^ieb

*5 4: ISSrRNA A'OiSEft^W^tHliK itE^

cm#:, a#\ m

®) a/=. >£i6W

X7 7-(D##, PCR&®%m^fTlV:l\

1.4.2 7 V 6###^###
tv7'j ##0^:^ (9 >

#01)#%#:(cMfDLTw6o yxdDAft/cW

L L HE(ctiSWfe©x 7 Mi t> OT L T & <9 N &£*M£ftofl&0SA«
A C 5#A 77 7 V##(cMLTx7#^(D%#

A(c o UT (* (i A A, ^ *1T l^ o

4: 9 f LT-e*16777 V Sf4©$?^£BA®|g$Uco VTti^
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Xenorhabdus beddinii 
Yersinia pestis •

86

m
65

38

P. hippomanes cndosymbicmt 
■P.dibes cndosymbiont 

Colobopsis nippanicus cndosymbiont 
Gamponotus nawai cndosymbiont 

■ C tokiocnsis cndosymbiont
-------C divestivus cndosymbiont

C quadorinotatus cndosymbiont 
kiusiuensis cndosymbiont 
vagus cndosymbiont 

93 1-------C japonicus cndosymbiont

Camponotini

5ft c?
_____ I ------ Ckiusw
97 I__ |— C vagu:

CTrealeurodes vaporariorum P-cndosymbiont 
■ nhitlvrr/i* P->ndncvmhinnt

Pasteurella haemofytica

■Siphonims phillyrcae P-cndosymbiont 

Barophile WHB 4

1 =k 5 nsFwamEm

Note: 16SrRNA539bp, 100®^- h X h v -j

C japonicus *

Colobopsis nipponics *

P. pigmaea *

rufmica jusca ? 

Oecophilla smaradgiua *



2. v

2.1 m a
V LT. LTAT®

6 LT#%LT^D, W#±(c ^ (j- a ^®

& m% a fi a a /: at;i/^-

y:At;i/o-x^^<4:;i/a-%yz(±. j;-?T##(:^

6 fur # /:o

tlNi^' ^tJIwc? tl&^fcj\Jwvtm^&tt^yjw-mrsiyj'=r'/iut=iiyj'£'$) a tz u6 (SI 1 10»

^%89(:#36T^^fU: < LTf . #]&

ti a o

^Rm;A#&@-3T^ao f

T#Wc^fl ■yrm .oOiSSl; l»g1"5Ws

TiJo -e®S—lix iSj^AF V to- y®fS5H^bSf3i;:(SA3#%tt®fii.'5 -to» ^ElS 
tito£AA5#»KJCT'£,9!\ *-li, $-#ti#&^6@*f{l:Lti V to- >#&&#

Zffitzm^-tz&Mt it;ftmseT&5 (H2)j,-s>0 ctn® 2 o®iag^-xr v to
- y liHie-fkKSi:7k^-£56£#JSS ti 5 »to Chi 2 oC^BifiglifflABtii'©***; 

B. '<>f'jr, aitBrt®±ftff^ SAM)©A/-y y&#t g^ti#4tit#i*#A 
WicM#tTH6«±®tt*« >J to-y#«>Bg*«(£LTi,'.6„

*E%iiS-K, cn&ffl'J to-ytfSfigt^m-l" 5ilAA »tc fc i' TtSIg L r i, > 
3 testor-SMi tiB*tt#aig^'<4*-7xmmt lt® v to

y ® E U'tifflm®H8F6SLrUtet"3 = S-K, >) to-yffl^BiSgicM-^AS 

BSK&®£< »A V to- y®{b##@®^«#»R#LT@*T^#ti###aRe# 
^fiTV'tii.###*##?&6#tc#BLT. -efts, V to-y^- 

)WiSfIH4--f 5B*at^E L v 'XStotlK$8lton * x Kpjffl 15 AffittAffXBWel 
£ UraXOEt-'o



tr^iy. y^'-yom#^

9 v f -50% ch:& 7 v -
vP7"i,H?n-vP-/5-7 y - vPx-t vPjj*£6) (0 3)

g#6 It, f U 7"- y*Tyi/S@®^^ii*/-c0

7 y -vpy'y -t?n-/p-/3-y v - vP^^###o^g#%fr® /: )6 co V 7"- y t

LT, V /-y(:/:^f
7" — > (DHP: Dehydrierungspolymerisat) ^MU j; V

7' — y ©5)‘fSiSfS'$r^tlT'f" ^>o H—tC^ 7 y — vp y y -t? □ — vp- /3 - 7 y —
V ^'-y /<? f- V 7 6^#m

7 V - vl/ ?" V t a - vl/- y9 - 7 V - 6 /: o

/<^T v v mef##
6 L-c v ^-y#jm^#6

2.2

2.2.1 7 V -vi/?'V -ta-vi/_#_7 V -vl/%-f

it V 7" — y -e T vPjbA# (7 'J - vp 7" y -t? □ - vP- £ - 7 y >J 7 ^ a y x - f- ;p)

(1) 7-k h/<-o y(D^y ^vp{b (Scheme 1, 1 )

7-t o^'-a y (Acetovanillone) 30 g 120m^ 0%#% 7 / — vP(cy§^ L ^ 5jl](c;

;K#{k^ y 9 A 11.7g^r 120W<D%#^^ V -vP(C7##f W^7 / -vP#%^zE

/ - vp^@^L/:#m^diy7(ct:+^$!:#f 6o %#L/:

SB# it 360ml 6D%# X 7 y - ;p £ #n7_ L N |hJB# (C ^ y $/ vp 7 a y i K

(Benzylchoride) 25g&^^T4#^#mf6 (m^^

^#6o#^(4:^7 7-vP:7X(l : 1)

(2) /<y^vP{k7t h/<-oy(D##/fl: (Scheme 1, Kl5 2)
^ y A vpjk7t h /*- n y 40 g &%#% - 7 VP 520ml^ %# 390mf (D'M&

TUE7 y x n^x y - 7±(c-b -y h $ti/-c7K7kys'7(cHSLx -?i"* v H (j^#f) & 

7 y 7 3 KKtlM&^^tWir 5 o iTa - h tcSS 30 g ^ t/D X. jt#”F t4) -D < t) til
E7 7 % 3 (:#Tf f 20T ^TC^ck L,

iai#(c#-FL/:mm(D6^KfE;(7)mfTT#< %ac6&#

&d#;l#26 6 OT. L L T^So±#(:&m L ^
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hTa; tlc Tiggrs (y-t? y : W6fif^=7 : 3

^M^##(:f5 6x t'^'-oyj;^) #)i#Rf#@6 LT#
#^"5)o #,%#. 2-3 V v i-0^1iy7&

0@#d%%f 6 0 Tf'Qirv L T^#x f ;'y {c^$ -frx - f 50^“

f ;i/-m#%f M'f*y7k’C2-3lEWtftirte7kffimi-h
#Lf:05. xys'^ i/-^--eSE#@^-ti-50

(3)0 > ^ V 7 x o y (Dx — t (Scheme 1, 5(Jfo 3 )

^ y -7MbTtK^'icy0##fb# 12 g. 7 y^ y 7 n y 6.6 g. u
7A(K2co3) 9g^%#7thy6oowc#^L.

1200ml ©E^ * y/k^n^fcEx 300ml 0 7 n □ *71/AT 3 0 ig L fStiH t* 5 (E
y7K^AL^#^TzK#(ipH10^±T^5/:)6. 3=mb0O y^V 7x o y(i 

7 □ □*;UAgic^&£ftTCteV0T'^^"5JtbT'£>5)o 7 o n * 71/ A jg ti N H7 A/

A ^yyjcemK)mL^b#L/zmmzkmmf h v oA^Ac-c

x/<*° L/-^-t®4L6IMT^ n a * 7i/Af ^
TLC ^7oa77y;777-

A/ = 20 : 1 LTfT7 Wii}*5o

(4)x - r /'U^M©*!* /PfuKlC (Scheme 1, ^4)

7 y ^ V 7x0 y ©x — f- 71/$^^#^ 1.5 g . MtK Potasium Carbonate (K2C03) 

28mgx -t ;i/A T 7tf t K - iix f 7tx x f ^1^® 15mL yl/x x %yi/

8 ml ^ 100ml ^0 7- xg7 y % o (:^Af5 6y7i/^0#^#6 ^ 5o 

TMffl^PSS^E^Tx 7 7 - yft# waterbath ±Ti&7 (E 20 (cjjD

ft& L 5 t" 5 ( C 0^m7T7" /"yiA$!(*IS \ ^k v iSfpF L m)0 Bit57fti«!.

waterbath 0^S^T(f25°CT 5 5^K

(C0BB#^B^#r8b5)o

50ml ©E"f * yyk^tJDX+T)1®^ IT (Is7k Potasium Carbonate -$rf# 

#^#6) ^%(ix 7 o o *71/A ; pixf 7l/xxf^l/= 1 : 1

20 ml T'ftamt* 5 G BUi7i%!(lx e b ^^®7k*T'-r7Jou^‘L ^ b 0 iSt'o

C 5o 7 o o *71/A : @^#xf 7l/x%-f7l/%Hj^(4:x/s^ y-

7 -Tr@ALT#^7kTr|%#(c^^LBIB#;6 LT[I]JKt'5o
(* 71/A 7 7U7 t K-@^#X f;l/X7f : * ^^7 71/ t t K7kf#%

(rfiMjE37%) 10W f yl/x x T 7P 50ml T 3 L . P|xf7kx7f^

m&Ti/4-a 5-7-7'YzJuX.TSE^t"5o

(5)^ y'7 71/fbT V — 71/ 7" 'J -bo-71/-^-7 y^ V 7 X O yx-f/l/®^y7;i/S®li

(Scheme 1, MlL 5 )

ZtlK^y i/)V\tr V — 7U 7" U -b o — 71/- /S-7 y^ V 7 X o yx-f 77 (fliJEa^S=

77 71/7 71/M; AU g £ 95% 7 7— 7U trpMStna C <A V >; zdim u 7jU/L-r^TlS^S
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I

#60 100mg(5%t:#A(i 200mg)
7K#^amT

f 60 6o R^ym, mijo- h-cwm

#Lf ®!^#(c lOOmi <DMW7k£1jnz.-tftM& L f/H7r 7bT*titfjf 5

(50miT'3®^^ig-r)o #7kgt#f h U 7 A&%0X_%##L x/<^y-f-T##L 
X ^ v-ify-iiif ^xxf^i/J: {9^££bI;£I#6o

(6)7 V - 7b 7" V -fe a /-> - v / v /U® {ruIh ct ~£j 7b m -— 7b'4|; ® lH

7C (Scheme 1, RJS 6 )

7 '] - ii/^" 'J ^ o -ii/j3-^ 7^ 'J 7 i a yx-f ^ (#]# a j^S = tJ 7b# — 7b?g) 

'fba’^3 2.0 g » 7K#{b^ 7#± h V 7 A (Sodium borohydrate) 1.1 g (^###*^ 

■£ v & ® L T v S ®x^M&ut 6h 5) & 95% ##x 7

— 7b ( rflsSno^'^ v '•) 50ml vC^/ua. ■?> 0 7 7 4°CT^10

RJSf^T^ 75mi ®#@*^Anx. 7 o □ * 7b A -fpl£x f 7bx % 

x7b (1 : 1) m&mu 50ml T' 3 BfMf* 3 o h V 7 A^j^^.%##, x
/<# y-7-XT'iEU L TEWb^S - WfM Xf-;i/XXT/^O #^r#6o (Hj##

-;vic?§tj-(c< y ^ 4 7- y ^<hfg#%®i#lL

"9* O )

2.2.2 ^?V7'-y(:/:^f

(DHP : Dehydrierungspolymerisat) ®{b#o^^

(ips'x V viva yg££tti%2M<ht*5 7 ^ ;l/7iM (771/ K-7b$f£-)

(Scheme 2, /xiS 1 )

$%# L ij y 50 g , L/:^a y#70g. t°^ V '7 y 4m^ 7 - V y£ft®£>

+ - y- 7l:T%#L/: t° V y y 160ml i:j§ilt^ txl7 y x 3 (cWb

*;yyhAf^b7 h U ^ey7*x7-y- 7'^MM^ii^Stox.r 30°C 7>b 45 

°C ^$7r 10 B^b 14 HSfcMLTRJft (-Ejb^S® tc J; 3 §v£ £ tV<£ <

6#A&R!o®^76%^.6)o RJSH7E> k° V y yrSmilxl 2 V v h 71/®tK7K^
i4>o < 6m#Tc&<"6zommiMM^tiuz-xt*') y ys^ff

(2)7 x 7b v H$t® y 7 /b-fb*^ct v 7 x 7b v hxy 7 7bx X x 7b® ^5. (Scheme 2, Rib* 2 )

7x7bx#sog^ 500w®%#y ?/-7b (ey^ + x x- y-7lcT%#) c#

#L. ^m®i/5om®#mm^m^6^mmf6
!£> x/^dE y — 7 — (b~Cy 7 V — 7b-£ <£> L tz(D tj N 2 V y h 7b®7K7ki^^

6o 6o ^<7b^6L\(d:^®#A
x f 7bX x X7b{cTtmuj #7kBR#f h V 7 A±T%#Lx/s'd! y - f -T#

#L%#T7 x7bx#y f 7bxxx7b^r#6 (0A^#^®T#^bL(c< V)a

73



I

(3)7 a 71/ 7#/ 7 7l/x x x 71/® x hH F n t“ 7 —Ji'iklz.X 

(Scheme 2> KJS 3 )

KJ&lc5fci£o7\ fit^>^7XiI^iLTfc<0 %#L/:7 A 71/7#^ f ;vx 
%%7l/&^20fg# (W/V) n o;< ? yfcyg^f 7 A 71/7#^ f 7l/x
X x 71/® 1.5 fo ■£ A/jEtD 3,4-Dihydro-2H-pyranx 1.5 71/#® p- F 71/x y X 71/4; y

(##) mm^amToTrs^m^^o s^m^F vx?7i/7< y

(NaHCOS)
;KcLTW#@f F U 7 a±T'^Lxvs-^ y-7-T7lElz:@

$ ■fr'So n-^417* y fa *c>-PF^nEna^'l^l -5> o

(4)x h 7 t F n h° 7 - vHb7 a 71/ 7^7 7 71/x X X 7l/6D#7C(C 4: 6 T F 7 b K a t° 7 i 

yl/'fh13—■ 7 a U 71/ 7 71/ 3 — 7l/CD-Q-g£ (Scheme 2, MJS 4 )

h 7 b ho 7 7 y(i^ $f t y4 A 7-y-y%(:T%#Lf 0#$)}

LiAiH4 ^m^#m^amTTmmLT^A(:7K^m±LT^< o

F 7 b K a h° 7 - 71/jh 7 a 71/ 7 S£7 f 7l/xxf7l/ 5.84 g x F 7 b K a 7 7 y 30
ml (C7##L#Ta - F l:^ts0 4 P7 7 7 3 (C%#x F 7 b K □ 7 7 y 100ml £ 

LiAiH4 i.52g^aL,

%8To- F^r-bv hf 6o K)^%&-40°C—-30°C 2#^^lj"T#TD- F®x

h 7 b F a t° 7 — 7l/fb7 a 71/ 7#/ -f 7I/x x x ^ Wt££lE%lF[SxrFt4)< 0 (h^DX.60

2B#^m, r±(f. /K& a'/b/'c T r 7 c r o 7 7 y vK £ TXT

F 7 b Ka 7 7 y#^^^6) 150ml ^#Ta- F (:
tnAT##j® L1A1H4 60 ^ ^ 200ml ^rtJDx.^ F5474XO
AM'-^%A 60 "b®#cF >) (c##x 7 71/ 300ml <h#@7k 100ml <DfEn'^

60 F v 7 A±-e%#
L X/sy- ^ - T## LT^ 4" 71/6 L^o

(5)x F 7 b K □ b° 7 -7L/jb3-7 A V 71/771/3 -71/@^#&T FHFa t: 7 -7l/%® 

#±(:cb6 3x7 A V 71/7 71/3 -71/®A^C (Scheme 2, SJS 5 ) 

x F 7 b F n k" 7 - 7l/jb 3 — 7 a V 71/7 71/ 3 — 71/ 2.5 g -£ x F 7 b F'n b° 7 y 100ml

lN-HCl'10rnl&AnA##^amT0°C. 30^m#L^^6Kl5f 5o M 

^7#^ 300ml ®^%f7i/xxx;i/^rtnA^
(pH^#mTmmf6)o F voA±r%#L%/^y-^-

T'SELT^M 7l/£f#3, %:# n-^ + 7-y : x - x 71/^ & 0

(6)^71/^ 4 y 7-4f : iiE^kSM Wz 3 X 7 A V 7P7 71/3 -7l/®a%7k##AMf5(:

7-y^x'71/S® (dhp) ®m#

3x7^ V 71/7 71/3 -71/ 1 g£N 50ml ®7-b F y iCffifftL tzo x 7 ^ y ;> 7 71/ 3 -

$6(:3%@m{b7k#7k##^20mim^f6o ###<kLT
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I

lOOmM Potassium Phosphate Buffer (pH 6.0) : 1.36 g © Pottasium

Phosphate monobasic C 80mf o i\h 'J 7 A 7kl§$E

CTpH6.0 C##LA# lOOmf C A £ 3; XMWk*1]UX a) 340ml CT4? h y 100mi £ 

%A 6 o T -fe h > — lOOmM Potassium Phosphate Buffer (pH

6.0) C„ Hose raddish 4- > y—c (sigma, 44units/mg, crude, solid)

3-7^ wi/7

h yW^ckef 3%mm^7m7k7m& 14
Tf 60 14 B#f$m£> ;i/^-1 y f-4:^ 4 mga&nL % $ AcKio^ 12 a,

EiS^td: 4000rpm> lOmin iCtia^iU ftlx^CS^Tk^tiDAT 

+7rliM Lriul 'cSi^TLxwfrta0 3 mm'O&Xo Zfc
y SMit V ><Dft&TxM&EMirZo fUbftABm^ crude-DHP t L

DHP ©##C(i, £© crude-DHP ZM'l'MW * * V's ~7}c 
(9 ; l) AS©^ - t elf Hi^Tcdy»-b'-74IT ixtfc

DHP 6 LT^mi-ao

2.2.3 7 V - ;i/ A U bn-^J.r) y-< U 7 ^ a y%-f ;p^^UA7 V - ;i/ 7' U -fe a -

;p_^_7 V

(^1)^ &aw: fsg^o/7to/zasM0#©^#jg 

%-c&aw#@^2ml c, 7 y^< V 7 ^ a y-y9-7 V -;i/%-f;i/&0.01% WoLA? v 

y^##C, m^#ZA##M##, M^frW£Wz£M%t£Wiff{fr <b«xLA± 

100 ##^A LT. 28°C T# 1 - 2 cm# L A * y

^ V 7 jc a icftMfXfem l A0

2.2.4 LAmm?$mm©^#©>/:A©^?©m#
AE^TtiAiN V A - y t LX

Phanerochaete chrysosporium t'A?HA — -^7 7 —-^ © 5|B& & 26 c? L > ©

L Ao P. chrysosporium (i Vogel SA^ttilCT 6 BFbH 28°C • HhE

^Tt^iL^o f ©mm^C4°C • Bg^r^f^TC 1 *&6%2#Ac

(iSAinH6S@©S*^ (i 6* LT 10ml ©E®7j<CE®E> < 7 7 a X 

(CALBIOCHEMtiSD Tift©A a^CX '0%izo AE^T'tdA C © A£A£EE7jcC

3 L#%###:#CT#t#l LT^©^%(:## L Ao # A^?©^#zS%^

Mi- a A *X #t#l L Vogel cL A &#&©#&&

2.3 InlFcdo =k. iS^'i

2.3.1 V A- y^#^@©i%m##©AA©
/ !J -tr □ — )]/- yS - 7 V — /!/ 7 — "7" ,

-£fVl/S'E> 7 V — A/ 7" ’J -b D — ;p- yS - 7 y ^ V 7 x a y x — f- ^©'n^cSJS^ Scheme

7 V - /'i/ 7" V -h a - ;u- yS-7 V - A/x - f A 6 © V 7" y
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I

1 ^^'J7iny0x-f^0|

t fcjfc'M&tyjfr £ ® 7 y -< U 7 a; □ y®^^#^T^6o ##7 7^ 'J7x

a > (% %&#&(:#& L /z#A" I) x
CD 7 V - 71/ V -i? a - ;l/- /? - 7 y ^ V 7 J. □ y X - f 7P^###<D#Uj(D%(f(C U%0

Emi, y'Kmm® pH & io £Lhict*7> z t TSsii7 y^ v 7 ^ a y ■£7 n

7f/£(ix y V 7 Y^tj y A(c j; 5 7 a v h 7"y 7 >r - (y 7 o □ y ;? y ; y f 7 -/P=20 :

1 ) ir Jr h 4}m^-7,mzc Jr h N 7 >j - 7P 7" U 4? a - ;P- 0 - 7 y U 7xnyi-f ;P ti’/g

^##7 y-( V 7 ^ a y j; j#|*7 y-( V 7 z: a y^^r^

c ®^EJ^(cfcv^T||r.(cSg/j:EiSSPg(d:> #JE©* ;p < MkEJ&T'* ;p a 7 ;pf
b vi/TmAm^mi^v-eKjo^iE^cmfTf 60

60Tf 60 4;;p< ;Hk&& ^(:%^%^7^ypA7;i/f b

K£fflVTfT7 6KfGL 6o 04 (c##9(:^%24V:7 V -
/P 7'' 'J 4? n — ;P- /S- 7 yV 7 %. □ y x — f- ;p© NMR 7^7 h ;P £ -€■ © y 7" 7* 7P©

£/Jx Lfco

2.3.2 5W^V ^"-y^T7L>SS (DHP) ®™>7xy ij ,/p 7 ;p y - 70^

9S^(c-bypo -Xx 'n ; -b^o-xi*# V 7"- y

5/:A(c(±. u ^ -

c < ###-&#, ^

is) e < #e c 6% < &$#&#-?&&, umm#*
0 v 7'-yo{k##m^?m^{k^#6c6^<##f 7}##

u 7"-yun (mwd 7-

y50% #m-c\ ^ v 6 c 6 (im L u=^
-b ;P o - x ^ ^ < 4? ;P □ - X £#b# LT V 5 Wift-p V 7"— y

V 7'-6 V 7'- y 6
v^-ytTypg# (DHP)

*S'W$7"C& 6o *E^T- W\ U 7*- y©S^ftBWT'£>6=i~7^ ') 7P77PX-

ypo^/pd-+yy-4f-mm<kzKmc^a,

f V f-ytf/PgM&ABSLfCc 'Er© 13C-NMR 7^7 h ;p£0 5 lz& Ltz0
o b> vC^9f%7f' (*x V 7 —- yrnn'wC^St^'lSra "v <y) -6 yu* 7 y f- 4z'-iii^{bjkSic

ck^-7 * V 7P7 

;px -;p^vfk#A^cL/:o ^^3 — 7 ^ V ;P7 ;px - yPti^E^T* ^E>^'rf?E^ tiTjo 7 
f *9F^T'(i ^ x 7 ^ V yu7;P3 -;p^giLl(t h
7k K n t° y x. ,p$)

ISra^r W A-o C y) □/jx'/kyyixil^ x X 7 T 7y ® LiA1H4 vC =k ^ 7 7P 7 == 7P^COjMtC/7.n>& 
7 i y - 7l/#7K#&®f^#&T^ 6 T h y t Kn t°y x;pg^^Lfctt4T^H f
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a; I) C c T' $i o o 7x/ ;U7j<^® a) 1 pr 1$ $ tlT v '• w! V ',<{aS!'o (a 3 — y i

V yi/T;i/n -yi/tiS^T^FSST'SStcS^-LT 9 ©T\ 3 -7 ^ V jut/iso -ju£ 

lTM:$Ufcte^&'Z'£>6o Ifrb, xxTyu©LiAlH4 fc J; 5 7yi/3-yi/^©&5nS 

fM#L D^ 3x-7x V ;i/%yi/3 -yi/®#m6

=k 7 Icf"-o f:o x x -f jvOj LiAlH4 tc J: 5 7yU3 — j'u^Com
7tR&& y * 7 - yi/tt7kKS©^S*e* 5 t h 7 h Ka

2.3.3 T V — yi/ 7' V -tr □ - yi/- /3 - 7 y ^ V 7 ^ □ yx-f-yi/^^ Wc ,3-7 V — yi/x — f-
c mf# ®miSf wm^®^##®/: « ® tt^P

omm
bwt/c±tgim^ 100 he

PseudornonasUmM^^h^^m^^Xit B-T ') -
yi/x -7yi/^AA###^% < /:o f

Ltt ® il tocsin Sphingomonas paucimobilis SYK-6 it ^ ±M
mmt Lt LT 0-7 'J - yl/% - % yi/#A####&#^ 6b A 5
(^2)0 —A&##®%%T&5 Vogel %%(C:&l'T(^ 2@E®±#^#(C^^T0

y^' ij7iD y ®####&6 b l ^ 5 o t V 7-f>&#

V /x A&f ® y-(yi/-e V /-

LxfflvaS^BH^N &m±.t L/cmiSf$a##®###lc%7|a/v/c0

V 7'A y^H^li!; LT^QbtlTV5 Phanerochaete 

chrysosporium Vogel 5$(C^^J L /cQ #

6 LtN 7 V -yv7" V -ba-yV-yS-7 y^ V 7 * a yi-f yl/6D{k^AWc^6%^ L 
/Co c b at, f ric*7°a v ^ 7 h®tabii6iI^ivjy''Ay

®^##{&^AT3b 5 7V -y^A V 4rD-yi/-yS-7 V -yi/x-f-yi/$§A^###E^#% 
■tSnJtE&^LTVSo C®=k7lc, V A

> 5 /c A ® @)6 -c# A <L LT&mmc#jmqmT&5$#%
bfrlcftio^ *7°dVx7 HcA# <R#f

LT, ABAiSL /c tfVvSWiSA:Hl:AWT£>5/cV A-
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y 5 7 V — /l/f U -fe n — )[/- 0 -7 V —;!/%. — %

£fiO/-,:iE5HP V 7- y^##g(c^(j-6#A^K®T V -vi//V -t? □ - ;k- /3 - 7 V -

**MSMU#aLf;3-7x'J^T^3-^^4'>y--y'-i§Eib

wc#mM&a o y^ v 7 z. a

9" > yy v\ Phanerochaete chrysosporium T> -€" Ll b © yS - 7 V — ;l/x — t ;i/

c©#m%u

2.5 i

1 ) H. Nimz, Angew. Chem. 13, 313 (1974).

2 ) T. Umezawa and T. Higuchi : Aromatic ring cleavage of y3-0-4 lignin model

dimers without prior demethoxylation by lignin peroxidase. FEES Letter,

205, 293-298, 1986.

3 ) Y. Katayama, S. Nishikawa, A. Murayama et al. : The metabolism of

biphenyl structures in lognin by the soil bacterium (Pseudomonas
T\d ii mmr\ hi be SVK.fA FP.R.q T.ottor 933 19Q-133 1QRR

4 ) E. Masai, Y. Katayama, et al : Cloning and Sequencing of the gene for a 

Pseudomonas paucimobilis enzyme that cleavage b-arylether, Journal of 

Bacteriology, 173, 7950-7955, 1991.

5) E. Masai, Y. Katayama, SKubota et al. : Bacterial Enzyme Degrading 

Model Lignin Compound, b-Etherase is a Member of the Glutathion S- 

Transferase Super Familly., FEES Letter, 323, 135-140, 1993.

6) 4##s(m vf-y@4b#(m#<bmm, isim, 1990%

7 ) K. Yano and T. Nishi : pKJl, A Naturally Occurring Conjugative Plasmid 

Coding for Toluene Degradation and Resistance to Streptomycin and 

Sulfonamides. Journal of Bacteriology, 143, 552-560, 1980.

8) am, vf-ycxi# (mm^^m), j--am 37m, 1990%
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h2cci

CHOH

Scheme 1 T V-)\>V V to -JW (3-0 V ^ V 7 x □ 7 x-^VkZMb^E

Scheme 2 U ^"x y##E#{b^#3 x7 % U VI/7VI/3 -Vl/0fb^^
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li?D JJgrf liyE muuuouu «. s
41oiyfa*a<« Gene10.5 Kbp

UtI ZccKl

Pr.imiKkwu CHMS Oehy*og#/i»«e POC Hydro)*". 
<J-A,.T1MU,a (ky Ckj Kernes)

o-r(Q)
HOOC MOOC^^COOH HOOC1 ‘COOK

Henwymle leectien

Yp* HOOC 
O

Preleealeefcwle

HOOC-CHf C-CH,-CO-COOi

Biphenyl ring Mesion MHWATE
OXALOACETATE

Sphingomonaa Paucimobilis SYK-6 'J
ftKMKmeR i € n e>«fr&T 5 ite^



CHzOH

CH —0 

CHOH
OCHs

OCH3

C=0

OCH,

CH,

DMSO-d6

 PPM
1 #«Ufii|n« iumii«,{tn>«w|i«**n*» |in«.«iuj—<>i»»««|u<n«»*»|«»M««»»»|itiiwiii|««.iunlpl»Ui»U»jtiW\nnii»t»>lij«.»<iTTnRjSnTTTS«mH«^U|j*if
230 200 190 ISO 170 160 350 HO 330 120 310 100 90 60 70 50 50 10 30 20 10 0

05 U y- VtfvHk-a# (DHP) fflX-NMRX^J HI/



1 Vogel

Vogel (1000 ml) Stock Solition (20ml) nh4no3 1.00%

Sodium Citrate 1.25%
k2hpo4 2.50%
MgS04 7H20 0.10%
CaCl2 2H20 0.05%

Trace Metal (1ml) Citric Acid 5.00%
ZnS04 H20 5.00%
Fe(NH4)2(S04)2 H20 1.00%
CuS04 H20 0.25%
MnS04 H20 0.05%

H3BO3 0.05%
Na2Mo04 2H20 0.05%

Biotin Solution (100ml) Biotin 0.01%
Glucose (lOg)
Yeast Extract (2.5g)
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1. « a
< «ihj c 2i' i,

ffl 5) *>©iK#-$r 5.1$ L £ t' t£ *5 6 L "C l' 2 0 #$!•$:£ 9 * If T toSff
ffl (allelopathy) left* £ ft 2 «k •) Ic##|^©#|g3gL T , WI#l®«A£Elh

0 9 (flora) 1C fc* V T li £ bftttUT' 

ab2„ m^eAf 5 a f ft&mmicmmL, 7r( l-ru+yy
(phytoalexin) ri / F/ri r (enaophyto) £) <£ 0 ^ hi Bli®: ct6x"9* 6 0 u

Tm±L#c u. ttWffl R JL& H Ib’p'o

###^(:LT&D. f &f:&(cSUtc^Ml

h yx (c%f amio###)## L#fbL T # /:o

Ji. (ab5 vtix^yp^--) y y

c<hc±& &fi&o
TT'^tv' (Elaeis guineensis) (j:.

-T 1 &£W X -v y - y T £ ntrA Zr *|ih to (C fT b h T l' a h*\ f
(Brassica napus) XW X (Glycine max) ( b ^ a <h f# b tl a

it%(i§bi6T^Vj:v0 fOiffiiLT, a)
T 3 ~ 5 W*5E> b) LT©M5££httij£&h®t\ c)|®fl7°a^7A

i' % i' c a % a b fi a o 7 x y y c@# L TiR#^
v3 —10fSicii^aa*, 

icix <vS 2 f&f & ao < y K *'> 7' -? y- y 7

^ ti a o
? -W XT hi' -X 9 Kmw&immfcw:* loo* *9.77*7

T y#sl#a(C#^ljti:^mc /j: -? i V' a 0 mM# (i Ganoaerma t &f-i£tL%>iiE.~rm£>-
m-c. m^mi5 4ja±(D7y7i'y(c^#^mfiao

7 H T' GnnnrJprm.n. <h 7 7 7 ^ y &ffl AS. (D E ffl 7? ft ffl IZ.
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J;otx ^°-a Wfeh a L' (ifSj±-r ZC£ frX £%£ ffi&Zti a 0

mmmtffl&wtifetofc%&&?&&&Liim^arar^b>,
^cCbtz <!6 (C (i » T 7" y -V '>$Hl}ci!©??5Mbl& (transformation

system) Z C i £0 a/:. T 7" 7 f y*ffl)j&© fe ^feWlQE.&$L*5 =t

##^#m^m©/:)6© v 7 7 ^

mf a % & c &, 6 & a „
±E© j; 3 M&msf a A (:, (i^T©m#^fr l <3©

?##fao
• T7*7t b © # 71/%##

• 77*7t ' a ^ 7 7 - ©§^§
.7777 y ^ ©#m A&f ##
• Ganoderma ©#f%WR^ dt a#©7HWa) =k CK|qi^

2.

2.1 am^##fm©$m%#"7k#^mK#

2.1.1 7 77 7y$a^©##(km^
T7'yX '7 7 7 V * a i" ^$4##©—M&CDnhmZfik

©##fb#i ^ft#LT# t)^6Ti^l^^-3 '4 d y K^ '>7T1i7^ h ^Bx * 

V -7 y7 yS> 7#, 'J7y|®, S^Ii^ta
(0 1 )o c n bSISTWg-£ ftr v 5ti*&^=f WSiWn^ £S 2 a tz teS 3 tiftr-

^W©B5l§:& 'T V • 7 d 7° (Var. dura) 6##© b° y 7 z 7 • N 7” (Var. pisifera) 

6 ©^©### 1 ftoo@T ^ 7 *747° (tenera hybrid) T'£> ao L> Ctlbppfi

(±wm#ft^m/b-e^v\c6,
TiS$ L fc C <b t)> £> > #©##(d+^(c0^LTt^V\ L -oTM4fh$ ftT V a

L y:#AT I), a##:^ig% LTua ©^m^r
a,a^o

—7t\ (totipotency) ##©—

a C 6 ao <h LT L /: 1#©#^^ <3 T I) ^ A ^
^mTcr^ao c©##kk a/za^rimm^

a^&cj; -D-c. a ^ /= < i^i a c
^JIE(CLTVa4)o ^ C T'*9f%T' T 7* vX 7 icjgffl L , !%—©##&#

ik0 ctuzx^x
" (transformation)

a\ #4# -©#0S^fr 7 /: A ©##&3og L a



#%mmi##&©mT(imc, mm©mm, ##, (caiius) ©##, ###:©

%0ik (regeneration), #####"X©#|jk (acclimation), T% <9 , ##@ C" 6 C#

ug#6^©#@c#om^Tmm©^

#%^^%^^#oT06o Tm#T(i 

%;i/^y (Serpong, @y^v#l) © Typ^y7##^#ri&m##ff (BIT BPPT) 
ffi3ZMm BIOTEK t y ? - C & UL T##T & f: #, H

Jftfc* «k L t’o
;i/- 7 (Lebak, ® B * 7 I'M) ® 7° 7 ^ f - ^ a y No.VII

(P.T.Plantaion VII) jockCf*^ y (Kisaran, jb%"7 h 7#l) ©^^ V - " %7 h
v • 7°7 yj-'> a y%£ (P.T. Bakrie Sumatera Plantations, BIT BSP £t) ©H® 

£ Ltz (® 1 )0 TM##©T## (younger leaf) ^##T7° 7 y t — y a y 6 

#T(i8^^16%©, &#Marihat^#L, 120cm, M
20cm CIW# L tzo Z-Vi&it t'~ ;i/#©ggitfmgC AftHl&T BIOTEK *v 9 - C#m L 

tzo BSP ti:T(i, ppfi Lonsum, Socfindo, Costa —Rika ©OTtl^© 5 TT:©#^ 6 

T#AfTS©mm&#3 60cm, m# 15cm cm# L, ^V^C^MLT#%,

^#T^ATL/:o

(l)*##^#M L fci§£-

BIOTEK-ky^-©m^c^^]iA/L/am#%fiim^#(i, 7 v-y^yf#uc 

mm LTT 70% % ^ 7 - ;kC j; T#@## L/:#, ^#j©#^ 1 #f ^ 
l#^L/:o Ginting (i, l##cmL/:#;##©##&#- 7 ^^,-10 6 LTO^,© 
T, Cti&B^CB^©M©*##^ti6$T^#©#/L/:#&^^^o/:o @#J© 

1I©^11^1PC7 'J-y^yfiC^ll, 4# (midrib) <gr#0/:#, $% 
E <" tz *ESE C^A tz0 CtlbfML^il^bil^^C 1 cm x 1 cm ©# 

#f$ (explant) ^m# L, l§lttiC@^ L tzQ 
##C ^ O 5##(i Murashige b©^0;T©^^7), Nwankao £> ©#5:T8), Bass b 

©^"#^mo^^TO^0 T^T(iS*69C Murashige #
7^7#, ^#,

ydHk^iaotMii t tz0 ^^m^ttz^mt pH £ 5.5 cm# u /=#M

;#C^L, ^^E©m^TM#LA:
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dosperm) K) Hb L tz0 C ©K?L©iiDJtt^(C:ll)j£^ (imma

ture embryo) C tU < J&fJB L, #%(:#* Lb:o X ti

2.1.2 T "7 y f >y|uwtA/^ c> © a? 71/ % |f|3p
##©^7

(1) 2,4-D
7 y y (auxin) Mt

1b 4 b t} 'i — y (cytokinin) H(C 5b (b b tl > C©,5l5;4'*-4:-'yyT'<£>& 2.4- 

Dichlorophenoxyacetic Acid (£(T 2,4-D) < (C‘^t'‘§5IP;£rK.(£'#~ C £ b tl

T V' &!!)o 2,4-D (i 1 ppm ^ A 200ppm DUiclzZ V'loffl'cTH V« b tlTfc v >

,3)o f CT:$##T(i7°5 y f - y a y16 ^£cd

#^©e^c^(b6 2,4-D ^©^cb-^&mLf: 2,4-D y
6 b:)6^ 3 ppm & & 30ppm ©#^ "?###&## L X; L

f:o ^ C ©$E@4©amrmg# 6l' kmmf- ^ © ^ /:\, /: ©
T\ u 7:0

bti 1 @©##4%#r 1,000-mc±#ct>
U -3 6 6#^.

tz0 LfrLMmtomwte Lrc^oTx ^^#©#f msmCck -3 7%;
< #%& c <b^B%^(c%-oT#f:o -e c -e*H^r (i707 y t - y 3 y^txUtz 
i6%©^©*mm^kgt\ sir-10^^ - e © 5%#L,

f-ti&ticD ts l tz,

%#(:]#Lb:*#^(#:^A©{6@^oXfo45cm ©#*T&-?/:,
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iocm WRe »<- 0 7F7T U> StJPWJ^ *2>SnlK H-THToli^cj cfx U'moli 

<tU f L T%#(C# L /:o ftfc C ft*

2.2

2.2.1 7 7^ -f
AZ^l(:##L/:]&E?^#^yVA (genome)

fc$B§&$>2> l'lifift-S-illtfet'5 C j:65£'$T"zb5ls>c 

®He»* St* fc i fflfB® 14® ms n 5 »s,B Bfl t, l4M-?Tvy
i>o ^ct'**8-eiiry5 + ^o0Mi*»a«ii. £-f««tc»e?£j£A-r

?>#?£©«*£ SfgLfco

^Etx?5FA.~^~ %> iz.$> iz. (i7 d h 7 7 7. h (protoplast) l<~
(bioiistic) £ v -© 7cEi8HWA&<h >

7 7"o/<7 T U 7 ^ (Agrobacterium spp.) L & 0 ^

7° n >? * 7 h T (iifE7"X t' £ 7 7" a ^ 7 t l> 7 A



##re(±

7 ^oT v C7 A©m%X)#LLLT^ < (c(k#;l &ftTl'

6o SAic#t L A T 7* 5 7 y ©|lg$(d:ASiS> LtZo ttz^ #E###

#o =k C^%E###©)C^M (h L T < $ (Oriza sativa) id ck [f f a 9 V (Cucumis 
satiuus) (DMWFf&^iMLtZo IfttijElfij A C ft bSfi$E-£: 1.6% Agarose (SigmaE) £ 

#ftf#%^EALA 6.5cm S©^< h VmftftgS. MEWftc|£BLAo iiteSSA©5£ 

a A #>(;!> ASI£"C (i ly ^ ^ — iHfe-p (reporter gene) i Lt^if

(Escherichia coli) EbA© yS -D-glucronidase (.LIT GUS) V A0 Cft^

ESI 1.6//m ©A#TL##*tft x * / - yi/ictfAffi t AW£W'A0

#%E. #fan^L^#$-e©gg#

MEm^ A#T##T^ao y^-^-

JjtfzUp©—(transient expression) L A0 #AM&3=
GUS##^g#X-glucronide (LI

T x-gw ©m&R^^m#f a#^^#mLA^^'A

2.2.2

(D# #

AS — ^ — iSfeTnR £ iE^ — A —

& a „ c ft L ^ ^ ^ - &#^f a A L y
#-?-aeff&a. GusA^%^ftT7x^ rpiG22i^^ #mv-A-AE

E-e&a/^/a7<yy#%m{sE^^t;y7%; KpIZl ^m^A (g|2)o
^ A» 7 f o / 7 7 U A U ^7 7 — (binary vector system)

EsB^tjnAT pMM444 £#tL tz0

(2)^-f / ^ piGHi ©#^

KpIG221©$###

h) af piG22i®Gusafsf##T^c#g

fa EcoRI f 4" K & J: XS pizi ©/^ 7" n -7 ^ y y Et£iiETfi^±;E© Hindlll 
t4 h <bTyft© -EcoRI AT f ftTft#^f a$tJP5##"U#{b L Ao Klenow frag

ment (cj: a A%oii^}©T#{b^fr o A%^ Bg/11 'j y ti — *t 7 'i y—'> 3 y f a c s 

(Cck^.EcoRI^fCXEm^IIA'^ h&LBg/IIAT ^©^^fr^Ao pIZl 

C(iEcoRIf 4" HA* 2 aSo^JPSS^toSTiiSWOf >f b AUTE/J®r£

ftAKrE&#aC(bA^#AA^AA)6, ^©EcoRIA-^ bA^cmib^fta^A

A^'&^LAo A-< b^K#LA^7 7-(d:A#@DH5a# (LlTDHSa) (c#

AU DH5 a fT'ltoLA, SJPSBST-ML, gift

^t-AT b©^#^#^.Aplzi A^L/T 7" a w y yREiSET^&kU*9 titi L. 

pIG221 © GUS 7 4' y-y 3 y L tz0 U ft£ DH5 a (C#A L ^ ;



7 y u y v y a / y o 7 y yu /: o ^ ^
fc 3 □ .=. - N ttet>t>t n - y£>b^7 y -£ffitfj U SiJEBS^S^tcj: oT gfi;J©

(3)7 y □ ^'7 f V 0 A^(c j; y -®ff^
(2)r#/z^^^-^^V%^U^j:CXBgZnfmYkL. GUSmfsf 6^7 yo^7 y 

y*r- V^ft(Dffii&$:Wl0\hltzo —A pMM444 & tfmdIII <b 

5amHI TT7^/fk ^^Fd"V—^7^ — ^r#^y C tl b £ 7

^-'>3 yo#, DH5a icSALfc0 cLx B89 

y a - y L /:o

2.3

2.3.1 #%##

y^yy-ya y&%(:T#i##m^a-cu67y77y 

[%#Marihat(D^^b#/:o #%*%/:###&#, 65(:%###(Cct-,%#*&* 

ti^ K 5 7 7 7 % di/Zo

2.3.2 cDNA y 7 7*7';-Off#
£RNA OftititikU Logemann b©A&24) tc#£->TfT-? tz0 tztzL^ fl&ft$0/3-7 

;i/y7yh%^y-;i/#j^(il00mM(:%^L/':o poly(A)+RNAO#$H(::(j\ Oligotex- 

dT30 <Super> &#lV:o cDNA^j^fi. ^##^18i@0[##^

(mesocarp) #m^bmmLX:poly(A)+RNAl SUPERSCRIPT
Choice System (GIBCOBRL %) 77-XhXhyy rA6K^oy

7 Oligo (dT)

CoLT^bfl/": cDNA # EcoRI 7yy^-^^LT A ZAPII 7 ? - 
(STRATAGENE#) C^b^^^-07T-y#?^0^a(d:

Gigapack II Gold Packaging Extract (STRATAGENE li) I'TffV'G cDNA

7 % -

2.3.3 ^ b'+y y cDNA O##

77b7y(DzLb'+f y (ubiquitin) AfzfOcDNA W\

^L/z^lS^mOcDNA ^ o-y^b, y ^^O^-U + y y cDNA'" ^yo- y«b L 

y v y^-tf-y a y&^ cj:^T#mL/:o 

y V y^ 4f- y a y^rff 9 ^ y 7'7 y (i Hybond N+ (77 y ^ A#) d:

cDNA^uv ^ o% v y^- (7?y +A%) c^^a^u/Co ya-7oy< v yy\

^7 y >j y^-b'-y a y, ^ bDRc y yy y % y A
(Fluorescein Gene Images : 7 7 y f A^f) 5ck CX Hyperfilm MP ( 7 7 y +• A£fc)
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7y — 'J$u — y©7°7X ; K ^ n — y ■'x © §£$£ x in viuo Excision & ( A ZAPII 

CLONING KIT ©^m^##CE#) l^otfro fc0 $ fc cDNA ©i£SK?iJ

(7 77 d K ^X^y%fA#373Am 7d f-

7d ? /U • i/-? 3L y Ts'feKX TOfit'xLLtZo

2.3.4 % 4" 7 r u y 7 +- ;l/X 7 V - — y 7"

xV 7 r y y y t 7 v 7'T -tf — y a y 2 #©7°n - 7"tex

©tpW&<£ CX'^MIE^ GUtZo CtlbK&ffifrbitottil fz poly(A) + RNA Z^tl^tl 
#gp: cDNA %OT#^:7^;i/(cj; ^1:70-7*6 Ltz0 1 #c©7°y- h £>

&0#;< y 7*y y±(D#^^.7 7 - 7$ ^(±77% < K DNA 2%©y7U ^7 ^ y 
fyy&fmU ffifWm^^d:CX*mMm^^fF^L/:7a-76Kl5^#/:o 7° 

7 - 7 fc J; CX =f a --T©#%(:joOT(ix 2 #C0^4 7” V 7d -ti-y 3 yj^£it&£Lx 

4*&©7n- 7<b ©^-MiS Itzt a - 6 LTBL/"c0

7 V fd-b'-y a yiockCXy7y-;i/(D^m^&#(j:^ 2.3.3 (:#L/:o

2.4 y v-y7(:^td6m5f#m©^%%#m#%

2.4.1 Ganoderma ©IES bWSk
7 77 7 y ©^ 7 A ft# (basal stem rot) (4yN°—A^©^|jt(cS77<£|ZW&Ik.&'t' 

^OloT'^ *0 % (i Ganoderma ®©fB:Pilil|7£) 6 t V'^otlTU^>0

10^20 ^©7777 y#^T(i40%^±©^^ Ganoderma 0 x
15 ^©7 77 7 y71i^-80 %&LL©%#&%

*5 Ox SS96^J(C(4; Ganoderma ift4©7 77 7 y©t5nllE&S'e£> 0 x 

73b £ Ganoderma & o TO <5 0 (C 4b* O T ti x Ganoderma Oft-ffi
MEx (genetic diversity) ##x (population) t£t£

7777 y
7 7 7 7 y •?> Ganoderma © a) T y K 7 y 7 (c4b Ij"

b) c) gm#%©#e6m©m^###6©mafpm, a) 7}?

^%(i7777y#i|@m(:^#-#-6 Ganoderma y K4;y7(c
tilL» a ) Ganoderma ^#©##x b ) @©lu)^x «L [X c ) ^£itt#?tJT©

tzdXD^WfcVW&^U&tZo
BSPt±©SgUi Ganoderma h 7 jt| (C & l£ < L X O £ o L

^ l 7 7 7 t y©###W#^T 7^AE< Ganoderma ©%#^E £ ft # ^ o © 

Tx &#©77yf-ya y^%No.V (P.T. Plantations No.V) 
ttKMoMl&tk'ttntZo ^SBlTrli t < C##^20#&@^. 6 7 7' 7 7 y (c Ganoderma 
©g$=#s'M £> tlx (fruiting body) ©^fc LfitSScF tlXc0 #f#^f L

Tx —fM#m(:T##C#Lx Itilliy V 7 77l/©cj3r^LB*(c^-LS^Xc0 *jSH
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Tf#PTP-V-1 t ckCXPTP-V-2 t l tz{

2.4.2 Ganoderma OiaSI

ft/cf BSP D ^ LT%

%±(:^@L/:o £7zfSI&OWt£^ h V MOSER-- 7 * V

_btc STS L 7c0

3 L /:o
• LCA %% :^K^ilg, V y#2 7p#^ 'J^l g . #0? f * y

OAQ2e, 0 2e, 15 g (PI Htfii; 7k9 A 7 ;K%#? 0.2 g N j®{b* 

i n co izy'j
• PDA igiffi : - y A d m

' + : ^^ + 7 20 g^ ^7° h y 1 g
m±8%W(i

~? K 0 # 20 g ^ SA 15 g

L f: y + - L/ [##7^#^ 9 ## 884 #J &%# L

izo iz0 PTP-V-i Of##0##^ 6 06f######& MCI

3595^ PTP-V-2 0f^@0$a^k,0^##^MCI 3596^ m@f^f*^0^# 

#^rMCI 3597 6 L/:o

3. i

3.1 ck

3.U 775 T'>rnmvmtMM

###%0^ < & 6 g B^#O/:)6(z#0^ ^^#0 7 ^ / -

df^tnli^AS < ^ 6 ^ A (: (i ^ ff TWA. x

w&O’StMET $ &t£ o c: t 6 o mm & titz r 7? +- '>com.Mfr&fg%

7°y y^-'> 3 y L/z#^^ &4##o#8$ya -%#4 ^

PJtfabofCo O -f ? ? BSP #.& b BIOTEK ir y * -- £ T 1 SE^E l /zo C ft
BSP ^ (i $ -,tz<i7 ;PXO##^M6ft^

(m i )o f cr bsp?±tzfc vtBTOb;o>b 30

mm -rm%L%&m%cL,



WtLLt;

tU*9 OC^L:\ 1 mm^6 <MM 1 )o

^##:^6 7X#®2,4-D#mo#%'e##L/:^m, %###%# isppm $

T'fllxlEEH'u^tiyn u 20ppm &mz-& t SixicET L tz (S 3 N 0 3)o 15 fc J: (> 

20ppm 2,4-DT(D*;l/X##0jg(^2O%'e^D. #^$frCU5#6jt^LT(i(3:

isppm accbc#^

L tz,

i ^(D^mcox o 0 S8$ o OT©*MI^©ttS"Ct^

m^iWtfrDfc/^ftTVSo LtzV-or^BS^SE^iS](Cil^x tpNl%Us£tfm



tit, *W5.8% TifcofcfflICMU *mte=t O'SaiTli 30% £S*. 5 fl£* 

Lfc (85^ H5)„ *§R li d\%%gBfc ^ & A t.' m T\ 'h$SgSi±ig#(cj@

s«i'cLLzam@nt, 4@©n

@6Tt± c ft £>cDgstiti;teVT'hSSSM5» ^7-s5>@iWSi.'i'ffl J: o 6858^4-x.fcAifl
X 4-A^e-L !->' s>/ 7FF? -ETC's 'AZP-o 7C0 4'# a B IC# U V '^gy 77^^ C# 4),

fcg|5tt£##fciS£. MU~ 6 ©*fy^-e

82.6%. - 7 - 6©]!§BT'50% £ ;b *TiW V £ A/X

###.% bU->tLo c ft B © M itWM © i' ^ 4' § $g£ J; (0 M ^Mt? & o tz 0 

BLL©g£M^B. 7^5>- 5 ©. &g;

15cm &#LVc@|S{2^#^T^a 6fim^tl7i:o 6 < (c#L^%7 ;i/X##M^^#^3ft

(±x mm- 6 ©^^gp^mu a c a L u„

3.1.3 7 7" 7 f 7 * ;i/ x ^ B ©###:#4}{b

ti J]yX ttmSp — 7~— 5 B 15cm~45cm ©gftf&T^

15ppm 2,4-D^#ftj#m"e%#LT2-3 ^^###^ftft&>©&#^L/:o 

tJDT a##T.^###% ii ^ — 4-7 7 *1 £ L T 2,4-D ft J; tb a -Naphthaleneacetic 

Acid (BIT NAA) £. A b # A — y|l£ LT 6-Benzylaminopurine (BIT BA). 6- 
( 7, r-Dimethylailylamino) purine (BIT 2iP) ftX1} Zeatin £ B] l Vc 0 

+ b^A-y#^T^<

%c{E)6ac:6(:=k7T. ^;i/x^#^k^gi(:#:#^(:^#ac£^'e^a^o L^L.
y^5ppmBiT©m#m6L/:#Ax ftj;^%m*©##^m^m#m#m^ 

m/?CT(fa/:36. ^#^#m^0.3%£L/:#Ax ^vpx(4:m^©3ft(:i%^mm-e 

(^6)o %^©^0^Tmcm#Ta£.

til L. g B l)^©fe(c/j:-©TWco c©^®/^ 7i/-^i'©xh/xiitif^

B(f. b DX^%^##L/:£#x.

b ft a o
—T#'^©il^BiLBftfc©^. -t A b # A - vOllCi^ BT'15ppm 2,4-D © 

|XT'& o tz (#6 )o ^ £ A£"©iJ /!/% (4##B©* * 5 mm & B 10mm ©T# A icFAr T

ft (^%2)o $ft.

frr>tztf 15ppm 2,4-D ft=t[f 20ppm BA WnECft^T. Z£ a l'td:m©:E@icgft 

#^^HLLftft;i/X^mBftft 05% 3)o T##©^m^B7 7'7i'y©^;i/X^B 

$m^R^bTac(±. b*<-y©,jw&j:

(fac£^#£^#$ftfto L^L. ^^##1^###!##%^##^^©^%©

-7. ##89(czm&^kTa#f#:^##Tao



3.2

*>®jo®®|flEO»Si6

3.2.1 7 7'y-Y
U if- — 9

48 5$M%#L X-gluc®»ICi#«L 36°C S A L A GUS i»E

L GUS $e&fFi) tti l Afflmstireti.

li8Wfe®X#-y H5«Ednfc (2JK4, 5)0 24 #M#IC X-gluc70% % f / - 

A'KBiSLTKJt.^ff.lkU *T'«tS?.-eS SWfex * v (S7)„

L /: 7 y 7 7 ^ ®

CDl't'tllzjo lxzN - ^ -3#®##a#0^ fl/:o #&% zK v h ®A§ £

O# ^ ^ Citeijf 6 6 ^ L 7 y 7 y ^ ck [XE (:

&&?^LT. cusm

(aE H'nwj'C vj § ot'JwT c tl/’C o

j#*oo, 4Jg B£Lt©*®
a")o 7 y7 y yL

ap e 1,'L c t)*°n '>o tr* h %£ -® tz. (#% 6 )o 6 cm X. }0 ?5 v N,iS n"x w«v' v*(m/5 S a/^1
SOOmmHg J2^T©j !ia\
titZo ^#6(c(i, ltoR^Sutm

6 o T y 71 < iclttlj^^

7 / 7Vi)'>[y.% f41 ^f£IP u I'^fr&ax^y" 6d6^tAA/"/j\c tl/c,

*;i/%-^®#A%#TU^ *SS®i#S-A9iSv»"xE63t'tiSl'MttiEgET'Wfex 

* , 14i#<Hin/:„ Cftli, Itot l fc » ^x*$iS($®#ffl»a®St4»5»fl«=k t) fi 

®»>, *3 V liMSBA"A®gffi#iS»5Sti3A»j:5|;ibft7Co 

£t±®teS»^y a«ci(;®a®wtJb*ft«'»;$l-acii;j;-yT. it£Ttt£ffiv

tz J / 7T •> tS^r jlfcE^I A 7^ ^J f E T & O C C AP/JN $ tl/Z( 4#' y — ylizrr

f A #A^ «k CXA&f 6 o

pIGHl ###

pizi ctiEcoRiy^
EcoRI hTtUKr^#%6#|S]^^ <

&7°7%<



mib % ^ ^ C7 A &###% 20mg/W TtH A ^ 37°C -e 5 ^ 7 *-&&## %)

T##J©EcoRI7^r hT©^tOKr^^/:B%©»r^&#5C6^T#/:o 

pIG222 ©GU8*f5?$M^©T'mCx yyj#%i#

>L, DH5a c#A%. T>k°y v y^^/yo?^

©SA£tlTV4'V? C - y ^itfK^^A&ttTt^? n-

9 ££ l/LnE-tX/M © iHtSL 'dT oO b /’ItvTwR't L tzhiZ.
#K&m#±(f 6 C 6 ^ ^

m 6

(2)7 yo/<? T V ^ A^c ^ -©##

^ ^ - piGHi ggzn ^ h & Gus ^ 7 a ^

yy*%*afgP6(Dm#j6^miJ®2#^"3/:6 mex ^fTrggrn-e^m^

^7 ?- pMM444 ©? n-jzyf'-?^ HC7<y-y a y L, ABBCBW^L/:, 

±HffiijW©iija£?#0 t&VilZ 7 a - y^fbtltfe^ 4# t©#i&&##TT 6,

3.3.1 cDNA 7^77') -©fF#

ismgc^

6C6:^B89^ LT, 18 3#©^#^^^^

cDNA X7'7'J -ftWitottPtt LXM/vti0
^m$Em^bm#L/cpoly(A)+RNAl //g^b$t210^#©KLy:7a- 

77 V -&^#/:c X-gal ^«k[X IPTG
Wfe75-7©glJ£fi#j5 %Xtb^^ y - ^ 12 1® te4:T 0.6kb ©

^t-h^Tbfco ttz^ cnb©^ yy- h dna©TO^^jl.ikb-e^-D^o

mL/:o

3.3.2 ^ k"*7 y cDNA ©##

^ b'4y y©###^(i—#(C#^ (constitutive) Xh*) ^ X <D$£1%U As $> g fr> 

XbXM^'Z- tt^bfix^ho Ltzftr>x^ f©7°a^r-7- «k



tltZo h ^ e □ n '> (Zea mays) b"+f- y©7°o t-

Z-j&*7 ^7t yicfc^T&i^5gi*£ C £^'$^£tlfc33)0 kT+f y
#m89(c#%L^ $>6##(:^WT#btl
T - 7"£ LTftk^m^ bSMicWTS 5 t^^^tltZo f

b"*f y cDNA £7°o - ya ltz7°y-Z^-( y IJ f ^ -tf'-y 3 

y&(:j;i9, TT^y cDNA y? V -^b#f#©^^+f y*iz?©##&^^ 

fco
18]@(D4:^#^bf#^L/:cDNA 7^ 7*7 V -©#3^#©^^-^^ 

#%C#L/:6C5. 12#©^yf-f 7^a-y^#bfi/:o C#%b^ o-y©cDNA

3.3.3 6 cDNA ©M

n* it' - am^e^©#T* 6MMvixmiiifMcfci'ill&m7miirt^

60 cftb©£{E-?©<£Kti> MII©£MMT'& S)]g@©££i&icM;b5BS£ =>- 

K 1 ,tr &cn>t-rtT'tA < . AA © ^ <'':/:- ^ £C ill © T U A k A"*

? - y£ &o ^©^'Mbtl/io Cilbti^ fql—t/-ctiSb^TEEL/c mRNA

5nI#%X)#U6^ba6,

^■mtMlitltz2S 7 o-yi;:oUTi£ME?iJ©SB#$££fToT. |nj— mRNA 

© cDNA n- y£|S£S> $ bic^o fcfitffco/-fy^n-yH

c ct 6#m©#m#©#%*fr 7 %-e$, ^u b

ti& cDNA tcoUTti, ^SE^jWEU f fib©M^#(:Mf -
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Lf: (3a6)o mm^mb^U#^

TV/Co Ganoderma<0l-%fofo$$L<0M/u1t^ ^6U(i%^EL 

^By(C%^LTW: (^S 7 )<

«*.*«*

ic*tL i ^ 9 b> Elfingia

*>

Ganoderma
Trachyderma Mfc b IK5jl| cF tlT Vx
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'5>36)0 PTP-V-K 2 b > C© Ganoderma lt^ Adaskaveg £>36)

(C J; o T^PH A titz Ganoderma lucidum-complex tl&M tlx C. ©

complex ^#^fa@6^jtLt:o f©*&MPTP-V-ljoj;Cf2#G. 6o/zme^e©#

t £<. -r~l . > l /r\ _ i— ^ J^, "> -II- Lit. > z—i t • / -f.i-, Ay x _ x. x. . i i \
L7ivj c\ LHbffl^n u. ooninense y ^ y 7 7";

(^9)o

"7 R — v- 7 (c jo V T (i >. 7 7 ? -V y © JK SB L LT Ganoderma lucidum x G. 

honinenseN G.miniatocinctum^ G. chalceum.- G. tornatumN G. xylonoidesN f<£ 
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PIG221

Xb Bm

plZ1

S Xb Bm X Sc!

□ Bgh\ EESRtelc$^$*ifcSM5 

35S : ;EtM'-5,rM.'l'X 35S
■J>—, int: t "7 (7)^15 7—0^2/1-OZ/, GUS : /8 -glucronidase

ite^. Hyg^/W^PV^v^lSttfctfe^ Nos://<'J>^Rgmef
CO-^—5^—£—

##@$#EEaB@ Bm : SamHI, Bg : Sgill, Rl : EcdRi, RV : fcoRV, H : 
HindW, P : Pad, S : Sai Scl : Sad, S2 : Sadi, Xb : XbaI, X : Xhd.
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1 kb

35S : UUX 35S $>/x
int: k:"7(D^]#"7—tf)8izx-jp0>f>hnLy% GUS : £-glucronidase j&B'F’x 
Hygr :Nos://^U>n* fiKiSB-F-tD^—— 
$—
^JE^SESSPti: Bm : BamHI, Bg : Bgh\, Rl : EcdR\, RV : EcdR\Z, H : 
HindW, P : Psfl, S : Sa/I, Scl : Sad, S2 : Sadi, Xb : XbaI, X : Xhd

H6 pigh 1 (Dmmmmm

100 bp
I..... .... J 3

Unit 1 _ Unit 2 Unit 3 w Unit 4 w Unit 5 ^ Unit 6 w

V77A JSSE5iJ£2*$Lfc#!ti

07 cDNA (UBQ11) <0$*WS



(%)

5,078 1,097 21.6

182 - -

BSP# 0.5 2,219 153 6.9

1) ^>x-V3>4>#-m0Dpfl Marihat (D16^±#X)\6. BSP 
#Xr(*pnnE Lonsum (D 5
2)

2 c&#aajixmmicmztmw

£#e$ iuwmm
i§pjf1) b!&2) E#££fc (#^%) (#^%)

?7>T“V3>^j 1 55 53 (96) 38 (69)

V3>#% 6 62 59 (95) 38 (61)

BSP# 2 77 77 (100) 0 (0)
1) X7>T— V3>^#-eiiqb0a Marihat (D16#&#&
bs BSP#T?liqaqfI Lonsum CD 6 #£tStfi'b|i!tf4£EIX
2)

ESEIfc
(jgg%)

0(0)

0(0)

77 (100)
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3 jgjttica&fln-r* 2,4-D mmt<77?+i/3mmi)'b<oi3J\>xmmiz2Li3T&w

2,4-D ;SJt t%m i3)ixmm *7UXfi3l$iJg
(ppm) (%)

3 631 6 0.95

5 45 1 2.22

10 736 41 5.57

15 5,078 1,097 21.60

20 120 25 20.83

30 119 4 3.36

4 mmoM^yy^-V'XDtuixmm^^rmm

H %# *;ux|^S *;uxl^#SJt
@% ^### ^###& (%)

-10 90 5 5.56

-9 529 44 8.32

-8 779 151 19.38

-7 791 186 23.51

-6 431 201 46.64

-5 259 46 17.76

5

as %# *;uxs»
# **£{*& rttttttt (%)

use 749 228 30.44

*rasn 731 222 30.37

ssn 653 38 5.82
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*6

4v>;BS(ppm) •»^'h^H,->i»g(ppm) S1tK;l$ ttSt )j{a©;UX______ K^AVUX
2,4-D NAA BA 2~IP Zeatin (%) *;i-x$t Sl£(%) $)£(%)

15.0 1.5 0.10 124 67 54.03 32 25.81

15.0 20.0 0.10 119 61 51.26 33 27.73

5.0 5.0 0.30 82 18 21.95 58 70.73

15.0 5.0 0.30 124 34 27.42 76 61.29

0.5 2.0 0.10 43 0 - 36 83.72

2.0 10.0 0.10 41 0 - 38 92.68

1.0 5.0 0.10 75 17 22.67 58 77.33

5.0 10.0 0.10 81 16 19.75 65 80.25

0.2 3.0 1.0 0.15 78 12 15.38 66 84.62



7 iae?Ero#ti56<W777-t*yffl«A©Gusae:p©»Aic;&i$rs5e

ses *'x &m? wan- tmsy©
ffiito **xe »aB#pBi es ia*m§si vt9Wfe

(kgf/cm2) (mmHg) (#) (/am) (cm) XTft-yhgi1

*®n 3.0 600 0.05 1.0 6 30

3.0 600 0.05 1.0 7 82

3.0 600 0.05 1.0 8 121

3.0 600 0.05 1.6 6 68

3.0 600 0.05 1.6 8 101

3.5 600 0.05 1.0 8 76

4.0 600 0.05 1.0 8 137

4.0 600 0.05 1.6 4 96

4.0 600 0.05 1.6 6 100

4.0 600 0.10 1.6 6 114

4.0 600 0.10 1.6 8 107

4.0 500 0.10 1.6 8 62

*)UX 3.0 600 0.05 1.6 8 8

4.0 600 0.05 1.6 8 29

4.0 600 0.10 1.6 6 82

4.0 600 0.10 1.6 8 33

E 3.5 600 0.05 1.6 8 149

1) Waj48B#M£©ftW£ X-gluc 24 B$(ami:!+#L7c.
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No ##%2
3P--a&

1
2
3

4

5

6
7

8
9

10 
11 
12
13

14

15

16

17

18

19

20 
21
22
O')

*y^.)U ftlltt2
5iif

v7>;u^
##%2

v7>;u
Silt0 tsmtt2

cdna -tMX3)

(kbp)
+++ MS 4-4-4- MS ++++ MS 4-4-4- MS 2.2
4-4-4- MS +++ MS 4-4-4-4- MS 4-4-4- MS 2.2
4-4-4- MS +++ MS 4-4-4- MS 4-4-4- MS 2.2
4-4-4- MS ++ MS 4-4- MS 4-4-4- MS 0.6,0.6
4-4-4- MS 4-4- MS 4-4-4-4- MS 4-4- MA
4-4- MS ++ MS 4-4- MS 4-4-4- MS 2.4
4-4- MS ++ MS 4-4- MS 4-4-4- MS 0.6,0.6
++ MS ++ MS 4-4- MS 4-4-4- MS 0.6,06
4-4- MS ++ MS 4- MS 4-4-4- MS 0.6,06
++ MS ++ MS 4-4- MS 4-4-4- MA
++ MS ++ MS 4-4- MS 4-4- MA
4-4- MS ++ MS 4-4- MS 4-4-4- MA
4-4- MS 4-4-4- MS 4-4- MS 4-4- MA
4-4- MS 4-4- MS ++ MS 4-4- MS 1.05
++ MS 4-4- MS 4-4- MS 4-4- MS 06,0.6
4-4- MS 4- MS 4- MS 4-4- MS 06,1.2
4-4- MS 4- MS 4-4- MS 4-4- MS 0.6
++ MS 4-4- MS 4-4- MS 4-4- MS 0.6,06
4-4- MS 4-4- MS 4-4- MS 4-4- MS 1.6
++ MS 4-4—1-4- MS 4- MS 4-4- MS 0.6,07
4-4- MS 4-4- MS 4- MS 4-4- MA
++ MS 4-4- MS 4-4- MS 4-4- MA

24 ++ MS - ND

25 4-4- MS 4-4- MS 4-4- MS 4-4- MS

26 4-4- MS 4- MS 4-4- MS 4- MA

27 4-4- MS + + MS 4-4- MS 4-4- MS 06,0.7

28 4-4- MS 4-4- MS - MS

29 4-4- MS MS + + MS 4-4- MA

30 4-4- MS 4-4- MS 4- MS 4-4-4- MS 0.6,06

31 4-4- MS 4- MS - ND

32 4-4- MS - ND

33 4-4- MS 4-4- MS 4- MS 4- MA

34 4-4- MS 4- MS 4- MS 4-4- MS 0.6

35 4-4- MS 4-4- MS 4- MS 4-4- MA

36 4-4- MS 4-4- MS 4-4- MS 4-4- MS 0.8

37 4-4- MS 4-4- MS - ND

38 4-4- MS 4-4- MS 4- MS 4-4- MS 0.7

39 4-4- MS 4-4- MS + MS 4-4-4- MS 0.55

40 4-4- MS 4-4- MS 4- MS 4-4- MS 0.6,0.6

41 4-4- MS 4-4- MS ++ + MS 4-4- MS 0.6,06

42 4-4- MS 4-4- MS 4-4- MS 4-4- MS 0.6,06

1 ) ++++ +++: *Ps ++:P,
2)
3) %mmm sai i
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1. Establishment of Transformation System in Oil palm

(Agency for the Assessment and Application of Technology)

Introduction

Transformation, in principle, refers to the stable introduction of genetic ma

terial into cells and its subsequent expression. Successful transformation for 

meeting plant improvement objectives requires the identification and isolation of 

the desired gene, its transfer to the targeted recipient, its stable integration 

into the genome of the recipient, and its development and tissue-specific expres

sion. Some success has been achieved in plant genetic transformation and the 

crop transformation has developed rapidly. However, there are very few ge

netic

transformation studies reported in oil palm, so the transformation system of 

oil palm should be established as soon.

Oil palm is a typical monocot plant, and particle bombardment technology is 

one of the applicable methods for oil palm. In the recent years, a monocot 

plant (rice) has been successfully transformed by Agrobacterium based vec

tors, and to establish this method in oil palm, some important factors such as 

improved vector systems base on Ti and Ri plasmids of Agrobacterium and se

ries of selectable markers genes should be done to get the best technology.

To improve the vector system, the vector containing intron region should be 

constructed to enhance gene expression particularly in monocotyledonous plant. 

There are some chemicals that are essential element for screening of trans

formed cells. The list of selectable marker and reporter genes employed suc

cessfully in plant genetic transformation now include hygromycin 

phosphotransferase (hpt), glucuronidase (GUS), neomycin phosphotransferase 

(npt I & II), the bar gene conferring phosphonitrocin resistance, the TN7 spt 

gene encoding streptomycin resistance and chloramphenicol acetyltransferase 

gene (cat).

Materials and Method

1) Introduction of reporter gene to oil palm by particle bombardment

• Construction of “reporter” gene vector; “Reporter” gene vector was con

structed with promoter region from cauliflower Mosaic virus 35S gene and 

with coding region of bacterial yS-glucuronidase (GUS).

• Preparation of embryogenic callus from immature embryo; Medium composi

tion as explained on the Table 1.
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• Shooting by particle “Gun” used electrostatic discharge; A suitable condition 

for shooting as explained on the Table 2. The shooting permits a direct de

livery of DNA into intact cells or tissue. Very small gold particles (approx, 

l^m) coated with DNA are hitting and rushing into cells.

• Expression of reporter gene; Turning to blue.

2) Agrobacterium-mediated transformation.

• Isolation of plasmid DNA from Agrobacterium.
• Construction of Agrobacterium plasmid containing plasmid DNA and 

selectable marker gene (hygromycin), GUS reporter, Intron region from cas

tor bean catalase gene, Mesocarp specific promoter and fragment DNA of 

desired gene.

• Preparation of embryogenic callus from immature Embryo; Media composi

tion as explained on the Table 1.

• Transformation by Agrobacterium; This bacteria can transfer a portion of 

its DNA into plant cells and these fragments then integrate into chromo

somes. For the bacterium to be an effective vehicle for DNA transfer, its 

disease-causing gene had to be removed. This alteration is known as disarm

ing which means the elimination of tumor-inducing gene leaving the mecha

nism of DNA transfer intact.

• Selection of transformed plant cells on the media containing hygromycin. 

Genetically engineered plant cells with hygromycin resistance gene are able to 

grow on the media containing hygromycin.

Results

The medium compositions as shown in Table 1 have been applied for 

embryogenic callus induction medium from immature embryo. The callus in

duction has reached 90 to 100%.

To observe gene introduction and expression in oil palm tissue, transient ex

pression of GUS ( yS -glucuronidase) reporter genes was monitored. The 

method was applied to fresh and cultured oil palm leaf and callus induced from 

younger leaf.

A transient GUS activity was monitored 48 hours after the transformation to 

study the histochemical expression of the reporter gene in oil palm. Blue spots 

in the tissues indicated that the GUS reporter gene could be expressed in oil 

palm.

In this experiment, we also used the vector containing intron region from 

castor bean catalase gene to enhance gene expression particularly in monocoty- 

ledonous plant. The intron region of catalase had a dramatic effect on the
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enhancement gene expression in all plant species, though it was reported that 

catalase mtron has an enhancement effect of gene expression only in monocot 

plant. Furthermore, the expression level of the GUS gene driven by 35S pro

moter in oil palm tissue was higher than those in rice and cucumber according 

to close observation in many experiments (Fig. 1).

We have isolated plasmid DNA from Agrobacterium tumefaciens and 

Agrobacterium plasmids have been constructed from plasmid DNA, - 
glucuronidase reporter gene (GUS), hygromycin resistance gene and an intron
rocn’nn frrvm r-Qctnr honn ratalflco crono tn cmliftnrp cronA AvnroQQinnQ

R & D for the next years

A suitable conditions for transformation by Agrobacterium will be studied 

with selectable marker hygromycin resistance, followed by selection the best 

condition for transformation without decreasing the regeneration ability and 

also to establish the method for the detection of DNA integration in transgenic 
oil palm by PGR method.
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Table 1 Effect of 2,4-D on callus induction from oilpalm immature leaf

Concentration of 
2,4-D 
(ppm)

Number of cultured 
explants

Number of callus 
induced explants

Frequency of callus 
induction 

(%)

5 195 2 1.03

10 478 9 1.88
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2. Optimizing Conditions for Callus Induction from Oil Palm Younger Leaf

(Bakrie and Brothers)

Introduction

Progress in plant biochemistry and physiology research in the past twenty 

years has opened a good opportunity for improvement of plant behavior by 

two technologies. The first technology is a tissue culture and the second one 

is a genetic engineering. Tissue culture is a method which is aimed to regener

ate a particular part of plants (e. g cells or tissues of particular organ) into 

a complete plant in vitro, whilst genetic engineering is a technique for manipu

lation of a particular character at molecular level. Combination of these two 

methods has proved to be powerful in improving plant characteristics, such as 

yield, adaptability, nutritive value, and disease or pest resistance.

Success of tissue culture of oil palm is mainly related to a number of factors, 

such as the choice of explant and medium composition. However, publications 

of oil palm tissue culture methods are not easily found due to the highly com

mercial aspect of this technique (Wooi, 1990). Therefore, it is necessary to es

tablish our own laborartory and capability based on our own resources 

(genotype of oil palm, facilities). Basal medium for tissue culture is generally 

modified from MS medium with different combinations of plant growth hor

mones. There was reports describing that 2,4-D is the most suitable auxin for 

callus induction. However, the reported ranges of concentrations of this auxin 

were very wide, i. e. 1 ppm to 200 ppm. In our preliminary experiments, we 

were able to induce the oil palm callus formation using 2,4-D at concentration 

of 5-100 ppm in combination with various concentrations of an activated char

coal.

In this report, we optimize the 2,4-D level in oil palm callus induction media 

with fixed concentration of an activated charcoal.

Material and Method

1) Preparation of explant

The crown of oil palm tree (14 years old) was sampled from field by remov

ing the outermost leaves. In a laminar flow, subsequently, the outer leaf 

whorls were removed and only the central portion above meristem region was 

used. These immature leaves were cut into small pieces (1cm) as an explant.

2) Preparation of culture medium

In organic and organic compositions of medium were based MS (Murashige 

et al. 1962) supplemented with 2,4-D, 2 iP, an activated charcoal, casein



hydrolyzate and tyrosine. The 2,4-D concentrations tested were 5 ppm, 10 ppm, 

15 ppm, 20 ppm, and 30 ppm. pH of culture medium was adjusted to 5.5 before 

autoclaving. The medium was solidified with 2.2g/1 of gerlite and distributed 

into test tubes.

3) Culture condition

Explants were embedded on media at horizontal position. The temperature 

of incubation was 27 ± 1 °C. In order to reduce oxidation of phenolic com

pounds, incubation was conducted in the dark until callus induction was ob

served and harvested. Experiment was done in three replicates.

Result and discussion

After one month, the culture turned to be brown and 34% of explants were 

seen to be dead, and this percentage increased to 90% after four months. 

Callus initiation on survived explants was observed at the edge of younger leaf 

after two months of incubation. Almost all of callus had a pale yellow color 

and globular or torpedo shape. In a few cases, rooting was also observed in 

addition to callus induction. Callus induction rate (CIR) was calculated as:

Number of callus induced explants
-------------------------------------------------------------------------h------------------------------- X 100%
Total number of explant-Number of contaminated explants

All the five levels of 2,4-D tested were able to induce callus initiation. Table 1 

shows the CIR from this experiment. Average CIR increased from 0.96% to 

7.84% with then decreased to 1.36% at 30 ppm.

Ease of callusing is generally dependent on number of factors e. g. genotype 

of the oil palm tree, the distance from the target tissue to the meristem and 

also the type and concentration of auxin used in culture media (Rabechault et 
al., 1972). In fact, 2,4-D is the most widely used auxin for callus induction. 

The range of 2,4-D concentration from 15 ppm to 20 ppm were suitable for cal

lus induction from oil palm immature leaf in our experiment. The highest CIR 

was 20.8% at 20 ppm of 2,4-D in our experiment. This rate is higher than any 

published report. Over 100 ppm of 2,4-D was used to get callus in some report 

(de Toucher et al. 1991). In the case of using higher concentration of 2,4-D, 

higher concentration of an activated charcoal was also used. When we used 

lower concentration of 2,4-D below 10 ppm, explants turned brown or dead 

quickly and only a small number of callus was induced.
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Conclusions

This report describes procedures for callus induction of oil palm tissue 

(younger leaf). Callus was obtained after two months of culture on solid 

modified MS medium with different 2,4-D concentration. In the presence of 2,4-

D at 15 ppm and 20 ppm, the CIR WaS 5.19% and 7.84zo after fu'ui months Cul

ture period.
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Table 1 Medium composition for embryogenic callus induction from im
mature embryo of oil palm

Macro and micro salts Murashige & Skoog

Vitamins 

Growth regulator

Ganborg's B5 

2,4-D

normal strength 

normal strength 

3 ppm

Sugars sucrose

mannitol

3.0%

0.5%

Table 2 A suitable condition for gene introduction to oil palm tissue by 
particle gun

Vacuum strength 

Distance from nozzle to sample 

Volume of DNA solution
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Many microorganisms live much of their lives in a special ecological relationship: an 
important part of their environment is a member of another species. Any microorganism that 
spends a portion or ail of its life associated with another organism of a different species is called a 
symbiont (or symbiote), and the relationship is designated as symbiosis.

There are three types of symbiotic relationship: commensalism, mutualism, and parasitism. 
Within each category the association may be either ectosymbiotic or endosymbiotic. In

Commensalism is a relationship in which one organism, the commensal, benefits while the
other, the host, is neither harmed nor helped. Often both the host and the commensal “eat at the 
same table”. The spatial proximity of the two partners permits the commensal to feed on 
substances captured or ingested by the host. Typically the commensal also obtains shelter by
living either on or in the host. The commensal is not directly dependent on the host metabolicall)
and causes it no particular harm. When the commensal is separated from its host experimentally, it 
can survive without being provided some factor or factors of host origin. For example, the 
common, nonpathogenic strain of Escherichia coli lives in the human colon and benefits from the
nutrients warmth anH shelter found there hilt nsnallv eanses nn disease or discomfort

Mutualism defines the relationship in which some reciprocal benefit accrues to both 
partners. In this relationship the mutualist and the host are metabolically dependent on each other. 
Several examnles of mutualism are nresented next.

A classic example of mutualism is the flagellated protozoa that live in the gut of termites 
and wood roaches. These flagellates exist entirely on a diet of carbohydrates, acquired as cellulose 
wood chips ingested by their host.

The protozoa engulf wood particles, digest the cellulose, and metabolize it to acetate and 
other products. Termites oxidize the acetate released by their flagellates. Because the host is 
incapable of synthesizing cellulases (enzymes that catalyse the hydrolysis of cellulose), it is 
dependent on the mutualistic protozoa for its existence.

This mutualistic relationship can be readily tested in the laboratory if termites are placed in 
a bell jar containing wood and a high concentration of O2. Because O2 is toxic to the flagellates, 
they die. The termites are unaffected by the high 02 concentration and continue to ingest wood, 
but they soon die of starvation due to a lack of cellulases.
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/vnotner excellent example 01 mutualism is proviueu oy nciiens.nicnens are tne association 
between ascomycetes (the fungus) and certain genera of either green algae or cyanobacteria. In a 
lichen the fungal nartner is termed the mvcobiont and the algal or cvanobacterial nartner. thelichen the fungal partner is termed the mycobiont and the algal or cyanobacterial partner, the 
phycobiont. The remarkable respect of this mutualistic association is that its morphology and
metabolic relationship are so constant that lichens are assigned generic and species names. The 
characteristic morphology of a given lichen is a property of the mutualistic association and is not 
exhibited by either symbiont individually. There are three morphological types of lichens: emstose 
lichens are compact and appressed to a substratum such as a rock; foliose lichens have a leaflike 
appearance; and fruticose lichens have a shrubby shape.

Because the phycobiont functions as a photo synthetic organism - dependent only on light, 
air, and certain minerals nutrients - the fungus can get its organic carbon directly from the alga or 
organobacterium. The fungus often obtains nutrients from its partner by haustoria (projections of 
fungal hvnhae) that nenetrate the nhvcobiont cell wall. It also uses the O? produced duringWVA/A A V “A O

phycobiont photosynthesis in carrying out respiration. In turn the fungus protects the phycobiont 
from excess light intensities, supplies water and minerals to it, and provides a firm substratum 
within which the phycobiont can grow protected from environmental stress.

Parasitism

The parasitic way of life is so successful that it has evolved independently in nearly all 
groups of microorganisms. In recent years concerted efforts to understand microorganisms and 
their relationships with their hosts have developed within the disciplines of virology, 
rickettsiology, chlamydiology, bacteriology, mycology, parasitology (protozoology and 
helminthology), entomology, and zoology.

If a symbiont either harms or lives at the expense of another organism (the host), it is a 
parasitic organism, and the body of the host can be viewed as a microenvironment that shelters 
and supports the growth and multiplication of the parasitic organism The parasitic organism is 
usually the smaller of the two partners and is metabolically dependent on the host. There are many 
parasitic agents or organisms among the viruses, procaryotes, fungi, plants, and animals. By 
convention, when the word parasite is used without qualification, it refers specifically to a 
protozoan or helminthic (nematode, trematode, cestode) organism

Several types of parasitism are recognized. If an organism lives on the surface of its host, 
it is an ectoparasite; if it lives internally, it is an endoparasite. The host on or in which the parasitic 
organism either attains sexual maturity or reproduces is the final host. A host that serves as a 
temporary but essential environment for development is an intermediate host. In contrast, a 
transfer host is not necessary for the completion of the organism’s life cycle but is used as a 
vehicle for reaching a final host. A host infected with a parasitic organism that also can infect

Because, by definition, parasitic organisms are dependent on their hosts, the symbiotic 
relationship between the host and parasite is a dynamic one. When a parasite is growing and 
multiplying within or on a host, the host is said to have an infection. The nature of an infection 
can vary widely with respect to severity, location, and number of organisms involved. An 
infection may or may not result in overt disease. An infectious disease is any change from a state 
of health in which part or all of the host body is not properly adjusted or capable of carrying on its 
normal functions due to the presence of a parasitic organism or its products. Any parasitic 
organism or agent that produces such a disease is a pathogen. Its ability to cause disease is called 
pathogenicity.



LICHENS

The unusual structure of the lichens was not discovered until after the development of the 
microscope. The name of this group of plants first appears in the writings of Theophrastus, a 
disciple of Aristotle, about the 4th century B.C. At that time, and for many centuries thereafter, 
lichens were contused with the mosses and the nepatics. The early students of lichens thought that 
the green cells (now known to be alga) were specialized structures produced by the fungus and 
probably of reproductive function. Wallroth (1825) coined the term gonidia to indicate this 
reproductive function, but also mentioned the resemblance to some of the well-known free-living 
algae. It was not until 1867 that Simon Schwendener announced that the green cells were indeed 
algae, and that the fungi were parasitic upon them. After the introduction of pure culture 
techniques, the constituents of numerous lichens were isolated and grown apart from each other 
and then recombined. The resulting lichen, however, appears somewhat diferent from the original, 
and the experimental demonstration of the complete life cycle presents difficulties.

Because the lichen appears as a healthy organism which thrives in very severe 
environments, the interpretation of the relationship as a simple case of parasitism did not satisfy 
many of the workers in this field. The term consortium (a union or fellowship) was proposed by 
Johannes Reinke (1873) to explain the relationship; then H.A. de Bary (1873) suggested that 
symbiosis would be a more satisfactory term to describe the relationship. Experimentation shows 
that there is not only manufacture of the food by the alga in the process of photosynthesis and 
absorption of water from the atmosphere by the fungus, but that there is also an exchange of 
complex organic compounds between the components of the lichen.

The constancy of the algal host in the lichen relationship is undetermined. Although the 
same genus of alga is present in a given species of lichen, there are indications that different 
species or races of the alga may be present. In some lichens there may be two groups of algae 
represented in the thallus. In Peltigera aphthosa and P. venosa, for example, the alga in the 
thallus is one of the green algae, Coccomyxa, while the blue-green alga, Nostoc, is found in 
special gall-like growths called cephalodia. In Solorina crocea there may be two layers of the two 
types of algae. The algae of lichen are often considerably different from free-living algae of the 
same genus, and only by pure culture can they be definitely identified. Some of the algae may 
change their color. Others which normally grow in chains of cells may be broken up into cell units 
scattered throughout the thallus.

Lichens are found throughout the world, often occupying niches in which no other plants 
can become established. They are most conspicuous in the alpine and arctic tundras, where they 
are dominant forms of vegetation. The rock outcrops of the world are usually clothed wich an 
abundance of these plants. Lichens are almost the only plants able to survive the severe conditions 
of life found at high altitudes and latitudes.

In Antarctica, where there are very few flowering plants and perhaps 60 mosses, there are 
more than 400 species of lichens. In more temperate regions the lichens are common in 
undisturbed habitats in old fields, in bogs and in fiorests, on the soil and old rotting logs, on tree 
trunks and branches. In tropical regions lichens are abundant, with different species occupying the 
ecological niches occupied by other species in other parts of the world. Few species survive in the 
vicinity of large cities, where they are killed by smoke and gases. The higher temperatures and 
consequent drier conditions of cities may also reduce lichen populations.

Lichens are bioindicators of air quality because they are extremely sensitive to two 
common atmospheric pollutants - ozone (O3) and sulfur dioxide (SO2). This sensitivity arises from 
the lichens’s great ability to absorb and concentrate substances dissolved in rain and dew. Because 
they have no means of excreting absorbed elements, lichens are particularly sensitive to toxic 
compounds. Lichen distribution thus is inversely related to the amount of S02, O3, and toxic 
metals in the atmosphere. These pollutants are easily absorbed by lichens and destroy both 
chlorophylls a and b.

This decreases photosynthesis and disrupts the metabolic balance between the fungus and 
the alga or cyanobacterium. Eventually this leads to the destruction of the lichen.
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Lichen vary in their response to pollutants. The best bioindicators are the moderately 
sensitive species, such as Hypogymnia enteromorpha. This species also can be used as a means to 
assess pollution by radioactive substances that may occur following the crash of satellites, 
uranium mining operations, and nuclear fallout from weapon testing.

USES AND VALUES

Soil Formation - Lichens are well known as pioneers on bare rock surfaces. Here some of 
them act by secreting acids which dissolve the material that cements the particles together. On 
limestone some species of Verrucaria and Caloplaca may dissolve pits in the rock surface. Other 
lichens help to fragment the rock by expanding when wet, attaching to the rock, them contracting 
when dry, thereby plucking away particles of the rock. Still others may act by a process of 
chemical binding to remove some of the mineral elements from the crystals of the rock. As the 
rock becomes broken up by action of the lichens and by weathering, the debris furnishes a lodging 
for the growth of mosses and eventually higher plants.

Erosion Control - Some species of lichen thrive on very sandy soil. Here the 
undifferentiated plant body or thallus of a species such as Lecidea uliginosa will help materially in 
binding the soil surface against the action of the wind. On clay soils in abandoned roadbeds in the 
eastern United States, Baeomyces roseus helps to protect against water erosion by binding the soil 
surface.

r oou - in me arctic ana suoarcuc regions ucnens are important as iorage ior remaeer, 
caribou, musk ox and moose. Lichens of the so-called reindeer moss group (Cladonia mitis, C. 
sylvatica, C. alpestris) and Iceland moss (Cetraria islandica) are the most important species. 
Because growth in these northern climates is so slow, 35 to 38 years are required for an area to 
recover from grazing. The area required to support a herd thus is enormous, and the Laplanders 
whose reindeer herds subsist mainly on lichens are forced to be nomadic people. Iceland moss is 
used in Greenland and Iceland as a supplement in the food of sheep and cattle as well as of human 
beings. For use as food, the lichen is soaked in soda solution to neutralize the lichen acids, dried 
and powdered, and then mixed with potatoes. Some of the rock tripes (leafy or foliose forms) 

Umbilicaria species, have been used as emergency foods by explorers, but the action of 
the lichen substances on the body is generaly unpleasant. One of plants credited with being the 
manna of the children of Israel is the lichen Lecanora esculenta of north Africa and Asia Minor. 
This species sometimes rolls before the desert winds in great quantities. Numerous small animals 
feed to a limited extent on lichen thalli; slugs, snails, mites, caterpillars and termites all are 
reported to feed upon lichens.

Medicine - The fancied resemblance of lichens to parts of man’s body led in earlier times 
to their use in the treatment of various ailments. For example, the lungwort, Lobaria pulmonaria, 
has the appearance of the surface of the lungs, hence was used to treat tuberculosis, pneumonia 
and similar afflictions; the yellow Xanthoria parietina was valuable in cases of jaundice; the dog 
lichen, Peltigera canina, with its fruits resembling teeth in a jaw, was used in treatment of rabies. 
The skull lichen, Parmelia saxatilis, was considered excellent for epilepsy if found on old skulls 
instead of its usual habitat on tree trunks and rocks; its value was greatly enhanced if the skull 
happened to be that of an executed criminal. These fanciful treatments-based on the “doctrine of 
signatures”, by which nature was believed to have placed a sign indicating the value of the plant to 
man-have given way to more scientific remedies. Many of the lichens contain usnic acid and other 
lichen acids whith have been shown to have antibacterial properties. In Scandinavia the reindeer 
lichens have been used in the manufacture of alcohol, but difficulties in obtaining raw materials for 
this industry arise because the regrowth of the lichen supplies is so slow. The wolf lichen,
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Letharia vulpina, has been used in Russia for poisoning wolves. One of lichens of the 
plaints of western North America, Parmelia chlorochroa, accumulates selenium and is therefore 
poisonous to livestock.

Perfumes - The oak moss lichen, Everniaprunastri and related species, is gathered in 
southern Europe and used in perfumes; it functions as a fixative to assist in controlling the 
uniform evaporation of the many varied ingredients of the perfumes.

Dyes - Probably the most familiar use of dyes derived from lichens is in the litmus paper 
(paper saturated with litmus solution) of the chemist. This reddish-violet dye, litmus used as an 
acid-base indicator, is prepared from a purple or reddish-purple dyestuff called orchil, archil or 
cudbear. In Europe, cudbear, Ochrolechia tartarea, a crustose lichen (having a thin flat crusty 
aspect), is scraped from the rocks and used in the preparation of the dyestuff. In the Canary 
Islands, Madagascar, the coast of South America and formerly along the coast of California, 
various species of orchil lichens, Roccella tinctoria and other of Roccella, are gathered, prepared 
with sodium or ammonium hydroxide solutions and used for dyeing for wool and silk. Rock 
tripes, Umbilicaria and Parmelia species and other lichens are used in northern countries as 
sources of other dyestuffs, giving soft browns, yellows and other colors to wool.

Evolution - There is no record in the rocks as to the antiquity of the lichens, but it is 
obvious that this symbiotic organism must be more recent than its components. It is also obvious 
that lichens are not primitive but highly developed structures. Both the symbionts are 
polyphyletic; that is, the algae come from several groups, and the fungi, likewise, are of several 
widely different origins. Presumably the earliest lichens were a loose association of fungal hyphae 
with free-living algae. Some lichens are still on this borderline. In Calicium and Mycocalicium it is 
sometimes difficult to be certain of the presence of the alga. Some fungi such as Leotia may 
contain algal cells in their fruiting bodies. Evolution probably developed from these loose 
associations to a definite crustose structure, then to the leafy (foliose) structure and finally to the 
intricate ffuticose (shrubby or bushy) type of thallus.

PHYTOGEOGRAPHY AND ECOLOGY

Distribution - So much remains to be done in the collection and study of lichens that only 
the general outlines of the distribution patterns can be described. For those which have been 
studied, patterns matching those of the better-known flowering plants can be shown, but some 
unique patterns have been found. In the arctic there is a circumpolar distribution type containing 
many widespread species such as Alectoria ochroleuca, Cetraria nivalis, C. cucullata and 
Parmelia centrifuga. An Arcto-Pacific distribution type contains species which are found in 
Siberia and in the western American arctic; e.g., Cetraria richardsonii and Cetraria chrysantha.
A lichen occurring in both arctic and antarctic regions is Usnea (Neuropogon) sulphureus. A very 
large number of lichens of the temperate zone occur around the world, so that manuals of 
European lichens are of great help in studying North American lichens and vice versa. Such 
genera as Alectoria, Cladonia, Caloplaca, Lecidea, Lecanora, Parmelia, Physcia and Rinodina 
provide many examples of such wide distribution. A few species such as Lecidea olivacea, 
Alectoria fremontii, Cavernularia.hultenii and Lobaria hallii are found in the western parts of 
both North America and Europe. Some species such as Cetraria oakesiana and Baeomyces 
roseus are found in eastern North America and in Europe.

Mediterranean desert lichens such as Physcia biziana are also found in the arid regions of 
western North America. Along the coastal regions of western North America are a number of 
lichens which also occur Japan.

Tropical lichens tend to be represented strongly lichen fungi associated with the algal 
genus Trentepohlia. Although many of the same genera that occur in temperate regions are
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present, the predominant lichens are different. The families Graphidaceae, Pyrenulaceae, 
Astrotheliaceae, Paratheliaceae, Coenogoniaceae, Thelotremaceae, Stictacaea and Parmeliaceae 
are conspicuous among the tropical groups.

In antarctic regions the most conspicuous lichens are the Stictaceae, the Cladoniae and 
members of the subgenus Neuropogon of the genus Usnea.In antarctica there are more than 400 
lichens, the bulk of them being crustose; the genus Buellia is the best represented.

BIOCHEMISTRY AND SECONDARY METABOLITES

Intracellular and extracellular products

There are two main groups of lichen compounds: primary metabolites (intracellular) and 
secondary metabolites (extracellular). Common intracellular products occurring in lichens include 
proteins, amino acids, polyols, carotenoids, polysaccharides and vitamins, which are bound in the 
cell walls and the protoplasts, are often water soluble and can be extracted with boiling water. 
Some of these products are synthesized by the fungus and some by the alga. Since the lichen 
thallus is a composite structure, it is not always possible to decide, where a particular compound 
is bio synthesized. Most of the intracellular products isolated from lichens are nonspecific, and also 
occur in free-living fungi, algae and in higher green plants (Hale 1983).

The majority of organic compounds found in lichens are secondary metabolites of the 
fungal component, which are deposited on the surface of the hyphae rather than within the cells. 
These products are usually insoluble in water and can only be extracted with organic solvents. 
Carbon for the lichen is furnished primarily by the photo synthetic activity of the algal partner. 
Mosbach (1969) summarized the overall carbon metabolic sequence as involving photosynthesis 
in the photobiont followed by transport of the carbohydrate to the fungus, metabolism of the 
carbohydrate and subsequent biosynthesis of lichen secondary metabolites. The type of 
carbohydrate released by the alga and supplied to the fungus is determined by the photobiont, 
while in lichens containing cyanobacteria, the carbohydrate released and transferred to the fungus 
is glucose. In lichens containing green algae, the carbohydrate released and transferred to the 
fungus is a polyol: ribitol, erythritol, or sorbitol.

The fungal origin of the secondary metabolites

All of secondary substances which are so characteristic of lichens are of fungal origin. 
Consequently it seems rather surprising that with more than 630 secondary metabolites known 
from lichens, most are unique to these organisms and only a small minority (c. 50-60) occur in 
other fungi or higher plants. As an example, the anthraquinome parietin, the orange pigment 
common in most Teloschistales, occurs in species of the non-lichenized fungal genera 
Achaetomium, Alternaria, Aspergillus, Dermocybe and Penicillium, as well as in the vascular 
plants Rheum, Rumex and Ventilago. Similarly, the common para-depside lecanoric acid also 
occurs in the fungal genus Pyricularia, while the typical higther plant sterol,brassicasterol, has also 
been detected in the lichens.



Table 1

Major classes of secondary metabolites in lichens

1. Acetyl polymalonyl pathway
Secondary aliphatic acids, esters and related derivatives (45 known compounds) 
Polyketide derived aromatic compounds:
Mononuclear phenolic compounds (19)
Di- and tri-aryl derivatives of simple phenolic units:
Depsides, tridepsides and benzyl esters (185)
Depsidones and diphenyl ethers (112)
Depsones (16)
Dibenzofiirans, usnic acids and derivatives (23)
Anthraquinones and biogenetically related xanthones (56)
Chromones (13)
Naphthaquinomes (4)
Xanthones (44)

2. Mevalonic acid pathway
di-, sester- and triterpenes (70)
Steroids (41)

3. Shikmic acid pathway
Terphenylquinomes (2)
Pulvinic acid derivatives (12)

Secondary metabolites

Direct evidence from biosynthetic investigations on intact lichens using labeled compounds 
is meager, but hypothetical pathways are often proposed on the basis of what is known for the 
biosynthesis of analogous fungal products (Turner and Aldridge 1983). In addition, further 
circumstantial evidence may be forthcoming from observed joint occurrence of compounds and 
laboratory interconversions and biomimetic syntheses (Culberson and Elix 1989). In the past 
nearly all the chemical data came from studies of natural lichens because cultures of lichen fungi 
grow very slowly and failed to show all products characteristic of mature thalli in nature.
However, recent advances in the controlled growth of recombined species promise to open new 
areas of research whereby the biosynthetic sequence to various lichen acids can possibly be 
confirmed. Most of the secondary metabolites present in lichens are derived from the 
acetylpolymalonyl pathway, but some come from the shikimic acid and mevalonic acid pathways. 
One of the more interesting developments in recent years is the recognition of the key role played 
by para-depsides as potential precursors (or biosynthetic intermediates) to meta-depsides, 
depsones, diphenyl ethers, depsidones and dibenzofiirans (Culberson and Elix 1989). Very recent 
experimental evidence obtained with cultured lichens is consistent with these suggestions.

Major categories of lichen products

The first classification of lichen substances based on known structures and biosynthetic 
pathways was constructed by Asahina and Shibata (1954). This system is modified from time to 
time, as more information has become available, most recently by Culberson and Elix (1989). The
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principal classes of lichen secondary metabolites are listed in Table according to their probable 
biosynthetic origin, with the approximate number of compounds of known structure indicated (in 
parentheses) and the structure of typical representative compounds (Fig 2).

Of the acetyi-poiymaionyi derived compounds, aromatic products are especially well 
represented, the most characteristic being formed by the bonding of two or three orcinol or B- 
orcinoi-type phenolic units through ester, ether and carbon-carbon linkages. The large majority of 
depsieds, depsidones, dibenzomrans, usnic acids and depsones all appear to be produced by such 
mechanisms and all are peculiar to lichens.

Other aromatic compounds of acetate-polymalonate origin such as the chromones, 
xantnones and anthraquinomes, are probably formed by internal cyclization of a single, folded 
polyketide chain and are often identical or analogous to products of non-hchen-forming fungi or 
higher plants.

Considering the short term research, one has decided to concentrate on one area of Brazil,
specifically the savana area (cerrad nf in tlif* nf rtmccn q lirVipn

auu;uiouuun >Vl*.UW VZJ. -LV JLCLUV/ J A VJJJU . U UV11V11

>Uection has been intermittently going on, carried out by Gustav Malme (1902, 1924, 1925, 
1928, 1934 e 1936) and Klaus Kalb (1987).More recently, Fieigand Riquelme (1992) have 
published a part of results obtained during the period of 1990-1991.Honda collected 365 samples; 
315 of them were identified, 275 of them at the level of species, 50 at genus. Identified samples 
were classified into 28 families, 50 genus and 89 species. Foliose lichens were the most abundant, 
represented by genus Parmotrema and Pseudoparmelia. Few species were abundant enough to be 
collected for chemical analysis. Fruticose lichens constituted about 10 % of collected samples.

Experimental

Materials - All solvents of commercial grade were distilled in the laboratory. For HPLC 
analysis, only HPLC grade soluents were used and for nullification, crystalization and TLC 
analysis P.A. grade solvents were used.

For the MP determinacao mod. 498 of Uniscience was used without correction.
Zeiss microscope was used for the analysis of the crystalline structure.
For IR analysis, the instrument Perkin Elmer mod. 783 was used, 'H - NMR analysis was 

carried out on 300 MHZ (Brucker) and 13C - NMR on 75 MHZ (Brucker) at the University of 
Sao Paulo. Samples were dissolved in CDCL3, DMSO-d*, CD3COCD3, C5D5N and chemical shift 
expressed in 5 (ppm) using TMS as the internal standart. Coupling constants are expressed in Hz.

Elemental analysis were also carried out at the University of Sao Paulo and mass 
spectrometric analysis also.

Optical rotation determination was done with Perkin - Elmer mod. 341 at wavelength 589 
nm.

Methods - chromatography
Thin layer chromatografy (TLC) analysis was done using silica gel G (Merck and Sigma) 

or silica gel HF254+366, PF254+366 prepared on plates of 5 x 20 cm and 20 x 20 cm. For visualization 
UV light (254 and 366 mm) was used. Subsequently the plates were sprayed with p- 
anisaldehyde/sulfuric acid, methanol containing 10% concentrated sulfuric acid and then heated at 
110°C in an oven or hotplate for 10 minutes to develop the spots. Sulfuric acid charring detects 
the broadest of compound types, including virtually all terpenes and phenolic derivatives. After 
the plates are charred, compounds give a range of characteristic visible colors and some even have 
a characteristic fluorescence.
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Chromatographic columns were prepared with grained silica particles (63-200 pm). 
The solvent systems used:

A. Toluene: ethylacetate: glacial acetic acid (6:4:1 v/v)
B. Benzene: dioxane: acetic acid (90:25:4 v/v)
C. Toluene: chloroform (1:1 v/v)

D. Toluene: chloroform (3:2 v/v)
E. Cho loro form: methanol (24:1 v/v)

Microcrystallization
Asahina’s microcrystallization technique allowed definitive recognition of individua lichen 

acids on a routine bases. This simple technique required no special equipment, an with experience 
generally yielded accurate analyses of major products. It involved extraction of a lichen fragment 
with acetone, evaporation of the solvent and recrystallization of the remaining residue from a 
suitable solvent - all conducted on a microscope slide (Asahina and Shibata, 1954). A particular 
lichen substance crystallized in a distinctive shape and color and was identified by comparison
witn pnotograpns oi aumennc materials (naie i v my

1. glycerol: ethanol: o-toluidine (3:2:1 v/v)
2. glycerol: ethanol: water (1:1:1 v/v)
3. glycerol: glacial acetic acid (3:1 v/v), and when nacessaiy
4. glycerol, ethanol, aniline (2:2:1 v/v)
5. glycerol, ethanol, quinoline (2:2:1 v/v)
6. glycerol, ethanol, pyridine (1:3:1 v/v), and K2CO3 solution

(10%) and saturated solution of BA(OH)2 according to Taylor (1967a, 1967b), Thompson (1968) 
and Hale (1974).

It is obvious that this method of crystallization can’t detect minor components and is 
inadeauate for the studv of mixtures and it has to be comnlemented with chromatoeranhic...............1' — — _ — ' */ — . . . ....... - ... . — — — tj- -----

methods. Even so, using Asahina’s method, botanists discovered extensive correlations between 
chemistrv. moroholoev and the eeoeraohic distributions of lichens.

Bioassay for Biological Activity

Fungicidal Activity

Bioautography tests were done on compounds purified by TLC (Merck) using solvent A 
using the spores of fungus Cladosporium sphaerospermum Penzig. Plates were sprayed with 
suspention of fungus spores suspended in saline solution with glucose and incubated for 48h in a 
dark humid chamber at 30° C (Homan’s et al. 1970)
The fungicidal activity was evaluated by the size of the hallow formed due to the inhibition.

The fungus Cladosporium sphaerospermum was cultured in BDA medium at 28" C in the 
absence of light until sporulatin. The fungus culture was maintained in sterilized distilled water 
according to Figueiredo et al. (1975).

Cytotoxic Activity
The in vivo lethality in a simple organism can be used as a rapid and simple 

convenient monitor. The eggs of brine shrimp, Arternia salina, are readily available at low
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cost and can remain viable in the dry state. Upon being placed in a brine solution, the eggs hatch 
within 4 hours, providing large numbers of larval. This is a simple inexpensive bench-top assay 
procedere; compared to the more tedious and expensive in vivo and in vitro assays.

The lethality data can then processed to estimate LC50 values. (Finney et al. 1971).

Chemical Analysis and Results
Parmotrema tinctorum (Nyl.) Hale
Sample (P.T.) was collected and after washing and tha removal of debris, it was 

pulverized resulting in 40g of powder. Organic extraction was exhaustively done in Soxhlet, using 
benzene and acetone.

oenzene extraction pnase, proaucea v./4og (u.oioyo 01 tne original sample;.

TCL analysis showed:
Solvent A: one component
Solvent C: two main components
HPLC analysis: more than one component
Due to the presence of pigments and aliphatic compounds, the sample was passed through 

chromatographic column of silica gel, using as eluent the solvent C. Total of 27 fractions of 12 ml 
each were collected. After the removal of the solvent, each fraction was with ethanol and 
supernatant removed. Residues were dissolved in chroform and purified on TCL. Spots with 
similar Rf were collected and rechromatographed. The separation of components by 
crystallization was attempted but not sucessful.

Preparative chromatography, using solvent D was carried out and fractions were eluted 
with chloroform and crystallized in chloroform/ethanol. One of the fractions (P.T.B1) produced 
white crystals of needle shape. This crystal had M.P. of 196-198°C. The fraction P.T.B2 showed 
to be a mixture of P.T.B1 and due to its small amount, spectral analysis was not carried out.

The sample P.T.B1 showed the following spectrum:

IV(KBr) V mi: cm1: 3200-2950, 1660, 1580, 1440, 1405, 1380, 1355, 1285, 1270, 1195, 
1165, 1105,1070.
RMN1 H(CDCL3, 300 MHz) 5 (ppm): 2.07 (3H, s, ArCH3 C-8’), 2.52 (3H, s, ArCH3 C-9’), 
2.67 (3H, s, ArCH3 C-9), 3,96 (3H, s, ArOCH3 C-7’), 6.38 (1H, s, H-5), 6.49 (1H, s, H-5’). 
RMN13 C (CDCL3, 75 MHz) 6 (ppm): 9.35 (C-9’), 24.0 (C-8’), 25.5 (C-9), 52.3 (C- 
7’COOCH3), 112.8 (C-5), 116.0 (C-5’), 193,8 (C-8).

In IR spectrum, the band observed at 1660cm"1, suggests the presence of a free OH in a 
carbonyl group of a ester ligation.

In the absence of free OH group, the ester carbonyl groups absorbs at 1750cm'1. 
Therefore, the 1580cm"1 band is an indicative of carbonyl of a aldehyde group linked to 
neighbouring OH group.

Crystal structures presented by this fraction, when treated with the mixture of solvents I, 
are comparable to those described for depsidone atranorine (Taylor 1976 b; Thompson 1968;
Hale 1974). From the spectral analysis of P.T.B1, one can assign the following depsidone 
atranorine structure



I

•CHO

COOCH.

R = H - Atranorine 
R = Cl - Cloroatranorine

Concerning the structure for the fraction P.T.B2, from the chromatographic behavios on 
solvent I, and crystal form, compared to the literature data (Ahmann et al. 1967), it suggests that 
the main component is the deposidone chloroatranonine.

The acetone extract, after the remo val of the solvent, weighed 10.8g (27% of the original 
powder sample) and it was treated according to the method described by Ahmann (1967): it was 
dissolved in ethylether and extracted several times with solution of NAH3 (5%). The aqueous 
extract was treated with H2SO4 (1M) until acid NaC03 pH. The flocculent precipitate was 
separated by filtration and washed with water until neutral. The residue was dissolved in acetone 
and chromatographed. Only one component, P.T. Acl. was observed.
The ether extract obtained from fractionation was concentrated and crystallized - P.T.AcII, 
transparent crystals in needle form.

During the M.P. determination of the sample P.T. Acl, one observed a darkening of the 
crystal at 225°C and a decomposition between 230-240uC.

Following spectral data was obtained:

IV(KBr) V mii cm 3680 (banda larga, OH), 2980 e 2930 (f), 1655 (C=0), 1590 
(aromatico), 1460,1420,1380,1205 e 1060.

RMN *H (Acetona-d6,300 MHz) 5 (ppm): 2.05 (3H,ArCH3), 2.08 (6H,ArCH3), 6.28, 
6.36, 6.54 e 6.63 4HArH).

The compound P.T. Acl was obtained in a -mall amount and its structure has not been 
determined yet.

P.T.AcII - This compound, crystallized from acetone solution, showed M.P. of 134-135°C 
and (blowing spectral data was obtained:
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IV(KBr) m4, cm ’: 3305, 2930, 1640-1610, 1560, 1500, 1445, 1390, 1328, 1325, 1310.
RMN 'H (Acctona-d„, 300 MHz) 5 (ppm): 1.39 (3H, t, j 7, 1 Hz, CH2CHA 2.47 (3H, 

s, ArCHj), 4.38 (2H, q, j 7,1 Hz, -CH2CH3), 6.23, 6.28(2H, s, ArH).
RMN13 C(Acctona-d6, 75 MHz) 5 (ppm): 13.3 (-CH2CH3), 23.3 (Ar

tHi), OU.K(ArtWtHi), IVU.3 IU4.J IV-IJ, III.Z^OJ, IOZ.I ^-Zj,

165.3 (C-4), 171.4 (C-7).
EM m/c: |M| 196.15.

I he 'll-NMR spectrum shows’ speaks at 1.39 and 4.38 ppm indicating the presence of the 
group CH2CH3, which can be present in P.T.AcII in the form of alkyl-aryl ether or as ether. 
Consequently, there are 3 following possibilities I, II & III:

From the structure I one would expect a fragmentation pattern of water in the first stage, 
givin a product with m/e 178. The P.T.AcII would not present this signal.
In the case of the structure II, an expected fragmentation would in-volve a loss of C02, giving rise 
a ion m/e 152 whith occurs at a proportion of 3%. Therefore, structures I and n are less probable. 

The mass spectrum of P.T.AcII presents fragmentation pattern compatible with the 
structure III.
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-C2H5OH m/e 151 
(30.97%) -CHO

m/e 151 
(30.97%)

m/e 150 (100,0%)
m/e 122 (71,79%)

Considering these analysis data and comparing the data published (Pouchert et al. 1993), 
one reaches the conclusion that the most reasonable structure for P.T.AcII is the structure III 
(ethyl orsellinate), 2,4-dihydroxy-6-methyl ethyl carboxylate.

However, this compound can be the result of esterification of orsellinic acid by the traces 
ethanol present during the process of isolation of the componentes. The orsellinic acid itself can 
originate from the hydrolysis of ester linkage of 2 aromatic components of Para-depside 
Lecanoric acid.

For the prove of the structure of P.T.AcII, 120g sample of lecanoric acid was added to 
ethanol and refiaxed for 6 hours.

After solvent evaporation, the residue was passed through silica gel column and eluted 
with chloroform and a mixture of chloroform. The compound eluted with 2% chloroform-acetone 
was crystallized in acetone and showed M.P.134-135°C JH-NMR and 13C-NMR spectra coincide 
with those obtained with P.T.AcII and litelature data (Pouchert et al. 1993).

Another explantion wold be that fractions P.T.AcI and P.T.AcII are decomposition 
products of original depsides present in the original sanple. The sample of P.tinctorum analysed 
was collected in a close to the region where forest fire had occurred.
In to get more precise information concerning second metabolites of P.tinctorum of the area, new 
lichen collections were made: A-I, A-II and A-III.

Samples were washed, dried and pulverized, yielding A-I-17.0g, A-H-13.0g and A-III- 
25.Og, and each sample was submitted to an exhaustive extraction Soxhlet with benzene and 
acetone. Extracts were concentrated in rotary evaporator. Silica gel TLC indicated a similarity in 
the composition among 3 samples.

Benzene extraction of each sample was treated with acetone in order to remove pigments. 
The while-colored residue, P.T.cB, was dissolved in chloroform and analyzed on silica gel TLC 
using solvent C. The spraying with methanol sulfiiric acid and p-anisaldehyde/sulfuric acid 
revealed the presence of two the presence of components of Rf 0.57 and 0.42.
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Microcrystallization procedure of P.T.cB in solvent 1 suggested the presence of atranorin and 
chloroatranorin with the first compound in a higher proportion.

Acetone extraction was dissolved in ethyl ether and treated 3 times of the solution of 
carbonate (5%) in ice bath. After this treatment, the ether phase was washed with water until 
neutral pH and treated with anhydrows sodium sulfato. Silica gel TLC revealed the presence of 
pigments in this sample . To the water phase containing the sodium carbonate (5%) and washed 
water IN sulfuric acid was added to acid PH. The white precipitate was extracted with ether and 
ether solution was treated with anhydreus sodium sulfate. After solvent evaporation, the residue 
(P.T.cAc) was crystallized in acetone. Analysis indicated the presence of a component of Rf 0.52 
and 0.49. The M.P. of this compound crystallized in acetone was>300°C. The yield of sample 
were: P.T.cAc(A-I) 2.4%; P.T.cAc(A-II) 5.3% and P.T.cAc(A-III) 10.2%.

For the structure elucidation, were taken spectral analysis of IR, 'H-and ,3C-NMR and 
MS.

IV(KBr) V mix cm1: 3540, 3460, 2980, 1658, 1640, 1618,1585,1490,1412, 1320,
1290,1260, 1215, 1180 e 1152.

RMN ‘H (DMSO-d6) 8 (ppm): 2.33, 2.35, (6H, s, ArCH3), 6.21 (2H,ArH), 6.59 
(2H,ArH), 10.02 (lH,ArOH), 10,48 (lH,ArOH).

RMN 13C (DMSO-d6) 5 (ppm): 21.0 (C8), 21.4 (C8’), 100.5 (C3), 107.8 (C3’), 109.9 
(C5), 114.8 (C5’), 116.6 (Cl'), 152.3 (C4’), 158,8 (C2’), 160.2 (C2), 161.2 (C4), 167.2 (C7), 
170.7 (C7).

EM m/e: 318.15 (M 1,09%), 168.0 (47.94), 151.0 (49.13), 150.0 (100.0), 124.0 (39.29), 
123.0 (34.27), 122.0 (96.59).

The 8 values observed in NMR spectra of P.T.cAc, are compatible with data given by 
Sakurai et al. (1987), for lecanoric acid.

Lecanoric acid

The chromatographic behavior, as well the results of crystal forms obtained by solvent I 
from P.T.cAc component, are similar to those data given to lecanoric acid (Culberson 1972; 
Culberson et al. 1981; White et al. 1985; Taylor 1967a 1967b).

Chemical analysis of Parmotrema tinctorum collected in savana of Mato Grosso do Sul, 
revealed the presence of atranorine, chloroatranorine and lecanoric acid. The

- 202 -



results indicative that samples localized in Mato Grosso is an ecotype which differs from those of 
State of Paraiba (Brazil), Costa Rica and Japan (Vicente et al. 1984; Sakurai et al. 1987) but 
similar to those found in Mississipi (USA) and analyzed by Ahmann and Mathey (1967).

Ethyl orselinate may be considered being an artifact due to the process of isolation and 
purification of lecanoric acid.

Parmotrema dilatatum (Vain.) Hale
The collected lichen resulted in 33.Og of powder which was submitted to exhaustive 

extraction with benzene and acetone. The concentrated benzene extract, after standing still, 
resulted in sedimented white crystals. The purification of this fraction (P.d.01) was done by 
acetone treatment at room temperature. The TLC analysis with solvents A and B, after 
chloroform crystallization, indicated the presence of only one component. M.P. observed was 
194-195°C. The spectral data IR, 'H-NMR

Analysis P.d.01 when compared to those cited in the literature (Huneck 1968, Hylands 
1985) allows to attribute the structure to depside atronorine. The crystalline structure resulting 
from solvent I treatment of Pd.01 is similar to that describe by Taylor (1967b), Thompson (1968) 
and Hale (1974) and attributed to depside atronorine.

TLC analysis of benzene extract, after removal of atranorine, showed the presence of a 
component with chromatographic characteristics of usnic acid. The microcrystallization of the 
extract in solvent III indicated crystalline forms charateristics of this acid (Thompson 1968 and 
Taylor 1967b). Due to small proportion of this component present in the extract, its final 
structural determination was not accomplished.

From the concentrated acetone extract, a white amorfous solid was isolated. After acetone 
and acetone/water (80%) presence purification, a fraction (P.d.02) was isolated. TLC analysis in 
solvent A indicated the presence of only one component.

The fraction purified in acetone showed M.P. 220°C & IR spectra presented following
bands:

DE KBR apresentou bandas em V mi,. cm"1: 3408 (OH), 2905 (CH aromatico), 1758 
(C=0), 1655 (O-hidroxi-aldeido), 1448 e 1388 (CH3). Os espectros de RMN 1H e de 13C 
obtidos em 300 e 75 MHz respectivamentes com a amostra dissolvida em DMSO-d6 
apresentaram os seguintes valores de 5 expresses em ppm: 2.37 e 2.40 (6H, 2 x CH3), 4.59 
(2H-CH2OH), 6.80 (1H, ArH), 10.56 (1H, ArCHO); 14.5 (C9’>, 21.5 (C9), 54.3 (C8’), 111.9 
(C3), 112.4 (C3’), 112,5 (Cl), 116.6 (Cl’), 117.1 (C5), 129.5 (C6’), 141.4 (C5 ), 144.7 (C4 ), 
152.1 (C6), 154.6 (C2’), 161,3 (C7), 163.9 (C4), 164.0 (C7’), 170.3 (C2), 191.8 (C8).

Mas spectrum showed fragmentation pattern typical of depsides & a molecular ion (M+)
374.1.

Those spectral data allow us to attribute the structure of protocetraric acid to the fraction 
P.d.02. The chromatographic behavior and crystal forms presents in solvent A are comparable to 
the literature data of this acid (Culberson et al. 1970, Taylor 1967, Tompson 1968, White 1985).
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Protoceratric acid

Parmotrema cf delicatulum (Vain.) Hale
Collected in Piraputanga. After cleaning, resulted in 1 l.Og of powder which was submitted 

to an exhaustive benzene and acetone extraction. Concentrated benzene extraction was treated 
with ethanol in order to remove pigments. From this process, resulted a yellow residue which was 
treated with chloroform/ethanol with 1.69% yield. It had M.P. 202°C and showed a 
chromatographic behavior identical to the usnic acid standard.Microcrystallization process 
resulted also in crystals compatible to those of usnic acid.

From concentrated acetone extraction, a white powder was obtained as a sediment (10.5% 
yield). The purification of this fraction (P.deLAc) was done with acetone and acetone/water 
(80%). This fraction was identified as salazinic acid, a deposide derivative of p orcinol containing 
a lactol ring. The identificatin was made based on following spectral data:

Um anel lactol. A identifica^ao foi feita com base nos seguintes dados espectrais: 
IV(KBr) V. mii. cm1: 3590 (OH livre), 3300 (OH ligado), 1772,1630,1558, 1497, 1450,
1380,1300,1260,1215,1200. RMN 1H (DMSO-d6,200 MHz) 8 (ppm): 2.33 (3H, ArCH3), 
4.54 (2H, ArCH20H), 6.70 (1H, ArHO, 6.75 (1H lactol), 8.19 (1H, OH lactol), 10.34 (2H, 
ArCHO e ArOH), 11,93 (1H, ArOH). RMN 13C (DMSO-d6, 50 MHz) 8 (ppm): 21.6 (C8),
52.9 (C9'), 95.3 (C8’), 109.8 (Cl'), 110.8 (C3), 112.1 (Cl), 117.6 (C5), 23.6 (C3’), 137.5 
(C6’), 138.3 (C5’), 148.3 (C4’), 152.4 (C2’), 153.0 (C6), 160.4 (C7), 163.7 (C V) 166.0 (C2),
192.9 (C9). EM m/e (%): 388.0 (M,9.59), 370.0 (M-H20,68,27%). Analise elementar: C 
55,88%, H 3,13%, O 40,99%. p.f. 264-265°C (acetona-H20).
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Salazinic acid

Color reaction carried out with P. delicatulum samples collected by Vainio em 1885, 
indicated the presence of atranorine, salazinic acid and usnic acid (Hale 1965). In the sample 
collected in Mato Grosso were found salazinic and usnic acids but atranorine was not observed.

Parmotrema cf miranda (Hale) Hale
The collected sample, after cleaning resulted in 22.5g of powder which was submitted to 

an exhaustive benzene and acetone extraction in Soxhlet. The concentrated benzene extraction 
was treated with ethanol in order to remove pigments and the resulting residue was purified by 
various chloroform/ethanol treatment. The purified fraction (P.mir.B) was identified as usnic acid 
based on chromatographic behavior and microcrystallization reactions and compared with the 
standard. The yield was 0.836%.

From concentrated acetone extract resulted a sediment of white color which was by 
purifid by acetone and acetone/H20 (80%) treatment (yield: 7%).
Its behavior on TLC with solvents A and B, as well as IR and H-NMR spectral data, coincide 
with those of salazinic acid.

These results agree with data published by Hale (1965) on this lichen. Hale (1965) by 
color reaction of thallus identified usnic and salazinic acids in P. miranda samples.

Parmotrema cf. flavescens (Kremplh.) Nyl.
The collected lichen sample resulted in 24.0g of powder and it was submitted to an 

exhaustive benzene and acetone extraction in Soxhlet. Resulting extracts were concentrated and 
submitted to treatments as described in previous pages. From benzene extract resulted 1.12% of 
usnic acid identified by TLC and microcrystallization.

From acetone extraction it was obtained 9.42% of salazinic acid identified by 
chromatographic behavior, microcrystalo obtained using solvent III and also from IR and *H- 
NMR data.

Hale (1965) described the results obtained by color reactions done with samples from 
Central and South America and Mexico, indicating the presence of usnic, salazinic acids and 
atranirine.

P. flavescens collected in Mato Grosso shows the presence of usnic and salazinic acids. 
No presence of atranorine was detected.
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Pscudoparmclia sphacrospora (Nyl.) Hale

The collected sample, puliverized after cleaning, resulted in 33.Og of powder which was 
submitted to an exhaustive benzene (5,6L) and acetone (5.3L) Soxhlct extraction. Both extracts 
were concentrated by rot a vapor giving 4.3g of residue (13.2%) from benzene extraction and 3.5g 
(10.6%) from acetone extraction.

Benzene extraction - After drying, the extract was treated with chloroform with an 
attempt to separate components based on solubility. This process gave a partial separation in 
chloroform solution. This white solid (P.sph A) was purified by a successive treatment with 
acetone. In order to separate 2 main components present in the benzene extract (a white powder 
and a yellow powder), the sample was passed throwgt a silica gel column. 1,0g of benzene extract 
was applied on the column and the elution was done using the gradient of polarity with hexane, 
chloroform, acetone and methanol. 96 fractions of 125ml were colected. Fractions were 
concentrated in rotary evaporator and TLC using the solvevt B. The analysis of initial fractions 
indicated the presence of pigments and aliphatic compounds. Remaining fractions presented white 
and yellow components which did not separate by this process. Due to difficulty in separating the 
components by this column procedure, all fractions were combined in order to try other methods.

Various attempts were made in order to separate the components based on solubility in 
various solvents but results obtained were not satisfactory. One procedure which resulted in a 
satisfactory separation of the yellow component was the silica gel prepatative column impregrated 
with 0.1N oxalic acid, using the solvent C.

After the elution with acetone, the extract was dried and the yellow component (P.sph.B) 
was crystallized in chloroform/acetone. The yellow crystals in needle forms had a M.P.256-258°C. 
This component constitutes 6.6% of the sample.

IR, ‘H-NMR, 13C-NMR and mass spectra were obtained. Analysis of these data and the 
comparision with those published by Yosioka et al. (1972), indicate that this crystal corresponds 
to secalonic acid.

IV(KBr) V. m<u. cm1: 3500 (OH), 2925, 2915, 1870, 1730 (COOCH3), 1610 (C=0), 
1585 e 1560 (aromatico), 1435,1330,1230,1160,1130,1075,1035,985.

RMN 1H (DMSO-d6 200 MHz) 8 (ppm): 1.04 (6H, d j 5.92 Hz, 2 x CH3), 2.30 a 2.64 
(6H, m, 2 x CH-CH3), 3.61 (6H, s, 2 x -COOCH3), 3.82 (2H, d j 7.48 Hz, 2 x CHOH), 6.03. 
6.05, 6.61, 6.65 (4H, ArH), 11,61 (2H, ArOH), 13,60 (2H,ArOH).

RMN ,3C (DMSO-d6 50 MHz) 8 (ppm): 17.9,30.1,36.0,39.2, 53.0, 75.4, 85.38,
101.9,106.5,107.7,140.4,158.7 ,159.1,170.2, 178.4 e 186.7.

Espectro de Massas, m/e (%): 638,30 (M, 14,24), 620,30, (M - H20,0,910, 579,20 
(M - COOCH3,100), 260,0 (M/2-COOCH3,16,08).

COOCH

OOC

Secalonic acid
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Although the stereochemistry of secalonic acid isolated from P. sphaerospora has not 
been determined, the integration of all protons and the comparison of chemical shifts with the 
data, published Andersen ct al. (1977) for sccalonic acid D allow us to establish that this yellow 
crystal has dc same structure or its enantiomeric form, sccalonic acid A.

In view of the fact that secalonic acid D has not yet been found in lichens but secalonic 
acid A has been found in various lichens, it is likely that the present crystal is the latter. There 
fore, from available information, the fraction P.sph.B is more likely to be secalonic acid A.

Secalonic acid A

Acetone extraction: From concentrated acetone extract one component, a white powder 
was isolated. The purification was done with acetone and acetone/water (80%).
P.sph.Ac, present in a proportion of 10.0%, with M.P. 287°C.
From chromatographic analysis and M.P. value, one observed that P.sph.Ac and P.sph.A showed 
the same behavior, there fore, they should represent the same compound. Following spectral data 
were obtained:

IV(KBr) V m<1. cm1: 3470,3410,1980, 2950, 2930,2860,1755,1710,1628,1610, 
1565,1490,1485,1455,1370,1325,1295,1250 e 1220.

RMN 1H (DMSO-a6,300 MHz) 5 (ppm); 2.18 (3H, s, ArCH3), 2.26 (3H, s, ArCH3), 
2.42 (3H, s, ArCH3), 3.87 (3H, ArOCH3), 6.68 (1H, d j 8.0 Hz, ArH), 6.89 (1H, lactol), 8.34 
(1H, Oh lactol, d 8.o Hz), 10.04 (1H, s, ArOH).

RMN 13C (DMSO-d6, 75 MHz) 5 (ppm); 8.6 (C-9), 9.5 (C-9’), 20.8 (C-8), 56.2 
(OCH3), 95.6 (C-8’), 109.2 (C-V), 110.9 (C-3), 112,6 (C-10,114,6 (C-5), 120,4 (C-3’), 135.5 
(C-6’), 138.0 (C-5’), 141.9 (C-6), 148.3 (C-4’), 151,3 (C-2’), 161.7 (C-7), 161.5 (C-4), 167,1 
(C-2).

Espectro de Massas m/e: 372,15 (M, 29,25%), 354,15 (43,13), 328,0 (100).

In the IR spectrum of P.sph.A, a sharp band at 3410cm"1 is characteristic of the free OH 
group, i.e., not H-bonbed, whereas bands at 1755 and 1710cm"1 are chracteristic of lactones of 
depsides. The band at 1610cm'1 is indicative of C=0 with intramolecular ligation and 1560cm of 
aromatic ring.

Mass spectra shows fragmentation pattern suggestive of the presence of OH near carbonyl 
groups which facilitate the elimination of water molecule. Therefore, the ion M* 372.1 after
loosing one water gives rise to ion M* H2O (354.1) the presence of carboxyl
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group allows also the elimination of CO; from the ion M\ producing the M' - CO; (328.0). 
However, the compound P.sph.A is not soluble in Nat ICOi solution, which indicates the possible 
absence of free carboxyl.

nC-NMR spectrum docs not show the signal corresponding to a free aldehyde (6 190.0
197.0 ppm). The absence of free aldehyde groups was confirmed by the negative reaction 
observed with p-phenylenediamine.

According to the spectral data, it is possible to assing the structure of hypoconstictic for
onmr\Ai inrl P mb A

'H-NMR signals present are compatible to those published by Keogh (1978) for 
hypoconstictic acid and 13C-NMR signals agrre with values cited by Sudholm et al. (18) for 
depside and lactol ring.

Chemical analysis of sample collected in Vila Piraputanga allowed the identification of 2 
main components, one of them a yellow pigment, identified as secalonic acid. To another one was 
assigned the structure of hypoconstictic acid.

Atranorine and other acids described by Hale (1976) were not detected in the present
sample.

Pseudoparmelia hypomitta (Fee) Hale

Collected sample resulted in 25.Og of powder, which was treated with acetone in Soxhet. 
This extraction process was repeated 4 times and after solvent evaporation, extracts were 
chromatographed. First, second and third extractions showed the same chromatographic behavior 
and therefore were put together - 2.9g (sample p.h.01). The 4th extraction (acetone) showed a 
different composition and it was maintained separated (AcIV) and weighed 0.13Ig.

The fraction P.h.01 was treated with ethanol at room temperature, which allowed 
separation of the pigment. From the fraction P.h.01 resulted a yellow residue, designated F01.
The ethanol fraction was designed P.h.02.

The silica gel TLC of F01 indicated the presence of one major component and others in 
small proportion which after chromatographic analysis revealed characteristics of an aliphatic 
compound. The purification of fraction F01 by fraction crystallization did not give satisfactory 
results. Purification using silica gel column chromatography did not work either.

The purification of F01 was carried out by preparative chromatography of silica gel TLC 
impregnated with 0.1N oxalic acid, initally using the solvent mixture D. The main components 
was eluted with acetone and after de evaporation of the solvent it crystallized in a form of yellow 
needles in chloroform/acetone and showed M.P.264-265°C.
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The fraction P.h.02 (0.96g) was chromatographed in silica gel column. The elution was 
done with chloroform, ethyl acetate and methanol. 182 fractions of 10ml each were collected. 
Fractions with similar chromatographic behavior were mixed. Due to small quantity present, it 
was not possible to isolate and purity the components.

The fractions F01 showed spectral data (IR, H-NMR, !3C-NMR and MS) equal to those 
presented by secalonic acid isolated from P.sphaerospora.

The present result is in agreement with Hale’s (1986) observation on the presence of a 
yellow pigment in genus Pseudoparmeiia to which he assigned secalonic acid structure. This fact 
has a chimiotaxonomic meaning for identification of genus Pseudoparmeiia

usnea ajj. meriaionaus cantor.

me sample was collected ana aner selection ana cleaning was puiverizea. tne powaer 
(lOO.Og) was sequentially treated exhaustively with benzene and acetone in Soxhlet. Concentrated 
benzene extract (4.7g) was treated with ethanol in order to remove pigments. Silica gel TLC 
analysis of the brute extract reveled the presence of onky one component. The purification of the 
extarct was done with chloroform and ethanol, the purified component (U.M.B) formed yellow 
crystals M.P. 202-203°C. Spectral analysis f1 H-NMR and 13C-NMR) and chromatographic 
behavior were sufficient to identity the compound UMB as usnic acid. Optical rotation observed 
was + 499.5 °. This acid constitutes 0.9% of the sample.

After the removal of the usnic acid, the benzene extract (aproximately 3.0g) was 
chromatographed in silica gel column impregnated with 0.5N oxalic acid. The elution was done by 
polarity gradient, using benzene, acetone and methanol. 85 fractions of 125ml each were 
collected. The fractions 5,6 and 7, eluted with benzene, contained usnic acid. The fractions 22-26, 
eluted with benzene,Acetone 8:2v/v showed a main component mixed with pigments. The removal 
of pigments was done with acetone. Fractions were mixed (UM 2226) which resulted in a white 
powder. The crystallization was done with acetone/water 80%. Fraction 27 and 28 eluted with the 
same solvent mixture benzene/acetone 8:2v/v, showed the composition as U.M 2226, but much 
less pure.
The fraction U.M. 2226 had M.P. 275°C with decomposition IR spectrum presented absorptions 
in (XmaxCrn-1: 3425 (OH), 176 (lactone), 1745 (C=0 depside), 1685 (C=0 aldehyde). 1 H-NMR 
(200 MHZ) of the sample dissolved in DMSO-cty showed signals in: 2.18 (3H, ArCHs), 2.48 
(3H,ArCH3), 3.90 (3H,ArOCH3), 6.61 (lH,ArH), 7.08 (1H, acetal, - CHOH exchangeable with 
D2O), 10.17 (1H, ArOH, exchangeable with D2O), 10.46 (1H, ArCHO).

Based on these data, it is possible to suggest depside structure to UM 2226, having an 
acetal group, 2 methyl groups and one methoxy group linked to ring, one aldehyde group and one 
phenotyc hydroxyl.

The MS spectra of U.M. 2226 presented m/e (%): 387[M+1] (15.08), 386[M+] (66.01), 
368 (58,03), 340 (45.09), 193 (54.80), 191 (81.54).
IR. H-NMR and MS spectra obtained are in agreement with those assigned to stictic acid by 
Ingolfsdottir et al. (1986).

The crystalline structure resulting from microcrystallization of U.M. 2226 in solvent I, are 
similar to those described by Thompson (1968) and Taylor (1967a) for stictic acid.



HO

Stictico acid

Acetone extract: Concentrated acetone extract gave a white powder sediment which was 
separated by centrifugation - U.M.Ac. This fraction was treated with acetone for pigment 
removal. Chromatographic behavior and ’H-NMR of U.M.Ac allow us to identify as protocetraric 
acid.

The supernatant fraction of the centrifugation was chromagraphed and showed a couple of 
components. Among these, only 2 are present in major proportion: stictic acid and another one 
smaller Rf value.

The second component was separated by preparative silica gel TLC, using A (U.M.Ac 2). 
The ’H-NMR spectrum obtained with the sample dissolved in DMSO-cU presented following 
signals: (5) 2.25(3H,ArCH3), 3.67(3HArOCH3), 4.34(2H,ArCh2-), 6.3(lH,ArH), 6.8(1 H,lactol),
10.17( 1 H,ArCHO)ppm.

Based on these data, one can suggest constictic acid to the component U.M.Ac2.

CHO HO
*=o

Constictic acid

For the confirmation of structure, it is necessary to obtain l3C-NMR and MS data, which 
will require more samples.

The remaining acetone extract was chromatographed on silica gel TLC together with the 
standards: nortistic, salazinic, stictic and hypostictic acids and acetone extract of Parmotrema 
crinitum (Ach.) Hale. According to Culberson (1981), P. crinitum contains
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atranorine, acids stictic, megaziaic, constictic, criptostictic, traces of hypostictic and norstictic 
acids and other compounds not identified. Chromatographic analysis (Rf values, color acquired 
after development) compared to standards and literature data (Culberson et al. 1981, White et al. 
1985), allow us to suggest that following acids are present: hypostictic, criptostictic, saiazinic and 
constictic, besides stictic acid in the acetone of U.meridionalis.

Usnea sp.

The sample was collected in Vila Palmeiras. The lichen powder (24.0g) was extracted with 
benzene (1.5L) followed by acetone (1.2L). After solvent evaporation in rotary evaporator, the 
residue of benzene extraction was 1.6g and acetone 0.6g. Silica gel TLC analysis indicated the

Benzene extract was fractionated in silica gel column with dichromethane, chloroform, 
chloroform/acetone 1:1, acetone and methanol. Fractions resulting of the chloroform elution were 
combined, concentrated and chromatographed again in silica gel and eluted with polarity gradient 
using dichromethane, dichromethane/chloroform, chloroform, chloroform/acetone and acetone. 
Fractions eluted with chloroform/acetone 20-60% contained a component which was identified as 
usnic acid. The identification was done through comparative chromatography with standard, 
comparative microcrystallization in solvent IV and M.P. determination. The component presented 
[a] + 494.5°C at 23°C (CHCL3).

Fractions eluted with chloroform/acetone 1:1 were combined, concentrated and 
chromatographed again in silica gel and eluted with chloroform and gradient chloroform and 
acetone. Fractions eluted with chloroform/acetone 2% showed a white crystal which was purified 
by successive crystalization in chloroform/acetone - U.sp. with M.P. 194 -195°C and following 
spectral data:

IV(KBr) V m*x. cm1: 3060, 2980, 2820, 2620, 2560,1745,1645,1580, 1500, 1470, 
1452,1400,1395,1325,1140,1065, 990, 895, 850, 840, 790, 600.

RMN lR (DMSO-d6, 300 MHz) 5 (ppm): 2.13 (6H, s, ArCH3), 2.44 (3H, s, ArCH3), 
2.61 (3H, s, ArCH3), 3.83 (3H, s, ArCH3), 3.89 (3H, s, ArOCH3), 6.67 (1H, s, ArH5), 6.74 
(1H, s, ArH5’).

RMN 13C (DMSO-d6, 75 MHz) 5 (ppm): 8.7 (C9’), 8.9 (C9), 19.5 (C8), 55.8 
(C40CH3), 61.7 (C20CH3), 107.5 (C5), 113,4 (C3’), 115.7 (C5’), 116.0 (Cl’), 116.1 (C3),
119.4 (Cl), 134.8 (C6), 139.1 (C6’), 152.4 (C4’), 159.5 (C5), 161.3 (C2’), 167.5 (C7), 173.1 
(C7’).

Chemical shifts presented by the component U.sp. are comparable to these reported by 
Huneck (1968) and Sudholm (1981) for difractaic acid.



0

Difractaid acid

This conclusion is reinforced by observation of crystal forms resulting from 
microcrystallization of U.sp. in solvent IV which are comparable to those described by Taylor 
(1967b) for difractaic acid.

Based on chemical analysis made on Usnea sp, one concludes that usnic acid difractaic 
acid are phenolic derivatives present in this lichen.

Heterodermia cf. microphylla (Kurok) Scorepa

Collected sample, after selection and cleaning, was pulverized giving a powder of 4.9g. 
This product was subjected to an exhaustive chloroform and acetone extraction in Soxhlet. The 
chloroform extract was concentrated after the removal of pigments (acetone treatment) and 
chromatographed in silica gel TLC, with the standards. As main components, depside atranorine 
and triterpene zeorin were identified.

A microcrystallization in solvent I produced crystal forms chracteristic of atranorine and 
zeorin, confirming chromatographic analysis data.

By preparative TLC impregnated with 0.1N oxalic acid and solvent E, two components 
were separated. Atranorine was obtained in a quantify sufficient to run the ‘H-NMR, confirming 
the structure. Zeorin sample was not enougt for spectral analysis.

Acetone extract showed only pigments and it was not analyzed.
According to Kurokawa (1962) Anaptychia microphylla, actually Heterodermia microphylla, 
contains, occasionally, nortistic and salazinic acids, together with atranorine and zeorin. Swiscow 
and Krog (1988) and Galloway (1985) have described Heteroderma microphylla as a lichen 
containing zeorin. The present sample has shown the presence of depside atranorine and 
triterpene zeorin. Nortistic and salazinic acids were not detected.



OH

Zeorin

Biological Assays

Fungicidal Activity
Ethyl orsenilate, usnic acid, atranorine and difractaic acid had inhibitory effect on the 

growth of C.sphaerospermum. Difractaic acid presented reduced activity but usnic acid, 
atranorine and ethyl orselinate showed a strong activity. Other compounds tested did not show 
fungicidal activity under conditions described here. No quantitative inhibitory effect was carried 
out.

These results reveal the viability of research in this class of compounds with other fungi in 
order to evaluate the use of these compounds and their derivatives, in the treatment of diseases 
caused by these organisms.

Citotoxic Activity
Among all compounds tested, usnic acid was the most active (LD50 3.70ppm), followed by 

protocetraric acid > 50.0 ppm; atranorine 74.8ppm, ethyl orselinate > 105.0ppm secalonic acid > 
125.0 ppm; hypostictic and lecanoric acid > 250 ppm; dif, ractaic and salazinic acids > 300.0 ppm 
the compounds, acids protocetraric, secalonic, hypostictic, lecanoric, difractaic and salazinic, due 
to their low solubility in water, presented difficulty in carry out the bioassay.

Discussim and Conclusion
In this work, 10 lichens species were analyzed, belonging to genus Parmotrema (5), 

Pseudoparmelia (2), Usnea (2) and Heterodermia (1).
Ten different compuonds were isolated and identified, all belonging to the class of 

secondary metabolites. The identification of these compounds were based on IR, NMR and MS 
spectral analysis and on chromatographic and also on microcrystallization reactions. Besides these 
10 compounds, chloroatranorine and zeorin were identified only by chromatography and 
microcrystallization reactions. Ethyl orselinate, although had been isolated from.?, tinctorum, it 
was not included as secondary metabolite of this lichen but as an artifact.

The analysis of a P. tinctorum sample resulted in the isolation of ethyl orsenilate and 
another fraction, but, probably, it was a degradation product of lecanoric acid or atranorine.

According to Hale (1965), P. tinctorum from Canary Islands, showed atranorine and 
lecanoric acid in its composition and were determined through coloring reaction in thallus.
Ahmann et al. (1967) isolated from a sample from Mississipi atranorine, chloroatranorine and 
lecanoric acid, whereas Sakurai et al. (1987) isolated from a Japanese sample ortho-depside 
isolecanoric acid. Vicente et al. (1984) analyzed by HPLC phenolic constituents of 2 ecotypes of
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P. tinctorum. One of samples was collected in Brazil (State of Paraiba) and it showed the 
presence of orselinic acid, orcinol, norstictic acid, atranorine, evemic acid and one nonidentified 
compound. Norstictic acid was the major component. Another sample, an ecotype of Costa Rica 
presented orselinic acid, orcinol, norstictic acid, atranorine, evemic acid, lecanoric acid and 
fumarprotocetraric acid.

Considering the fact that the sample of P. tinctorum analysed was collected in a area 
relatively close to a local where forest fire had occured, it is possible that ethyl orselinate and 
another compound not identified, have resulted from thermal decomposition of secondary 
metabolites present in this lichen.

Although the secondary metabolites of lichen are sufficiently stable under de conditions of 
the field and storage em herbarium, few compounds may undergo particial decomposition in the 
storage along the years. This is the case of samples containing aslazinic acid or norstictic which 
become red. Another example is the tamnolic acid which easily undergoes decarboxilation giving 
decar boxy tamnolic acid which purifies with tamnolic acid and it can be easily dected by 
chromatography. Certain ester e.g., fumarprotocetraric (fumaric acid + protocetraric acid), 
galbinic (acetic acid + salazinic acid) and others are easily hidrolyzed and resulting acids are found 
with ester and it can be a source of artefact of storage, extraction or analytical procedure 
(Culberson et al.1977).

Hylands et al. (1985) isolated (3-methyl orselinate from Stereocaulon alpinum and 
considered it as a possible artefact product of the hydrolysis of atranorine. Chloroform contains 
ethanol as stabilizer and during the extraction process this solvent can alcoholize. In order to 
prove this fact, an experiment was carried out in which atranorine was heated with chloroform 
containing varying proportions of ethanol & found out that in all cases, even in the presence of 
traces of ethanol, atranorine is alcoholized. The authors suggest that the isolation of (3-methyl 
orselinate as metabolite of natural occurrence in Parmotrema tinctorum may not be a corrsct 
information, since the method of extraction involve the use of chloroform as solvent (Murty 1960, 
Hylands et al. 1985).

Ethyl orselinate is cited as a metabolite of Roccella fuciformis DC and it was isolated by 
Treating lichen with chloroformis under heat (Aberhart et al. 1969). This . compound can also be 
an artifact of alcoholyses of eritrine present in R. fuciforms. Eritrine is a derivative of lecanoric 
acid with critritol.

There is no citation in literature occurrence of ethyl orselinate in P. tinctorum. Therefore, 
this product can be an artifact resulting from alterations in metabolites due to heat of forest fire or 
process which involve the use of ethyl ether during the purification. A proof that ethyl orselinate 
is not a natural metabolite of P. tinctorum but an artifact, was done by analyzing 3 samples of this 
lichen collected from the same area, but the method of purification of lecanoric acid were done in 
ice bath. From these samples were isolated atranorine and lecanoric acid. Therefore, ethyl 
orselinate obtained from P. tinctorum can be an artifact resulting from the esterification of 
orsenilic acid during the purification process. Orselinic acid can result of the hydrolysis of ester 
bond 2 aromatic units of lecanoric acid.

From P. dilatatum were isolated atranorine and protocetraric acid. Usnic acid was also 
identified, but only traces. The sample from Mato Grosso do Sul shows the same composition as

i _ _ _ ii__a _ j t*_. i r.:..:. : _ 1 o aa i mi_________________________i_____:______j i____tt_i.me neroanum sample coueciea oy vainio in ioyu m ivunas vjrerais ana reviewea oy naie {iyoD). 
The composition cited was based on color reaction on thallus.

Parmotrema cf. delicaiuium, Parmotrema cf. miranaa, and Parmotrema cf. fiavescens, 
present the same composition, and were identified usnic acid and salazinic acid. According to
t t _ i _ z 1 r\s r\irate (iyoDy r. aeiicatuium e r.fiavescens contain atranorine, usnic acid and salazinic acid, but 
P. miranda contains only usnic and salazinic acids. P. delicatulum and P. fiavescens samples
analyzed did not show the presence of atranorine among secondary metabolites. The composition 
of lichenic acids cited by Hale (1985) of these 3 species, was determined by color reaction of 
thallus of herbarium sample.
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i nere is no reierence to tne occurrence or etnyi orseiinate in r. iinciorum in literature. 
Therefore, the product observed in our product can be an artifact due to heat from forest causing 
metabolite alterations or can be due to the use of ethyl ether during the process of purification. To 
prove that ethyl orseiinate is not a natural metabolite of P. tinctorum but an artifact, three samples 
were taken from the same area the purification process of iecanorie acid was done in water bath. 
From these samples, were isolated only atranorine and lecanoric acid. Therefore, ethyl orseiinate 
obtained from P. tinctorum can be an artifact resulting from the esterification of orselinic acid 
during the process of lecanoric acid with ether. Orselinic acid can result from the hydrolysis of 
ester linkage between two aromatic groups of lecanoric acid.

From P. dilatatum were isolated atranorine and protocentraric acid. Usnic acid was also 
identifier! but in trace amount. The sample collected in Mato ffrnssn do Sul shows the samer o vxxv ouxuv

composition as those samples collected by Vainio (1890) from herbarium in Minas Gerais and 
reviewed by Hale (1965). The cited composition was based on color reaction observed on thallus.

Parmotrema cf. delicatulum, Parmotrema cf miranda and Parmotrema cf flavescens 
showed the same composition: usnic acid and salazinic acid. According to Hale (1965), P, 
delicatulum e P. flavescens sample analysis showed no presence of atranorine as a component of 
secondary metabolites. The composition of lichenic acids reported by Hale (1965) for these 3 
species, was determined by color reaction in thallus of herbarium samples.

From Pseudoparmelia hypomilta was isolated secalonic acid. This compound is known as 
a fungus metabolite and with rare occurrence in lichens. This acid has also been isolated from 
Pseudoparmelia sphaerospora. From this species was isolated besides secalonic acid, a depside 
identified as hypostictic acid.

Secalonic acid is known as fungus metabolite and presently 7 isomers are known: A, B, C, 
D, E, F, & G (Budavari 1989). However, it has also been isolated from few species of lichens: 
secalonic acid A from Parmelia entotheiochroa Hue and secalonic acid C from Cetraria ornata 
Miill. Arg. (Yosioka et al. 1968,1972).

The genus Pseudoparmelia Lynge covers only 4 tropical species: P. cyphellata Lynge, P. 
chapadensis (Lynge) Hale, P. hypomitta (Fee) Hale e P. sphaerospora (Nyl.) Hale. According to 
Hale (1986) all 4 species present a pale yellow modular pigment, not identified, but supposed to 
be secalonic acid.

Hale (1976) examined Pseudoparmelia sphaerospora sample of various regions, including 
Brazil, using coloring test, concluded that this lichen can contain atranorine, stictic acid, norstictic 
acid, gyrophoric acid, unknown “quintaria” and a yellow pigment in various combinations. He 
also mentions that the majority of samples group about 20% of sample, showed the constituting 
presence of atranorine, stictic and a pigment. Only few samples had atranirine and unknown 
“quintaria” with stictic and norstictic acids or with gyrophoric acid.

Derivatives of stictic acids (constictic, methylstictic, cryptostictic and hypostictic acids), 
norstictic (connorstictic), salazinic (hyposalazinic, consalazmic), are referred as “quintana’ in 
chemitaxonomy.

The stereochemistry of secalonic acid isolated from P. hypomith and P. sphaerospora is 
under study by D-NMR.

From Usnea sp. were isolated usnic acid and the depside difracteic acid.
From Usnea aff. meridionalis were isolated usnic, protocetraria, stictic and constictic acids. 
Besides these compounds, hypostictic, criptostictic and salazinic acids are also present in trace 
amount. The identification of the last 3 compounds was made by comparative chromatographic 
analysis with standard compounds and chromatographic analysis with standard compounds and 
the extracts with known composition and literature data (Culberson 1972, Culberson et al. 1981, 
white et al 1985).

In Heterodermia microphylle were identified atranorine and zeorin. These 2 compounds 
are constant components of this genus. In other species, besides these 2 compounds, there are 
others, the common ones being depsides of the p-orcinol series, norstictic and salazinic acids.

Analysis performed in the present work, it was observed that in many cases, occur 
differences in the composition of lichenic acids when compared with literature data of sample
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from different regions. These discrepancies can be attribute to age of the lichen, climate 
differences and other ambiental factors as it was mentioned before.

Besides these consideration, information concerning secondary metabolites found in 
literature is, in majority, results of the color reaction in lichen thallus which is used as an auxiliary 
tool for taxonomic studies. However, it is known that many species had the taxonomic 
identification revised due to information obtained from chemical analysis of isolated components 
and its structural elucidation.

Several simple bioassay methods have been developed for the evaluation of biological 
activity of plant extracts and pure substances. The evaluation of fungicidal activity using the 
bioautographic assay is a very simple method and fast and requires a minimum quantify of simple. 
Another assay is the toxicity check of plant extracts and pure substances using larvae of 
microcrustaceos Artemia salina.

A positive correlation exists between the toxicity to larvae of Artemia salina and 
cytotoxicity to Kb cell (Mclaughin 1991).

The results of the evaluation of fungicidal activity are promising, specially the ethyl 
orsenilate which after more rigorous test with other pathogenic organisms it can be a potential 
drug for diseases caused by fungi. Due to its simple structure, whwn compared to other 
compounds with similar activity, it can be prepared in laboratory when time comes for its 
commercial value.

The search for new fungicidal agents has received a special attention in the last 10 years.
In agriculture there is a need for new fungicidal drugs which are more efficient than synthetic 
ones, economically viable and not a pollutant. In medical area there is a need for drugs which are 
efficient as antimycotic agents for the treatment of systemic mycosis.and new topical antiseptic for 
skin infection, badly needed in third world countries. The incident of mycosis has increased in last 
years dwe to the use of immunosuppressors (as in the case of diabetes and in persons with HIV 
positives) (Paxton 1991).

(+) usnic acid isolated from U. meridionalis had LD5o 3.70 ppm in toxicity bioassay using 
A. salina. Other compounds presented LD5o>50 ppm. The major difficulty in performing this test 
was the low solubility (in water) of lichenic compounds. Among compounds tested, only ethyl 
orselinate was completely soluble under experimental conditions. Dongning et al. (1994) tested 
the anti-tumor activity of 19 samples of chloroform extraction, pure compounds and 
polysaccharides of 6 different species of lichens in larvae of A. salina. Chloroform extracts of 
Usnea longissima and Cladonia stellaris, R(+) usnic acid, S(-) usnic acid and Umbilicaria 
hypococcinea II showed bioactivity. Among sample tested, the most active compound was S(-) 
sodium usnate which had LD50 5.5 mg/ml.

Isolated lichenic compounds can be evaluated for other biological/pharmacological
activities depending on the interest of the researcher.
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Chemical Composition of 10 lichen species collected in Mato Grosso do Sul

Lichen Compounds Isolated Compounds Identifide (not isolated)
P. tinctorum atranorine, 1 ecanoric acid ethyl 

orselinate *
chloroatranorine

P. dilatatum atranorine Protocetraric acid usnic acid
P. cf. delicatulum usnic acid salazinic acid
P. cf. miranda usnic acid salazinic ac 

acid
P. cf. flavescens usnic acid salazinic acid
P. sphaerospora secalonic acid hypostictic
P. hypomilta secalonic
Usnea sp. usnic acid difractaic acid
Usnea aff meridionalis usnic acid stictic acid protocetraric salazinic acid hipo stictic acid

acid constictic acid cripto stictic acid
H. micropphylla atranorine zeorin

* artifact
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